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ABSTRACT

The objective of this study was to determine effects of optimal and suboptimal feed intakes
on apparent digestibility, nitrogen balance and methane emissions in Boran steers fed Rhodes
grass hay. The study was carried out at the International Livestock Research Institute (ILRI),
Nairobi campus using Boran steers (n=12; 150.0 £ 12.5 kg LW) in a completely randomized
design. The steers were stratified by live weight and allocated to four treatments replicated
three times. The experimental diet was made of Rhodes grass (Chloris gayana) hay (CP:
7.1%) with 4 levels of intake. The four experimental diets (treatments) were; Diet 1;
calculated at 120% Maintenance Energy Requirement (MER), Diet 2; 100% MER, Diet 3;
80% MER and diet 4; 60% MER and were fed for five weeks. Daily feed intake, fecal, urine
and methane outputs were monitored. Samples of the diet and fecal matter were collected and
analysed for dry matter (DM), organic matter (OM), neutral detergent fiber (NDF), acid
detergent fiber (ADF) and nitrogen (N) content. Urine samples were analysed for total N. The
results from the study showed that methane production increased with increase in energy
intake: 64.13, 55.1, 52.9 and 38.63 g CH4/100kg LW per day at 120% MER, 100% MER,
80% MER, 60% of MER respectively. Nitrogen efficiency (%) was significantly different
between the treatments 28.6, 41.74, 48.16 and 51.9 for 120% MER, 100% MER, 80% MER,
60% of MER respectively. Apparent digestibility of DM, OM, CP, NDF and ADF was not
affected (P>0.05) by the treatment. The steers on the 60% MER and 80% MER treatment
groups lost weight; -500 g/100kg LW and -245 g/100kg LW respectively. The steers on
100% MER and 120% MER treatment groups gained mean weight of 284g and 565 g/100kg
LW daily during the five weeks of the trial. It was concluded that restricted feeding affects
nitrogen efficiency and enteric methane gas production but had no effect on apparent

digestibility of the Rhodes grass hay.

Xiii



CHAPTER ONE: INTRODUCTION

1.1 Background information

Feed availability in the tropics is seasonal being scarce during droughts and plenty during and
after the rains. As such, animals are subjected to either low or high amounts of feed intake.
Underfeeding is common in the tropics during long dry periods with low quantity roughages
(Grimaud et al., 1998). Amount of feed consumed by ruminant animals has different effects
on digestibility. Previous studies have shown that high feed intake by ruminants results in
both increased dry matter (DM) and organic matter (OM) apparent digestibility (Galyean and
Owens, 1991; Lechner-Doll., 1991). In these studies, the authors reported that high feed
intake led to increased retention time of the feed particles in the rumen, allowing the

microbes to digest them adequately.

Low feed intake has been reported to have varying effects on digestibility. Grimaud and
Doreau (1995) reported that there was no variation in digestibility with low intakes of forage-
based diets in non-lactating cows. This contrasted with the findings of Grimaud et al., (1998)
who reported a decrease in digestibility for both Bos indicus and taurus fed at reduced
amounts of feed. Grimaud et al., (1999) stated that decrease in digestibility in animals on low

intake could be explained by increased metabolic loses in feces but not particle retention time.

The amount of feed consumed has been reported to affect the amount of enteric methane
produced by the ruminants. Several studies have suggested that high feed intake results in
high methane production (Nkrumah et al., 2006; Fitzsimons et al., 2013). Mercadante et al.,
(2015) reported that there was no evidence that the efficient ruminants (taking low levels of
feed) will produce less methane. They concluded that the enteric methane emissions did not

differ between the low and high intake in their study.



Most published studies on tropical feeds have provided little information on effects of levels
of feed intake on digestibility, nitrogen balance and methane production. Therefore, this
study explored the effects of different amounts of Rhodes grass hay intake on digestibility,

nitrogen balance, and enteric methane emissions in growing Boran steers.

1.2 Problem statement

Sub-optimal feeding is usually common in tropics especially during the dry seasons. During
these dry seasons, the feeding of the livestock is characterized by use of the low-quality diets.
Low quality diets are associated with low supply of nutrients to livestock and hence low
digestibility and less supply of nutrients to the animal. This ultimately leads to slow growth
rate and low productivity of livestock. There is limited information on effects of suboptimal
feeding of livestock, particularly cattle in the tropics. The current study was undertaken to
bridge the existing gap of knowledge help animal nutritionists to understand the right amount

of tropical diet to feed cattle for optimal performance.

1.3 Justification

The amount of feed consumed by livestock usually affects digestibility of nutrients and this
has an impact on the productivity of the animal. Ruminants are important livestock species
which contribute to production of meat and milk, both of which improve the livelihood of
many people in the tropics. Boran cattle are one of the common beef breeds in the tropics
which is adaptable to the harsh climatic conditions of these regions. Ruminants which have
low feed intake are said to have high nitrogen efficiency due to recycling of the nitrogen.
There is however limited information on recycling in the sub-optimally fed ruminants. High

nitrogen efficiency leads to less N excretion to the environment and hence low nitrous oxide



(a greenhouse gas). Rhodes grass hay is one of the common feed resources found in the
tropics during the dry season and hence it was readily available to be in the current study.
Methane emission is importance factor to consider in livestock production because it is one of
the greenhouse gases which lead to climate change and contribute to energy inefficiency in

ruminants.

1.4 Objectives
1.4.1 Main objective
To determine the effects of feed intake on digestibility, nitrogen balance and methane

emissions in Boran steers fed Rhodes grass hay.

1.4.2 Specific objectives

1) To determine the effect of feeding different amounts of Rhodes grass hay on digestibility
in Boran steers

2) To evaluate effects of feeding different amounts of Rhodes grass hay on enteric methane
emission from Boran steers

3) To determine the effect of feeding different amounts of Rhodes grass hay on nitrogen

balance in Boran steers

1.5 Hypotheses

1) Feed intake level does not have any effect on the apparent digestibility in Boran steers

2) Feed intake level does not have any effect on enteric methane emission from Boran
steers

3) Feed intake level does not have any effect on nitrogen balance in Boran steers



CHAPTER TWO: LITERATURE REVIEW

2.1 Livestock production in the tropics

The contribution of agriculture to the gross domestic product (GDP) of sub-Saharan Africa as
a whole is estimated to be 32% (Thornton et al., 2010) while the livestock sector contributes
25% to the region’s agricultural GDP, mainly through meat, milk, eggs, wool, hides and skin
(Otte and Chilonda, 2002). According to Winrock international (1992), if draught power and
manure (the non-monetized contribution of livestock) were to be included, the contribution
would increase to about 35%. Livestock sector employs 1.3 billion people globally and
directly supports around 600 million poor small holder farmers in the developing world, sub-

Saharan Africa included (Thornton et al., 2010).

Sub-Saharan Africa has one of the fastest human population growth rates globally, 2.6% per
annum (Otte and Chilonda, 2002) and hence there is need to increase livestock productivity
to feed this growing population. The global growth of this sector is however rapid and is
being driven by other factors like urbanization and increasing incomes in the developing

countries (Delgado, 2005).

2.2 Constraints of livestock production in tropics

Constraints to livestock development in tropical countries include inappropriate policies,
scarce livestock feeds, devastating diseases, degraded lands and water resources and poor
access to markets and climate change (Masikati, 2010). Feed shortages during the dry season
constitute the greatest challenge in terms of quantity and quality. The main constraint to
increasing livestock productivity and output is the lack of adequate supplies of good quality

livestock feed in the dry season at a competitive price (Kassam et al., 2009).



Low soil fertility for forage production and weak market chains for livestock and livestock
products are some of the additional challenges to the livestock production. These constraints

are however, within farmers’ capacity to mitigate (Masikati, 2010).

2.2.1 Feed quantity in tropics

Severity of feed shortages is worsened during the dry season due to the seasonal nature of
rainfall patterns in many parts of Africa leading to fluctuations in forage quality and quantity
(Morton and Matthewman, 1996). Moreover, population pressure and emerging new markets
created by urbanization have caused an increase in land under cultivation at the expense of

grazing land (Morton and Matthewman, 1996) further exacerbating the problem.

According to Amenu et al., (2011), grazing land is restricted to waste land, roadsides, edges
of cropping fields and riverbanks, as well as fallow land resulting in low quantity of feed for
the livestock. The crop residues which are by-products are of low quality and therefore
cannot supply enough nutrients to increase productivity (Amenu et al., 2011). Lukuyu et al.,
2009 reported fluctuations in livestock feed availability in East Africa with the greatest feed
scarcity being felt during the dry season in Rwanda, Uganda and Kenya. Lack of knowledge,
inadequate extension and sometimes ignorance leads to serious problems related to feed

shortages (Lukuyu et al., 2009).

Increased livestock production in smallholder mixed-crop—livestock systems faces many
constraints at the level of the farm and the value chain. Feed limitation, which is common in
tropical livestock farming systems, maximum herd output can only be achieved with small
herd sizes (Oosting et al., 2014). Katongole et al., (2012) observed that feed scarcity to

livestock is a real challenge in both the urban and rural dwellings as the livestock keeping



increasingly becomes popular in tropics. Seasonal decrease of feed in the tropics follow the
pattern of rainfall availability and vegetation growth (Ayantunde et al.,2005). Keeping many
animals and overgrazing during the wet season in pastoral areas of Zimbabwe where majority
of the livestock are kept resulted into insufficient feed for the dry season (Ncube and Mpofu

1994).

2.3 Opportunities of livestock production in tropics

The use of multipurpose legume trees can provide high quality feed and improve soil fertility
(Lenné and Thomas, 2006). Opportunities, however, exist for improving livestock production
in communal areas and some of the possible technologies are not new (Lenné and Thomas,
2006). There is need for promotion of strategies to widen the feed resource base, promote

feed conservation and improve nutritive value (Mutibvu et al., 2012).

Various ways of improving livestock health and nutrition management to reduce mortality
could also be employed. It appears that what is required is a proper demonstration on
implementation of proven technologies and practices like feed preservation through hay and
silage making (Mutibvu et al., 2012). According to FAO (2010), the high livestock numbers
in the tropics also provide a good opportunity for increased productivity. Of the total

estimated global ruminant livestock, 24.5 % are found in African tropics (FAOSTAT 2010).

2.4 Apparent digestibility in ruminant animals
High digestibility of feeds is key to increased productivity of ruminants, and for beef cattle
leads to increased Average Daily Gain (ADG). This is important to the producer since the

beef cattle attain the market weight faster (Sufyan, 2018). There are however several factors



which affect digestibility in ruminants ranging from the animal and feed characteristics

among others (Sufyan, 2018).

Age is an important factor that affects the digestibility of nutrients in ruminants with very
young animals unable to digest roughage until their rumen becomes functional (Jung and
Allen, 1995). Old ruminants also have impaired chewing ability because of the worn-out
teeth resulting in reduced mastication of feed. Moreover, the reduced enzyme secretion in
these old ruminants further decreases feed digestibility (Jung and Allen, 1995). The amount
of feed consumed also affects digestibility. Higher feed consumption leads to increased
passage of digesta and consequently, the digestibility declines due to less retention time in the
rumen (Grimaud et al., 1998). Sudden changes of feed composition also decrease the
digestibility because of the rumen micro-organism are exposed to different environment

hence reduction in their activity (Grimaud et al., 1998).

Other feed factors like the stage of harvest and the variety for the forages within the same
species greatly affect the digestibility of feed (Sufyan, 2018). High fiber content lowers the
feed digestibility (Jung and Allen, 1995). Processing of the feed (e.g. grinding), leads to
increased digestibility because of increased surface area for microbial and enzymatic action
within the ruminant digestive system (Sufyan, 2018). Digestibility of a feed determines the
amount that is actually absorbed by an animal and therefore the availability of nutrients for

growth, reproduction.

Apparent digestibility is estimated by subtracting nutrients contained in the feces from
nutrients consumed. Therefore, it does not account for nutrients lost as methane gas or as

metabolic waste products excreted in the feces (Grimaud et al., 1998). The measurement of



apparent digestibility is less complex than measuring true digestibility and, therefore, more

suited to the requirements of diagnostic livestock systems research (ILCA, 1990).

The amount of feed consumed by ruminants has been reported to have different effects on its
apparent digestibility. Previous studies have shown that high levels of feeding in ruminants
resulted in both increased dry matter (DM) and organic matter (OM) apparent digestibility
(Galyean and Owens, 1991). A study done by Lechner-Doll ef al., (1991) on ruminants
grazed on thorn bush savannah pasture reported that high feed intake levels increased mean
retention time of the feed particles in the rumen. This allowed the rumen microbes to digest
the feed particles adequately. Increased rumen liquid volume (18.6 liters to 23.6 liters),
reported in these experiments, resulted into an increased microbial number due to enough
energy supply for their synthesis and hence more feed particles were digested. In contrast,
Galyean and Owens (1979) observed a decline of DM apparent digestibility when cross bred

steers were subjected to high feed intake.

Low feeding levels have been reported to have varying effects on apparent digestibility.
Grimaud and Doreau (1995) reported that there was no variation in apparent digestibility with
low feed intakes in ruminants. In contrast, Grimaud ef al., (1998) in a study with Bos indicus

and Bos taurus reported a decrease in apparent digestibility in the underfed animals.

Contrary to what was observed in animals on high feed intake, Grimaud et al., (1999)
observed that particle retention time was not important in digestion in underfed ruminants.
They further observed that decrease in apparent digestibility could be as a result of increased
metabolic loses (due to endogenous loss of epithelial cells) through feces or reduction in

protozoal population which are responsible for fiber digestibility.



2.5 Livestock and GHG emissions

Livestock is a major source of anthropogenic greenhouse emissions, responsible for up to
14.5% of the total global GHG emissions based on Global Livestock Environment
Assessment Model (GLEAM) (Steinfeld et al., 2006). The livestock sector is also responsible
for 33% CHa4, 66% nitrous oxide and 9% CO; of the anthropogenic emissions (Steinfeld et al.,
2006). Africa is the second largest source of enteric methane (Table 2-1) with 15% global
emissions from livestock, after Asia (~33%) and Latin America with 23.9% (O’Mara, 2011).
These proportions notably correspond with the ruminant numbers in these regions with
emissions mainly linked to cattle because of their large numbers, large body size and low
efficiency of production as compared to small ruminants (Herrero et al., 2011). The
monogastric also significantly contribute to GHG emissions through Nitrous oxide deposited

in manure (Steinfeld et al., 2006).

2.6 Enteric fermentation

Enteric fermentation is a digestive process by which carbohydrates are broken down by
microorganisms through a series of steps into simple molecules for absorption into the
bloodstream of an animal (Murray et al., 1999). The molecules are the volatile fatty acids
which majorly include; acetate, butyrate and propionate. Their proportions depend of the type
of diet and type of rumen microbes. Methanogenesis occurs to produce methane and carbon
dioxide (Figure 2-1). Of the global GHG emissions, enteric fermentation contributes 40%

(UNFAO, 2006).

Enteric methane is mostly produced in the rumen (87-90%) with small percentage in the large
intestines (Murray et al., 1999, Dini et al, 2012) as by-product of ruminal digestion (Broucek,

2014). The rate of fermentation is affected by animal factors like salivation, chewing and



digesta kinetics (Wilson and Kennedy, 1996, Vargaand and Kolver, 1997). Over 200 species
of microorganisms are present in the rumen, although only about 10% of these play an
important role in digestion (Johnson and Johnson, 1995). About 95% of methane is belched
by the animal (Chagunda et al., 2009), however, a small percentage of methane produced in

the large intestine is passed out as fart (Murray et al., 1999).

The IPCC reports that methane is more than 20 times more effective at trapping heat in the
atmosphere than CO> though it is produced in smaller amounts (Johnson and Johnson, 1995).
Decreasing enteric CHg4 production from ruminants without altering animal production is
essential both as a strategy to reduce GHG emissions and as means of improving feed
conversion efficiency (Martin et al., 2010). The statistics show that there is a big opportunity

to mitigate the enteric methane emissions from livestock through precision feeding.

2.7 Methane emissions

The methane concentration in the atmosphere is increasing at a rate of 22 Million tons/year
because of the increasing livestock numbers (Jardine et al., 2003). The dangers of the
methane increase in the atmosphere are global warming and decrease in livestock production
efficiency (Jardine et al., 2003). The greenhouse effect of methane gas leads to absorption of
infrared radiation and trapping heat in the atmosphere. The reduced livestock production
efficiency as a result of increased methane production leads to less of animal products e.g.

milk and meat and hence global food insecurity (Jardine et al., 2003).

The primary sources of methane are either natural or anthropogenic. The natural sources of

methane emissions include: Wetlands, Oceans, termites and burning (Johnson and Johnson,

1995). It is estimated that these sources contribute 160 million tons of global methane

10



production per year. The anthropogenic sources of methane production include the methane
from energy/refuse (Coal, Charcoal, Gas and Oil, Landfills and wastewater) and agriculture
(rice, livestock, manure and burning). Methane from these sources is as result of human
activities and hence can be mitigated easily (Johnson and Johnson, 1995). The estimated
global methane production from these sources is 155 Million tons and 165 million tons per
year. The total global methane production is approximately 550 million tons per year FAO

(2006).

Among the livestock animals, ruminants are the primary emitters of methane. The rumen
which is a large forestomach occupies a total stomach capacity of 70% which is about 100 to
150 Liters in cattle (Shibata and Terada, 2010). According to FAO (2006), the beef and dairy
cattle lead among the ruminants in enteric methane emission, a greenhouse gas which causes
global warming through absorption of infrared radiation in the atmosphere (Lashof et al.,
1990). The methane emission from ruminants is majorly from the enteric fermentation by
rumen micro-organisms (Kristensen, 2011). Factors like the level of feed intake, energy
consumption, feed quality, animal size, growth rate, level of production, genetics,
environment and health affect the production of methane (Hegarty et al., 2007, 2004, Shibata

and Terada, 2010).

Up to 89% of methane emissions from ruminants are produced in the rumen during
fermentative digestion of feed and the remaining portion produced in the lower Gastro-
Intestinal Tract (GIT) fermentation and from residual microbial fermentation in feces
excreted (Hook et al., 2010). The methane produced represents 2-12% of gross energy loss
from the feed taken in by ruminants (Johnson and Johnson, 1995, Murray et al., 1999, Boadi

and Wittenberg, 2002, Pinares-Patifio et al., 2007).). This loss depends on feed quality, feed
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intake, feed composition and processing (Johnson and Johnson, 1995). Higher enteric
emissions per unit feed intake are observed in low quality diets with low apparent

digestibility (Mc Geough et al., 2010).
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Figure 2-1: Microbial methanogenic degradation of plant fibers
(Adapted from wur.nl, 2010)
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Table 2-1: Regional emissions of methane from enteric fermentation by ruminants
(million tons of COz2 -equiv./yr.)

Region Million tons of CO; —equiv./yvr.)
Latin America 460
Adrica 280
China 259
India 218
Asia (except China and India) 175
Western Europe 1ol
Morth America 136
Non-EU former Soviet Union o7
Australia™ew Zealand BE
Eastern Europe 24
Middle East 273
Global T928 3

*NON-EFU (NON-EUROPEAN FORMER SOVIET UNION)

(Adapted from EPA 2006)

2.8 Factors affecting methane production

Several factors that affect the rumen methanogens and thus methane production include
amount and quality of feed consumed, diet composition, rumen pH, volatile fatty acids
(Propionate, acetate and butyrate), environmental stresses, breed and species of the animal
(Kumar et al., 2009). A study by Singh and Mohini (1999) showed an increase in methane
production at different intakes of berseem (Trifolium alexandrium) and legumes. High feed
intake increased the passage rate of digesta and hence short residence time in the rumen. This

further decreases the rumen microbes’ sufficient opportunity of feed degradation and instead
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the digestion occurs more in the small intestines. An in-vitro analysis of methane production
done by Das and Singh (1999) showed that the quality of diet affects the amount of methane
produced. In their study, there was decrease of methane from 51 to 42% when wheat straw
was substituted with berseem (Trifolium alexandrium), a high-quality forage (Benchaar et al.,
2001). A diet mainly made up of legumes have lower portions of carbohydrates and hence
faster passage rate and the fermentation is shifted towards higher production of propionate

and hence lower methane production (Johnson and Johnson, 1995).

Different breeds and species of the ruminants which host the microbes differ largely in terms
of methane production. The methane production in Holstein and Haryana cross-bred cattle
was reported to be higher than the exotic breeds (Lal et al., 1987). The higher methane
emissions reported in Indian cattle than in buffalos suggest that there is an inter-species
difference in methane production since the host environment is different (Mohini and Singh,

2001, Srivastava and Garg, 2002).

Rumen pH also plays a major role in influencing the activity of methanogens. Rumen pH of
between 7.0-7.2 is usually optimal for methanogen activity (Kumar et al., 2009). The diet
composition also influences the activity of methanogens, with high roughage: concentrate
ratio leading to higher methane production (Kumar et al., 2009). Singh and Singh (1997)
reported reduction in the number of methanogens when the high concentrate: roughage
(75:25) diet was fed to cattle. When the concentrates are high in the diet, the methane

production can decrease from 12% to 3% (Johnson and Johnson, 1995).

2.8.1 Effect of feed intake on enteric methane production

High diet intake leads to increased methane production due to increased release of hydrogen
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ions in the rumen as result of increased rumen fermentation (Nkrumah ez al., 2006). The
hydrogen ions combine with carbon dioxide through the process of methanogenesis to form
methane gas (Nkrumah et al., 2006). Poor quality diets have high fiber content which results
into increased residency time and low digestibility in the rumen (Fitzsimons et al., 2013).
Jones et al., (2011) reported an increase in enteric methane production with increase in feed

intake in grazing Angus beef cows.

Blaxter and Clapperton (1965) and Johnson and Johnson (1995) reported decrease in methane
production when sheep were fed three times the maintenance energy requirements. In their
study, they concluded that the low diet digestibility could have also been accompanied by
increased passage rate of feed particles and hence lack of enough time for the methanogens to
act on the feed to produce methane gas (Moss ef al., 2000). Similarly, Johnson and Johnson,
(1995) noted that methane production from cattle computed as proportion of gross energy

intake decreased by 1.6% for each double intake.

A study by Winders et al., (2018) conducted on growing cross bred steers, fed at 75% of the
adlibitum intake reported that daily methane production was significantly different (p<0.01)
between the optimal (156g/steer) and sub-optimal (126g/steer) intakes. Beauchemin and
McGinn (2006) reported lower daily methane production (30g/100kg LW) in Angus beef

heifers under low DM intake.

2.9 Mitigation options for methane emissions from ruminants
Fermentation in the rumen contributes about 87% of the total methane emissions from the
ruminants. Mitigation techniques and strategies have hence concentrated to reduce the

emissions from this source.
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2.9.1 Dietary interventions

High levels of concentrates supplementation has been shown to increase apparent
digestibility of low-quality diets. This results into reduced feed retention time in the rumen
and low methane emissions associated with change in fermented substrate from fiber to
starch (Blaxter and Clapperton, 1965). Supplementation has also been shown to improve N
retention therefore reducing N excreted by ruminants and hence nitrous oxide production

from manure (Del Curto et al., 1990, Bohnert et al., 2002).

Feed processing e.g. grain grinding and chopping of straw enhances apparent digestibility by
increasing surface area of the feed upon which microbes can attach enhancing digestion
leading to shorter retention time in the rumen (Moss et al., 2000). Shorter retention time in
the rumen reduces the amount of methane emitted per unit feed ingested by animals by
reducing the rate in which the methanogenogenesis will occur (Pinares-Patifio et al., 2011).
Improved pasture management practices like grazing pasture at optimal stage when there is
less cell wall content in pastures reduces methane production during digestion in the rumen

(Eckard et al., 2010).

2.9.2 Other interventions

The methods of methane mitigation based on vaccination, enzyme inhibitors, phage,
homoacetogens, defaunation, feed supplements and animal selection have been extensively
documented (Buddle et al., 2011). These approaches are further being investigated, and from
the many efforts done towards enteric methane abatement, it is likely that a combination of
more than one technique suffices in significant reduction of enteric methane emissions.
Different systems of farming however require different methods of methane abatement

(Beauchemin et al., 2008). Practically, there are only few methane mitigation measures that
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are sustainable due to their cost effectiveness to farmers as also level of increase in
production efficiency. Sufficient research is required to better understand how manipulation

of diet composition and intake can reduce enteric methane emission (Buddle et al., 2011).

2.10 Nitrogen efficiency in ruminants

According to Calsamiglia et al., 2010, ruminants have low nitrogen efficiency averaging 25%
expressed as ((g N absorbed/g N intake)*100). Efficiency of between 15-20% has been
reported for different feeds and feeding practices (Calsamiglia ef al., 2010), an indicator that

these have a high influence on nitrogen use efficiency in ruminants.

Ammonia (NH3) loss in ruminants during microbial synthesis in the rumen has led to the
inefficiencies with up to 60% of dietary nitrogen lost through this route (Reynolds and
Kristensen, 2008). Other losses occur in form of microbial nucleic acid nitrogen which is not
available for host animal use; this accounting for 15-20% of the total microbial nitrogen
(Chen et al., 1990). Other source of inefficiency has been described post ruminal resulting
from energy and amino acid imbalances in the tissues, with excess amino acid deaminated in

the liver and excreted in urine (Hof et al., 1994).

It has been postulated that cattle have evolved to be efficient in utilizing nitrogen when
maintained on a low N intake because of improved urea recycling to the rumen and ammonia
capture when ruminants are underfed (Calsamiglia et al., 2010). According to Singh et al.,
(2008), a certain percentage of underfeeding leads to better utilization of nitrogen in cross-

bred calves under subtropical conditions.

Due to scarcity of forage, underfeeding in the tropics will normally be associated with low
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quality diets (low in nitrogen). Studies have supported the hypothesis in which cattle with
low intakes have lower nitrogen losses as a proportion of nitrogen intake mainly because of N
recycling back to the rumen (Bunting ef al., 1989, Scott and Hibberd, 1990, Lintzenich et al.,
1995, Koster et al., 1996). Ruminants’ nitrogen use efficiency is directly related to dietary
nitrogen level, total OM intake, quality of protein, rate of bypass and lignification and
animal’s metabolic protein requirements (Bunting et al., 1989). Feed and feeding systems

manipulation can significantly improve efficiencies in ruminants (Bunting ef al., 1989).

2.11 Nitrous oxide

The N in manure is metabolized in a number of steps once excreted to yield nitrous oxide
among other metabolites, with urea in urine being the main contributor as it is readily broken
down (Powell et al, 2014).). Urea (CO(NH2)2) is formed in the liver from unutilized

ammonia in the rumen being absorbed into portal circulation (Powell et al., 2014).

2.11.1 Mitigation measures against the nitrous oxide emission in ruminants
Nitrous oxide is an important greenhouse gas which leads to climate change, it’s emission
from the ruminants can be reduced through dietary interventions which involve optimum

feeding levels with high N efficiency (Eckard et al., 2010).

Nitrous oxide is a highly potent GHG with Global Warming Potential of 295 times that of
carbon dioxide (IPCC, 2016). The mitigation measures instituted against it could also

increase animal productivity besides lowering global warming and risks of climate change

(Eckard et al., 2010).
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CHAPTER THREE: MATERIAL AND METHODS

3.1 Experimental site

The study was carried out at ILRI campus, Nairobi, Kenya, from May to August 2016.
Experimental protocol was reviewed and approved by Institutional Animal Care and Use
Committee (No. IACUC-RC2014-05). Animals were cared in accordance with acceptable

code of practice for animals in research.

3.2 Animals and experimental design

Twelve Boran yearling steers (150.0+12.5 kg LW) approximately 15+0.2 months old were
housed in individual open partitioned pens (2M x 3M) during the intake measurements. The
animals were vaccinated against Foot and Mouth Disease (FMD) and Clostridial infection
using 3ml of Fotivax®) and 5ml of Jovaclost® (clostridial toxoid 6 in 1). Both vaccines were

administered subcutaneously.

The steers were also treated with an anthelmintic (15ml of 10% Albendazole, orally), washed
with an acaricide (Amitraz 12.5% m/v.) and ear tagged one week before the commencement
of the trial. They were then transferred to pens measuring (LMx2M) in an enclosed unit
during the total collection period. There was continuous lighting and clean water was
supplied ad libitum. The experimental design was completely randomized. Steers were
randomly stratified by live weight and allocated to four treatments replicated three times. The

trial took five weeks.

3.3 Diets, feeding and sampling

3.3.1 Diets
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Table 3-1: Diets fed at different treatments

Treatments 1 2 3 4
Intake (% of MER) 60% 80% 100% 120%
Feed offered (Kg/day) 1.6 2.43 2.8 3.19
DMI (Kg/day) 1.30 1.96 2.27 2.58
Energy (Kcal/day) 2545.85 3849.15 4448.86 5056.41
Protein (g/kg)/day 92.5538 139.935 161.738 183.825

MERis the Maintenance Energy Requirement. MER calculation was based on the energy
requirement of growing steers (NRC, 2000).

The experimental diet was made up of Rhodes grass hay (91.5 % DM, 7.1% CP)

3.3.2 Feeding

The animals were fed at 100% MER during the 2-week period prior to the start of feeding
trial. The feeding trial period consisted 5 weeks of feeding and 2 weeks of total collection of
feces and urine. Weighed amount of feed was offered to each animal once daily at 0930hrs.
Water was offered ad-libitum while the mineral requirements for the steers were met through
supplementation with salt lick (Maclick®). Any feed refusals were collected and weighed

before the animals were supplied with fresh feed the following day.
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Plate 3-1: Boran steer feeding in a (2m X 3m) pen

3.3.3 Data Collection and Sampling
Daily feed intake, weekly live weights, total urine and fecal excretion were determined.
Enteric methane emissions were determined in 22.5-hour cycle in the gas measurement

chambers twice for each animal during the trial.

Feed intake and refusals were recorded daily, body weight of each animal taken weekly in the
morning prior to feeding using a digital weigh scale (Gallagher Weigh Scale W210, Australia)
for 3 weeks. Daily sampling of the feed was done at feeding to give a representative sample
for nutritional analysis. The refusals were bulked by treatment after weighing then mixed and
a grab-sample of about 200g taken and stored in zipped polythene bags at -18°C. Ultimately,
the daily feed and refusal samples were bulked and mixed per treatment and subsamples

taken for subsequent processing and analysis.

Total fecal excretion was determined by collecting and weighing all the feces from each

animal at 24-hour interval for one week. This total collection was for the purpose of
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determining the apparent digestibility of nutrients. Feces were mixed thoroughly and a sub-
sample of approximately 500 g transferred to aluminium tin foils then dried in the forced-air
oven (Genlab Oven, Genlab Ltd. UK.) at 50°C until a constant weight was obtained for at
least two consecutive days. Dried samples were cooled in desiccators, final weight taken,
covered with lids then packed in zipped polythene bags and finally stored at room

temperature (25 °C) for further processing.

Total urine voided was determined over 24-hour periods daily for one week using external
catheters connected to a 5-litre barrel containing 100 ml of 10 % Sulphuric acid (Plate 2).
Total volume of urine was determined and then a 100ml sample taken and placed in plastic

sample bottles for total nitrogen determination.

Plate 3-2: Boran steer during the total collection of urine and fecal samples

3.4 Laboratory analyses
Dried fecal and feed samples were ground through 1-mm sieve using a hammer mill (MF10

basic, IKA, Germany) for determination of chemical composition
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3.4.1 Dry Matter, Organic matter and Ash determination

Dry Matter content was determined by drying 2 g of sample in a forced air oven (Genlab
Oven, Genlab Ltd, UK.) at 105°C for 24 h, whereas Ash was determined by combustion of 2
g of the samples in a muffle furnace (Isotemp. Programmable Muffle Furnace 240, Cole-
Parmer, Instrument Co., US. at 550°C for 8h) following AOAC (1990) Method no. 924.05.

The OM was then obtained by subtracting ash weight from DM content.

3.4.2 Total Nitrogen
The total N content in feed, fecal and urine samples was determined by micro Kjeldhal

procedure AOAC (1990) Method no. 988.05 using selenium pellets as the catalyst.

3.4.3 NDF and ADF procedure determination
The neutral and acid detergent fibers were determined using the Filter Bag Technique-

ANKOM 2000 (www.ankom.com).

3.5. Measurement of methane gas
This procedure included three steps; (1) Preparation of chambers, introduction of the animals
and initiating measurements, (2) Retrieving data from the Control Computer (CC) and the

Picarro Computer (PICAR) and (3) Calculation of emissions.

3.5.1 Preparation of chambers, introduction of animals and measurements

Before introducing the animals into the respiratory chambers (Plate 3), the chambers were
cleaned and functioning of automatic waterers was confirmed. The exhaust pumps were then
checked to ensure that each was running at the set speed. Next, confirmation of whether the

chiller was running was done by ensuring that the pressure gauge reading was between 1.5-2.
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Prior to introduction of the animal, their ration was weighed and placed in the chambers.
Once the animals were in the chamber, the following parameters for each chamber were
recorded: chamber number, animal ID, exhaust fan speed, exhaust flowrate and starting time.
The animals were left in the chambers for a period of 22. Shrs.At the end of the period, the

front door of the chamber was opened, the feeding trough removed, and the animals let out.

The time each chamber was opened was recorded on the chamber measurements logbook.

The chambers were cleaned prior to the introduction of the next animal.

Plate 3-3: Methane animal respiratory chamber

3.5.2 Retrieving data from the Control and the Picarro computers

Done according to Mazingira laboratory manual book (2016).

3.5.3 Calculation of daily methane emission and energy lost as methane

Done according to Mazingira laboratory manual book (2016).

3.6 Feed apparent digestibility

Total tract DM, OM CP, ADF and NDF apparent digestibility were calculated from the
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average nutrient concentrations in diets fed and feces excreted over a 14-d period. This was
calculated as:

Apparent digestibility (%) = ((nutrient intake — nutrient excreted) / (nutrient intake)) x 100.

3.7 Nitrogen balance

Nitrogen balance calculations were carried out according to Maynard and Loosli, (1969)
based on the equation: N animal products = N feed - N excreted. It was then modified as
shown in the equation below in the present study:

N balance (g/d) = N intake (g/d)- (Fecal N (g/d)-Urine N (g/d))

3.8 Statistical analysis

The data was entered in Excel 2010 spreadsheet, Windows 2010. The means of each
parameter measured were analysed by one-way Analysis of Variance (ANOVA) procedure
using the package Genstat software (Genstat, 14th edition). P-values were used to determine
effects of different levels of feed intake on apparent digestibility, nitrogen balance and enteric
methane emission. The differences between means was tested at P<0.05 and separated using

Tukey’s test.
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CHAPTER FOUR: RESULTS

4.1 Chemical composition of Rhodes grass (Chloris gayana) hay

Chemical composition of Rhodes grass hay used in the study is shown in Table 4-1. The
Dry matter (DM), Organic matter (OM), Crude protein (CP), Neutral Detergent Fiber (NDF),
Acid Detergent Fiber (ADF) content were 915.33 g/kg, 875.57 g/kg, 71.25 g/kg, 739.20 g/kg

and 452.82 g/kg respectively.

Table 4-1: Mean chemical composition of Rhodes grass hay (Chloris gayana) (g/kg on
DM basis)

Nutrient Chemical composition SD
DM (g/kg) 915.33 0.16
OM (g/kg DM) 875.57 0.33
CP (g/kg DM) 71.25 0.18
NDF (g/kg DM) 739.20 0.13
ADF (g/kg DM) 452.82 0.08
ME'(MJ/kg DM) 8.2 0.26

DM= Dry matter, OM= organic matter, CP=Crude protein, NDF=Neutral Detergent Fiber, ADF=Acid Detergent Fiber,
ME=Metabolizable Energy

ME! Calculated value

4.2 Feed Intake
The mean nutrient intakes for the different treatments are shown in Table 4-2. Dry matter
(DM), Organic matter (OM), Crude protein (CP), Acid Detergent Fiber (ADF) intakes

differed significantly (P<0.001) between all treatment groups.
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Table 4-2: Least square means and Standard error of mean (SEM) for daily intake
(9/100kgd-1) and Apparent digestibility (g/kg) DM, OM, CP, NDF, ADF and methane
production in Boran steers fed on grass hay (Chloris gayana) at different levels of MER.

P-
Diet SEM
Value
Treatments 60% 80% 100% 120%
Intakes (g/d/100kg LW)
Intake as fed 16042 2425°  2802° 31859 398 <0.001
DM 12992 1964°  2270° 25809 322 <0.001
oM 11172 1689° 1948° 21739 278 <0.001
CP 90.9% 1377° 17475 25049 314 <0.001
NDF 9712 1468°  1679° 1708° 234 <0.001
ADF 58808 889.4°  10042° 102489 1451 <0.001
ME (MJ/d/100kg LW) 1074 16.1° 18.6° 21.29 1.01  <0.001
Apparent digestibility (g/kg)
DM 576.2 582.0 587.8 5873 1095  0.864
oM 773.8 774.5 771.9 7553  9.08  0.397
CP 619 620.2 623.8 6259 1325  0.077
NDF 618.3 638.9 633.4 609.1  12.70  0.331
ADF 573.5 562.4 580.5 5271 16.18  0.102
Daily methane production
o/100kg LW 36.63% 520 551° 64139 511 <0.001
% of feed intake 2.28 2.18 1.96 2.01 0.9 <0.001
Energy loss as
CH4 (MJ / kg 1.55 1.48° 1.33° 137° 05  <0.001

DM)

Means in a row without similar superscript letter are not significantly different (p>0.05)
DM= Dry matter, OM= organic matter, CP=Crude protein, NDF=Neutral Detergent Fiber, ADF=Acid Detergent Fiber,

ME=Metabolizable Energy
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4.3 Apparent digestibility
The apparent digestibilities of the different diets is shown in Table 4-2. There was no
significant effect (P>0.05) of treatments on digestibility of DM (P=0.864), OM (P=0.397),

CP (P=0.077), NDF (P=0.331) and ADF (P=0.102).

4.4 Nitrogen balance

The mean Nitrogen balance for the animals on different treatment groups is shown in Table
4-3. The Nitrogen intake increased (P <0.001) with increased intake of DM and was 14.55,
22.03, 27.95, 40.07 g/d/100kg LW for 60%, 80%, 100% and 120% MER respectively. Both
fecal N and urine N losses increased (P <0.001) with feed and nitrogen intake. The Nitrogen
retention (g/d/100kg LW) was significantly different between treatments with the highest
retention at 120% MER (20.85 g/d/100kg LW). The 60% MER, 80% MER, 100% MER
treatments had N retention of 4.16, 9.22 and 13.47 g/d/100kg LW respectively. There was no

negative N balance for any of the treatment groups.

4.5 Nitrogen efficiency

The mean nitrogen intake, nitrogen retention and efficiency for the animals on different
treatment groups is shown in Table 4-3. All the parameters were significantly different (P
<0.001) between the treatment groups. The efficiency was 28.60%, 41.74%, 48.16%, 51.96%

for 60% MER, 80% MER, 100% MER and 120% MER treatment groups respectively.
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Table 2-3: Nitrogen intake, retention and efficiency of utilization for various treatments
in Boran steers fed on Rhodes (Chloris gayana) grass hay) at different levels of MER.

Diet SEM P-Value
Treatments 60% 80% 100% 120%
Nitrogen balance (g /100kg LW/d)
a b C d
TNI 14.55%  22.03 27.95%  40.07° 1226  <0.001
FN 5548 814 94° 12759 0339 <0.001
UN 484% 4670 5077 647° 0318  <0.001
NR 4164 922 1347 20859 0545  <0.001
NR as % of total N intake ~ 28.60% 41.74°  48.16° 51.96° 2.094  <0.001
NR as % of N absorbed 46a 66b 72c 76c 2926 <0.001

@Means within a row with similar superscript letter are not significantly different (p>0.05)

TNI-Total Nitrogen intake, FN-Fecal Nitrogen, UN-Urinary Nitrogen, NR-Nitrogen Retained

4.6 Live weights

The effect of dietary treatments on live weight changes of the steers is shown in Fig 4-2. The

steers on 100% MER and 120% MER had an average daily gain (g/d/100kg LW) of 284 and

565 respectively. The sub-optimally fed steers lost weight at 500g/d/100kg LW and 245g

/d/100kg LW for 60% MER and 80% MER respectively.
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Figure 4-1: Live weight changes (% 100kg/d LW) for Boran steers fed on Rhodes grass
(Chloris gayana) hay at different levels of MER.

4.7 Enteric methane emission

The enteric methane emissions for the steers on different treatments is shown in Fig 4-1. The
dietary treatments had a significant effect on the enteric methane emission (P <0.001). The
emissions increased consistently with increased feed intake. The means for the different

treatment groups were: 38.63, 52.90, 55.10, 64.13 g CH4/100kg LW for 60%, 80%, 100%

and 120% MER.
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Figure 4-2: Enteric Methane production (g/d/100kg) for Boran steers fed on Rhodes
grass (Chloris gayana) hay at different levels of MER.
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CHAPTER FIVE: DISCUSSION

5.1 Rhodes grass (Chloris gayana) hay

The DM content (915 g/kg) of the Rhodes grass hay used in the present study was within the
range of a well cured hay ensuring freedom from mold and low susceptibility to spoilage
(Heuzé et al., 2016). The crude protein content (71.25 g/kg DM) was within reported levels.
In a study done in Ethiopia by Duguma et al. (2014) and in Tanzania by Mtenga et al.,
(1990), a similar CP content of (75 g/lkg DM) of Rhodes grass hay was reported. In contrast,
Osuga ef al., (2012) and Mupangwa et al., (2000) reported CP values of 61.9g/kg DM and
50.9 g/kg DM respectively. This disparity could be attributed to the fact that the Rhodes grass
hay used in the present study was harvested at an early age when CP levels are high. Haffar
and Alhadrami (1997), Mbwile 1997(a) and Qingxiang (2002) reported that the age at
harvesting and post-harvest handling procedures influence the quality of grasses. A study
done by Mbwile and Uden (1997) showed CP content of rhodes grass decreased from 170
g/kg DM to 90 g/kg DM within a 4 to 10 weeks. NRC (1981) and Leng and Nolan (1984)

concluded that 70 g/lkg DM CP is required for optimal rumen function.

The NDF content of the Rhodes grass hay from the present study was 739.2 g/lkg DM. This
value was expected since it corroborates with the results of NDF content reported from
previous studies. Heuzé et al., (2016) reported NDF content of Rhodes grass hay as 757.0
g/kg DM while Wilman and Moghaddam (1998) reported 793 g/kg DM. Abdulrazak et al.,
(2015) reported as 718 g/kg DM. Rhodes grass has high amount of NDF and hence low
digestibility compared to that of most temperate forages (Heuzé et al., 2016). The NDF of a
grass is a major determinant of digestibility and when it is high, the content of the inner cells

of a feed become relatively inaccessible to the rumen micro-organisms (Wilman et al., 1998).
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The ADF and ME of the Rhodes grass hay in the present study was 452.82 g/kg DM and 8.2
MlJ/kg DM respectively. Heuzé et al., (2016) reported the 412 g/kg DM and 8.1 MJ/kg DM of

ADF and ME respectively, in agreement with the results of the present study.

5.2 Apparent digestibility

The treatment had no significant (P>0.05) effect on DM, OM, CP NDF and ADF apparent
digestibility of Rhodes grass hay (Table 4-2). The DM apparent digestibility of the Rhodes
grass hay in the present study was low due to inaccessibility of the plant cells by the rumen
micro-organisms (Wilman et al, 1998). The observed nutrient digestibilities in the present

study were within the range reported from previous studies.

Mero and Uden (1998) in their study with sheep to determine the effect of feeding different
levels of tropical grass on nutrient digestibility reported OM digestibility of Rhodes grass as
600g/kg at low diet intake. They further reported that there was no significant difference in
the digestibility of NDF with the increase in feed intake. Similar results have been reported
by Mbwile and Udén, (1997b) who observed no difference in in-vivo digestibility of DM,
OM, CP, NDF and ADF in Fresian cows which were fed Rhodes grass at different intake

levels above MER.

The lack of difference in the digestibility of nutrients in the present study could be attributed
to absence of any changes in the ruminal mean solid and liquid retention times and rumen
particle size (Grimaud and Doreau 1995). A study by of Naresh et al. (1984) reported no
difference in digestibility of nutrients (DM, CP, EE, CF and NFE), where male cross bred
cattle were fed above MER (1.47 kg DM/100 kg BW) in comparison to the sub optimally fed

cattle (1.65 and 1.84 kg/100 kg BW). Other authors have worked on sub optimal feed intakes
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to elucidate the effect on digestibility. Graham (1964); Keenan et al. (1969) with sheep and
Agabriel et al. (1995), Grimaud and Doreau (1995) with cattle reported no change in
digestibility of nutrients at sub optimal feeding levels compared with optimal in agreement

with present study.

Grimaud et al., (1998, 1999) and Doreau et al., (2000) in cattle and Atti et al., (2002) in
sheep reported a decrease in digestibility of nutrients at intakes below maintenance energy
requirements. They hypothesized (without the in-situ measurements of microbial activity)
that the decrease could be as a result of low bacterial growth due to limiting feed factors, or
low expression of microbial degradation potential. Grimaud et al., (1999) reported decrease
in digestibility of nutrients in zebu cows (BW, 208kg) underfed a rice straw-based diet. From
this study, the digestibility of DM, OM, NDF and ADF decreased from 596 g/kg, 645 g/kg,
733 g/kg, 730 g/kg to 487 g/kg, 537g/kg, 646 g/kg and 636 g/kg below maintenance energy
requirements respectively. In Conclusion, feeding at different MER did not affect the
digestibility of nutrients in the present study. There is need for more studies on effects of
different amounts of feed intake on nutrient digestibility. The results from the previous

digestibility studies are contradicting.

5.3 Nitrogen excretion and balance

Nitrogen balance was positive for all treatment groups and differed significantly (P<0.01).
The steers fed at 60% MER, 80% MER,100% MER and 120% MER had a daily mean fecal
N excretion (g/d/100kg LW) of 5.54, 8.14, 9.4 and 12.75 respectively. The fecal N excretion
increased proportionally with the level of N intake. These results concur with the previous

observations in ruminants where the amount of fecal N was proportional to the amount of
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DM (N) fed. A study done by Peripolli et al., 2010 with sheep fed on pasture reported a

similar linear relationship of fecal N excretion and the DM (N) intake.

Lignified N and metabolic N could also have contributed to the fraction of the fecal N across
all the groups and could be higher in steers at high feed intakes than those on low feed intakes
(Currier et al., 2004a). Metabolic N loss occurs because of mucosal epithelial cell loss
through the feces while the lignified N as a result of poor-quality feed which is poorly
digested in the rumen. Currier ef al., 2004(a) reported that 5.35g N/kg DMI of metabolic N
loss in cross-bred steers consuming low quality grass straw (CP, 4%). The diet in the current
study was of relatively good quality (CP, 7%) and hence this value could have affected the

computations of fecal N.

The urine N (g/d/100kg LW) excretion for the steers under the treatments: 60% MER, 80%
MER, 100% MER and 120% MER was 4.84, 4.67, 5.07 and 6.47 respectively. The dietary N
loss through ammonia during the microbial synthesis in rumen (Reynolds and Kristensen,
2008b) contributes to loss of N through urine. According to Reynolds and Kristensen
(2008b), the animals which had low feed intakes could have been capturing the N optimally
both from the diet and recycling from the portal circulation because of relatively low amounts
of the N intakes. The urine N loss was lower than the fecal N loss. The urine N loss however
followed a similar pattern as fecal N loss with the lowest occurring in group with low N

intake and vice versa.

There was significant difference (P<0.01) in N balance between treatments in the current
study. The N balance of the steers increased linearly with the increase in feed (N) intake. At
60% MER, 80% MER,100% MER and 120% MER, the N balance was 4.16, 9.22, 13.47 and
20.85 respectively. The N intakes (g/d/100kg LW) for the treatment groups 60% MER, 80%

MER,100% MER and 120% MER were 14.55, 22.03, 27.95 and 40.07 respectively. The fact
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that the N balance remained positive in all treatment groups could be attributed to the fact
that the steers mobilized body reserves to meet the N requirements for both maintenance and

growth.

5.4 Nitrogen efficiency

This parameter expresses the N balance as the proportion of N intake and hence it’s an
accurate assessment of efficiency of nitrogen utilization by animals. The steers in the
treatment groups 60% MER, 80% MER, 100% MER and 120% MER had N efficiency of
28.6% 41.74%, 48.16% and 51.96 % respectively and differed significantly (P<0.01). The N
efficiency increased proportionally with the increase in amount of feed intake. The low N
efficiency value for lowest MER could be attributed to mobilization of N from the body
reserves of the steers to cater for the maintenance requirement. Singh et al., 2008 reported a
similar N efficiency pattern of 11.13% and 22.59 % for 60% and 80% energy restricted fed
cross-bred calves (BW, 159.7kg) which fed on concentrate mixture and wheat straw diet.
Grimaud and Doreau (1995) observed low N efficiency in lactating cows (BW, 747kg) fed on
low amounts of forage-based diet. George et al., (2005) also reported significantly different N
efficiencies in steers with different DM intakes. From the present study, it can be deduced

that there is a poor utilization of N when ruminants are sub-optimally fed a low-quality diet.

5.5 Body weight changes

Positive and negative body weight changes were observed in the present study. The steers on
the 120% MER, 100%, 80% and 60% MER treatment groups had daily weight changes
(g/100kg LW) of 565, 284 -245 and -500 respectively. The increase in weights for the groups
of steers fed at 120% and 100% MER in this study is a result of adequate energy intake and
hence meeting the maintenance and growth requirements. Abate et al., (1981) fed Fresian and

Ayrshire heifers on adlibitum Rhodes grass during the dry season and reported a mean weight
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gain of 200g/day. They concluded that Rhodes grass can meet the maintenance requirements

of heifers and to some extent, those for growth.

The weight loss for the treatments groups of steers fed at 80% and 60% MER was expected
from the calculated requirements of these two treatment groups. According to NRC (2000)
the overall nutrient intake was low. The weight loss could therefore be attributed to low
energy intake and hence mobilization of body reserves in order to meet the basal metabolic
requirements of the steers. Singh et al., 2008 observed a daily weight loss of 250-300 g/d in
restricted-fed cross-bred calves. Murphy and Loerch (2014) observed body weight losses in
cross-bred growing steers which were restricted fed. The loses averaged between 150 to 250g
per day. The diet was concentrate based. From these studies, a similar trend is seen in body

weight losses when animals are restricted fed irrespective of the diet composition.

5.6 Enteric methane emission

Enteric methane production (g/100kg LW) by the boran steers in the present study was
significantly affected by the treatment. The daily methane production (g/100kgd™) at 60%,
80%, 100% and 120% MER was 38.63 g, 52.9 g, 55.10g and 64.13g respectively. The
calculated daily energy lost as methane (MJ/kg DMI) was 1.55, 1.48, 1.33 and 1.37 for
treatments 60%, 80%, 100% and 120% MER. The amount of methane produced increased
with increasing MER. The high intake leads to a release of proportional amount of hydrogen
ions in the rumen due to increased rumen fermentation. The hydrogen ions combine with
carbon dioxide through the process of methanogenesis to form methane gas (Nkrumabh et al.,

2006).

Poor quality diets have high fiber content (NDF of more than 300g/kg DM) (NRC, 2001).
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High fiber results in increased residency time and low digestibility in the rumen increasing
rate of methanogenesis (Fitzsimons et al., 2013). Jones et al., (2011) reported an increase in
enteric methane production with increase in feed intake in grazing Angus beef cows. These
studies concur with results of the present study in that, the amount of enteric methane

production is directly proportional to the amount of diet presented to the animal.

In contrast, Blaxter and Clapperton (1965) and Johnson and Johnson (1995) reported
decreased methane production when sheep were fed three times the maintenance energy
requirements. Moss ef al., 2000, observed that the low diet digestibility could have also been
accompanied by increased passage rate of feed particles and hence lack of enough time for
the methanogens to act on the feed to produce methane gas. Similarly, Johnson and Johnson,
(1995) noted that methane production from cattle computed as proportion of gross energy

intake decreased by 1.6% for each double intake.

The low methane production at low diet intake in present study could be as a result of
reduced fermentation process due to reduced rumen microbial activity hence less hydrogen
ions (Nkrumah et al., 2006). Fewer hydrogen ions were available to combine with carbon
dioxide through the processes of acetogenesis and methanogenesis to form methane gas. A
more recent study by Winders et al., (2018) was conducted on growing cross bred steers, one
group fed adlibitum and the other limit fed (75% of the adlibitum intake). It was reported that
daily methane production was significantly different (p<0.01) between the optimal
(156g/steer) and sub-optimal (126g/steer) intakes. Beauchemin and McGinn (2006) reported
lower daily methane production (30g/100kg LW) in Angus beef heifers under low DM intake.

The heifers in their study were restricted-fed at 65% of adlibitum diet intake.
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The energy use efficiency is low under suboptimal diet intake since most of methane is lost as
energy which could be used for production by the steers. Johnson and Johnson (1995)
reported an estimate of 2% energy lost daily as methane, this being expressed as proportion
of the gross energy intake in ruminants. Hammond et al., 2014 reported 2MJ/kg DMI daily
average loss of energy as methane. These values corroborate with the results for the energy

lost as methane from the current study.

From these results, it can be deduced that it is more efficient to produce at optimal feeding
since there is less methane emission per unit (kg) body weight gain. The 100% treatment
group produced relatively high amounts of enteric methane per unit body weight gain and
hence it is not best energy intake level for the steers. The increased production efficiency in
ruminants especially the beef animals (with low efficiency of production) is one of the
methods of mitigation against enteric methane emissions (Johnson et al., 1996). The current
study also shows that there are high energy losses per DMI in form of methane emissions at
intakes below MER. The energy use efficiency in cattle fed below maintenance is poor and
methane production per DMI increases at low feed intake levels. Better knowledge of factors
that determine methane emission could help reduce environmental impacts and improve

dietary energy utilization by ruminants.
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CHAPTER SIX: CONCLUSIONS AND RECOMMENDATIONS

6.1 CONCLUSION

This study was conducted to determine the effect of optimal and sub-optimal feeding on feed

digestibility, nitrogen balance and methane emissions in Boran steers fed different amounts

of Rhodes grass hay. It was hence concluded that;

1. Restricted feeding under or above maintenance energy requirements does not have any

effect on digestibility of nutrients in boran steers.

2. Nitrogen balance in boran steers is proportional to the amount of feed (energy) intake.
Nitrogen balance increases with increase in the amount of feed intake both at the optimal
and suboptimal feeding.

3. The increased level of energy (feed) intake is proportional to enteric methane emission
from Boran steers. The methane production per kg of DMI is however higher at low

levels of energy intakes, both at optimal and sub optimal feeding.

6.2 RECOMMENDATION

The results of the current study show that there is a need to further investigate relationship
between type and amount of forage intakes and methane emission from cattle in the tropics.
This will help to establish the best types and amounts of diet intakes which result to better

performance and less methane emission from the tropical cattle.
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APPENDICES

Appendix 1: Analysis of Variance table of CH4 gas production (g/d/100kg LW)

Source of variation =~ DfSum Sq Mean Sq F value Pr (>F)
Treatment 3 3009.27 1003.09 18.45 <0.001
Residual 32 1739.88 54.37

Total 35 4749.15

SEM=2.458

Appendix 2: Analysis of Variance table of average weight gains (g/d/100kg LW)

Source of variation Df Sum Sq Mean Sq F value Pr (>F)
Treatment 3 6896819 2298940 18.36 <0.001
Residual 8 1001681 125210

Total 11 7898501

SEM=204.3

Appendix 3: Analysis of Variance table of nitrogen intake (g N/100kgd-1)

Source of variation Df Sum Sq Mean Sq F value Pr (>F)
Treatment 3 6275.137 2091.712 918.04 <0.001
Residual 68 154.935 2.278

Total 71 6430.072

SEM=1.226
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Appendix 4: Analysis of Variance table of urine Nitrogen (g N/100kgd-1)

Source of variation Df Sum Sq Mean Sq F value Pr (>F)
Treatment 3 36.523 12.174 6.7 <0.001
Residual 68 123.643 1.818

Total 71 160.166

SEM=0.318

Appendix 5: Analysis of Variance table of fecal Nitrogen (g N/100kgd-1)

Source of

Df Sum Sq Mean Sq F value Pr (>F)
variation
Treatment 3 483.958 161.319 78 <0.001
Residual 68 140.637 2.068
Total 71 624.595
SEM=0.339

Appendix 6: Analysis of Variance table of Total Nitrogen output (g N/100kgd-1)

Source of

Df Sum Sq Mean Sq F value Pr (>F)
variation
Treatment 3 751.698 250.566 58.48 <0.001
Residual 68 291.368 4.285
Total 71 1043.066
SEM=0.488
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Appendix 7: Analysis of Variance table of DM Apparent digestibility

Source of variation Df Sum Sq Mean Sq F value Pr (>F)
Treatment 3 1596 532 0.25 0.864
Residual 68 146770 2158
Total 71 148366
SEM=10.95

Appendix 8: Analysis of Variance table of OM Apparent digestibility
Source of

Df Sum Sq Mean Sq F value Pr (>F)

variation
Treatment 3 4470 1490 1 0.397
Residual 68 100929 1484
Total 71 105399
SEM=9.08

Appendix 9: Analysis of Variance table of CP Apparent digestibility
Source of variation Df Sum Sq Mean Sq F value Pr (>F)
Treatment 3 45535 15178 4.81 0.004
Residual 68 214754 3158
Total 71 260289
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SEM=13.25

Appendix 10: Analysis of Variance table of NDF Apparent digestibility

Source of variation Df Sum Sq Mean Sq F value Pr (>F)
Treatment 3 10119 3373 1.16 0.331
Residual 68 197509 2905
Total 71 207627
SEM=12.7
Appendix 11: Analysis of Variance table of ADF Apparent digestibility
Source of
Df Sum Sq Mean Sq F value Pr (>F)
variation
Treatment 3 30427 10142 2.15 0.102
Residual 68 320455 4713
Total 71 350882
SEM=16.18
Appendix 12: Analysis of Variance table of Intake as fed (g/d/100kg LW)
Source of variation Df Sum Sq Mean Sq F value Pr (>F)
Treatment 3 24660737 8220246 288.18 <0.001
Residual 68 1939684 28525
Total 71 26600421
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SEM=39.8

Appendix 13: Analysis of Variance table of DMI (g/d/100kg LW)

Source of variation Df Sum Sq Mean Sq F value Pr (>F)
Treatment 3 16179909 5393303 288.18 <0.001
Residual 68 1272627 18715
Total 71 17452536
SEM=32.2

Appendix 14: Analysis of Variance table of OMI (g/d/100kg LW)
Source of variation Df Sum Sq Mean Sq F value Pr (>F)
Treatment 3 11178272 3726091 268.77 <0.001
Residual 68 942708 13863
Total 71 12120979
SEM=27.8

Appendix 15: Analysis of Variance table of ADF Intake (g/d/100kg LW)
Source of variation Df Sum Sq Mean Sq F value Pr (>F)
Treatment 3 2188957 729652 192.67 <0.001
Residual 68 257524 3787
Total 71 2446481
SEM=14.51
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Appendix 16: Analysis of Variance table of NDF Intake (g/d/100kg LW)

Source of

Df Sum Sq Mean Sq F value Pr (>F)
variation
Treatment 3 6275709 2091903 211.99 <0.001
Residual 68 671031 0868
Total 71 6946740
SEM=23 4

Appendix 17: Analysis of Variance table of CP Intake (g/d/100kg LW)

Source of

Df Sum Sq Mean Sq F value Pr (>F)
variation
Treatment 3 245122.54 81707.51 918.04 <0.001
Residual 68 6052.13 89
Total 71 251174.67
SEM=3.14

Appendix 18: Analysis of Variance table of Nitrogen balance (g N/100kgd-1)

Source of

Df Sum Sq Mean Sq F value Pr (>F)
variation
Treatment 3 2693.56 897.853 167.89 <0.001
Residual 68 363.646 5.348
Total 71 3057.206
SEM=0.545
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Appendix 19: Analysis of Variance table of % Nitrogen Efficiency

Source of

Df Sum Sq Mean Sq F value Pr (>F)
variation
Treatment 3 5675.68 1891.89 23.97 <0.001
Residual 68 5367.61 78.94
Total 71 11043.30
SEM=2.094

Appendix 20: Analysis of Variance table of Nitrogen balance as % of N intake

Source of

Df Sum Sq Mean Sq F value Pr (>F)
variation
Treatment 3 0.96120 0.32040 26.94 <0.001
Residual 68 0.80860 0.01189
Total 71 1.76980
SEM=0.026
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