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Dr Peter Robinson is a native Canadian with a PhD from Cornell University in Ithaca 
(NY, USA) in dairy cattle nutrition. He started his career with an MSc in ruminant 
nutrition from the University of Guelph (ON, Canada) before working in the Western 
Canadian feed industry for 3 years. After his subsequent PhD studies, he did a 2 year 
post-doc in Uelystad (Netherlands) before working for Eastman Chemicals Ag 
Division in Rochester (NY, USA) for 1 year followed by a 30 month research 
associateship at the University of Alberta (Edmonton, AB, Canada). He then was 
asked to join Agriculture Canada Research Branch in Fredericton (NB, Canada) for 8 
years as a research scientist. During all of this time Dr Robinson's focus was on 
nutrition and management of lactating dairy cows, with particular emphasis on rumen 
function utilizing small groups of ruminally and intestinally cannulated dairy cows. In 
1997 Dr Robinson joined UC Davis in California (USA) as an Extension Specialist 
with statewide responsibility for nutritional issues and management impacting 
lactating ruminants in the California dairy industry. In his 17 years at UC Davis,
Dr Robinson has developed a near market research program which focuses on taking 
the lab to the farm, and he and his graduate students have completed several research 
projects on large commercial dairy farms which have been published in peer review journals. During his career, 
Dr Robinson has also been active internationally working with colleagues in South America, Europe, South Africa and India 
on local issues impacting lactating ruminants.

1. Background
Increased production of animal based foods has been due 
to increases in animal numbers, with the inevitable 
increase in concentration of animals, as well as increases 
in production per animal, with the associated increase in 
waste output per animal. Neither of these changes has been 
readily accepted by most urban populaces, which have 
benefited from the lower prices of the food produced, 
while paying the price of the increased collateral negative 
impacts of that food production on the environment. It is 
likely that the success of the animal industries in 
increasing food production led directly to a lack of concern 
by the consuming populace about the security of food 
availability, and an increasing regulatory concern to 
mitigate its negative effects on the environment. However, 
in countries where food security remains a concern, the 
regulatory (and research) focus remains on increasing food 
supplies. This differentiates animal production concerns of 
most developed countries from those of most developing 
countries, as well as what drives the focus of the research 
community which supports animal industries in different 
parts of the world.

2. Attitudes to Livestock: The Developed vs. the 
Developing World

In most of the developed world, food concerns revolve 
around ways to control food production in order to prevent 
accumulation of unnecessary supplies, suppress food 
energy intake of the populace to reduce obesity, change 
the nutritional profiles of foods to make them more 
'healthful1 to those humans who consume them, and 
mitigate environmental impacts of the animals which 
produce the food products. Developed countries' focus on 
animal research has been directed not only to increasing 
animal productivity to protect against a potential food 
shortage but also to mitigate greenhouse gas emission and 
protect environment.

In many European countries, traditional farm animals, 
such as sheep and cattle, are increasingly seen as being 
appropriate in rural areas only if they can be used to 
manage, or direct, the environment in a way, or to a state, 
which is consistent with the desires of the politicians and 
the people they represent. Food production from such 
animals essentially becomes the by-product of their 
existence and a supplement to foods obtained from 
someplace else which, in most cases, means that it will be 
imported from another country with the associated 'export1 
of the environmental production impacts. Regional or even
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national, food self-sufficiency is no longer considered to 
be a necessity in much of the developed world. These 
factors direct production animal research away from its 
traditional focus of increasing animal productivity to new 
research areas which aim to mitigate the environmental 
impacts of production animals, use production animals as 
ways to shape the environment and to create animal 
products which are more 'healthful' to the humans who 
consume them.

However, in much of the developing world, confidence in 
the adequacy of food supplies relative to demand does not 
exist, much less a confidence in an ability to increase 
supply, or replace local supplies, in the face of an event 
which interferes with the existing food supply chain. Here, 
national and regional food self-sufficiency is generally 
considered to be a rational legislative and research goal. 
Thus the traditional focus of animal research, to increase 
food supplies by increasing animal productivity, remains a 
focus, albeit while attempting to use new research tools, 
such as genetic engineering, to achieve it. However in 
many cases the primary focus of animal scientists is not 
the animal, since export/import of live animals, semen and 
embryos has created a more homogeneous international 
production animal population than ever before, but rather a 
focus on feeds which are available locally or regionally 
and provide the bulk of the animals' feed intake. While 
scientific expertise in plant physiology and biochemistry is 
transferable, the plants themselves generally are not 
transferable due to local agronomic conditions and so local 
challenges to understanding the nutrient profiles of plants 
and/or nutritional upgrading of plant biomass by-products 
remains important.

In short, people have always been firstly concerned with 
assuring their food supplies and only become concerned 
with peripheral issues, such as the environmental impact of 
food production, the healthfulness of foods and the welfare 
of food animals when the possibility of a food shortage is 
fully and completely eliminated from the public 
conscience.

3. Livestock Research Priorities: The Developed 
World

Priorities for food animal research in the developed world 
can be divided into the general areas of changing the 
nutritional profiles of foods to make them more 'healthful' 
to the people who consume them, mitigating the 
environmental impacts of the animals which produce the 
food products, and increasing animal productivity. The 
latter represents the traditional role of animal scientists and 
appears to be the least favored in terms of research 
funding.

More healthful livestock food products

As most animal food products contain some animal fat, 
and animal fat has been associated with obesity and

increased disease risk in humans, it has long been 
considered desirable to reduce its intake by humans. This 
has partially been achieved by manual fat removal from 
cuts of meat prior to public sale. Clearly this is a wasteful 
way to produce 'lean' cuts of meat, as feed and water 
resources must be expended (and animal wastes created) to 
produce the animal fat, which can be a disposal problem. 
In contrast, fat removal to create fat reduced (or Tat-free') 
dairy products has not encountered the same problems, as 
'removed1 dairy fats are readily used for other dairy 
products. Research into the metabolic processes which 
direct nutrient precursors into fat versus protein synthesis 
by ruminant animals has received some attention although, 
to date, practical results/outputs/products suitable for 
commercial application have been limited. It seems clear 
that more research is required to understand the metabolic 
processes which govern the ways in which absorbed 
nutrients are utilized, thereby creating an ability to 
substantively impact carcass composition and deliver cuts 
of meat with higher lean to fat ratios.

Perhaps the most active research area on healthfulness of 
animal foods has been the increase in understanding of the 
different impacts of the individual fatty acids within fats 
on human metabolism. Negative effects of saturated fats 
with trans-bonds are now understood, and many food 
processors have moved to remove 'trans fats' from food 
products. The different impact of saturated versus 
unsaturated fatty acids on human health has been 
understood for some time, and much of this research 
focused on mitigating negative impacts of saturated fatty 
acids by replacing them with more 'healthful' unsaturated 
fatty acids. However recent research has focused on 
beneficial impacts to human health of consumption of 
specific fatty acids, notably conjugated linoleic acid 
(CLA). That fats could be less detrimental has been 
understood for some time, but that they have health 
benefits represents a sharp change in attitude towards the 
role of animal fats in human diets. In spite of the large 
amount of research on CLA in recent years, more is 
required to understand the metabolic processes which 
govern its synthesis in ruminants, so that fatty acid profiles 
of fats can be impacted to a greater (and practically 
applicable) extent than has occurred to date.

Mitigating environmental impacts o f livestock

Low numbers of cattle per unit area can have positive 
impacts on the environment by, for example, maintaining 
open space, eating invasive plants or consuming by
products of other agricultural enterprises which would 
otherwise be a disposal problem. Low numbers of animals 
per unit area can also be perceived, by their human 
neighbors, to be a positive addition to the environment by, 
for example, preventing urban development and providing 
pastoral scenes. However as the numbers of cattle per unit 
area and their productivity levels increase, localized 
environmental impacts increase, and public perceptions of 
those local impacts are generally negative. While it seems
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self-evident that the productivity and environmental 
impact of two similar cows is double that of one cow, it 
seems less evident to the public that the environmental 
impact of one cow producing double the product of two 
other similarly sized cows is lower. There has been 
confusion in this context, as many groups and persons 
have not differentiated waste outputs per cow from waste 
output per unit product, such that higher producing food 
animals are vilified for their high waste output per animal 
while, in fact, producing less waste per unit product. It is 
important that the huge positive impacts of increased 
animal productivity on reducing environmental impacts 
are more generally understood by urban populaces so that 
regulatory action is consistent with the way that animal 
wastes are produced. Unfortunately, in this context, 
perceived effects may be at least as important as real 
impacts (perhaps because perceptions are easier to agree 
upon) to the setting of regulations which impact farmers.

It is clear that animal farming has environmental impacts 
on water and air quality. As the size of animal operations, 
animal densities and animal productivity increase and the 
potential for local and regional impacts increase due, for 
example, to local releases of waste water to surface or sub
surface waters, or release of volatile compounds to the 
atmosphere. However it is poorly recognized that even as 
the potential local impacts of larger, generally denser, 
animal operations with higher producing animals' 
increases, their global impacts decrease due to a better 
ability to confine, and manage, those wastes and the lower 
net production of waste per unit product produced due to 
higher (generally) animal productivity. In contrast, large 
production facilities have no higher ability than smaller 
facilities to confine gaseous emissions to the atmosphere, 
although efforts have been made in some European 
countries to limit aerosol releases by rapidly moving 
animal wastes to fermenters in order to capture 
fermentation gases to create electrical power. While this 
does little to impact net carbon release to the atmosphere, 
it does change it from methane, and perhaps other volatile 
organic compounds (VOC), to carbon dioxide, which is a 
less potent greenhouse gas.

An important compound released to the atmosphere from 
animal operations is ammonia. In contrast to carbon based 
compounds, where larger more dense operations with 
higher producing cows will reduce net aerosol emissions 
to the atmosphere, and make them easier to control, these 
operations generally result in higher ammonia emissions 
due to the inability to easily separate urine (containing 
urea) from faeces (containing urease) and so limit 
production of volatile ammonia from non-volatile urea. 
Indeed ruminants on pasture, or other extensive operations, 
tend to defecate and urinate on separate spots, thereby 
limiting ammonia creation. Ammonia release from animal 
operations to the atmosphere is important, as ammonia is 
involved in chemical reactions with NOX and SOX 
compounds to create small aerosol particulates which can

penetrate lung tissue and are associated with respiratory 
problems in affected persons. Ammonia can also be 
removed from the atmosphere in rain, thereby fertilizing 
naturally vegetated areas to stimulate their growth and/or 
allow infiltration of invasive species.

Ruminally bioactive compounds have been used as feed 
additives both knowingly and accidentally as components 
of plants, for many years. However, the criteria for their 
commercial use were based on their impacts on animal 
productivity, with little or no consideration of other 
impacts. Recent research with ruminally bioactive 
compounds (e.g., plant extracts, plant essential oils, 
yeasts), primarily using rumen in vitro systems, suggests 
that several of them impact the ruminal carbon balance, 
particularly of ruminally created gases, suggesting that 
there is potential to reduce release of eructated ruminal 
gases through use of some of these compounds as feed 
additives. There is also research in the area of aerosol 
emissions from production animal systems, although much 
more research is needed to understand the animal, and 
post-animal, metabolic processes which create ammonia 
and VOC. Without a clear understanding of how VOC, in 
particular, are metabolically synthesized in production 
animals, it will be difficult to mitigate their production.

Increasing productivity o f cattle

There is still a substantive amount of research in this area 
in the developed world, although it is increasingly limited 
to the USA, but it is decreasing worldwide. Nevertheless, 
currently active areas of research include:

Impacts of fats and fatty acids on ruminal fermentation 
remains poorly understood even as they become more 
important due to higher feeding levels of fats in dairy 
cattle rations. There is a need for more research on impacts 
of specific fatty acids on rumen bacterial growth and 
collateral impacts on carbohydrate digestion. In addition, 
impacts of specific fatty acids on milk fat synthesis are 
very active research areas and have led to an improved 
understanding of the unpredictable phenomenon of 'milk 
fat depression'. However, to fully capture the ability to 
manipulate milk fat output, more research will be required, 
and it will need linkage to impacts on the fatty acid profile 
of milk fat and its impacts on human health.

Structural carbohydrates are generally the slowest 
digesting fraction of ruminant diets and, as such, drive 
voluntary intake potential and the net energy density of 
diets. There has been an important recent shift in the 
commercial sector to utilize rumen in vitro fermentation 
systems to determine the potential digestibility of 
structural carbohydrates (mostly within feedstuffs) to 
assess potential intake and energy value of those 
feedstuffs. Similar systems have been utilized by feed 
analysis services in many European countries for over 25 
years. However, the reliance on a biological (i.e., in vitro) 
'test', regardless of its specific nature, suggests a 
fundamental lack of understanding of the differences

8



Animal Production & Health Newsletter, No. 60, July 2014

among structural carbohydrates which impact their 
resistance to bacterial degradation in the rumen (i.e., rate 
and extent of ruminal degradation). In order to escape the 
use of inherently variable in vitro systems, research is 
required to understand the basic chemistry of structural 
carbohydrates, both within and among feedstuffs.

There are some dietary nutrients, such as urea (as a 
ruminally available N source) and some carbohydrates (as 
ruminally available energy sources) which could benefit 
from controlled (i.e., slowed) release in the rumen in order 
to increase the efficiency of their use by the rumen 
microbial population. In addition, there are several 
potential nutrients (e.g., essential amino acids, B complex 
vitamins) which may not be delivered to the small intestine 
at levels sufficient to optimize the metabolic use of all 
absorbed nutrients, especially in high producing 
ruminants. Encapsulated nutrients, designed either to slow 
release in the rumen or avoid it altogether, have made their 
way onto the market in the past decade. Unfortunately a 
great deal of the research in this area is focused on 
supporting marketing of nutrients which corporate groups 
want to sell, rather than being used as a means to evaluate 
nutrient needs of animals. Much more research is required 
in this area if the efficiency of nutrient utilization by cattle 
is to be meaningfully increased with this technology.

Reproductive performance of dairy cattle in high 
production systems is very low. Historically, ruminant 
nutritionists have tended to judge nutritional strategies, 
compounds and approaches in a rather simple fashion - do 
the cows produce more milk? In many cases, the 
experiments had very short time frames and in virtually no 
cases was the reproductive performance of the cows 
considered. Nevertheless, results from such studies have 
been widely used, for at least 80 years, as the basis for 
nutrient (and animal management) recommendations of 
commercial lactating dairy cows. In this context, it is no 
wonder that productivity has been steadily increasing 
while reproductive performance has been steadily 
decreasing. The linkage of nutritional strategies to 
productive and reproductive performance has begun, and 
the science has started to see more publications which 
utilize cows for full lactations in order to evaluate the 
impacts of the experimental (often dietary) treatment(s) on 
productive, as well as reproductive, performance. More 
such studies are required to understand the linkage of 
nutrition and reproduction, and to start to reverse the 
decline in reproductive performance in commercial dairy 
herds. However such studies tend to be very expensive in 
terms of facilities, animals and personnel, and it is 
unrealistic to expect a large number of them to be 
completed.

Overall

There is a general sense that improving the productivity of 
cattle primarily benefits the farmers with no, or a negative, 
environmental impact. While this is not true, it is a

difficult argument to sustain outside of the animal science 
community. Indeed the fastest way to reduce the 
environmental impact of cattle populations is to have 
fewer animals, and the fastest way to do that is to increase 
their productivity. Although it is unlikely to happen, a 
much higher proportion of public funding which is 
currently devoted to reducing the environmental impacts 
of dairy cows should be devoted to increasing their 
productivity.

4. Food Animal Research Priorities: The
Developing World

Priorities for food animal research in many parts of the 
developing world remain focused on increasing production 
of animal derived foods primarily, where fiscal resources 
of the food consuming populace allow it, by increasing 
animal numbers. In general, increasing animal numbers 
has a much faster impact on increasing food supplies than 
increases in animal productivity. However, high numbers 
of low producing animals (versus low numbers of high 
producing animals) leads to the same negative 
environmental impacts as occur in developed countries, 
although they can be locally worse if the regulatory 
environment is weak. Increasing output of animal products 
by increasing animal productivity is often constrained by 
availability of feedstuffs with a high enough nutrient 
density to support high animal productivity. Reasons for 
this are myriad, but generally revolve around competition 
from humans and non-ruminant food animals for nutrient 
rich feeds. Thus a great deal of research has focused on 
increasing the nutrient density of biomass by-products, 
such as straws and bagasses, for ruminant feeding. This 
represents both a traditional and a current strategy to 
increase ruminant productivity.

Direct increases in productivity o f cattle

Export/import of live animals, semen and embryos has 
created a more homogeneous international production 
animal population than ever before. Thus research findings 
on animal metabolism which occur in one part of the 
world are generally transferable to other parts of the world 
with a minimal need for local adaptation. In many 
developing countries (and in many developed countries) 
the major limit to increased animal performance, by 
optimizing animal metabolism, is a lack of application of 
what is known, rather than global ignorance of the solution 
to the problem. Often this is caused by poor systems to 
transfer known technologies and information to potential 
users, in spite of the information often having been 
transferred to the country, although it has not moved past 
its research community. In most developing countries, 
large improvements in animal productivity are possible by 
allocating funding to facilitate application of what is 
known, rather than by allocating funds to new research 
initiatives. However many developing countries have poor 
extension systems and have reacted to cuts in such systems
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in developing countries by concluding that extension is not 
important.

It too often occurs that animal production research in 
developing countries focuses on relatively small issues 
related to local adaptation, or understanding, of well 
understood animal metabolic knowledge. While success 
rates of such research efforts tend to be very high, impacts 
of the findings on animal productivity are generally 
marginal. Thus, while there remains a need for animal 
metabolism research in developing countries, it needs to be 
better focused on specific issues of local, or national, 
importance while fully exploiting the current state of 
animal metabolic knowledge which is available in other 
parts of the world.

Increasing the productivity o f cattle by better 
understanding their feeds

Increased ruminant productivity is often constrained by 
availability of feedstuffs with a high enough nutrient 
density to support high animal productivity. As human 
populations grow, particularly in the developing world, 
ruminants will increasingly be returned to their traditional 
role as consumers of feeds which are not suitable for direct 
consumption by humans and non-ruminant food producing 
animals and poultry. These feeds will encompass a wide 
variety of plant biomass wastes from the grain, nut, citrus, 
tree fruit, vegetable, brewing, food processing, distilling, 
wine, sugar, cotton and olive industries, to name a few. 
However, the most important of these plant biomasses, at 
least quantitatively, will be straws from rice, wheat, maize 
and barley grain production. In addition, non-traditional 
feeds, such as tree leaves, will increasingly find their way 
into ruminant diets as sources of nutrients. There are two 
major areas of research which require increased research 
attention if animal productivity is to be increased 
concomitant with an increased reliance on low quality 
feeds high in structural carbohydrates.

A common characteristic of most by-product straws and 
bagasses is the low rate and extent of degradation of their 
structural carbohydrates (SC) in the rumen. Defined as 
cellulose, hemicellulose, lignin and cutin, SC vary 
dramatically in rate and extent of ruminal degradation 
among feeds and, to a lesser extent, within feeds. As many 
by-product straws and bagasses contain 70%, or more, of 
their organic matter as SC, and in vivo digestion of SC 
ranges from 15 and 50%, this represents a major constraint 
to animal productivity. Past efforts to increase digestion of 
SC in feeds with high SC levels have focused on 
treatments with bases, acids or ammonia. While successful 
in increasing digestion of SC, these processes are little 
used in practice due to the high costs of chemicals and

equipment, health risks to workers and collateral impacts 
of excreted compounds (e.g., Na excretion from cattle fed 
NaOH treated straws impacts soil salinity). More recent 
efforts have focused on use of enzymes added, generally, 
to the diet to degrade some SC prior to ingestion by cattle 
or to augment rumen microbial enzymes. While showing 
positive impacts in some studies, these impacts have 
tended to be modest and largely unpredictable. The 
common feature of both approaches is that they attempt to 
degrade SC with chemicals or enzymes without an 
understanding of differences among SC from different 
plants which cause them to have differences in their 
inherent rates and extents of digestion. Another traditional 
approach to increasing SC digestion has been to use the 
variation in digestion of SC among cultivars within crops 
to select cultivars which have higher SC digestion, while 
maintaining desirable agronomic characteristics and grain 
quality. However like the chemical and enzymatic 
approaches, this approach selects for that which is 
desirable (relative to rate and extent of ruminal SC 
degradation) without understanding what it is about the 
cultivars which make their SC desirable. Thus the most 
important limitation to enhanced ruminant animal 
production, and productivity, is the low rate and extent of 
digestion of the SC in feeds which are fed in many 
developing countries. Indeed, as ruminant animal 
production relies more on these feeds in the future, this 
limitation will become more important. This suggests an 
urgent need for research directed at understanding 
carbohydrate chemistry of plants, particularly the 
chemistry of SC, to be able to breed plant varieties with 
higher digestion by eliminating the chemical features 
which impede degradation of SC in the rumen.

Traditional animal science research, particularly in the 
generally temperate developed countries, focused on the 
'positive' nutrients of plants, such as proteins, fats, starches 
and SC, while largely ignoring impacts of plant secondary 
compounds. Often referred to as 'anti-nutrients', 
compounds such as tannins, alkaloids, saponins and 
essential oils have traditionally been considered to be 
negative in diets (hence the term 'anti-nutrient'), but recent 
research suggests that many secondary compounds have 
positive impacts on ruminal fermentation and gut health at 
low dietary levels. Nevertheless, as ruminant feeds come 
under increasing pressure in developing countries, plants 
which have not traditionally been used as feeds are likely 
to move into the ruminant feeding industry. Many of these, 
including salt-tolerant crops (which also tend to 
concentrate trace minerals), tree leaves and plants from 
arid areas, often have high levels of secondary compounds. 
Research is required to identify ways to overcome their 
negative effects when they are at high levels in plants, as 
well as understand their positive effects at low levels, at 
least if they are to be successfully incorporated into 
ruminant rations.
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Overall

There remains a significant focus on enhancing production 
and productivity of ruminants in developing countries to 
assure increasing supplies of ruminant meat and milk 
products for their increasingly, and increasingly affluent, 
urban populations. However a focus on raising production 
by increasing animal numbers will increase both local and 
global environmental impacts of that production, while 
ultimately being constrained by insufficient feeds with 
high digestibility and this is likely to increasingly be the 
case in the future. To alleviate this limitation, much more 
research is required to understand the chemistry of SC 
within plant biomass by-products in order to select, or 
breed, plants which create feeds and feed by-products with 
higher digestibility.

5. Conclusions
While specific issues facing ruminant production differ in 
detail between developed and developing countries, the 
general constraints and challenges suggest that common 
research interests will continue to exist. The need to 
increase outputs of ruminant meat and milk products differ 
sharply between the developed and developing world, 
although a need to increase animal productivity is evident 
in both, albeit primarily to increase product output in the 
developing world but to decrease environmental impacts 
of food producing ruminants in the developed world.

The largest single limitation to increasing productivity of 
ruminants is the low digestibility of the structural 
carbohydrates which comprise a large proportion of their 
diets. Research on actions of secondary compounds in 
ruminal metabolism is required to avoid their negative 
effects and harvest the benefits of their positive effects. 
Domesticated ruminants have historically provided a 
substantial portion of the world's food supplies. However 
if that is to continue, ways must be found to increase 
digestibility of their primary feedstocks, increase the 
'healthfulness' of their products to humans, and decrease 
the environmental impact of their production systems.

Forthcoming Events

Research coordination meeting on the 
Use of Diagnostic and Control 

Technologies to Control African 
Swine Fever

Technical Officer: Hermann Unger

The first research coordination meeting of the new

coordinated research project in support of the early and 
rapid diagnosis and control of African swine fever (ASF) 
is planned to be held from 7 to 11 July 2014 in Vienna, 
Austria.

The purpose of the meeting is to present different 
approaches of the selected research contract holders and 
discuss the technical inputs with the research agreement 
holders for an optimal performance. The main topics will 
address improved diagnostics and their development and 
validation; collection of field isolates and the whole 
genome sequencing of important strains; implementation 
of sanitary measures to control ASF in outbreak situations. 
The work plan for the first two years of this CRP will be 
finalized with the participants.

Regional training course on Genetic 
Characterization of Indigenous 
Livestock Breeds Using DNA 

Markers (RAS/5/063)
Technical Officers: M. Garcia Podesta, K. Periasamy

The training course is planned to take place from 
11 to 22 August at Seibersdorf Laboratories, Austria.

The regional training course (RTC) aims at enhancing 
knowledge and capacity building of participants on breed 
survey and monitoring, animal identification, DNA marker 
techniques and genomic tools for characterization and 
improvement of indigenous livestock breeds.

This training course is open to 15 participants from IAEA 
Member States in the Arab-Asia Region.

The participants will be trained in using different 
platforms/techniques that upon implementation will result 
in:

• improved efficiency in identification of animals 
for breed survey and monitoring;

• improved design of sampling animals under field 
conditions for characterization of indigenous 
livestock breeds;

• improved ability in applying DNA marker tools to 
perform genotyping of domestic animal breeds;

• increased capacity to manage and analyze 
phenotypic and genetic data on livestock;

• improved ability to use livestock DNA data for the 
selection and breeding of superior quality animals;

• improved capacity in managing and utilizing 
livestock genetic resources to ensure sustainable 
food security.
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