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It is important to recognise recent advances in animal health and related sciences to
identify and control diseases and disorders in animals. Livestock Health and Farming
provides a detailed description of key aspects of livestock health issues and farming
practices. It covers introductory and intermediate topics for teachers, veterinary
students, and practitioners in the field. Chapters are written by renowned experts
and organized into the following sections:

• Livestock Health

• Livestock Farming and Nutrition

• Livestock Farming and Climate Change

The first section covers farming and the overall health of livestock. There is a particular
focus on antimicrobial resistance in livestock, which is especially important for devel-
oping countries where there are no strict rules restricting the use of antibiotics.

In the second section, there are three chapters covering nutrition and its role in
animal health and farming. Chapters discuss nutrition and health management in
dairy animals, the nutrient cycle during livestock production, and livestock feed 
and feeding in semi-arid regions.

The third section includes chapters on the unique aspects of nutrient, health, and 
other requirements of animal farming.

I would like to express my gratitude to all the contributors of this book including
the authors of the accepted chapters. My special thanks to Author Service Manager
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Chapter 1

Introductory Chapter: Livestock 
Health and Farming - Regional to 
Global Perspectives
Muhammad Abubakar, Abdullah Iqbal, Shumaila Manzoor 
and Muhammad Javed Arshed

1. Introduction

Livestock comprises a global asset of more than $1.4 trillion. The livestock sector 
is important in both developed and developing counties. Almost 1.3 billion peoples 
are involved with the livestock sector directly or indirectly. Animals are an impor-
tant source of nutrients in the form of meat and milk. Livestock products provide 
33% of total protein intake throughout the world [1].

Livestock is one of the major subsectors of agriculture that is growing rapidly 
because of the increase in demand for livestock products [2]. According to esti-
mates, global meat production would increase to 465 million tons by 2050 from 
229 million tons in 1999. Similarly, milk production is expected to increase to 1043 
million tons by 2050 from 580 million tons in 1999 [3].

There is a vast difference between the livestock sector of developed countries 
and developing countries [4]. There are more chances of an increase in the value 
of livestock in developing countries due to growing demand, but in industrialized 
countries, demand is stagnant. To meet this requirement, farmers should work on 
the vertical expansion of livestock [5].

The livestock sector has many environmental impacts. Globally, the livestock 
sector is the second-largest pollution-producing sector after the electricity industry 
[6]. Animals are responsible for emissions of gasses such as ammonia (NH3), carbon 
dioxide (CO2), methane (CH4), and nitrous oxide (N2O). These gasses are the cause 
of global warming and acid rains [7].

The health of animals can be described as normal physiological functioning of 
all the systems of the body of animals to achieve the highest production or the lack 
of disease. Whenever an animal gets ill, economic issue arises. Livestock diseases 
result in loss of production, treatment cost, prevention cost, and a barrier to 
trade [8].

In developed countries, any livestock disease outbreak would affect the economy 
of the farm and country. On the other hand, in developing countries in case of any 
livestock disease outbreak, additional factors like food scarcity, loss of draught 
power, and social security are also emphasized [9]. Public health is also an issue 
related to livestock disease as many of these diseases are zoonotic. Transmission of 
these diseases takes place either by direct contact (tuberculosis, brucellosis) or via 
vectors (Lyme disease, West Nile disease, Rift Valley fever) [10]. Spread of anti-
microbial resistance because of the misuse and abuse of antibiotics in the livestock 
sector is also an iceberg that we are facing today [11].
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2. Animal production systems

Animals are reared under different types of production systems throughout the 
world. Animal production systems are mostly categorized on the basis of capital 
investment and outputs. The first and most primitive animal production system is 
an exploitation production system, which is categorized by no capital investment 
and minimal human labor. Animals depend upon environmental resources and 
outputs are highly variable [12].

Animal production system is an extensive production system. This production 
system is categorized by minimal inputs and outputs. The survival of animals is 
important as compared to peak productivity. This system is a not market-oriented 
system. Subsistence farming and ranching are two examples of the extensive pro-
duction system. In subsistence farming, animals are kept to fulfill the need of the 
family of a farmer [13]. Sometimes extra products are sold. Ranching includes large 
herds of animals grazing here and there. Treatment or vaccinations are performed 
rarely in the extensive production system [14].

The intensive animal production system is featured by high input and high 
output. Animals are kept in a favorable environment and all the nutrition require-
ments are met. Animals are vaccinated according to schedule. Prompt treatment 
of diseased animals is also a silent feature of intensive farming. To get maximum 
production from animals is the main aim of this system [14].

3. Effect of climate change on livestock health

Climate change has the potential to affect animal health both positively and 
negatively. Climate change can affect animal health directly, indirectly, and by 
altering environmental conditions. The direct impact of climate change on animal 
health is manifested by an increase in temperature and heat waves [15]. Heat stress 
in animals can cause metabolic problems, immunosuppression, and oxidative stress. 
These complications can eventually lead to the death of the affected animal [16].

Indirect impacts due to climate change on animal health can be due to change of 
microbial distribution or density, the incidence of vector-borne diseases, and water 
and food scarcity. For instance, a slight temperature change can alter the relative 
humidity and promote the reproduction of insects. These insects can act as a vector 
of many protozoan and viral diseases [17].

Climate change also affects the parasitic diseases of animals as most of the 
gastrointestinal parasites of animals live only a short life span inside the body of the 
animal and most of the remaining life cycle of these parasites is completed outside 
the body of their host. So, the life cycle of gastrointestinal parasites is affected by 
climate change [15, 18].

4. Impact of livestock movement and trade on disease incidence

Infectious diseases can be transmitted from one host to other susceptible hosts in 
different ways like direct contact, vector-borne, and airborne transmission. Animal 
diseases can be controlled by decreasing the direct contact of healthy animals with 
sick ones. Trade of livestock and its products is a complex process [19].

Although the OIE has set standards about animal health and the spread of 
zoonotic diseases, still, most of the livestock trade is based on the bilateral agree-
ment of countries. Two main areas of focus by the OIE in livestock trade are animal 
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health and the welfare of animals. Movement of animals can introduce exotic 
animal diseases or zoonotic pathogens [20, 21].

FMD outbreak of 2001 in England is one of the major examples of the spread of 
disease by animal movement. The first outbreak of FMD was reported in February 
2001 from the North of England. Within 2 months, FMD virus had spread to France 
and the Netherlands by the transportation of animals from England. This outbreak 
resulted in the loss of almost £8 billion to the public and private sectors [1, 22].

Another example of the spread of disease by the movement of animals is the 
rabies outbreak in Flores Island in Indonesia. Until 1997, Flores Island was rabies-
free. Rabies outbreak was reported after the import of three dogs from rabies-
endemic area. This outbreak resulted in the death of 113 humans and 50% of the 
dog population was culled. But still, rabies is endemic in Flores Island [23, 24].

Markets play a very important role in the spread of livestock diseases. It is vital 
to understand the role of quarantine measures and risks associated with the move-
ment of animals. Spread of diseases by animal movements and trade is not the issue 
of any one country, rather it is a global problem. Following standards for animal 
trade and global cooperation can help in minimizing the disease spread by animal 
movements [1, 20].

5. Political instability and livestock health

Political stability and food security of any country are directly linked. A politi-
cally stable country would be superior to a country that is politically unstable in 
terms of food availability, the health of humans and animals, and education [1]. 
In any emergency situation, migration of people and animals would increase the 
chances of zoonotic outbreaks. For instance, during the Gulf War, rinderpest was 
introduced in Turkey by the migration of animals from Iraq. Rinderpest outbreak 
caused panic in Turkish farmers too, and they started to sell their sick animals in the 
markets. This panic approach further spread the disease [25].

Before 2014 uprising Syria was at stage 3 of Health “Progressive Control 
Pathway” for FMD. But after that due to lack of veterinary services, that status is 
lost. Vaccination of animal herds against brucellosis was also impeded by this revolt 
which resulted in a marked increase in brucellosis incidence in the human popula-
tion [26]. In 2014, political instability in Nigeria became one of the reasons for the 
re-emergence of H5N1 in poultry. Because of improper control strategies, H5N1 
outbreaks were also documented in the next 2 years from neighboring countries [1].

6. The social effects of livestock diseases

The diseases of livestock can affect the community at different levels varying 
from an individual farmer to a multinational food chain. Due to livestock disease in 
any area, society would be affected either directly or indirectly. A direct effect of 
livestock disease includes the zoonotic aspect and possible morbidity and mortality 
due to these zoonotic pathogens. An indirect effect of livestock diseases includes 
financial burden and social and indirect health consequences [27].

In developing countries, livestock farming is not only their business but the way 
of their life. Livestock diseases in developing countries where most of the livestock 
is kept under subsistence farming can seriously affect the social norms [28]. The 
decrease in livestock production would affect the total income of farmers and hence 
living standards. Indirect health consequences due to animal disease include stress, 
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anxiety, and depression to livestock producers [29]. For example, culling of animals 
due to the outbreak of bovine spongiform encephalitis in Canada resulted in stress 
and guilt feeling in owners of those animals. Many of these livestock owners were 
keeping inherited herd [27].

7. Role of biosecurity in livestock farming

Biosecurity at the farm level involves all the steps taken to limit the entry of 
pathogens and the spread of disease at the farm. Biosecurity applies to both contact 
of farm animals with other live animal and indirect contact with any contaminated 
vehicle or equipment [30]. External biosecurity measures are those that are used to 
decrease the chances of entry of pathogens into a farm. Internal biosecurity includes 
steps taken to prevent the spread of disease to healthy animals within a farm from 
diseased animals [31].

Enforcement of biosecurity at every farm and country border is a global respon-
sibility for combating threats like food security and animal and human diseases. 
Good farm biosecurity can play a vital role in minimizing the outbreaks of both 
endemic and exotic diseases [32].

Farm biosecurity is based on four principles. The first is limiting the introduc-
tion of new animals in the herd and adopting quarantine measures. The second 
biosecurity principle is controlled movements of people and vehicle and equipment 
hygiene. The provision of feed and water that is free from pathogenic contamina-
tion is the third principle. The fourth principle is the regular vaccination of animals 
against endemic diseases along with accurate surveillance and reporting of trans-
boundary animal diseases [33].

8. Conclusion

Animal health is directly linked to food security. Now the world should accept 
the fact that animal diseases are not a problem of any specific country or region, 
rather they are global issues. Developing countries should adopt the international 
standard for the trade of animals and augment the disease surveillance system. For 
a better future of the world, decision-makers should turn their attention toward the 
food-producing system and epizootics.
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anxiety, and depression to livestock producers [29]. For example, culling of animals 
due to the outbreak of bovine spongiform encephalitis in Canada resulted in stress 
and guilt feeling in owners of those animals. Many of these livestock owners were 
keeping inherited herd [27].

7. Role of biosecurity in livestock farming

Biosecurity at the farm level involves all the steps taken to limit the entry of 
pathogens and the spread of disease at the farm. Biosecurity applies to both contact 
of farm animals with other live animal and indirect contact with any contaminated 
vehicle or equipment [30]. External biosecurity measures are those that are used to 
decrease the chances of entry of pathogens into a farm. Internal biosecurity includes 
steps taken to prevent the spread of disease to healthy animals within a farm from 
diseased animals [31].

Enforcement of biosecurity at every farm and country border is a global respon-
sibility for combating threats like food security and animal and human diseases. 
Good farm biosecurity can play a vital role in minimizing the outbreaks of both 
endemic and exotic diseases [32].

Farm biosecurity is based on four principles. The first is limiting the introduc-
tion of new animals in the herd and adopting quarantine measures. The second 
biosecurity principle is controlled movements of people and vehicle and equipment 
hygiene. The provision of feed and water that is free from pathogenic contamina-
tion is the third principle. The fourth principle is the regular vaccination of animals 
against endemic diseases along with accurate surveillance and reporting of trans-
boundary animal diseases [33].

8. Conclusion

Animal health is directly linked to food security. Now the world should accept 
the fact that animal diseases are not a problem of any specific country or region, 
rather they are global issues. Developing countries should adopt the international 
standard for the trade of animals and augment the disease surveillance system. For 
a better future of the world, decision-makers should turn their attention toward the 
food-producing system and epizootics.
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Antimicrobial Resistance and 
Rational Use of Antimicrobials in 
Livestock: Developing Countries’ 
Perspective
Hans Ram Meena and Vikash Kumar

Abstract

India is one of the top consumers of antibiotics in agriculture worldwide, which 
accounts for 3% of global consumption, which is estimated to double in 2030. The 
use of antibiotics, particularly in chickens, is expected to triple in India by 2030. 
The overuse, injudicious use, and misuse of these antimicrobial drugs have spawned 
the evolution of life-threatening bacteria that is making the current antimicrobials’ 
reserve useless. Suitable extension outreach and continuing programmes should be 
devised to promote the judicious use of antimicrobials. Innovative approaches, such 
as One Health, Antimicrobial Stewardship, and antimicrobial conservation are the 
need of present alarming situation. There is need to reduce the antimicrobial use 
in animals, particularly domesticated animals; provision of infection surveillance 
in hospitals; improving hospital surveillance for monitoring antibiotic resistance; 
promoting rational and judicious use of drug through education, monitoring, and 
supervision; researching new drugs; and developing and implementing a more 
restrictive and participatory antibiotic policy by including various stakeholders. 
Thus, tracking the rate of veterinary antimicrobial use, resistance, and residues, 
through a nationwide surveillance and monitoring system, and educating farmers, 
veterinarians, and consumers could pave the way to fight against this catastrophic 
situation of antimicrobial resistance.

Keywords: antimicrobial resistance, antimicrobial stewardship, One Health, 
stakeholders, surveillance

1. Introduction

Antimicrobial agents are widely used in food-animal production for disease pre-
vention and treatment in animals, to control disease spread, to prevent contamina-
tion of the food chain via horizontal and vertical transfer of antimicrobial resistance, 
and to increase productivity [1]. However, their overuse in humans and animals 
leads to the emergence of antimicrobial resistance, a general term that encompasses 
decreased and poor efficacy of antimicrobials to treat disease [2]. Recent projections 
revealed that by 2050 global livestock production would fall by 3–8% each year, as 
result of which annual global gross domestic product will decline by 1.1–3.8%. Due to 
rise in disease incidence, low income countries will be affected more severely, with 
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a predicted rise of extremely poor people from 6.2 to 18.7 million by 2030 [3]. Rise 
in frequency of treatment failures have been reported in treatments with infections 
caused by multi-, extensive-, and pan-drug resistant bacteria. Once antimicrobials 
(antibiotics) normally used against bacteria lose their efficacy to treat disease, it 
becomes necessary to use others, so-called “reserve” or “last resort” options that are 
often more expensive and/or toxic preparations [4]. In several developing coun-
tries, antimicrobial consumption is expected to rise considerably due to increase 
in meat consumption, from Indonesia (202%) and Nigeria (163%) to Vietnam 
(157%) and Peru (160%), by 2030 [5]. Organization for Economic Cooperation and 
Development (OECD) estimated that antimicrobials used in food-animal produc-
tion will increase by 67% globally, i.e., from 63,000 in 2010 to 106,000 tonnes by 
2030—an increase of 67% [6]. Thus, overuse of antimicrobials in the food-animal 
production sector gives rise to antimicrobial resistance in animal pathogens, leading 
to increase in therapy failure with a negative effect on animal health and welfare 
[7]. The immediate cost of withdrawal of non-therapeutic antimicrobials at animal 
level, without adjustments in production processes, may decrease the feed efficiency, 
growth, survival, and number of animals born [8].

2.  Genesis of antibiotic resistance and its spread across geographical 
boundaries

The World Health Organization (WHO) has emphasized the need for an inte-
grated and coordinated global effort to control antibiotic resistance. In 2001, the 
World Health Organization Global Strategy for Containment of Antimicrobial 
Resistance has provided a framework of interventions to slow the emergence and 
reduce the spread of antimicrobial-resistant microorganisms across geographical 
boundaries and species [9]. For understanding the genesis and spread of antimi-
crobial resistance across species and increase in resistosome burden, the following 
sub-heads points the focus.

2.1 Development and spread of antimicrobial resistance

The development of resistance in microbes arises in two ways: (i) intrinsic resis-
tance, which occurs when the microbial species is able to innately resist the activity of 
an antimicrobial agent (by preventing either the entry or binding of the antimicrobial 
agent); and (ii) acquired resistance, in which once-susceptible microbial species 
mutate or obtain genes from other microbe, to acquire resistance. Antimicrobial 
resistance cannot be prevented because every time antimicrobials are used, the effec-
tive lifespan of that antimicrobial drug is shortened [10]. In general, few categories 
of pathogen are responsible for a large portion of resistant infections in humans. One 
of them is New Delhi metallo-β-lactamase-1 (NDM-1) gene which confers broad 
resistance to most antibiotics, including carbapenems, and can be transferred to a 
wide variety of bacterial species [11]. Another is resistant Gram-negative bacteria 
which carry extended-spectrum beta-lactamase enzymes (ESBLs), responsible for 
high levels of resistance to some of the most commonly prescribed antibiotics [12].

2.2 Antibiotic use in livestock and resistance

Livestock contributes for over a fourth of India’s total agricultural output, and 
4% of the gross domestic product (GDP). India is one of the top consumers of 
antibiotics in agriculture worldwide, which accounts for 3% of global consumption, 
which is estimated to double in 2030 [13]. Resistant microbes and residues have 
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been detected in living bovines, chickens, honey, pigs, horses, donkeys and mules, 
and fish and shellfish. In cattle, resistant strains of coagulase-negative staphylo-
cocci, Escherichia coli, and Staphylococcus aureus, extended-spectrum beta-lactamase 
(ESBL) and New Delhi metallo-beta-lactamase (NDM-1) genes, have been 
reported. E. coli, S. aureus, enterococci, Pasteurella multocida, Campylobacter jejuni, 
and Salmonella, including ESBL-producing strains have been found in poultry. The 
chances for antimicrobial resistant microbes in the race for survival are in direct 
proportion to the volume of antibiotics used, this makes it more critical to examine 
current habits and encourage rational and conservative use of antimicrobials. 
Due to antimicrobial resistance, easy-to-treat infections are becoming difficult or 
impossible to cure, with an unambiguous global increase in both livestock mortality 
and treatment costs [12].

2.3 Use of antimicrobials for different purposes

Therapeutic use of antimicrobials is meant for treatment of diseases. However, 
if a few animals are found to be sick, often the whole flock or herd will be treated 
(known as meta-phylaxis or sub-therapeutic) to prevent the disease spreading. 
Thus, there is not always a clear distinction between treatment and prevention [14]. 
In this condition, treatment usually occurs at high doses for a relatively short period 
of time. Prophylactic treatment is done for prevention of disease. The treatment of 
animals is done with low, sub-therapeutic doses of antibiotics via feed or drinking 
water, even in the absence of any signs of disease but when there is risk of infec-
tion. Treatment can be given over a period of several weeks, and sometimes longer. 
Antibiotics are also used for growth promotion. Here, very low sub-therapeutic 
doses of antibiotics are given to animals (particularly intensively kept pigs and 
poultry) in their feed, in order to increase their growth-rate and productivity. 
Treatment is continuous and it lasts for a long time [15].

2.4 Use of antimicrobials in food animals

A study revealed that annually, 45, 148, and 172 mg/kg antimicrobials are 
consumed by cattle, chicken, and pigs, respectively, to produce each kilogram of 
their meat. The global consumption of antimicrobials estimated to increase by 67% 
from 2010 to 2030, i.e., from 63,151 ± 1560 to 105,596 ± 3605 tons [16]. At present 
time, more antibiotics are used worldwide in poultry, swine, and cattle production 
than in the entire human population [12]. In aquaculture, antibiotics are used for 
therapeutic and prophylactic purposes often in high concentrations because bacte-
ria travel in water easily, here antibiotics are not used for growth promotion. In the 
BRICS countries (Brazil, Russia, India, China and South Africa), antibiotic use in 
animals is expected to double by 2030. Use of antibiotics, particularly in chickens, is 
expected to triple in India by 2030 [16].

2.5 Use of antibiotics in dairying

The antibiotic residues are at alarming rate in dairying in India. A study by 
Ramakrishna and Singh [17] in 1985 revealed that streptomycin was found in 6% 
milk samples in Haryana. One decade later, in Hyderabad, Secunderabad, and sur-
rounding villages dairy farmers were surveyed on antibiotic use practices. Among 
38 dairy farmers, about 50% of them used oxytetracycline to treat diseases such as 
mastitis and fever; the survey revealed that oxytetracycline residues were found 
in 9% samples from markets and 73% individual animals, while no residues were 
found in government dairy samples [18]. A survey conducted by the National Dairy 
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a predicted rise of extremely poor people from 6.2 to 18.7 million by 2030 [3]. Rise 
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The development of resistance in microbes arises in two ways: (i) intrinsic resis-
tance, which occurs when the microbial species is able to innately resist the activity of 
an antimicrobial agent (by preventing either the entry or binding of the antimicrobial 
agent); and (ii) acquired resistance, in which once-susceptible microbial species 
mutate or obtain genes from other microbe, to acquire resistance. Antimicrobial 
resistance cannot be prevented because every time antimicrobials are used, the effec-
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which is estimated to double in 2030 [13]. Resistant microbes and residues have 
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in 9% samples from markets and 73% individual animals, while no residues were 
found in government dairy samples [18]. A survey conducted by the National Dairy 
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Research Institute near Bangalore in 2000 revealed that tetracyclines, gentamycin, 
ampicillin, amoxicillin, cloxacillin, and penicillin were commonly used to treat 
dairy animals and mastitis was treated with beta-lactam class of antibiotics. The 
prevalence of antibiotic residues in milk samples has been found to be higher in 
silo and tanker samples as compared to market and commercial pasteurized milk 
samples [19]. These findings prove that that antibiotic are used in dairy animals in 
these regions, though details of the frequency, duration, and reasons for use and 
overuse are not well recognized.

2.6 Use of antibiotics in poultry

The level of resistance in Indian poultry is reported to be high for many anti-
biotics. A recent study conducted by members of the Global Antibiotic Resistance 
Partnership [20] reported significant differences in the resistance pattern of broiler 
farms of Punjab with level of antibiotics used in normal poultry production. Results 
revealed that antibiotic use in broiler farms were likely to be more than 20 times to 
harbor-resistant E. coli, and prevalence of multi-drug resistance was much higher 
which was found 94% in broiler farms. In meat shops of Bikaner (Rajasthan), 96% 
of chicken samples contained S. aureus (n = 48), which were sensitive to ciprofloxa-
cin, doxycycline, and gentamycin, and all were resistant to ampicillin, cloxacillin, 
and tetracycline [21].

2.7 Transfer of antimicrobial resistance from livestock to humans

Farm workers and slaughterers are at high risk of exposure to resistant antimicro-
bials due to direct contact with infected animals. Handling pigs and poultry while 
working in a farm environment puts farm workers at risk of picking up resistant bac-
teria from the animals’ bodies or their feces. A study in the Netherlands in 2001–2002 
revealed the same genetic patterns of resistance in E. coli samples from turkeys and 
broiler chickens, their farmers and slaughterers [22]. Consumption of food con-
taminated with resistant bacteria such as Salmonella, Campylobacter, and E. coli can 
increase the resistant bacteria in the human beings. Contamination of meat from fecal 
material getting onto the carcase during the slaughter and evisceration process, dur-
ing the removal of animal gut, can contaminate other foods in domestic or restaurant/
catering kitchens. The European Food Safety Authority (EFSA) revealed in 2010 that 
live chickens colonized with Campylobacter are 30 times more likely to contaminate 
meat as compared to uninfected birds [23]. Resistant bacteria can be transferred in 
water, soil, and air because animals excrete a significant amount of antibiotics they 
are administered, which make manure a potential source of both antibiotics and 
antibiotic-resistant bacteria that can enter soil and groundwater [15].

3.  Rationale and approaches to limit the spread of antimicrobial 
resistance

Synchronization of international, national, and local approaches is advised 
for control and prevention of antimicrobial resistance. Promoting the rational 
use of antimicrobials, control on over-the-counter availability of antimicrobials, 
improvement of hygiene, prevention of infection, and control are the major recom-
mended approaches. Thus, proper understanding of mechanism of resistance and 
accordingly innovation in development of new drugs is the need of the hour. A 
multidisciplinary, collaborative, regulatory approach is demanded for combating 
antimicrobial resistance [24].
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3.1 Reasons to focus on antibiotics’ use in livestock vis-à-vis antibiotic overuse 
and resistance

For decades, meat industry has fed antibiotics to chickens, pigs, and cattle for 
their weight gain and disease prevention in the stressful and unhygienic conditions 
that is prevalent in industrialized animal agriculture production facilities. A strong 
scientific consensus asserts that this practice fosters antibiotic resistance in bacteria, 
which is detrimental to human health (HSUS Report). Food animals are quite suscep-
tible to benign or commensal opportunistic microbes, so they are often exposed to 
antimicrobials, such as the antibiotic, for disease treatment and prevention, sub-
therapeutic purpose and prophylactic purpose to promote growth and improve feed 
efficiency. Many of these antimicrobials used to treat diseases common to both live-
stock species and humans closely resemble drugs used in this species [25]. On the one 
hand, these miraculous antimicrobial drugs are pillars of modern medicine to prevent 
and diagnose dangerous bacterial infections and save lives. On the other hand, the 
overuse, injudicious use, and misuse of these antimicrobial drugs have spawned the 
evolution of life-threatening bacteria that is making the current antibiotics reserve 
useless [26]. Thus, antimicrobial resistance can be defined as the ability of microbes, 
such as bacteria and fungi, to grow and continue to multiply even in the presence of 
administered antimicrobial with purpose to kill or limit their growth (NIAID).

3.2 Philosophy of judicious use of antimicrobials in line with animal welfare

Animal agriculture by human needs to be predicated on ethical judgments where 
sub- or non-therapeutic use of antibiotics on food producing animals on ethical 
judgement scale seems to be objectionable. The problem is that food-animal pro-
ducers do not realize the ethics in their business because they claim that the condi-
tions and processes in the factory farm are not a matter of ethics but of a societal 
necessity to fulfil the feed demand of the population. These producers seem to fail 
to realize the ethical dimensions of their practices, not only for food safety issues 
for consumers, but also welfare issues for their animals [27]. Any policy judgment 
including the danger of tolerable resistance or the level of animal abuse tolerable 
for the sake of the benefits from antibiotics overuse in animal feed is the subject of 
ethical judgment [28]. Lack of treatment protocols and solidarity of animal from 
herd and stopping the course of treatment after apparently realizing the disappear-
ance also comes under the purview of animal welfare.

3.3 Current scenario in India and developing countries

Antibiotic use has been increasing steadily (e.g., between 2005 and 2009, 40% 
increase has been found in units of antibiotics sold). Cephalosporin sales increased 
by 60% over that 5-year period (in units sold) [20]. Antibiotics are used to treat 
human illness, livestock, and poultry diseases. In livestock sector, it accounts for 
more than 50% in order to control and treat diseases, and in low doses in animal 
feed, to promote growth and improve production of animal products [29]. There 
is no regulation in India to regulate the use of antibiotics in food animals, such as 
poultry and dairy animals raised for domestic consumption. As per, Prevention of 
Food Adulteration Rules (1995), Part XVIII: use of antibiotic and other pharmaco-
logically active substances are applied only to certain types of seafood and poultry 
intended for export only [30]. Very few studies on antibiotic residues in animal 
products have been conducted in India, where one on honey was widely recognized 
[31]. Centre for Science and Environment, New Delhi, in a study revealed that 11 
of 12 samples of honey taken from the domestic market were not in compliance 
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bials due to direct contact with infected animals. Handling pigs and poultry while 
working in a farm environment puts farm workers at risk of picking up resistant bac-
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revealed the same genetic patterns of resistance in E. coli samples from turkeys and 
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meat as compared to uninfected birds [23]. Resistant bacteria can be transferred in 
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evolution of life-threatening bacteria that is making the current antibiotics reserve 
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administered antimicrobial with purpose to kill or limit their growth (NIAID).
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Animal agriculture by human needs to be predicated on ethical judgments where 
sub- or non-therapeutic use of antibiotics on food producing animals on ethical 
judgement scale seems to be objectionable. The problem is that food-animal pro-
ducers do not realize the ethics in their business because they claim that the condi-
tions and processes in the factory farm are not a matter of ethics but of a societal 
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for the sake of the benefits from antibiotics overuse in animal feed is the subject of 
ethical judgment [28]. Lack of treatment protocols and solidarity of animal from 
herd and stopping the course of treatment after apparently realizing the disappear-
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of 12 samples of honey taken from the domestic market were not in compliance 
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with standards for its export. The level of antibiotic residues found was not high 
enough to cause an adverse effect in consumers, but it appealed for regulation and 
monitoring of antibiotic residues in honey because continuous long-term exposure 
to low levels of antibiotics could increase antibiotic resistance in pathogenic bacte-
ria making their treatment difficult [32]. The National Policy for Containment of 
Antimicrobial Resistance—India was documented in years 2007, 2011, and 2017, 
which covers a range of topics, including reduction of antibiotic use in animals, 
particularly domesticated animals; provision of infection surveillance in hospitals; 
improving hospital surveillance for monitoring antibiotic resistance; promoting 
rational and judicious use of drug through education, monitoring, and supervision; 
researching new drugs; and developing and implementing a more restrictive and 
participatory antibiotic policy by including various stakeholders 65. Under the new 
Schedule H1, selling of antibiotics over-the-counter will be banned [20].

4. Delineating the use of antibiotics by farmers from farm-to-fork

Low income countries should follow the approaches of World Health 
Organization, World Organization for Animal Health, and the Food and Agriculture 
Organization of the United Nations, which recommends to implement national action 
plans encircling human, food animal, dairy animals, and environmental sectors to 
formulate appropriate policies, interventions, and activities that could address the 
prevention and containment of antimicrobial resistance from farm-to-fork. Suitable 
interventions should be designed, which include the following fields and coverage.

4.1 Use of antimicrobials by farmers

In strong sense, there is dependence among piggery farmers on antimicrobials 
to sustain production, improve farm performance, and maintain health status. Lack 
of concern about the harmful effects of antimicrobial use on their own and public 
health was identified among pig producers as a result of a reduction in the curative 
ability of antimicrobials and the selection of antimicrobial resistance bacteria [33]. 
A study conducted in Danish system revealed that 82% of antimicrobials sold by 
pharmacies were direct to individuals on prescription with specifications for use, 
78% of antimicrobials sold by pharmacies used for pigs, and 20% for cattle [34]. 
The overuse of antibiotic has exploited this miracle drug to such an extent that a 
study in the Netherlands revealed that 79% of farmers used antibiotics routinely 
and 18% occasionally extended antibiotic treatment. The choice of progressive 
farmers for adopting prudent use of antibiotics by avoiding routine use of antibiot-
ics was perceived as good practice by fellow farmers. This was followed by repeating 
the initial label treatments [35]. There are certain specific antibiotics which are used 
by farmers to treat animals without veterinary consultation (e.g., gentamicin in 
Ohio). Thus, improving information flow from Veterinarians to farmers may be the 
most effective means of promoting prudent use of antibiotics on dairy farms [36]. 
Subjective norms and moral obligations together, in which perceived moral obliga-
tions to peers, clients, and the regulatory norm setting sector associated with the 
feedlot industry increase social pressures to use antibiotics in acutely sick, chroni-
cally sick, and high-risk feedlot cattle [37].

4.2 Understanding the antimicrobials overuse in small dairy farms

The incidence of death of farm workers due to treatment failure attributed by 
antimicrobial resistance is likely much higher in developing countries where more 
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people live in close contact with livestock, where food hygiene is not well practiced 
[38]. A report by WHO revealed that in developing countries throughout the world, 
even less than 50% of human are treated according to standard treatment protocol, 
and prescribing patterns were found substandard regardless of the type of pre-
scriber [39]. Antibiotic-resistant food-borne infections, emergence of new multi-
resistant strains of bacteria, and spread of resistant genes are some main areas of 
risk due to indiscriminate and overuse of antibiotics [15].

4.3 Antimicrobial resistance and intensive animal farming

The basic reason for increase in antimicrobial resistance in food animals is 
factory farming. In intensive pig and poultry production, animals are reared 
in confined and overcrowded conditions, usually with no outdoor access, and 
they are bred and managed for maximum production yield, i.e., to grow faster 
in size and number or to produce more meat, milk, and eggs. This forces them to 
compromise their health and their immune responses and encourage infectious 
disease to develop and spread easily among these livestock [40, 41]. Without the 
aid of drugs for disease prevention, it would not be possible to keep the animals 
productive in the intensive conditions, in which they are often kept and managed 
without proper care by the livestock keeper. Earlier, the policy-makers of 50 years 
ago permitted antibiotics to be used for non-therapeutic reasons in animal 
production, often in spite of scientific misgivings, which can be perceived as a 
serious mistake now. Fifty years later, while the evidence continues to be disputed 
by some sections of the industry, the actual and potential damage to public health 
is acknowledged by scientists and policy-makers due to the spread of antibiotic 
resistance among livestock species and human being (vertical and horizontal 
transfer of resistance) [15].

5.  Synchronized efforts by stakeholders to reduce the pace of spread of 
antimicrobial resistance

All the stakeholders including veterinarians, paravets, farmers, and pharmaceu-
tical companies should be made aware about their interacting roles from antimi-
crobial prescription to use, in which decision made by one stakeholders affects the 
worth and value of choices and decision for other stakeholder [42]. These aspects 
can be highlighted under following sub-heads.

5.1 One Health approach to combat antimicrobial resistance

One Health approach recognizes that human, animals, and ecosystem health are 
inextricably linked to each other. It came in to light because many factors have changed 
the interaction between humans, animals, and environment. Thus, for achieving the 
mutual optimal health outcomes, it needs the cooperation of human health, livestock, 
and environment health. Resistance to infectious diseases increase the cost of treat-
ment as well as serious biosecurity concerns due to spread of antibiotic resistance. 
Thus, the animal production is hampered due to rise in incidence of infections.

5.2 Antimicrobial stewardship

The primary focus of an antimicrobial stewardship program is to optimize 
the use of antimicrobials to achieve the best treatment outcomes, reduce the 
risk of infections, reduce or stabilize levels of antibiotic resistance, and promote 
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with standards for its export. The level of antibiotic residues found was not high 
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health was identified among pig producers as a result of a reduction in the curative 
ability of antimicrobials and the selection of antimicrobial resistance bacteria [33]. 
A study conducted in Danish system revealed that 82% of antimicrobials sold by 
pharmacies were direct to individuals on prescription with specifications for use, 
78% of antimicrobials sold by pharmacies used for pigs, and 20% for cattle [34]. 
The overuse of antibiotic has exploited this miracle drug to such an extent that a 
study in the Netherlands revealed that 79% of farmers used antibiotics routinely 
and 18% occasionally extended antibiotic treatment. The choice of progressive 
farmers for adopting prudent use of antibiotics by avoiding routine use of antibiot-
ics was perceived as good practice by fellow farmers. This was followed by repeating 
the initial label treatments [35]. There are certain specific antibiotics which are used 
by farmers to treat animals without veterinary consultation (e.g., gentamicin in 
Ohio). Thus, improving information flow from Veterinarians to farmers may be the 
most effective means of promoting prudent use of antibiotics on dairy farms [36]. 
Subjective norms and moral obligations together, in which perceived moral obliga-
tions to peers, clients, and the regulatory norm setting sector associated with the 
feedlot industry increase social pressures to use antibiotics in acutely sick, chroni-
cally sick, and high-risk feedlot cattle [37].

4.2 Understanding the antimicrobials overuse in small dairy farms

The incidence of death of farm workers due to treatment failure attributed by 
antimicrobial resistance is likely much higher in developing countries where more 
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people live in close contact with livestock, where food hygiene is not well practiced 
[38]. A report by WHO revealed that in developing countries throughout the world, 
even less than 50% of human are treated according to standard treatment protocol, 
and prescribing patterns were found substandard regardless of the type of pre-
scriber [39]. Antibiotic-resistant food-borne infections, emergence of new multi-
resistant strains of bacteria, and spread of resistant genes are some main areas of 
risk due to indiscriminate and overuse of antibiotics [15].

4.3 Antimicrobial resistance and intensive animal farming

The basic reason for increase in antimicrobial resistance in food animals is 
factory farming. In intensive pig and poultry production, animals are reared 
in confined and overcrowded conditions, usually with no outdoor access, and 
they are bred and managed for maximum production yield, i.e., to grow faster 
in size and number or to produce more meat, milk, and eggs. This forces them to 
compromise their health and their immune responses and encourage infectious 
disease to develop and spread easily among these livestock [40, 41]. Without the 
aid of drugs for disease prevention, it would not be possible to keep the animals 
productive in the intensive conditions, in which they are often kept and managed 
without proper care by the livestock keeper. Earlier, the policy-makers of 50 years 
ago permitted antibiotics to be used for non-therapeutic reasons in animal 
production, often in spite of scientific misgivings, which can be perceived as a 
serious mistake now. Fifty years later, while the evidence continues to be disputed 
by some sections of the industry, the actual and potential damage to public health 
is acknowledged by scientists and policy-makers due to the spread of antibiotic 
resistance among livestock species and human being (vertical and horizontal 
transfer of resistance) [15].

5.  Synchronized efforts by stakeholders to reduce the pace of spread of 
antimicrobial resistance

All the stakeholders including veterinarians, paravets, farmers, and pharmaceu-
tical companies should be made aware about their interacting roles from antimi-
crobial prescription to use, in which decision made by one stakeholders affects the 
worth and value of choices and decision for other stakeholder [42]. These aspects 
can be highlighted under following sub-heads.

5.1 One Health approach to combat antimicrobial resistance

One Health approach recognizes that human, animals, and ecosystem health are 
inextricably linked to each other. It came in to light because many factors have changed 
the interaction between humans, animals, and environment. Thus, for achieving the 
mutual optimal health outcomes, it needs the cooperation of human health, livestock, 
and environment health. Resistance to infectious diseases increase the cost of treat-
ment as well as serious biosecurity concerns due to spread of antibiotic resistance. 
Thus, the animal production is hampered due to rise in incidence of infections.

5.2 Antimicrobial stewardship

The primary focus of an antimicrobial stewardship program is to optimize 
the use of antimicrobials to achieve the best treatment outcomes, reduce the 
risk of infections, reduce or stabilize levels of antibiotic resistance, and promote 
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livestock safety. Creating an antimicrobial stewardship program needs baseline 
information, including institutional use of antimicrobial [43]. This would help 
to identify recurrent problems with antimicrobial use at the institution and 
frames the problems that need to be addressed [44]. The antimicrobial steward-
ship efforts should focus on improving adherence to documentation standards, 
optimizing the use of antimicrobials, appropriateness of drug dosing, halting 
treatment of asymptomatic bacteria and microbes, and minimizing the length of 
surgical prophylaxis [45].

5.3 Recommendations to control antibiotic overuse

Recognizing that antibiotic resistance is a reality crossing the geographical 
boundaries of the world, in developing countries, the prevalence of resistant 
microbes will rise over time, which demands urgent action. Vaccinations to prevent 
various disease falls into this category of recommendation, but their “antibiotic-
sparing” effects are often overlooked because these are of secondary importance. 
Restricting the use of antimicrobials in livestock and poultry for non-therapeutic 
use, particularly growth promotion, could be beneficial. There is a need to eliminate 
irrational or inappropriate use, enforce prescription only laws, and eliminate over-
the-counter antibiotic purchases, surveillance, distribution of Standard Treatment 
Guidelines (STGs), antibiotic sensitivity testing, checklists for surgical procedures, 
educating farmers and other stakeholders about appropriate use of antibiotics, 
and improving antibiotic supply chain and quality (Global Antibiotic Resistance 
Partnership (GARP)-India Working Group 2011). For gaining better understand-
ing and subsequent action toward antimicrobial resistance, detailed social science 
research is needed to gather information on the processes of diagnosis, prescription, 
use of antimicrobials, the application of treatments besides antimicrobials, and the 
processes of data generation. Thus, sub-optimal use, potential users, and food chain 
pinch points could be identified. There is a general scantiness of data on on-farm 
application and use of antimicrobials. The tools for recording on-farm medicine 
use, such as paper spread sheets and computerized entries, may be of practical use 
to farmers in the health management of their animals/birds or to veterinarians in 
providing an accurate picture of how prescribed medicines are actually used [46].

5.4 Prescription of antimicrobials

Prescription of antibiotics are strongly influenced by the demand of farmers for 
antibiotics, fear of veterinarians blamed if antimicrobials later prove unnecessary, the 
expectation of farmers to be prescribed antimicrobials, confidence of veterinarians 
in diagnosis. Thus, prescription decisions are strongly influenced by multifactorial 
non-clinical influences such as farmer pressure and cost of drug, etc., to some extent 
[47]. Also, variations are present in beliefs of veterinarians regarding efficacy of sys-
temic antibiotics for dry-cow therapy results in very different decisions being taken 
on farm and considerable discrepancies in treatment. Thus, it raises concern of the 
consistency and appropriateness of antibiotic prescription by them [48]. Antibiotic 
sensitivity testing should be preferred before prescribing the antibiotics [49].

6. Conclusion

The overuse of antimicrobials in livestock is leading to decline in antimicro-
bial effectiveness against infections in animals and eventually in humans. Use of 
antimicrobials purely as growth promoters and prophylactic purposes should be 
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avoided and initiatives should be taken to phase out the sub-therapeutic use of 
antimicrobials. Injudicious use, overuse, and indiscriminate use of antimicrobials 
should be avoided. The obtaining of antibiotics from over—the counter sales should 
be checked and antimicrobial conservation practices should be encouraged to con-
trol the indiscriminate prescription and use of antimicrobials. Suitable strategies 
and policies should be formulated in line with the World Organisation for Animal 
Health and World Health Organization initiatives which call for harmonious 
efforts among stakeholders of different countries. Suitable extension outreach and 
continuing programmes should be devised to promote awareness among stake-
holders about judicious use of antimicrobials and educate farmers, veterinarians, 
and consumers on the potential risk of antimicrobial resistance. There is need for 
surveillance and monitoring to track rates of antimicrobial use in veterinary sector, 
increase in resistance, and spread of antimicrobial residues in food chain.
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Chapter 3

Farm Animals’ Health Behaviours: 
An Essential Communicative 
Signal for Farmers’ Veterinary 
Care and Sustainable Production
Okanlade Adesokan Lawal-Adebowale

Abstract

Farm animals constitute valuable source of quality nutrition and economic 
development across the world, and sustainable farm animal production is greatly 
being challenged by pests and disease infestation with the resultant poor productiv-
ity, death of animals and economic losses to the farmers and nations at large. But 
before infections reached the threshold of debilitative effects, an infected animal 
communicates a physiological disturbance by vocalisation and/or visual cues. While 
a healthy animal communicates its good health status by active display and move-
ment of the body parts in response to its environment, a sick animal manifests its 
health situation by looking dull, by being self-isolated from the stock, by being 
sluggish or by refusing to move on when approached or to be fed. Although the 
communicated cues by a farm animal are determined by the kind of physiological 
impairment experienced by the animal, farmers’ understanding of the specific 
communication cues by the farm animals would make quick detection of any laden 
disease in the animals possible and stimulate prompt health care service provision. 
Consequently, several ways by which farm animals communicate their health situ-
ation and the veterinarian actions to be taken in the light of a disease outbreak are 
highlighted in this article.

Keywords: farm animals, pests and diseases, animal behaviour,  
animal health communication, farmers’ cognition of animal communication, 
veterinary care

1. Introduction

Farm animals constitute valuable bio-resources that support man’s social and 
nutritional security through provision of quality food resources, specifically in the 
form of meat, milk, egg, and other food-based by-products, and as well economic 
development of human society through management and processing of the animals 
into products and by-products for income generation by individuals and organisa-
tions. In this wise, the livestock sector makes valuable contributions to national 
gross domestic products (GDP) of countries around the world. It contributes 
about 40% of the global value of agricultural outputs, supports the livelihood and 
food security of almost 1.3 billion people, and offer opportunities for agricultural 
development, poverty reduction and food security globally [1]. Animal-based 
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foods provide a variety of micronutrients that are essentially deficient in plant-
based foods [2]. While crop-based foods are deficient in vitamin A, vitamin B-12, 
riboflavin, calcium, iron and zinc, animal-based foods are particularly rich in these 
nutrients thereby serving as food resource with which multiple nutrient deficiencies 
and nutrition challenges that arise from heavy consumption of crop-based foods 
can be readily addressed [3]. The effects of such animal-based food include good 
growth, better weight gain and healthy condition, particularly in children [4–6].

In addition to the nutritional values of farm animals is the stock’s contribu-
tion to economic development around the world. The animals not only serve as 
means of employment to the farmers but also serve as means of income generation 
through direct sales of live animals and products such as meat, milk, eggs, wool 
and hides. Among all other animal products, sales of milk and eggs are essentially 
a means of continuous cash flow by which farm families move from subsistence 
to cash-based economies [7] and as well meet other essentialities of life. Similarly, 
animal husbandry stimulates the development of animal-based food industries 
through provision of animals and animal products as production resources for 
processing and conversion into other by-products or animal-source foods. The 
animal-based food industries not only become a source of income generation 
owner of the industry, through the distribution and marketing of the produced 
animal-source foods, but also become a job-creating avenue in the context of 
production, administration, financial management, marketing and distribution 
along the production chain to guarantee employment opportunity for individuals 
seeking to work. The economic values of the livestock sector are however not only 
limited to the immediate environment (local areas) of production but also have 
much impact on regional, national and international economies. For instance, 
the livestock industries contribute a lot to the United States of America’s (USA) 
national economy by providing about 1,851,000 jobs, contributing $346 billion 
as total economic outputs, $60 billion as household income, $15 billion as income 
from paid taxes, and $6 billion from property taxes [8]. In the region of South 
Dakota, where livestock is dominantly managed in the Unites States, the livestock 
sector provides as much as 29,020 jobs, contributing $7.3 billion in total economic 
outputs, $1.1 billion in household income, $235 million in income taxes paid, and 
$149 million in property taxes paid [8].

In Europe. The livestock sector contributes almost 125 billion Euros per year and 
accounts for 40% of total agricultural production in the area [9]. Also, the contribu-
tion of animal production to the gross indigenous production in the region of Europe 
is about twice as high as the whole agribusiness sector in the area. In the developing 
countries, livestock contributes about one-third of the total agricultural outputs [10] 
and 10–45% of GDP in the region. In Ethiopia, the sector contributes an estimate of 
19% of the country’s total GDP, 45% of the agricultural GDP, and about 20% of the 
country’s export earnings [11]. Based on the social and economic values of livestock 
a great deal of efforts in terms of research and management has been jeered toward 
improved and sustainable livestock production around the world.

2. Livestock development to improve productivity

In an attempt to sustain the social and economic values of the farm animals for 
nutrition and economic benefits of man, research has brought about a great deal of 
improvement in the livestock sector both in terms of production and management on 
a global scale. With the USA and Japan’s support for livestock development, livestock 
production technology has developed rapidly worldwide [9]. The development strate-
gies are generally in the form of breeding/cross-breeding, quality feed development, 
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improved healthcare services, animal husbandry, and marketing system. Also is the 
development of new or automated technologies to aid the management and well-
being of the animals [9]. Impacts of research in breeding include the development 
of quality breeds of animals with the potential for improved productivity, quick 
maturing, prolific litter production and resistance or adaptability to changing the 
environment. In this regard is the emergence of breeds of farm animals with specific 
production potentials in terms of meat, milk, and eggs. For instance, poultry birds 
such as broiler—a fast-growing chicken, is specifically developed for meat production 
while layers are developed for egg production. Pigs are largely developed for pork or 
beacon (meat) production and given the prolific litters produced at a birth, the animal 
has been a good source of meat for nutritional security of human society. Alongside 
the monogastric farm animals is the ruminant comprising sheep, goats, and cattle.

Cattle breeds such as Ayrshire, Brown Swiss, Friesian, etc. are prolific in milk 
production while the likes of Simmental, Angus, Charolais, Hereford, are good 
meat (beef) producing breeds. In the same vein are breeds of sheep, such as Dorper, 
Hampshire, Dorset, Suffolk; and goats—Boer, Spanish, Range Land, Kalhari, etc. with 
good meat (mutton and chevon, respectively) production. Although milk production 
is largely from dairy cattle, breeds of sheep—East Friesian, Lacaune, Finnish Landrace 
Polypay; and goats—Alpines, LaMancha, Saanens, Nubian, and Nigerian Dwarf, 
etc. are good milk-producing small ruminants [12, 13]. In the same vein are breeds of 
sheep such as Merino, Leicester Long-wool, Lincoln; developed for wool production 
alongside the likes of Barbados, Jacob; developed to produce hair for industrial fabric 
production. The developed prolific breeds of sheep for large litters of birth include 
Finnsheep, Romanov, and Booroola Merino, etc. [12, 13] thereby providing the sheep 
keepers the opportunity for quick increase of their flock population within a short 
time. In the same vein, pig prolificacy brings about 12–14 piglets per litter thereby mak-
ing the animal the most prolific stock for production by intending livestock farmers.

To support the productivity of the developed farm animals is the development 
of quality feeds that could adequately supply the animals’ energy requirement for 
production and maintenance. Although feed types of the various farm animals 
differ, the common denominator of them all is the nutritional contents of the feed, 
characterised by the presence of adequate crude protein, carbohydrates, fatty acids, 
minerals, and vitamins; that may be available to the animals from the given feeds. 
In light of this are the development of different feed formulae and automated feed 
processing technologies for the production of feeds that are adequately rich in 
nutritional contents. In addition is production of concentrates and other feed addi-
tives to enhance feed intake and nutrition of the animals for improve productivity 
[10] An optimal nutritional program ensures adequate intakes of amino acids (both 
essential and nonessential), carbohydrates, fatty acids, minerals, and vitamins by 
animals such that the nutrition contents readily supplement deficiencies in basal 
diets of the animals for enhanced consumption and conversion [14]. In addition 
to supporting productivity of farm animals quality feed is of significant value to 
healthy leaving of the animals as this readily enhance key metabolic functions of 
the animals to improve fertility and reproductive efficiency, immune function and 
animals’ response to vaccinations, neonatal survival, and growth, feed utilisation 
efficiency, and meat quality [15]. In line with this is the development of health tech-
nologies and human capacities for the detection and effective management of farm 
animals. Deployment of automated technologies in farm animal management has 
widely been used, not only to monitor feeding behaviour and intake of animals but 
for detection ill health in the stock [9]. Consequently, well-fed and healthy animals 
result in good economic returns for the farmers in terms of profitable production 
arising from fewer expenses on animal medication, improved productivity and good 
marketing price.
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3.  Sustainable livestock production and the challenge of animal pests 
and diseases

With development efforts in the livestock sector, world animal production 
has continued growing with increased productivity. Between 1995 and 2002, the 
world total meat production increased by 19%, the total milk production by 11%, 
and the egg production by 23% [9]. Notwithstanding the research support for the 
development and improved productivity of the livestock sector, the sustainability 
of livestock production is still being challenged by several production and envi-
ronmental factors; with the degree of impact being influenced by the management 
system put in place by farmers. While farmers may try as much as possible to give 
their animals all the necessary care in terms of good housing units—spacious, dry 
and well ventilated, quality feeds and water, and necessary healthcare, it remains 
inevitable to completely prevent the incidence of pests and diseases in livestock 
management basically because of the impossibility of eradicating disease-causing 
pathogens which could survive in almost all avenue. Reduction of the incidence 
of pests and diseases in farm animal management has though been achieved by a 
combination of good hygiene, appropriate use of vaccines and medical therapy, and 
selection of disease-free breeds of livestock, the result is by no means an eradication 
of infectious and contagious diseases owing to the fact that a multiplicity of patho-
genic agents are inducing emergence of complex diseases that may even be difficult 
to diagnose [16].

Pathogens, which are groups of organisms that cause diseases in farm animals, 
exist in form of viruses, bacteria, fungi, protozoa, and parasites, and are so small 
that they cannot be ordinarily seen by sight except with the aid of electronic magni-
fiers. These pathogenic micro-organisms or microbes exist in different sizes and 
shapes and are readily transmitted to animals through various substrates or vectors 
such as water, soil, waste or faecal matter, humans and animals [17–19]. Viruses are 
very small micro-organisms and much smaller than all other pathogenic organisms 
such that it can only be viewed with a strong electronic microscope [16]. However, 
the micro-organisms can only survive and/or multiply within living cells basically 
because it lacks cell membranes, cytoplasm, ribosomes, and other cell organelles 
[20, 21]. This mode of survival and multiplication by viruses make it possible to 
destroy the cells of the infected host thereby result in certain diseases. About 60% 
of animal diseases are caused by a virus and unfortunately, such viral diseases have 
no cure thereby resulting in the death of infected animals [17]. On this note, preven-
tive actions, usually by vaccination, are required to ensure the healthiness of farm 
animals. Viral diseases of farm animals include foot and mouth disease, rinderpest, 
bluetongue, vesicular stomatitis, swine fever, fowl pox, avian influencer, etc.

Bacteria, on the other hand, are relatively larger than viruses and also take 
different shapes and sizes but most are visible under an ordinary microscope. The 
micro-organisms, unlike viruses, could survive anywhere—within and outside 
living cells but could sporulate to form a protective coat that makes them survive in 
any environment for a long period, even years, and later cause infectious disease(s) 
in farm animals [16]. Bacteria that survive outside living cells could remain inac-
tive until the emergence of favourable conditions to gain entry into the body of 
the animals, either through the skin or the eyes, breath into the lungs, consumed 
through food and water, to cause infections [22]. Similarly, some bacteria within 
the living cells, such as Bacillus and Clostridium species, envelope themselves with 
protective spores or endospores, which become dehydrated and highly resistant 
to an environmental condition such as heath, cold, or chemical compounds. The 
endospores, within which the bacteria may remain inactive for many years, produce 
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endotoxin—a deadly substance that causes disease in animals [23, 23]. Bacterial dis-
eases of farm animals include botulism, paratyphoid, anthrax, brucellosis, foot rot, 
tetanus, etc. Bacterial diseases are however not as deadly as viruses as these could be 
readily treated with antibiotics, particularly when detected on time. Besides, not all 
bacteria cause disease as some are of great value in ruminant digestion where they 
aid fermentation of consumed herbage in the rumen [24].

In similarity to bacteria, fungi are widespread, exist in various shapes and 
sizes, and could survive in nearly all forms of environment, be it water, soil, air or 
in the mould on stale food and mushroom for a long period that runs into years. 
The micro-organisms are though ordinarily harmless, they cause disease in some 
situations which can be damaging or even devastating in some cases [17, 25, 26]. 
Some fungal diseases affect the mucous membrane (mucosal) though, most of 
them affecting the skin (cutaneous) by colonising and destroying their tissues 
[27]. Skin diseases are though rarely critical or deadly, their resultant irritation 
discomfort the animals leading to inhibition or disruption of their feed intake and 
consequently, a drastic drop in productivity [28]. Diseases of fungi could be highly 
contagious and primarily spread by direct contact between animals; with the clini-
cally infected animals as the greatest source of infections [26]. Examples of fungal 
diseases include ringworm, aspergillosis, candidosis, mycotic, protothecosis, 
dermatophytes, etc.

Protozoa are single-cell microbes that survive both inside and outside living 
cells and could be found in most habitats. Most of the protozoa are though harmless 
and even play a vital role in controlling bacteria population and biomass; some are 
however parasitic pathogens of humans and animals [29] and as such significantly 
cause diseases in farm animals and even as potential drivers of zoonotic transmis-
sion [30, 31]. The parasites are a significant cause of abortion and infertility in 
domestic ruminants [32] and a relatively uncommon group of respiratory ailment 
[33]. Epidemiological situations of protozoan infection may occur as a single 
infection or zoonoses and may be sporadic in otherwise healthy hosts [34]. Also, 
infection of the nervous system is mostly fatal. An epidemiological situation that 
corresponds to pseudoepidemics occurs in a large host of the animal population 
due to a common source or poor housing conditions of the animals characterised by 
poor-quality or badly-stored bedding. Protozoan parasites in poultry are coccidia 
(species of the Eimeria genus), cryptosporidia (Cryptosporidium baileyi), and 
histomonads (H. melegridis).

Alongside the pathogenic micro-organisms causing diseases in farm animals 
are parasites that depend on the animals for growth and/or survival [34, 35]. The 
parasites may live and survive inside or outside the body of farm animals as internal 
and external parasites. Common parasites of farm animals exist as worms, flukes, 
protozoa, and insects such as lice, mites, ticks, flies. Unlike the parasitic protozoa, 
most parasites are visible to sight but some mites and worms can only be seen under 
a microscope at their early stages [16, 34]. With the dependence of the parasites 
on host animal(s) for survival, they may either inhibit the normal physiological 
functioning of the animals or act as a vector of other diseases thereby resulting 
in negative impacts on the health and welfare of animals. Such negative impacts, 
particularly by the internal parasites, may be manifested as anaemia as a result of 
substantial blood loss, reduction of the animals’ appetite resulting in debilitating 
health and susceptibility of the animals to other diseases, diarrhoea and death of 
the animals arising from severity of the parasitic impacts [34, 36, 37]. The exter-
nal parasites, on the other hand, cause open sores on the skin of livestock which 
becomes irritating and annoying to the animals thereby causing them to reduce 
grazing and feed consumption.
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3.  Sustainable livestock production and the challenge of animal pests 
and diseases

With development efforts in the livestock sector, world animal production 
has continued growing with increased productivity. Between 1995 and 2002, the 
world total meat production increased by 19%, the total milk production by 11%, 
and the egg production by 23% [9]. Notwithstanding the research support for the 
development and improved productivity of the livestock sector, the sustainability 
of livestock production is still being challenged by several production and envi-
ronmental factors; with the degree of impact being influenced by the management 
system put in place by farmers. While farmers may try as much as possible to give 
their animals all the necessary care in terms of good housing units—spacious, dry 
and well ventilated, quality feeds and water, and necessary healthcare, it remains 
inevitable to completely prevent the incidence of pests and diseases in livestock 
management basically because of the impossibility of eradicating disease-causing 
pathogens which could survive in almost all avenue. Reduction of the incidence 
of pests and diseases in farm animal management has though been achieved by a 
combination of good hygiene, appropriate use of vaccines and medical therapy, and 
selection of disease-free breeds of livestock, the result is by no means an eradication 
of infectious and contagious diseases owing to the fact that a multiplicity of patho-
genic agents are inducing emergence of complex diseases that may even be difficult 
to diagnose [16].

Pathogens, which are groups of organisms that cause diseases in farm animals, 
exist in form of viruses, bacteria, fungi, protozoa, and parasites, and are so small 
that they cannot be ordinarily seen by sight except with the aid of electronic magni-
fiers. These pathogenic micro-organisms or microbes exist in different sizes and 
shapes and are readily transmitted to animals through various substrates or vectors 
such as water, soil, waste or faecal matter, humans and animals [17–19]. Viruses are 
very small micro-organisms and much smaller than all other pathogenic organisms 
such that it can only be viewed with a strong electronic microscope [16]. However, 
the micro-organisms can only survive and/or multiply within living cells basically 
because it lacks cell membranes, cytoplasm, ribosomes, and other cell organelles 
[20, 21]. This mode of survival and multiplication by viruses make it possible to 
destroy the cells of the infected host thereby result in certain diseases. About 60% 
of animal diseases are caused by a virus and unfortunately, such viral diseases have 
no cure thereby resulting in the death of infected animals [17]. On this note, preven-
tive actions, usually by vaccination, are required to ensure the healthiness of farm 
animals. Viral diseases of farm animals include foot and mouth disease, rinderpest, 
bluetongue, vesicular stomatitis, swine fever, fowl pox, avian influencer, etc.

Bacteria, on the other hand, are relatively larger than viruses and also take 
different shapes and sizes but most are visible under an ordinary microscope. The 
micro-organisms, unlike viruses, could survive anywhere—within and outside 
living cells but could sporulate to form a protective coat that makes them survive in 
any environment for a long period, even years, and later cause infectious disease(s) 
in farm animals [16]. Bacteria that survive outside living cells could remain inac-
tive until the emergence of favourable conditions to gain entry into the body of 
the animals, either through the skin or the eyes, breath into the lungs, consumed 
through food and water, to cause infections [22]. Similarly, some bacteria within 
the living cells, such as Bacillus and Clostridium species, envelope themselves with 
protective spores or endospores, which become dehydrated and highly resistant 
to an environmental condition such as heath, cold, or chemical compounds. The 
endospores, within which the bacteria may remain inactive for many years, produce 
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endotoxin—a deadly substance that causes disease in animals [23, 23]. Bacterial dis-
eases of farm animals include botulism, paratyphoid, anthrax, brucellosis, foot rot, 
tetanus, etc. Bacterial diseases are however not as deadly as viruses as these could be 
readily treated with antibiotics, particularly when detected on time. Besides, not all 
bacteria cause disease as some are of great value in ruminant digestion where they 
aid fermentation of consumed herbage in the rumen [24].

In similarity to bacteria, fungi are widespread, exist in various shapes and 
sizes, and could survive in nearly all forms of environment, be it water, soil, air or 
in the mould on stale food and mushroom for a long period that runs into years. 
The micro-organisms are though ordinarily harmless, they cause disease in some 
situations which can be damaging or even devastating in some cases [17, 25, 26]. 
Some fungal diseases affect the mucous membrane (mucosal) though, most of 
them affecting the skin (cutaneous) by colonising and destroying their tissues 
[27]. Skin diseases are though rarely critical or deadly, their resultant irritation 
discomfort the animals leading to inhibition or disruption of their feed intake and 
consequently, a drastic drop in productivity [28]. Diseases of fungi could be highly 
contagious and primarily spread by direct contact between animals; with the clini-
cally infected animals as the greatest source of infections [26]. Examples of fungal 
diseases include ringworm, aspergillosis, candidosis, mycotic, protothecosis, 
dermatophytes, etc.

Protozoa are single-cell microbes that survive both inside and outside living 
cells and could be found in most habitats. Most of the protozoa are though harmless 
and even play a vital role in controlling bacteria population and biomass; some are 
however parasitic pathogens of humans and animals [29] and as such significantly 
cause diseases in farm animals and even as potential drivers of zoonotic transmis-
sion [30, 31]. The parasites are a significant cause of abortion and infertility in 
domestic ruminants [32] and a relatively uncommon group of respiratory ailment 
[33]. Epidemiological situations of protozoan infection may occur as a single 
infection or zoonoses and may be sporadic in otherwise healthy hosts [34]. Also, 
infection of the nervous system is mostly fatal. An epidemiological situation that 
corresponds to pseudoepidemics occurs in a large host of the animal population 
due to a common source or poor housing conditions of the animals characterised by 
poor-quality or badly-stored bedding. Protozoan parasites in poultry are coccidia 
(species of the Eimeria genus), cryptosporidia (Cryptosporidium baileyi), and 
histomonads (H. melegridis).

Alongside the pathogenic micro-organisms causing diseases in farm animals 
are parasites that depend on the animals for growth and/or survival [34, 35]. The 
parasites may live and survive inside or outside the body of farm animals as internal 
and external parasites. Common parasites of farm animals exist as worms, flukes, 
protozoa, and insects such as lice, mites, ticks, flies. Unlike the parasitic protozoa, 
most parasites are visible to sight but some mites and worms can only be seen under 
a microscope at their early stages [16, 34]. With the dependence of the parasites 
on host animal(s) for survival, they may either inhibit the normal physiological 
functioning of the animals or act as a vector of other diseases thereby resulting 
in negative impacts on the health and welfare of animals. Such negative impacts, 
particularly by the internal parasites, may be manifested as anaemia as a result of 
substantial blood loss, reduction of the animals’ appetite resulting in debilitating 
health and susceptibility of the animals to other diseases, diarrhoea and death of 
the animals arising from severity of the parasitic impacts [34, 36, 37]. The exter-
nal parasites, on the other hand, cause open sores on the skin of livestock which 
becomes irritating and annoying to the animals thereby causing them to reduce 
grazing and feed consumption.
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4.  Animal health behaviours: the communication signals for farmers’ 
attention

One of the managerial goals of livestock keepers is the maintenance of good 
health of their animals as this is crucial to achieving profitable and sustainable 
animal production. On this note, livestock farmers try as much as possible to 
keep the animals free of infestation and infections, through hygienic practice and 
possibly vaccination of the animals against certain disruptive or deadly diseases. 
However, the ubiquity of pathogenic microbes (protozoa, bacteria, viruses, fungi, 
parasites) and other external parasites in a production environment of farm ani-
mals ultimately prone the animals to infections or infestation of pests and diseases 
which on gestation may turn out to be chronic or deadly [16]. Consequences of 
this are poor productivity by animals, increased cost of animal production aris-
ing from treatment or veterinary services, economic loss of animals, hindrance 
of production and/or productivity of animal food source industries, and possibly 
impairment of human health by infections from the animals [15]. In light of the 
economic implication of animal diseases, conscious actions need to be taken by 
farmers to prevent or promptly control any emerging disease of animals in their 
stock. However, before an infectious disease in farm animals begin to manifest its 
symptoms or get to the threshold of economic losses, the infected or physiologi-
cally disturbed animals ordinarily communicate their health status for the atten-
tion of their keepers.

By nature, animals ordinarily communicate with conspecifics or fellow animals 
in four basic ways, namely pheromones, auditory, visual and tactile cues [38–40]; 
they however indirectly communicate their social and health statuses to their 
keepers particularly using the auditory and visual cues. This is based on the fact 
that both animals and man could make and receive sounds, which are an essential 
stimulus to effecting responses between the two Animalia. In this wise, farm 
animals use their vocal sounds to express their health or social conditions to the 
farmers. For instance, a distressed animal makes distressing vocalisation as a way 
to call its owner for needed attention. Empirical studies on emotional vocalisations 
of farm animals [41–45] revealed that environmental stimulus and/or hormone 
concentrations affecting the mood, thirst, and hunger, and appetitive behaviour of 
an animal stimulate specific behaviours that may be accompanied vocalisation in 
the animals [41]. Thus, a dam in parturition distress might make a very high pitch 
sound to attract an attendant to give needed help for safe delivery; or where its kid 
is hooked and needed help to have it rescued. In the same vein, ewes or nannies 
on heat give constant high pitch sound as a way to indicate readiness for a recep-
tion which a breeder needs to take advantage of either by the introduction of ram/
billy or artificial insemination. Pig is known for screaming when put under stress, 
particularly when being forcefully pulled in an attempt to move it from one place to 
the other. This cry may constitute a security call to the owner when the animal is to 
be forcefully taken out of the herds by an intruder.

The visual cues, on the other hand, are displayed actions that could be visually 
perceived by the farmers in their animals. Farm animals thus express their social and 
health situations by visual communication signals which a farm attendant needs to 
understand for an appropriate response. For instance, healthy farm animals are ordi-
narily active and ever ready to feed, and will be on the rise when they are approached. 
Where a farm animal sluggishly or refuses to move, or is reluctant to get up when 
approached (Figure 1) suggests that something is wrong with the animal and as 
such will need to be attended to for detection a laden health issue. Although, vary-
ing diseases have different physiological effects on specific farm animals, infected 
animals react on whatever kind of disease that might impair their physiological status 
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by the display of signals that serve as health communication1. Common communica-
tive signals by a disease-laden animal could thus take the following forms:

a. Poor appearance of animals: ordinarily, a healthy animal will generally have 
a good look with a characteristic good body structure and posture. Related 
body indicators of animals with good health include robust outlook and/or 
roundness of the stomach, smooth and well-laid hair or wool with uniform 
coverage over the body, bright eyes, and dry nose and mouth. On the other 
hand, a sick animal will put up a poor appearance that may be characterised 
by leanness, caved-in stomach, falling air or wool, nasal discharge, dripping 
salivation and/or continuous coughing. The caved-in stomach may have to do 
with poor feeding or poor feed conversion efficiency by the animal, while the 
falling hair or wool may be due to ectoparasite infestation of the animal. For 
instance, piglets severely affected by coccidia produce a rough-haired coat, 
become dehydrated and remain continually dirtied with faeces [46]. In the 
case of poultry, appearance of a bird with ruffled feathers instead of smooth 
and glossy ones or the wattle looks dull with lesions instead of being bright 
suggests impairment of the bird’s physiological functions and as such will need 
veterinary care. A common disease of poultry with these characteristic fea-
tures is the blackhead disease.

4.1 Inactive socialisation

A healthy animal is socially active and ever alert to its environment by having 
its head raised in an attempt to keep watch of its surroundings, and usually in close 
groups with one another. In ruminants, the animals are constantly chewing due to 
regurgitation of consumed pasture. Babesiosis disease, which is common to cattle, 
is known to cause cessation of rumination or constipation in the animal [47, 48]. 
Poultry birds in cages, deep litters, and free-range will equally have their heads 
up clucking or gobbling (respectively to chicken and turkeys) which increases on 
sighting someone or something strange in their environment. Where an animal is in 
isolation of the other animals or has its head lowered or drooped down and becomes 
dulled, unable to stand up or move sluggishly when being approached imply that 
the animal is physiologically disturbed and as such will need an examination to 
detect what is wrong with it.

1 There abound diseases of farm animals with specific causative agents, symptoms, treatment, methods 
of control and prevention which is beyond the scope of this chapter. This chapter has only highlighted 
possible signs that an animal might display as an indicator of ill health which could be readily perceived 
by livestock farmers for prompt veterinarian actions.

Figure 1. 
Healthy lambs on their feet with the physiological lamb siting isolated and unable to move. Source: Photo by author.
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4.  Animal health behaviours: the communication signals for farmers’ 
attention

One of the managerial goals of livestock keepers is the maintenance of good 
health of their animals as this is crucial to achieving profitable and sustainable 
animal production. On this note, livestock farmers try as much as possible to 
keep the animals free of infestation and infections, through hygienic practice and 
possibly vaccination of the animals against certain disruptive or deadly diseases. 
However, the ubiquity of pathogenic microbes (protozoa, bacteria, viruses, fungi, 
parasites) and other external parasites in a production environment of farm ani-
mals ultimately prone the animals to infections or infestation of pests and diseases 
which on gestation may turn out to be chronic or deadly [16]. Consequences of 
this are poor productivity by animals, increased cost of animal production aris-
ing from treatment or veterinary services, economic loss of animals, hindrance 
of production and/or productivity of animal food source industries, and possibly 
impairment of human health by infections from the animals [15]. In light of the 
economic implication of animal diseases, conscious actions need to be taken by 
farmers to prevent or promptly control any emerging disease of animals in their 
stock. However, before an infectious disease in farm animals begin to manifest its 
symptoms or get to the threshold of economic losses, the infected or physiologi-
cally disturbed animals ordinarily communicate their health status for the atten-
tion of their keepers.

By nature, animals ordinarily communicate with conspecifics or fellow animals 
in four basic ways, namely pheromones, auditory, visual and tactile cues [38–40]; 
they however indirectly communicate their social and health statuses to their 
keepers particularly using the auditory and visual cues. This is based on the fact 
that both animals and man could make and receive sounds, which are an essential 
stimulus to effecting responses between the two Animalia. In this wise, farm 
animals use their vocal sounds to express their health or social conditions to the 
farmers. For instance, a distressed animal makes distressing vocalisation as a way 
to call its owner for needed attention. Empirical studies on emotional vocalisations 
of farm animals [41–45] revealed that environmental stimulus and/or hormone 
concentrations affecting the mood, thirst, and hunger, and appetitive behaviour of 
an animal stimulate specific behaviours that may be accompanied vocalisation in 
the animals [41]. Thus, a dam in parturition distress might make a very high pitch 
sound to attract an attendant to give needed help for safe delivery; or where its kid 
is hooked and needed help to have it rescued. In the same vein, ewes or nannies 
on heat give constant high pitch sound as a way to indicate readiness for a recep-
tion which a breeder needs to take advantage of either by the introduction of ram/
billy or artificial insemination. Pig is known for screaming when put under stress, 
particularly when being forcefully pulled in an attempt to move it from one place to 
the other. This cry may constitute a security call to the owner when the animal is to 
be forcefully taken out of the herds by an intruder.

The visual cues, on the other hand, are displayed actions that could be visually 
perceived by the farmers in their animals. Farm animals thus express their social and 
health situations by visual communication signals which a farm attendant needs to 
understand for an appropriate response. For instance, healthy farm animals are ordi-
narily active and ever ready to feed, and will be on the rise when they are approached. 
Where a farm animal sluggishly or refuses to move, or is reluctant to get up when 
approached (Figure 1) suggests that something is wrong with the animal and as 
such will need to be attended to for detection a laden health issue. Although, vary-
ing diseases have different physiological effects on specific farm animals, infected 
animals react on whatever kind of disease that might impair their physiological status 
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by the display of signals that serve as health communication1. Common communica-
tive signals by a disease-laden animal could thus take the following forms:

a. Poor appearance of animals: ordinarily, a healthy animal will generally have 
a good look with a characteristic good body structure and posture. Related 
body indicators of animals with good health include robust outlook and/or 
roundness of the stomach, smooth and well-laid hair or wool with uniform 
coverage over the body, bright eyes, and dry nose and mouth. On the other 
hand, a sick animal will put up a poor appearance that may be characterised 
by leanness, caved-in stomach, falling air or wool, nasal discharge, dripping 
salivation and/or continuous coughing. The caved-in stomach may have to do 
with poor feeding or poor feed conversion efficiency by the animal, while the 
falling hair or wool may be due to ectoparasite infestation of the animal. For 
instance, piglets severely affected by coccidia produce a rough-haired coat, 
become dehydrated and remain continually dirtied with faeces [46]. In the 
case of poultry, appearance of a bird with ruffled feathers instead of smooth 
and glossy ones or the wattle looks dull with lesions instead of being bright 
suggests impairment of the bird’s physiological functions and as such will need 
veterinary care. A common disease of poultry with these characteristic fea-
tures is the blackhead disease.

4.1 Inactive socialisation

A healthy animal is socially active and ever alert to its environment by having 
its head raised in an attempt to keep watch of its surroundings, and usually in close 
groups with one another. In ruminants, the animals are constantly chewing due to 
regurgitation of consumed pasture. Babesiosis disease, which is common to cattle, 
is known to cause cessation of rumination or constipation in the animal [47, 48]. 
Poultry birds in cages, deep litters, and free-range will equally have their heads 
up clucking or gobbling (respectively to chicken and turkeys) which increases on 
sighting someone or something strange in their environment. Where an animal is in 
isolation of the other animals or has its head lowered or drooped down and becomes 
dulled, unable to stand up or move sluggishly when being approached imply that 
the animal is physiologically disturbed and as such will need an examination to 
detect what is wrong with it.

1 There abound diseases of farm animals with specific causative agents, symptoms, treatment, methods 
of control and prevention which is beyond the scope of this chapter. This chapter has only highlighted 
possible signs that an animal might display as an indicator of ill health which could be readily perceived 
by livestock farmers for prompt veterinarian actions.

Figure 1. 
Healthy lambs on their feet with the physiological lamb siting isolated and unable to move. Source: Photo by author.
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4.2 Wobbled movement or gait

Whenever there is a need for farm animals to move, they will move steadily 
and easily; and where there is the need to flee from threats in their environment, 
they move very fast and run. Where an animal moves sluggishly or could not 
move would imply ill health. Abnormal gait can include unusual walking patterns 
or uneven weight-bearing, as seen when a cow is suffering from lameness [49]. 
Lameness may be an indication of rot in the foot characterised by swelling and 
moistened skin between the claws and foul-smelling discharge. Consequently, 
the animal remains lying down for long periods and may not bear weight on the 
affected leg, and where both front legs are affected, sheep, for example, walk on 
their knees and severe cases and chronic infection leads to grossly misshapen and 
overgrown hooves [50]. In the same vein is an abnormal stance indicating pain and 
this may be reflected as tucked abdomen and tail, hunched back or standing still 
for extended periods [49].

4.3 Drop or refusal of food consumption

Animals are ever ready to feed when nothing is wrong with them and as such 
a drop in the rate of feed consumption or outright refusal of feed by an animal or 
non-excitation at being fed would imply that something is wrong with the animal. 
Most diseases though cause an animal to refuse feed, nutritional factors equally 
accounted for feed refusal. For instance, diseases such as bloating, grass tetany, 
ketosis, hypocalcaemia, and mineral deficiencies are caused by nutrient deficien-
cies, excesses or imbalances, or by metabolic disturbances [51]. As a result of poor 
feeding or feed conversion efficiency, the animals lose weight with characteristic 
caved-in stomach and general weakness.

4.4 Abnormal droppings/dungs

Excreta of farm animals should be firm or looks ‘bolus’ and black or darkish 
green, particularly in cattle and pigs, and like small balls in sheep and goats. 
Droppings in poultry are usually greyish with urinary liquid. Where the dung 
of an animal looks watery, and sometimes have the faeces stained with blood 
would imply that something is wrong with the animal. Such signs usually have 
to with diarrhoea or other gastrointestinal diseases. Coccidia in piglets, for 
instance, is characterised by diarrhoea and scour in early stage, and late-stage, 
faeces become yellow or creamy-grey diarrhoea causing loss of condition and 
reduced growth rates at age 7–10 days [45]. Mortality rates may reach 20% [52]. 
Concurrent infections with other bacteria, viruses or parasites can increase 
mortality further.

4.5 Abortion in animals

One of the production goals in livestock management is a production of litters 
either for multiplication of animal population or marketing for income generation. 
A farmer could readily achieve this with healthy animals but where a pregnant 
animal is infected with the abortion-related disease the resultant effect is loss of 
foetus. Diseases such as leptospirosis, vibriosis, pestivirus, and trichomoniasis 
cause abortion which may be early-term abortion or embryonic loss in ruminant 
farm animals [51]. Also, there may be stillbirth, weak, stunted or deformed calves, 
and low calving and lambing rate. Observation of these traits in the animals calls for 
veterinary care of the animal(s).
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4.6 Drop-in productivity

A careful look at production records of the animals could help determine the 
health status of the animals. An animal that has been prolific in production cer-
tainly loses production potential when its normal healthy condition is hindered 
by a disease or pest infestation. In a lactating dam with impaired physiological 
functions, there may be a drop in the quantity of produced per day or drop in egg 
production by sick birds [53]. Dressing of diseased animals also produces poor 
quality meat that is unfit for consumption thereby leading to loss of revenue or 
profitable income to the farmer.

4.7 Sudden death of animal(s)

The end of physiologically disturbed animal(s) is death, especially where the 
signs of ill health are not quickly detected for prompt veterinary action. In some 
cases, however, death may be sudden without a physical sign of ill health. Several 
diseases are so virulent that it leads to the death of farm animals within a short time. 
For instance, anthrax could cause sudden death within 2–3 days in ruminant and 
pigs. In the vein, PPR (Peste des petits ruminants) in small ruminants is associated 
with high morbidity and mortality [54, 55].

5. Economic implications of animal diseases

Diseases of farm animals generally cause a lot of losses either directly or indi-
rectly in livestock production. Direct economic implications include decreased 
productivity of the animals, cost of disease control of animals, death of farm 
animals and loss of means of livelihood or economies of farmers. A diseased animal 
generally has its physiological functions impaired and as such will not be able to 
perform maximally or optimally. In the light, production outputs of farm animals 
in terms of egg, milk, meat, and wool production gradually decline [56] thereby 
resulting in inefficient production of the farmers. In other words, what farmers 
get as returns from production is far less than what is invested in the production 
of the animals. This is usually due to decreased food intake and/or inability of the 
animals to efficiently convert consumed feed into metabolic energy required for 
productivity. Alongside this is loss of quality products—milk and meat that might 
come from infected animals thereby losing market acceptability or value [53]. In 
severe cases and depending on the virulence of the disease, animals might lose 
weight appreciatively and die. This incur great loss to farmers as opportunity for 
production of kids is lost due to disease-related abortions by dams, revenue that 
could have accrued from sales of animals and animal products, and ultimate loss 
of means of livelihood in case of high mortality or death of herds and flocks which 
may be difficult to replace in most cases. An attempt to save the stock and sustain 
production result in increased cost of production arising from the cost of drug 
acquisition for treatment of the animals and of veterinary services. Economic losses 
to the world poultry industry are believed to be more than US$3 billion annually 
[57]. Back in the year 2000 in rural communities in the northern part of Cameroon, 
an estimated value of sheep and goats losses to PPR was put at US$53, 902 over five 
years, while in Bangladesh, the estimated value of goats mortality from PPR was put 
at US$34.8million in the year 2001 [56]. Also is a devastating effect on cash flow and 
equity at the farm or industry level arising from sharp fall in consumers’ demand 
for primary products of livestock out of concern of zoonosis, and severe limitation 
or elimination of animal marketing options [18, 55]. In the same vein, access to 
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4.2 Wobbled movement or gait
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animal is infected with the abortion-related disease the resultant effect is loss of 
foetus. Diseases such as leptospirosis, vibriosis, pestivirus, and trichomoniasis 
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4.6 Drop-in productivity

A careful look at production records of the animals could help determine the 
health status of the animals. An animal that has been prolific in production cer-
tainly loses production potential when its normal healthy condition is hindered 
by a disease or pest infestation. In a lactating dam with impaired physiological 
functions, there may be a drop in the quantity of produced per day or drop in egg 
production by sick birds [53]. Dressing of diseased animals also produces poor 
quality meat that is unfit for consumption thereby leading to loss of revenue or 
profitable income to the farmer.

4.7 Sudden death of animal(s)

The end of physiologically disturbed animal(s) is death, especially where the 
signs of ill health are not quickly detected for prompt veterinary action. In some 
cases, however, death may be sudden without a physical sign of ill health. Several 
diseases are so virulent that it leads to the death of farm animals within a short time. 
For instance, anthrax could cause sudden death within 2–3 days in ruminant and 
pigs. In the vein, PPR (Peste des petits ruminants) in small ruminants is associated 
with high morbidity and mortality [54, 55].

5. Economic implications of animal diseases

Diseases of farm animals generally cause a lot of losses either directly or indi-
rectly in livestock production. Direct economic implications include decreased 
productivity of the animals, cost of disease control of animals, death of farm 
animals and loss of means of livelihood or economies of farmers. A diseased animal 
generally has its physiological functions impaired and as such will not be able to 
perform maximally or optimally. In the light, production outputs of farm animals 
in terms of egg, milk, meat, and wool production gradually decline [56] thereby 
resulting in inefficient production of the farmers. In other words, what farmers 
get as returns from production is far less than what is invested in the production 
of the animals. This is usually due to decreased food intake and/or inability of the 
animals to efficiently convert consumed feed into metabolic energy required for 
productivity. Alongside this is loss of quality products—milk and meat that might 
come from infected animals thereby losing market acceptability or value [53]. In 
severe cases and depending on the virulence of the disease, animals might lose 
weight appreciatively and die. This incur great loss to farmers as opportunity for 
production of kids is lost due to disease-related abortions by dams, revenue that 
could have accrued from sales of animals and animal products, and ultimate loss 
of means of livelihood in case of high mortality or death of herds and flocks which 
may be difficult to replace in most cases. An attempt to save the stock and sustain 
production result in increased cost of production arising from the cost of drug 
acquisition for treatment of the animals and of veterinary services. Economic losses 
to the world poultry industry are believed to be more than US$3 billion annually 
[57]. Back in the year 2000 in rural communities in the northern part of Cameroon, 
an estimated value of sheep and goats losses to PPR was put at US$53, 902 over five 
years, while in Bangladesh, the estimated value of goats mortality from PPR was put 
at US$34.8million in the year 2001 [56]. Also is a devastating effect on cash flow and 
equity at the farm or industry level arising from sharp fall in consumers’ demand 
for primary products of livestock out of concern of zoonosis, and severe limitation 
or elimination of animal marketing options [18, 55]. In the same vein, access to 



Livestock Health and Farming

34

the premium export market is affected as animal-source food from a region with 
disease outbreak will not be accepted in the international markets thereby distort-
ing the development of the livestock sector both within the country(ies) in question 
and globally [56].

Beyond the farm, level is indirect consequences of disease in animals which 
include zoonotic and cost of human treatment, loss of employment to farm labours 
and employment in other livestock values chains or industries, alteration of 
nutritional balance of the populace, change in consumer behaviours and market-
ing shocks. Humans become infected with animal diseases either from consumed 
products of infected animals or the circulation of zoonotic agents between animals, 
humans, and the environment with hindrances of their wellbeing and economic 
activities. The direct cost of zoonotic diseases over the last decade is estimated to be 
more than $20 billion with over $200 billion indirect losses to affected economies 
as a whole [58]. With marketing shocks, characterised by either short supplies of 
animals and animal products and/or an increase in prices of the available ones, con-
sumers to make rational decisions to opt for alternative safe and cheap food sources. 
For instance, short supply of livestock products such milk, eggs and poultry meat, 
which tend to be cheapest, may lead to increase in prices thereby forcing consum-
ers, particularly the poor people, to substitute with vegetable proteins or consume 
more of carbohydrate food sources with consequential less balanced diet [56]. In 
addition to related diseases of farm animals’ disruption of nutrition security of the 
human populace is the transmission of such disease(s) to human populace either 
directly from the animal or on consummation of food products from the diseased 
animals. Farmworkers are most affected directly due to contacts with animals they 
care for and indirectly with the general populace through the consumption of 
disease-laden animal products. As expressed by the world society for the protection 
of animals, as much or more than 500 different pathogens, be it viruses, bacteria 
or parasites, are be transmitted from animals to humans through contact with live 
animals and dust inhalation, and consumption of disease-laden meat and animal 
by-products [59]. With numerous cases of animal diseases, particularly Avian Flu, 
Swine Flu, infecting people as well as the workers and veterinarians, the spread of 
animal viruses to humans is thus a serious public health concern and as such, they 
need for control and prevention of diseases in farm animals.

6.  Farmers’ cognition of farm animal-health behavioural 
communication and the veterinary responses

Given the social and economic implications of diseases of farm animals, it is 
essential that veterinary actions are taken to prevent, control and treat animals 
of any emerging disease. It is however of great value to have earlier detection of 
emerging or laden diseases where it is invariably impossible to prevent disease out-
break as this will save a great deal of the cost of treatment and prevent possible loss 
of animal to death. To achieve this, it becomes essential that livestock farmers have 
good cognition of their animal communication. The concept of animal communi-
cate is generally grounded in animal behaviours whereby animals’ social actions are 
interpreted with meaning either by fellow animals or humans. Consequently, by 
behavioural actions, animal communication is described as the process by which 
an animal transmits information to other animals (Figure 2) for incorporate into 
their decision making [60] or cause some kind of change in the animals that gets 
the information [61]. The transmitted information by animals in the communica-
tion process is however in form signals often reflected in sounds, colour patterns, 
postures, movements, electrical discharges, touches, the release of odorants, or 
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some combination of these mediums [60]. These series of signals of animal com-
munication are thus classified into four basic categories, namely visual, auditory, 
tactile and pheromone cues [60].

The auditory communication cue entails the use of the vocal cord (Figure 3) for 
sending sounds or cries by an animal to fellow animals or other species of animals 
to stimulate action(s) in the receiving animals [61, 62]. In other words, an animal 
vocalises to effect behavioural action(s) in the targeted receivers with the expecta-
tion that the receiving animals will appropriately use the acquired message from 
the vocalisation to take a responsive action [60, 63, 64]. For instance, the cries of 
an animal might be a message of attraction toward it or detraction away from it; 
and whatever action is to be taken by the animal(s) receiving the cries depends on 
the strength of pitches or frequencies of the vocalised sounds or cries [65] and in 
turn, the strength of the pitches or frequencies depend on the emerging stimulus 
in the environment of the animal(s) at a particular point in time. Consequently, 
vocalised sounds by animals at any point in time have distinct sound characteristics 
that denote the intent of the vocalising animal(s) and expected responses by the 
receiving animals. For instance, the croaking of male frogs described as ‘whine’ 
and ‘chuck’, maybe for attraction female frogs or keep other males away from the 
territory [63, 66]. Similarly, the barking or gnawing of a dog may imply a warning 

Figure 2. 
A model of communication flow between animals. Source: Gillam [62].

Figure 3. 
Vocalisation by a bird to its environment for a specific purpose. Source: Khan Academy [63].
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Given the social and economic implications of diseases of farm animals, it is 
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of any emerging disease. It is however of great value to have earlier detection of 
emerging or laden diseases where it is invariably impossible to prevent disease out-
break as this will save a great deal of the cost of treatment and prevent possible loss 
of animal to death. To achieve this, it becomes essential that livestock farmers have 
good cognition of their animal communication. The concept of animal communi-
cate is generally grounded in animal behaviours whereby animals’ social actions are 
interpreted with meaning either by fellow animals or humans. Consequently, by 
behavioural actions, animal communication is described as the process by which 
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some combination of these mediums [60]. These series of signals of animal com-
munication are thus classified into four basic categories, namely visual, auditory, 
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The auditory communication cue entails the use of the vocal cord (Figure 3) for 
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to stimulate action(s) in the receiving animals [61, 62]. In other words, an animal 
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an animal might be a message of attraction toward it or detraction away from it; 
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of a possible attack against and intruder. In the light of this, cries and sounds are 
essential tools by which animals communicate, not only with their surroundings 
[67] but also to convey a great deal of information over long distances for a specific 
purpose. Thus, most animals rely on sound communication for social relations, 
protection of themselves, survival and understanding of their environment [68].

Alongside the auditory communication is the visual dimension of the animals’ 
communication whereby animals display signals that are visible to fellow animals. 
Such signals may be gestures, body postures, and colouration, movement or 
positioning of the body by the communicating animals [63]. Consequently, animals 
communicate non-verbally by expression of signals that could be described as acts 
or structures, to convey information to recipients to elicits a response in the recipi-
ents [69]. For instance, claw raising by hermit crab which implies an intention to 
attack is a warning communication signal to recipients and processing of such a sig-
nal would make the recipient respond by fleeing the environment of moving away 
from the crab. Similarly, a chimpanzee communicates threats by raising its arms, 
slapping the ground or staring directly at another chimpanzee [63]. Given the need 
for mating, some animals communicate to one another by a display of colouration 
change to attract the opposite sex. For instance, a display of bright yellow feathers 
by a male American goldfinch is a communicative signal to a prospective mate for 
mating. Animals thus communicate by behaviours to help them recognise and care 
for the young ones, find mates, coordinate group behaviour, defend territory and 
establish dominance.

Given the concept of animal communication, the same principle applies to farm 
animal communication to farmers whereby farm owners rely on behavioural actions 
of their animals as an element of information communication with them [66, 70–74]. 
In essence, farm animals communicate their current status to their owners by both 
vocalisation and behavioural signals. Given that environmental stimulus and/or 
hormone concentrations affecting the mood, thirst, hunger and appetitive behaviour 
of an animal stimulate specific behaviours and vocalisations in the animals, livestock 
farmers would need, not just to perceive the displayed actions by their animals, but 
to appropriately interpret such vocalisations and behaviours for necessary action 
to be taken. Although animals’ vocalisations have been categorised into five ‘main 
syllables’ based on the mouth, tongue and nasal placement and the speed of air 
leaving the throat, no specific meaning has been attributed to different calls [75]. 
Consequently, a particular farmer will have to use his judgement, particularly based 
on experience and familiarity with his sets of animals, to determine the state of his 
animals’ welfare and/or needs. Understanding the varying pitches or frequencies of 
sounds by animals is thus crucial to ensure an appropriate response to the animals’ 
needs by a livestock attendant. For instance, a livestock attendant with a good 
understanding of the varying vocalisation pitches may get to know that a high and 
consistent pitch of sounds by a dam is an indication of out of contact with its kids 
[76–78] or that of difficult parturition. Frequency and pitch of coughing by farm 
animals equally serve as a good auditory cue to attract the attention of a farmer for 
the healthcare of the animal. Thus as an animal becomes more excited or distressed, 
the duration, volume, and pitch of the calls increase.

The auditory communicative signal may though be a narrow lead to early detec-
tion of illnesses in farm animals, the visual communication cue is more elaborate 
and much obvious to attract the attention of farm attendants or farmers for prompt 
veterinary actions. Ordinarily, a healthy animal is active and mostly in group asso-
ciation, but becomes dull or isolated when its normal healthy condition is impaired 
which becomes a communicative signal of ill health. As highlighted in Table 1, the 
displayed signals can be readily seen and obvious to stimulate veterinary actions. 
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Farm 
animals

General signs 
of illness

Respiratory 
signs

Gastrointestinal 
signs

Skin signs Neurological signs

Cattle Fever, lethargy 
(lack of 
energy)
Excessive 
salivation
Lameness

Multiple 
coughing 
animals
Difficult 
laboured 
or rapid 
breathing
Nasal 
discharge

Appetite loss
Diarrhoea
Abdominal pain
Weight loss
Dehydration 
(sunken eyes, 
prolonged skin 
tent)

Blisters or ulcers 
around muzzle, 
mouth, lips, 
gums, tongue, 
teats and/or feet
Severe itching
Circular areas of 
hair loss
Warts

Behavioural 
changes or easily 
startled
Restlessness or 
agitation
Lack of 
coordination or 
high stepping
Head rubbing, 
tossing or pressing
Exaggerated 
blinking and 
chewing 
movements
Trembling or 
convulsions

Sheep 
and goats

Depression
Fever
Lethargy (lack 
of energy)
Dull coat
Watery eyes
Lameness, 
arthritis, or hot 
and painful feet

Coughing
Nasal 
discharge
Difficulty 
breathing

Weight loss
Decreased appetite
Diarrhoea and 
abdominal pain
Food coming out of 
nose or mouth

Itchy, dry brittle 
fleece
Red mouth and 
nose
Blisters or ulcers
around muzzle, 
mouth, lips, 
gums, tongue, 
teats and/or feet

Behavioural 
changes
Excessive 
scratching and 
rubbing
Loss of 
coordination
Abnormal gaits 
(high stepping)
Biting feet and 
limbs
Head tilt or head 
pressing
Inability to rise or 
convulsions

Pigs Lethargy (lack 
of energy)
Fever
Lameness, 
painful 
movement and 
stiffness
Swollen joints

Coughing
Difficult 
laboured 
or rapid 
breathing

Lack of appetite
Weight loss
Diarrhoea

Blisters or ulcer 
around nose and 
feet
Pustules
Blotchy Skin

Behavioural 
changes
Lack of 
coordination
Excessive salivation 
or drooling
Seizures or tremors
Paddling while 
lying on their side

Poultry Lethargy (lack 
of energy)
Depression
Drop in egg 
production
Eye discharge
Thin-shelled 
eggs
Ruffled 
feathers
Off feed or 
water

Open mouth 
breathing
Nasal 
discharge
Sneezing
Coughing or 
gasping

Diarrhoea
Weight loss
Swollen crop or 
abdomen

Swollen and/
or discoloured 
comb, wattles, 
legs and head
Dark or crusty 
spots on comb
Mites or Lice 
(near vent)
Scaly legs

Difficulty walking
Torticollis (twisted 
neck)
Lack of 
coordination or 
inability to rise
Tremors or 
paralysis of limbs 
or neck
Paralysis and 
dilation of the crop
Blindness
Head pressing

Source: Developed from Department of Agriculture and Rural Development, State of Michigan Bulletin (Retrieved 
from online, July 1, 2019).

Table 1. 
Signals for early detection of ill-health in farm animals.
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by a male American goldfinch is a communicative signal to a prospective mate for 
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vocalisation and behavioural signals. Given that environmental stimulus and/or 
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leaving the throat, no specific meaning has been attributed to different calls [75]. 
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needs by a livestock attendant. For instance, a livestock attendant with a good 
understanding of the varying vocalisation pitches may get to know that a high and 
consistent pitch of sounds by a dam is an indication of out of contact with its kids 
[76–78] or that of difficult parturition. Frequency and pitch of coughing by farm 
animals equally serve as a good auditory cue to attract the attention of a farmer for 
the healthcare of the animal. Thus as an animal becomes more excited or distressed, 
the duration, volume, and pitch of the calls increase.
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and much obvious to attract the attention of farm attendants or farmers for prompt 
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Source: Developed from Department of Agriculture and Rural Development, State of Michigan Bulletin (Retrieved 
from online, July 1, 2019).

Table 1. 
Signals for early detection of ill-health in farm animals.
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Body movement of the animals is also essential cues to understanding the health 
communication behaviours of the animals. For instance, cattle will normally have 
their tails raised and positioned horizontally when defecating or urinating bur 
observation such positioning of tail aside the need for excretion is an indication 
of the health issue to be given attention. Also, kicking and tail swishing may be 
performed in response to acute pain with these signals directed toward the painful 
stimulus [49]. The ability of farmers to understand the communicative signals, 
however, depends on their good knowledge of different animal diseases and the 
signs that may be shown before the emergence of a particular disease. Based on 
experience, some farmers have developed the skills and intuition to rightly interpret 
behavioural signals of an animal about a specific kind of illness that is most likely 
to emerge or already discomforting the animals2. A field experience by which a set 
of goats’ communicate their owner that their pen is heavily infested by lice was by 
their reluctance to enter the pen each day they return from free-range, and when 
forced into the pen, they began an unusual and constant stamping of their feet. 
But a curious examination of the sudden reluctance of entry into the pen revealed 
that the dusty floor of the pen was highly infested by lice which always walk into 
the goats’ underneath hair thereby causing skin irritation to the animals. This was 
discovered when a multitude of lice flung onto the farmer’s legs on entering pen 
thereby necessitating thorough cleaning of the pen and thereafter, no constant 
stamping of feet was observed among the goat. In essence, every behavioural 
actions farm animals might mean a lot and as such, livestock farmers need to 
understand and be able to distinguish between normal and abnormal behaviours of 
their farm animals to ensure good management of the animals’ welfare. But farmers 
who do not have the experience or skill to accurately interpret the observed health 
communication behaviour of a farm animal would have to consult the service of a 
veterinarian. Thus farmers would have to consciously monitor the social actions of 
their animals for quick detection of laden diseases in their stock.

7.  Essential healthcare services to attaining cost-effective health 
management of farm animals

Prevention and control of pests and diseases of farm animals are essential to 
achieving profitable and sustainable farm animal production. This involves put-
ting up all necessary actions to ensure that animals in stock are free of infections or 
debilitating effects of pests and diseases. Such actions are not only to save the animals 
but also give an added opportunity of eliminating or reducing the cost of treatment, 
which is usually expensive where animals were to be treated. However, an important 
step to preventing and controlling disease outbreak in farm animals by farmers is cog-
nition of health communication behaviours of the farm animals, nature and virulence 
pathogenic organisms that may induce ailment, and signs that are disease-laden and 
symptoms of emerging diseases in the animals. Because of this, farmers may have to 
promptly and diligently take the following actions for good health management3 of 
farm animals and as well ensure profitable and sustainable livestock production.

2 Not all diseases in farm animals could be determined by physical examination. It may require clinical 
examination, immune system function, nociceptor response and behavioural assessment for accurate 
diagnosis of a particular disease which of course could not be done a farmer but by a veterinarian.
3 This section and of course this chapter did not provide information on treatment, prevention, and con-
trol of specific diseases but on basic actions that could be taken in health management bused on animal 
attendants’ cognition of the animals’ vocalisation and the observed visual cue for health management of 
the animals.
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7.1 Surveillance

Effective care of farm animals begins with a vigil on the posture and environ-
ment of the animals. This entails regular checks on kept animals in stalls and fields 
and intermittent physical examination of the animals’ bodies for early detection 
of impairment of their normal behaviours and any possible ill-health. Given this, 
farmers must be on the lookout for signs and conditions that may engender disease 
outbreak or infestation of pests in their animals. Hence, the understanding that a 
healthy animal will normally be on the stand on sighting their attendants and/or 
move excitedly when being approached to be fed makes it possible for a farmer to 
know that failure or refusal of an animal to stand up or move is a sign of impair-
ment of the normal health of the animals and as such would need to be attended 
to, at least for examination and determination of what the health issue might be. 
Field experience in this regard with a livestock attendant 0n small ruminant farms 
shows that regular checks on the animals daily made it possible for quick detection 
of impairment of the animals’ normal health condition. Observed cases of health 
issues in the stock as a result of regular checks on the animals include lameness 
(Figure 4) and refusal of one or two of the animals to move on being an approach. 
With these signs, cases of foot rot or scald, pneumonia, infestation by sheep fleas 
and worms in the animals. Physical examination of bodies of the animals for insects 
or pests is equally of great value in early detection of flies’ infestation in ruminant 
skin and lice in poultry birds. Surveillance though begins with individual farmers 
and their farms, collective efforts become crucial to curtailing the spread of infec-
tious diseases from farm to farm. Surveillance is about disease identification and 
reporting cases of infections by livestock keepers to animals’ health agencies and 
veterinarians to enable disease patterns to be monitored [79]. On this note, the 
World Organisation of Animal Health—OIE, emphasises that effective surveillance 
system entails identification and/or observation of emerging disease and reporting 
such for sample and data collection, epidemiological and laboratory investigations, 
and management and communication of the resulting information to provide 
guidance on priorities and targets for the application of interventions to effectively 
control of the disease [80].

7.2 Hygiene practice

Hygiene practice is an important aspect of animals’ health management and 
this entails keeping the farm environment free of any anything or condition that 
could induce pest infestation and disease infections in the animals. This includes 

Figure 4. 
A lamb with lame foot as result of infection. Source: Photo by author.
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could induce pest infestation and disease infections in the animals. This includes 
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ensuring that farmhouses and animal beddings are dry and regularly cleaned, 
and as well as the equipment and all facilities used for movement and care of farm 
animals. Cleaning may include scraping, sweeping, washing, possibly with the use 
of disinfectants. This action is underscored by the understanding that pathogenic 
micro-organisms and eggs of external and internal parasites could survive under 
any condition, particularly in a wet and filthy environment. With hygiene practices, 
no favourable condition is created for the micro-organisms to be active or survive 
to cause infections in the animals. Disinfection may though be essential, most 
disinfectants are not particularly effective in combating viruses thereby emphasising 
the need for physical cleaning and burning of bedding [81]. Droppings or faeces by 
animals, feathers and dead animals need to be promptly removed pens and ranches 
as these are sources of pathogens [82]. Also, too many animals on-site and over-
crowding within building and cages should be avoided to prevent the rapid spread 
of emerging diseases of stock [16].

7.3 Biosecurity checks

This is an aspect of farm hygiene but goes beyond the physical cleaning of farm 
facilities and equipment. The focus is basically on the cleanness of the animals 
concerning freedom from diseases of any kind. Scrutiny of animals to be intro-
duced into farm sites is essential to maintaining farm hygiene and preventing the 
introduction of diseases into the farmyard. In the same vein, non-farm workers 
or visitors should be prevented from gaining access to the stock, be it in stalls or 
farm sites; and where necessary, all should have their feet and booths washed when 
going into the farm. Quarantining of new animals is essential to allow time for the 
manifestation of hidden disease in the animal(s) and such restriction may be for at 
least 3 weeks and/or possibly conduct a clinical test on the animal for the potential 
disease of concern. Other biosecurity measures to be taken include culturing milk 
from individual animals for contagious organisms, selection of healthy animals 
and use of semen, embryos or bulls from suppliers with control programs for the 
infectious disease [83].

7.4 Exploration of animals’ behavioural communication cues

With a cognition of communication cues of farm animals, a keen observation 
of postures of the animals is crucial to ensuring quick response to the health needs 
of the animals. Farmers should know that a healthy animal is alert and aware of its 
surroundings by standing and actively holding its head up watching what is hap-
pening around it, be in close groups, moves easily and steadily with regular steps. 
Deviation from these postures implies impairments. Also, the eyes of the animals 
must be bright, ears must be erect and move swiftly in the direction of sounds 
and to get rid of flies, mouth, and nose must be free of dripping saliva and nasal 
discharge. Where discharges are observed in these body parts, it would imply health 
issues that need to be attended to. Examination of bodies of the animals should 
reflect smooth and shiny hair or coat if healthy, breathing should be normal, urine 
must be clear and faeces must not be watery [84]. Vigil on these cues is essential to 
initiate a quick response to the health needs of farm animals.

7.5 Disease diagnosis

While it may be possible to see visual communication cues of farm animals 
means of monitoring or detecting health issues in the animals, internally devel-
oped diseases may not be so easy until the animal reaches a critical stage of illness. 
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However, intermittent collection of animals’ faeces for an examination of worm-
eggs and examination of urine for blood and yellow colouration that could signify 
jaundice in the animals. The use of faecal egg counts has proven to be a valuable tool 
for detecting worm infestation in animals and the basis for designing appropriate 
deworming routine and determination of the right deworming medication. For 
instance, faecal analysis of cattle in Malawi reveals infestation of bacteria—coli-
forms and Clostridium perfringens spores; pathogenic protozoa—Cryptosporidium 
and Giardia; and enteric viruses—adenovirus, enterovirus, and reovirus in the farm 
animals. Examination of watery stool suggests diarrhoea in the animals and as such, 
necessary medication could be administered for treatment of the animals before 
their health situation result in economic losses [85]. Other diagnostic tests for 
detection of animals diseases include parasitological tests for detection of parasites 
in animals, microbiological and virological test for identification of the presence of 
micro-organisms and viruses in the animals, and serological or blood test for anlysis 
of blood serum of sampled farm animals. Other tests may include necropsies, abor-
tions and stillborn, and milk tests.

7.6 Vaccination

This is an essential way to prevent or strengthen the immunity of farm animals 
to infectious diseases4. With the understanding that viral diseases cannot be treated 
vaccination becomes the means to prevent the outbreak of the diseases in farm 
animals. Vaccination protects the welfare of farm animals by preventing or reducing 
disease, which in turn reduces the pain and suffering often associated with illness 
[86]. Further insight into the value of vaccination shows that the drug mimics 
infections to provide immunity such that the animals could not be overreached by 
the disease but healthier [87]. However, the vaccine must be disease-specific and 
appropriately administered as recommended by the veterinarian and by checking 
the recommended dosage, dilution rate, route of administration and all precau-
tions. Animals must be injected on the recommended parts of the animal’s body and 
ensure that the injected sites are clean and dry.

7.7 Treatment of diseases

Treatment becomes essential and inevitable where farm animals have become 
infected by pests and diseases5. Unlike vaccination that is meant to prevent disease 
or infections by boosting the immunity of kept animals, treatment is meant to 
eradicate or halt the debilitating effects of diseases in farm animals (Figure 5). 
Treatment, however, takes different forms, depending on the nature of the ill-
health affecting an animal(s). It could be by prophylaxis, intravenous injection, 
dipping, isolation or culling [88, 89]. For instance, treatment of bacterial diseases 
such as Salmonellosis could be by the use of antibiotics such as ampicillin, che-
motherapeutics and fluid therapy, isolation and general nursing [89] while worm 
such as liver-fluke is treated with medication such as oxyclozanide, nitroxynil, 

4 Vaccination, especially when it involves an injection, is delicate medical care and as such could not 
be undertaken by just anybody but by well-trained animal health attendants or veterinary doctors. 
Vaccination is most cases are based on the pre-knowledge of certain diseases in certain farm animals 
and as such consultation of well-trained animal health officers for an appropriate recommendation of 
vaccines and dosage is crucial good health management of farm animals.
5 Treatment of animal diseases is generalised in this section and as such, farm animal attendants will 
need to know that specific disease condition requires specific treatment and will be subject to appropri-
ate diagnosis by well-trained animal health officers or veterinary doctors.
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albendazole [88], etc. In addition, treatment of bloat disease—gas build up in 
rumen, requires the service of a veterinary surgeon who might need to insert 
stomach tube into the rumen to have the built-up gas released and in extreme cases, 
the rumen will have to be punctured on the left flank with surgical apparatus such 
as trocar and cannula [16]. This suggests that a farmer cannot handle all treatment 
of emerging diseases in their farm animals.

8.  Social and economic implications of health management of farm 
animals

The goal of livestock management is to ensure the efficient production of 
animals and animal products for social and economic gains at all strata of the 
human social system. Achieving this goal implies that farm animals must be kept 
healthy at all times for enhanced productivity. An important way to maintaining 
good health of farm animals is by eradication of epidemiological diseases or reduce 
their debilitating effects to barest level through combination of hygiene practices, 
biosecurity and vaccination of animals as failure in this regard may lead to immedi-
ate loss of livelihood to those in the livestock sector, disruption of domestic trade or 
the cessation of access to international markets, and threats to public health [1, 8, 
10, 83]. Hence, the need for mitigation of the impact of diseases of farm animals. 
Prevention and control of animal diseases not only prevent the loss of animals to 
death but largely reduce the burden of the debilitating effects of disease and associ-
ated suffering of the animals such that they can enjoy better health and welfare. In 
addition, consumers could then have a supply of safe and affordable food [85]. In 
the same vein, vaccination of farm animals greatly protect animal and public health, 
reduce animal suffering, enable efficient production of food of animal source to feed 
the burgeoning human population, and greatly reduce the need for antibiotics to 
treat food and companion animals [90]. This, however, requires responsible use of 
vaccines and antibiotics to prevent, not just to control a disease outbreak in the farm 
animals but to ensure the safety of products from vaccinated or treated animals for 
safe consumption by humans. Control and prevention of diseases are however with 
cost implications whereby vaccination and treatment of animals add to cost the cost 
of livestock production and to the national veterinary budget [85]. This notwith-
standing, advantages of boosting farm animals’ immunity through vaccination and 
recovery of animals from ill-health by treatment worth the efforts and cost than los-
ing the entire stock by death as the regained productivity of the farm animals could 
help recover the expended cost on vaccination and treatment in the long run.

Figure 5. 
A lamb being treated of infection by an experienced animal health attendant. Source: Photo by author.
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of emerging diseases in their farm animals.

8.  Social and economic implications of health management of farm 
animals

The goal of livestock management is to ensure the efficient production of 
animals and animal products for social and economic gains at all strata of the 
human social system. Achieving this goal implies that farm animals must be kept 
healthy at all times for enhanced productivity. An important way to maintaining 
good health of farm animals is by eradication of epidemiological diseases or reduce 
their debilitating effects to barest level through combination of hygiene practices, 
biosecurity and vaccination of animals as failure in this regard may lead to immedi-
ate loss of livelihood to those in the livestock sector, disruption of domestic trade or 
the cessation of access to international markets, and threats to public health [1, 8, 
10, 83]. Hence, the need for mitigation of the impact of diseases of farm animals. 
Prevention and control of animal diseases not only prevent the loss of animals to 
death but largely reduce the burden of the debilitating effects of disease and associ-
ated suffering of the animals such that they can enjoy better health and welfare. In 
addition, consumers could then have a supply of safe and affordable food [85]. In 
the same vein, vaccination of farm animals greatly protect animal and public health, 
reduce animal suffering, enable efficient production of food of animal source to feed 
the burgeoning human population, and greatly reduce the need for antibiotics to 
treat food and companion animals [90]. This, however, requires responsible use of 
vaccines and antibiotics to prevent, not just to control a disease outbreak in the farm 
animals but to ensure the safety of products from vaccinated or treated animals for 
safe consumption by humans. Control and prevention of diseases are however with 
cost implications whereby vaccination and treatment of animals add to cost the cost 
of livestock production and to the national veterinary budget [85]. This notwith-
standing, advantages of boosting farm animals’ immunity through vaccination and 
recovery of animals from ill-health by treatment worth the efforts and cost than los-
ing the entire stock by death as the regained productivity of the farm animals could 
help recover the expended cost on vaccination and treatment in the long run.

Figure 5. 
A lamb being treated of infection by an experienced animal health attendant. Source: Photo by author.
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Chapter 4

Nutrition and Health-Management 
in Dairy Production
Albert Sundrum

Abstract

The ‘barrel model’ of an organism’s resource allocation pattern represents 
the basics for feeding regimes in farm practice. Several objections can be raised 
against the underlying theoretical assumptions, the generalizations derived from 
them, and the application of the model in practice. The concept particularly 
neglects the role of glucose and the increased competition for it between lactocytes 
and immune cells. It also fails to recognize the large variation between and within 
dairy herds. Lack of success in reducing production diseases calls for a modi-
fied approach – one which not only deals appropriately with the large variation 
between and within the dairy herds but also strives to balance the existing pro-
ductivity/animal health/financial trade-offs. Instead of following general proce-
dures, nutrient supply and outflow via milk have to be adapted to the individual 
requirements and health risks. To do so, the percentage of dairy cows affected 
by production diseases and failing to cope is a key criterion. Benchmarking of 
production diseases could act as an orientation point for farmers to compare their 
own position to other farms and thus set realistic target figures. Furthermore, 
means and measures to achieve goals have to be validated in the context in which 
they are used.

Keywords: complexity, energy balance, glucose deficits, production diseases,  
target figures, role of animal science, reductionist approach

1. Introduction

Various field studies suggest that dairy farming in general has up to now failed to 
substantially reduce the prevalence of nutritional disorders and associated comor-
bidities [1–3]. According to LeBlanc [2], dairy production is challenged by the fact 
that 30–50% of dairy cows are affected by some form of metabolic or infectious 
disease around the time of calving. The knee-jerk reaction which insists we still do 
not know enough to considerably reduce the undesired side effects of production 
processes is not valid as long as the current knowledge is not adequately imple-
mented. On the contrary, it could be argued that the seemingly never-ending search 
for further knowledge in the same direction can be blamed for preventing reflection 
and discussion about a possible need for fundamental changes in the strategic orien-
tation of dairy farming. However, as long as research emphasis is placed on finding 
technical and genetic solutions for current problems, the impression is created, and 
will remain, that there is no need to consider modifying the actual dairy systems. 
Yet in light of the lack of success, the question arises whether the high prevalence 
of production diseases (Pds) is not in fact an inherent problem of the production 
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disease around the time of calving. The knee-jerk reaction which insists we still do 
not know enough to considerably reduce the undesired side effects of production 
processes is not valid as long as the current knowledge is not adequately imple-
mented. On the contrary, it could be argued that the seemingly never-ending search 
for further knowledge in the same direction can be blamed for preventing reflection 
and discussion about a possible need for fundamental changes in the strategic orien-
tation of dairy farming. However, as long as research emphasis is placed on finding 
technical and genetic solutions for current problems, the impression is created, and 
will remain, that there is no need to consider modifying the actual dairy systems. 
Yet in light of the lack of success, the question arises whether the high prevalence 
of production diseases (Pds) is not in fact an inherent problem of the production 
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processes across the dairy industry. In raising this basic question, it is not the inten-
tion of the following script to repeat or summarize the general recommendations 
found in literature and text books that claim to provide options for reducing these 
serious problems. Instead, the objective is to question predominant thinking pat-
terns and to reflect on the weak points and driving forces that might be responsible 
for preventing effective progress in the reduction of Pds in dairy farming.

2. Nutritional disorders and production diseases

Production diseases are a negative side effect of the production processes. 
They are not merely a peripheral phenomenon, although often mistakenly dealt 
with as such, but are related, amongst other things, to the issues of animal welfare 
and food safety. Pds adversely affect productivity and reproduction and can have 
severe economic implications due to related failure and prevention costs [4]. 
Moreover, products of diseased animals are of inferior quality, a fact recognized 
by consumers, who are aware of the problems in animal production. Thus, the 
high prevalence of Pds gives rise to questions and discussions about production 
processes and what responsible management actually entails. Pds have been 
under discussion in animal science since the first Int. Conference on Production 
Diseases in Farm Animals in1968, an event which has occurred periodically ever 
since [5].

Disturbances of one or multiple metabolic processes related to the regulation 
of a particular metabolite in the body fluids are known as metabolic disorders [6] 
and are a manifestation of the cow’s inability to cope with metabolic demands 
[7]. Clinical diseases closely related to a suboptimal nutritional management are, 
amongst other things, ketosis, milk fever, metritis, mastitis, and lameness [8]. The 
known interactions between various metabolic stressors, and their relationships to 
other diseases, particularly infectious and inflammatory diseases of early lactation, 
have become “a central focus of interest in the study of metabolic diseases in dairy 
cattle” [9]. Nutritional disorders and comorbidities have been comprehensively 
discussed elsewhere [10]. In the following, they are considered as production 
diseases.

Pds occur throughout the lifetime of dairy cattle but are never so pronounced 
than in the transition phase, the 6 to 8-week period centered on parturition, and 
which is known as the most challenging and critical period for a dairy cow dur-
ing the lactation cycle [11]. Within this period, major physiological, nutritional, 
metabolic and immunological changes occur. The production cycle of the cow shifts 
from a non-lactating state to the onset of extensive milk synthesis [12, 13]. Cows 
have to adjust metabolically to the sudden increase in energy and nutrient require-
ments and supply. Gaps between nutrient demand and supply can coincidentally 
occur with substantial variations in the nutrient content of the diet and in the daily 
intake of dry matter (DMI). Dealing with this requires comprehensive adaptation 
and regulation of the metabolism. Desirable outcomes for farm management are: 
cows that are successful in adapting metabolically to challenges inside and outside 
of the organism with minimal to no disease events and a reduction in avoidable cull-
ing as well as cows with efficient productive and reproductive performances. Past 
intensive research conducted into nutritional requirements, physiological adapta-
tion and metabolic associations with periparturient diseases of cows has not led to 
any substantial reduction in the prevalence of Pds. Despite the fact that solutions 
are still not clearly evident, most in the dairy industry continue to believe that there 
are tremendous opportunities to improve the health and reproductive performance 
of transition cows without compromising milk production [14].
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3. Allocation of nutrients by the farm management

It is beyond dispute that allocation of nutrient resources to the farm animals 
by farm management is of high importance for the realization of both a high level 
of productivity and a low level of Pds. However, in farming practice the nutrient 
allocation is not always demand- and target-oriented. In general, the diet offered 
is either in the form of a total mixed ration ad libitum or in a combination of a feed 
mixture ad libitum, both supplemented with an assigned amount of concentrate via 
an electronic feeder. The allocated amounts of concentrate are deduced from a more 
or less accurately estimated level of milk performance of each individual dairy cow, 
while the total or partly mixed rations are generally formulated according to the 
average performance level of a herd or feeding group of dairy cows.

This approach, however, neglects the large variation in the requirements of 
the animals due to, amongst other things, inter and intra-individual variation in 
milk yield, body weight and, last but not least, variation in feed intake. Grouping 
strategy and feeding behavior as well as social rank between the animals have a 
considerable impact on the competition between them for space and feed, and thus 
on feed intake [15]. Accordingly, a large inter and intra-individual variation of feed 
intake is observed in farm practice [16]. The amount of daily nutrient and energy 
intake is a result of the interactions between the composition of the diet itself, the 
environment in which a diet is offered and various intrinsic processes [17]. On the 
other hand, the same dry matter intake (DMI) per cow and day can be achieved 
by altered frequencies and durations of eating time and meal sizes. Nutrient and 
energy intake can change dramatically in response to changes in diet composition 
or metabolic state. Feeding regimes on a farm might appear to be regular but hidden 
variations in the nutrient and energy supply can occur to a greater or lesser degree. 
Furthermore, the feeding rations offered can be quite variable in their composition, 
for example in the portion of roughage and concentrate, throughout the course of 
time, thus correspondingly in the availability for the animals within the digestive 
tract [18]. Furthermore, the proportion of single components can vary considerably 
due to imprecision in mixing and/or in allocation procedures.

In light of the numerous sources of variation, feeding rations offered in farm 
practice cannot precisely meet the requirements of an individual cow within a feeding 
group or herd. The gap between demand and supply underlies a considerable varia-
tion between the animals. In general, farm management lacks insight into the degree 
of the inter and intra-individual variations and discrepancies. Knowledge about the 
impacts of nutrient supply is often restricted to the outcomes of feeding regimes 
in terms of the individual milk yields and content on a monthly, seldom on a daily, 
basis. Many farmers have knowledge about the composition and ingredients of the 
feeding ration and they can base estimations about the required feed intake on the 
analyzed portions of the diet [19]. However, these estimated equations are only valid 
for one virtual cow but represent the average of a feeding group. Considering that the 
interactions between the numerous influencing factors, of which only few have been 
mentioned, create a virtually unlimited number and variety of combinations (even 
within one single cow, let alone a herd), the discrepancies between demand and sup-
ply can only be poorly predicted by traditional models of feed intake regulation [20].

4. Resource allocation within dairy cows

Available energy is used by animals during biological processes (chemical, active 
transport, mechanical, electrical and thermal work) which are essential for building, 
sustaining and enhancing biological structures [21]. To grasp the complex processes 
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have become “a central focus of interest in the study of metabolic diseases in dairy 
cattle” [9]. Nutritional disorders and comorbidities have been comprehensively 
discussed elsewhere [10]. In the following, they are considered as production 
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Pds occur throughout the lifetime of dairy cattle but are never so pronounced 
than in the transition phase, the 6 to 8-week period centered on parturition, and 
which is known as the most challenging and critical period for a dairy cow dur-
ing the lactation cycle [11]. Within this period, major physiological, nutritional, 
metabolic and immunological changes occur. The production cycle of the cow shifts 
from a non-lactating state to the onset of extensive milk synthesis [12, 13]. Cows 
have to adjust metabolically to the sudden increase in energy and nutrient require-
ments and supply. Gaps between nutrient demand and supply can coincidentally 
occur with substantial variations in the nutrient content of the diet and in the daily 
intake of dry matter (DMI). Dealing with this requires comprehensive adaptation 
and regulation of the metabolism. Desirable outcomes for farm management are: 
cows that are successful in adapting metabolically to challenges inside and outside 
of the organism with minimal to no disease events and a reduction in avoidable cull-
ing as well as cows with efficient productive and reproductive performances. Past 
intensive research conducted into nutritional requirements, physiological adapta-
tion and metabolic associations with periparturient diseases of cows has not led to 
any substantial reduction in the prevalence of Pds. Despite the fact that solutions 
are still not clearly evident, most in the dairy industry continue to believe that there 
are tremendous opportunities to improve the health and reproductive performance 
of transition cows without compromising milk production [14].
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sustaining and enhancing biological structures [21]. To grasp the complex processes 
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within the organism, Weiner [22] proposed the ‘barrel model’ of an organism’s 
resource allocation pattern, defined as the partitioning of available energy and sub-
strates into various essential life processes, and into body structures and tissues [23]. 
According to Rauw [24], “input constraints (foraging, digestion and absorption) 
are engaged in series, whereas outputs (maintenance, growth and production) are 
parallel and independently controlled. If the sum of the output rates does not match 
the input, the balance is buffered by the storage capacity of the system” (Figure 1).

Feeding regimes in farm practices are generally based on this model when trying 
to meet the estimated requirements of cows with an adequate nutrient and energy 
supply, and to assess the amount of milk that can be expected from the ingredients 
offered by the diet. The ‘barrel model’ seems to be quite plausible in explaining 
the balance between input and output variables, and in offering options for farm 
management to react to increasing demands in the course of increasing output of 
energy via milk by inducing an increase in feed intake, digestibility and absorp-
tion of nutrient resources, and thus an increase in the availability of energy for 
the intermediate metabolic processes. However, when viewing this approach from 
different angles, several objections can be raised against its underlying theoretical 
assumptions, the generalizations derived from them and the application of the 
model in farm practice. The objections relate to the issues of self-maintenance, 

Figure 1. 
The ‘barrel model’ of an organism’s energy balance. The first spigot always leaks basal metabolic rate. FI, feed 
intake; D, digestion; a, absorption; M, maintenance; G, growth; P, (re)production [24].
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storage capacity, regulation of allocation, intra and inter-individual variation, 
lack of evidence and the impacts on animal health and welfare. These issues are 
discussed below.

5. Available resources for (self-) maintenance

Not only a producing but also a non-producing animal expends nutrients to 
maintain its life processes. Every animal assures these expenditures have been met 
before allocating ingested nutrients to any other use. When comparing species 
of differing size and body weight (BW), it is known that smaller animals have a 
higher demand for maintenance energy than larger animals. The percentage ratio 
of regression to BW is approximately 0.75 and this is the accepted common base 
for the expression of maintenance requirements for nutrients across species [25]. 
Theoretically, it is an easy approach for calculating energy requirements of farm 
animals. It requires only reliable information on BW. Given the large variation in 
BW between dairy cows within a herd, and due to substantial changes which occur 
during the lactation period [26, 27], gaining reliable BW figures would demand a 
regular recording of individual BWs. This however is seldom consistently carried 
out in dairy farming.

Furthermore, cows of similar BW, size and breed may vary considerably in 
their requirements for basal metabolism. For example, locomotion activity is often 
considered as part of the ‘maintenance requirement’ even though the extent of 
activity, e.g. foraging, can differ extensively between cows. This also applies to the 
requirements needed to maintain the body core temperature because metabolically 
busy animals do not need additional energy to maintain body core temperature 
at the same ambient temperature as metabolically less busy animals. Much more 
significant is the fact that meeting the energy requirements for the basal metabolic 
rate and its variation due to differences in BW, activity level or cold and heat stress 
does not cover the requirements that are needed to ensure self-maintenance of the 
animal when faced with the various threats they have to cope with. McEwen [28] 
coined the term “allostatic load” within the concept of allostasis to describe poten-
tial permanent overburdening of homeostatic processes. One can imagine allostatic 
load increasing due to the rising energy expenditure required to fuel regulatory 
processes. Accordingly, allostatic load is the sum of the energy required to maintain 
basic homeostasis and to acclimate to changing environmental conditions.

The immune system, as one of the body’s sensory organs for controlling 
interactions with the environment, is integrated into the physiological regulatory 
mechanisms that maintain the integrity of the host in the face of diverse environ-
mental threats. Immune responses are not only influenced by the nature of the 
pathogen but also by characteristics of the host: age, gender, passive immunity, 
prior exposure to the pathogen, concurrent infections, physiological status, micro 
and macro-nutrient status as well as the presence of concurrent stressors [29]. The 
author identified demands on the immune system related to, amongst other things: 
“increased metabolic activity - systemically during fever, locally during activation 
of immune system cells; reduced nutrient availability due to anorexia and/ or other 
sickness; altered priorities for nutrient utilization due to changes in the gradient 
during immune activation that reduce the capacity of many non-immune tissues to 
utilize nutrients”.

Whatever their origin, e.g. the accumulation of pro-inflammatory processes 
in dairy cows around parturition, disorders and diseases implicate the need of 
energy and substrates. These are needed to adequately meet the requirements of the 
immune response to prevent severe health problems of dairy cows and to support 
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storage capacity, regulation of allocation, intra and inter-individual variation, 
lack of evidence and the impacts on animal health and welfare. These issues are 
discussed below.

5. Available resources for (self-) maintenance

Not only a producing but also a non-producing animal expends nutrients to 
maintain its life processes. Every animal assures these expenditures have been met 
before allocating ingested nutrients to any other use. When comparing species 
of differing size and body weight (BW), it is known that smaller animals have a 
higher demand for maintenance energy than larger animals. The percentage ratio 
of regression to BW is approximately 0.75 and this is the accepted common base 
for the expression of maintenance requirements for nutrients across species [25]. 
Theoretically, it is an easy approach for calculating energy requirements of farm 
animals. It requires only reliable information on BW. Given the large variation in 
BW between dairy cows within a herd, and due to substantial changes which occur 
during the lactation period [26, 27], gaining reliable BW figures would demand a 
regular recording of individual BWs. This however is seldom consistently carried 
out in dairy farming.

Furthermore, cows of similar BW, size and breed may vary considerably in 
their requirements for basal metabolism. For example, locomotion activity is often 
considered as part of the ‘maintenance requirement’ even though the extent of 
activity, e.g. foraging, can differ extensively between cows. This also applies to the 
requirements needed to maintain the body core temperature because metabolically 
busy animals do not need additional energy to maintain body core temperature 
at the same ambient temperature as metabolically less busy animals. Much more 
significant is the fact that meeting the energy requirements for the basal metabolic 
rate and its variation due to differences in BW, activity level or cold and heat stress 
does not cover the requirements that are needed to ensure self-maintenance of the 
animal when faced with the various threats they have to cope with. McEwen [28] 
coined the term “allostatic load” within the concept of allostasis to describe poten-
tial permanent overburdening of homeostatic processes. One can imagine allostatic 
load increasing due to the rising energy expenditure required to fuel regulatory 
processes. Accordingly, allostatic load is the sum of the energy required to maintain 
basic homeostasis and to acclimate to changing environmental conditions.

The immune system, as one of the body’s sensory organs for controlling 
interactions with the environment, is integrated into the physiological regulatory 
mechanisms that maintain the integrity of the host in the face of diverse environ-
mental threats. Immune responses are not only influenced by the nature of the 
pathogen but also by characteristics of the host: age, gender, passive immunity, 
prior exposure to the pathogen, concurrent infections, physiological status, micro 
and macro-nutrient status as well as the presence of concurrent stressors [29]. The 
author identified demands on the immune system related to, amongst other things: 
“increased metabolic activity - systemically during fever, locally during activation 
of immune system cells; reduced nutrient availability due to anorexia and/ or other 
sickness; altered priorities for nutrient utilization due to changes in the gradient 
during immune activation that reduce the capacity of many non-immune tissues to 
utilize nutrients”.

Whatever their origin, e.g. the accumulation of pro-inflammatory processes 
in dairy cows around parturition, disorders and diseases implicate the need of 
energy and substrates. These are needed to adequately meet the requirements of the 
immune response to prevent severe health problems of dairy cows and to support 
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the overall goal of self-maintenance. According to Aitken et al. [30], “many aspects 
of the bovine immune system are compromised around the time of calving, espe-
cially the inflammatory responses”. Immune suppression in the periparturient dairy 
cow is a commonly observed phenomenon and has been linked to poor metabolic 
status and negative energy balance [13, 31, 32]. Thus, attenuation of the immune 
response to the various challenges is, in the first place, the result of limitations in 
the availability of energy and substrates.

Besides energy, the organism requires protein, vitamins, minerals and trace 
elements in appropriate amounts in relation to the individual needs. Here the role of 
glucose must be emphasized: this substrate is used by the highly energy-demanding 
immune cells as a main source of fuel for immune defense and should therefore 
be considered the quantitatively most important fuel to fulfill the energy require-
ments of immune cells [33]. According to Ingvartsen and Moyes [34], “as glucose 
is the preferred fuel for immune cells, its low concentration during the transition 
period may partly explain the naturally occurring immunosuppression at this time”. 
Another study [35] shows that ketones are not utilized by immune cells and in fact 
primarily act as inhibitors to immune responses when concentration is relatively 
high. In comparison with healthy controls, ketotic cows have increased circulating 
LPS prior to calving, and post-partum acute phase proteins such as LPS-binding 
protein, serum amyloid A and haptoglobin are also increased [35]. Endotoxin 
stimulates the immune system and activated leukocytes switch their metabolism 
away from oxidative phosphorylation to rely more on aerobic glycolysis [36]. The 
energetic cost of immune-activation is substantial but the ubiquitous nature of 
the immune system makes precise quantifying of the energetic demand difficult. 
Kvidera et al. [37] estimated approximately 1 kg of glucose is used by the immune 
system during a 12-hour period in which lactating dairy cows were challenged by 
LPS. This amounts to 2 kg of glucose per day for the immune system alone. This is 
more or less equivalent to the amount of glucose a cow withdraws in the form of 
lactose when producing an amount of 40 kg of milk per day [38]. In this context, it 
has to be considered that the synthesis of lactose alone utilizes 65–70% of the cow’s 
total glucose turnover [39].

An increased immune system glucose utilization occurs simultaneously with 
infection induced decreased feed intake. This coupling of enhanced nutrient 
requirements with hypophagia further decreases the amount of nutrients available 
for the synthesis of milk. In the face of limited availability, glucose is allocated 
preferentially to a selected function at the expense of other functions, resulting 
in trade-offs and increased competitive pressure. Immune responses are context-
specific and the costs vary considerably depending on the pathogen, the environ-
ment and defense capacity of the host. Immune defense activities create highly 
individual outcomes depending on the initial and boundary conditions, and on 
the degree of the mismatch between demand and supply. The context-specific and 
individual nature of immune activation suggests that quantitative estimates of the 
costs of immune activation can be neither readily generalized nor predicted. This 
might explain why the costs of immune defense are not a prioritized issue of animal 
science. Apart from striving for an easy approach to asses energy requirements of 
farm animals, it is quite astonishing and disturbing to realize that the costs of self-
maintenance for farm animals are largely disregarded by the scientific discipline of 
animal nutrition. This may be due to the fact that feeding trials are generally con-
ducted under standardized experimental conditions and usually on healthy animals 
which probably do not require high levels of additional energy and other substrates 
for the immune defense. Therefore, the results of feeding trials under experimental 
conditions enclose a high degree of uncertainty when transferred into practice on 
dairy farms where production diseases are frequently found.
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The ‘barrel model’, with its focus on energy demand and supply, considers 
neither the requirement of glucose for adaptation processes nor the need for a 
glucose buffer to fuel a short-term activation of the immune defense. Furthermore, 
it is obvious that the allocation of nutrients and energy resources for the various 
needs is not regulated independently, as assumed by the ‘barrel model’, but is highly 
interconnected. In the past, it may have been rational for the diet formulation to 
consider maintenance, growth and production as separate singular outputs. In face 
of increased knowledge, it is not justified to maintain these assumptions any longer.

6. Storage of energy and glucose resources

Once nutrients are absorbed, they belong to the total energy and substrate pool 
and the stores of the body which make up the overall pool of resources. Metabolites 
in the form of carbohydrates, protein and fatty acids which are not needed in cur-
rent metabolic processes are transformed and stored in the adipose tissues of the 
organism to serve as a reserve in periods of deficiencies. Fatty acids in the adipose 
tissues represent the main source of energy which the organism can fall back on 
when the supply does not meet the current needs. The ‘barrel model’ suggests that 
the energy balance is in general buffered by the storage capacity should the sum of 
the output rates not match the input [24]. Whenever intake is insufficient to sup-
port production – as in early lactation – energy is mobilized from body fat via the 
liver causing cows to milk off their backs and lose condition.

According to Friggens et al. [40], “high-yielding dairy cows have been geneti-
cally selected to partition even more glucose into milk production with the effect 
that reliance on body reserves has dramatically increased”. Patton et al. [41] stated: 
“Even in the case of higher dietary intake, the increased input will primarily result 
in greater milk production while having little effect on energy imbalance and no 
beneficial effects on body condition and reserves at all”. Although the storage 
capacities in the adipose tissue may seem to be abundant, the mobilization of 
fat can cause problems if the lipolysis is accelerated too fast. Metabolic changes, 
e.g. the process of uncontrolled lipid mobilization in response to excessive nega-
tive energy balance, increase the risk of ketosis, hepatic lipidosis and infectious 
diseases [42, 43]. Sordillo and Raphael [13] addressed the possible connections 
between fat mobilization and dysfunctional inflammation responses that may 
contribute to increased morbidity and mortality in the transition phase. Failing to 
adapt physiologically to an increase in nutrient requirements needed for the onset 
of milk synthesis is equivalent to metabolic stress and a major underlying factor 
in the development of transition cow disorders [44]. The authors conclude: “The 
combined effects of altered nutrient metabolism, dysfunctional inflammatory 
responses and oxidative stress can form destructive feedback loops that exacerbate 
metabolic stress and cause health disorders.”

As mentioned above, dairy cows have a high demand for glucose. The storage 
form of glucose is glycogen and although widely distributed throughout the mam-
malian body, quantitatively the liver and muscle account for most of the body’s 
glycogen stores. The liver glycogen depot plays a central role in intermediary metab-
olism, by storing and mobilizing glycogen during the metabolic states, with these 
responses modulated during pregnancy, lactation and exercise [45]. Metabolizable 
energy intake is the key driver. The glycogen depot in the muscle on the other hand 
is particularly important for local energy homeostasis. Compared with simple-
stomached species, the rate of glycogen synthesis within ruminants is relatively 
low. Because ingested carbohydrates are efficiently fermented to short-chain fatty 
acids in the rumen, ruminants are required to meet the largest part of their glucose 



Livestock Health and Farming

58

the overall goal of self-maintenance. According to Aitken et al. [30], “many aspects 
of the bovine immune system are compromised around the time of calving, espe-
cially the inflammatory responses”. Immune suppression in the periparturient dairy 
cow is a commonly observed phenomenon and has been linked to poor metabolic 
status and negative energy balance [13, 31, 32]. Thus, attenuation of the immune 
response to the various challenges is, in the first place, the result of limitations in 
the availability of energy and substrates.

Besides energy, the organism requires protein, vitamins, minerals and trace 
elements in appropriate amounts in relation to the individual needs. Here the role of 
glucose must be emphasized: this substrate is used by the highly energy-demanding 
immune cells as a main source of fuel for immune defense and should therefore 
be considered the quantitatively most important fuel to fulfill the energy require-
ments of immune cells [33]. According to Ingvartsen and Moyes [34], “as glucose 
is the preferred fuel for immune cells, its low concentration during the transition 
period may partly explain the naturally occurring immunosuppression at this time”. 
Another study [35] shows that ketones are not utilized by immune cells and in fact 
primarily act as inhibitors to immune responses when concentration is relatively 
high. In comparison with healthy controls, ketotic cows have increased circulating 
LPS prior to calving, and post-partum acute phase proteins such as LPS-binding 
protein, serum amyloid A and haptoglobin are also increased [35]. Endotoxin 
stimulates the immune system and activated leukocytes switch their metabolism 
away from oxidative phosphorylation to rely more on aerobic glycolysis [36]. The 
energetic cost of immune-activation is substantial but the ubiquitous nature of 
the immune system makes precise quantifying of the energetic demand difficult. 
Kvidera et al. [37] estimated approximately 1 kg of glucose is used by the immune 
system during a 12-hour period in which lactating dairy cows were challenged by 
LPS. This amounts to 2 kg of glucose per day for the immune system alone. This is 
more or less equivalent to the amount of glucose a cow withdraws in the form of 
lactose when producing an amount of 40 kg of milk per day [38]. In this context, it 
has to be considered that the synthesis of lactose alone utilizes 65–70% of the cow’s 
total glucose turnover [39].

An increased immune system glucose utilization occurs simultaneously with 
infection induced decreased feed intake. This coupling of enhanced nutrient 
requirements with hypophagia further decreases the amount of nutrients available 
for the synthesis of milk. In the face of limited availability, glucose is allocated 
preferentially to a selected function at the expense of other functions, resulting 
in trade-offs and increased competitive pressure. Immune responses are context-
specific and the costs vary considerably depending on the pathogen, the environ-
ment and defense capacity of the host. Immune defense activities create highly 
individual outcomes depending on the initial and boundary conditions, and on 
the degree of the mismatch between demand and supply. The context-specific and 
individual nature of immune activation suggests that quantitative estimates of the 
costs of immune activation can be neither readily generalized nor predicted. This 
might explain why the costs of immune defense are not a prioritized issue of animal 
science. Apart from striving for an easy approach to asses energy requirements of 
farm animals, it is quite astonishing and disturbing to realize that the costs of self-
maintenance for farm animals are largely disregarded by the scientific discipline of 
animal nutrition. This may be due to the fact that feeding trials are generally con-
ducted under standardized experimental conditions and usually on healthy animals 
which probably do not require high levels of additional energy and other substrates 
for the immune defense. Therefore, the results of feeding trials under experimental 
conditions enclose a high degree of uncertainty when transferred into practice on 
dairy farms where production diseases are frequently found.
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The ‘barrel model’, with its focus on energy demand and supply, considers 
neither the requirement of glucose for adaptation processes nor the need for a 
glucose buffer to fuel a short-term activation of the immune defense. Furthermore, 
it is obvious that the allocation of nutrients and energy resources for the various 
needs is not regulated independently, as assumed by the ‘barrel model’, but is highly 
interconnected. In the past, it may have been rational for the diet formulation to 
consider maintenance, growth and production as separate singular outputs. In face 
of increased knowledge, it is not justified to maintain these assumptions any longer.

6. Storage of energy and glucose resources
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in the form of carbohydrates, protein and fatty acids which are not needed in cur-
rent metabolic processes are transformed and stored in the adipose tissues of the 
organism to serve as a reserve in periods of deficiencies. Fatty acids in the adipose 
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when the supply does not meet the current needs. The ‘barrel model’ suggests that 
the energy balance is in general buffered by the storage capacity should the sum of 
the output rates not match the input [24]. Whenever intake is insufficient to sup-
port production – as in early lactation – energy is mobilized from body fat via the 
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cally selected to partition even more glucose into milk production with the effect 
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capacities in the adipose tissue may seem to be abundant, the mobilization of 
fat can cause problems if the lipolysis is accelerated too fast. Metabolic changes, 
e.g. the process of uncontrolled lipid mobilization in response to excessive nega-
tive energy balance, increase the risk of ketosis, hepatic lipidosis and infectious 
diseases [42, 43]. Sordillo and Raphael [13] addressed the possible connections 
between fat mobilization and dysfunctional inflammation responses that may 
contribute to increased morbidity and mortality in the transition phase. Failing to 
adapt physiologically to an increase in nutrient requirements needed for the onset 
of milk synthesis is equivalent to metabolic stress and a major underlying factor 
in the development of transition cow disorders [44]. The authors conclude: “The 
combined effects of altered nutrient metabolism, dysfunctional inflammatory 
responses and oxidative stress can form destructive feedback loops that exacerbate 
metabolic stress and cause health disorders.”
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malian body, quantitatively the liver and muscle account for most of the body’s 
glycogen stores. The liver glycogen depot plays a central role in intermediary metab-
olism, by storing and mobilizing glycogen during the metabolic states, with these 
responses modulated during pregnancy, lactation and exercise [45]. Metabolizable 
energy intake is the key driver. The glycogen depot in the muscle on the other hand 
is particularly important for local energy homeostasis. Compared with simple-
stomached species, the rate of glycogen synthesis within ruminants is relatively 
low. Because ingested carbohydrates are efficiently fermented to short-chain fatty 
acids in the rumen, ruminants are required to meet the largest part of their glucose 
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demand by de novo genesis [46]. A de novo generation of glucose by gluconeogen-
esis from non-carbohydrate precursors (e.g., lactate, glycerol, and amino acids) 
supplements the exogenous supply of glucose. Propionate is by far the predominant 
substrate for gluconeogenesis in ruminants [47]. The authors state that “the quan-
titatively most important adaption of metabolism to support the increased glucose 
demand in the immediate postpartum period is endogenous recycling of glucogenic 
carbon through lactate. This is mediated by a dual site of adaptation of metabolism 
in the liver and in the peripheral tissues, where the liver affinity for L-lactate is 
increased and glucose metabolism in peripheral tissues is shifted towards L-lactate 
formation over complete oxidation”. Furthermore, the amino acid alanine is likely 
to contribute to liver release of glucose. If these adaptations fail, lipid metabolism 
may be altered. Increasing feed intake and provision of glucogenic precursors from 
the diet are important to ameliorate these disturbances. This applies in particular 
for an efficient gluconeogenesis because it is the major pathway for maintaining an 
adequate glucose supply. Glucose is, however, not only dedicated to the lactocytes 
in the udder, as emphasized by many animal scientists [39, 46], but is also as an 
essential fuel for many other cells and tissues of the organism. Thus, glucose needs 
to be permanently available at a sufficient level in the blood stream, and at the 
disposal of all cells which depend on it for their unimpaired operability. According 
to Bell [12], “daily requirements of glucose, amino acids, fatty acids and calcium for 
an early lactation cow are, respectively, more than 2.7, 2.0, 4.5 and 6.8 times greater 
than those needed for pregnancy. These differences represent changes in nutrient 
requirements over a short period of only one to two weeks, highlighting the tremen-
dous metabolic alterations necessary to adequately support lactation.” An imbalance 
in the glucose supply of high yielding cows in early lactation is unavoidable. The 
intensity of the imbalance is influenced not only by the level of milk yield and the 
degree of endogenous glucose provision but also by the demand of other essential 
tissues, inflammatory responses and, last but not least, by the immune defense.

In cases where dairy cows fail to cope with their living conditions due to the 
exceeding demands on their adaptation capacities, it is obvious that this is prob-
ably not only due to a lack of energy but also in particular to a lack of glucose. The 
concept of energy balance as represented in the ‘barrel model’ seriously neglects the 
role of glucose and especially the increased competition for it between the immune 
cells and the epithelial cells in the mammary gland. Furthermore, the ‘barrel model’ 
fails to consider that unpredictable events, including many biotic and abiotic 
stressors, need to be dealt with through immediate physiological and behavioral 
adjustments which can lead to situations in which the availabilities and the prompt-
ness of mobilization are overstressed.

7. Regulation of resource allocation

Biological regulation of the glucose balance within the organism involves a series 
of orchestrated changes; increased hepatic rates of gluconeogenesis, decreased 
glucose uptake and use by adipose tissue and muscle, a shift in whole-body nutrient 
oxidation so that less glucose is available as an energy source. First and foremost, 
the mobilization of essential resources requires well-functioning regulatory 
capacities to enable an efficient exploitation of resources to orchestrate a release 
of nutrients matching the requirements to a high degree and to deal with possible 
bottlenecks in metabolic pathways.

According to Baumgard et al. [39], the priority objective of the regulation is to 
ensure an adequate glucose supply to support lactation. A cow in a state of negative 
energy balance is considered “metabolically flexible” because she can depend upon 
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alternative fuels (NEFA and ketones) to save glucose. In high yielding cows, the uti-
lization of body energy reserves and the mobilization of body fat in the first month 
postpartum can be energetically equal to over one-third of the milk produced [48]. 
From a different perspective, the objective of regulation is to continually adjust the 
milieu to promote survival. Sterling and Eyer [49] introduced the term “allostasis” 
to refer to “changing regulatory systems (“stability through change”). Allostasis 
can be considered as the process of maximizing fitness in the face of environmental 
change and other unpredictable challenges. Regulatory mechanisms must change 
in order to maintain or achieve a state appropriate for the time of day or year and 
also in response to disturbances.” From the perspective of the dairy cow, milk 
secretion is accompanied by substantial losses of energy and nutrients, particularly 
glucose from the body pool. A marked increase of cell differentiation and tissue 
hypertrophy in the udder is the starting point of an increase in milk yield [50]. 
According to Stefanon et al. [51], “the number of vital mammary epithelial cells 
control the initial conditions for the amount of milk produced as well as the amount 
of glucose needed for the production and secretion of lactose.” Cows with a high 
genetic performance capacity for milk production are characterized by the ability 
to perform intensive gluconeogenesis and partitioning of the glucose into the udder 
while its contribution as a fuel source to extra-mammary tissues is decreased [12]. 
Because the uptake of glucose by the epithelial cells in the mammary gland is not 
insulin dependent, the cells have priority access to the glucose in the blood stream. 
According to Bauman et al. [52], “the productivity of this biological factory is 
extensive and in terms of the use of nutrients and energy, the cow should be viewed 
as an “appendage to the mammary gland” rather than vice versa.”

Due to a sudden increase of nutrient requirements for milk production post-
partum, a time when dry matter intake and nutrient supply lag behind, nearly 
every high yielding cow faces the challenge of shortages in energy and nutrients. 
According to Eastridge [53], “increases in genetic merit for milk yield go together 
with increases in feed intake but the latter does not fully compensate for the extra 
energy demands during early lactation. This results in a more or less extended nega-
tive energy balance and increased mobilization of body reserves.” In order to sustain 
the various life-preserving functions, a limited availability of glucose provokes 
severe competition between different tissues in their need for glucose. It follows 
that “limitations require partitioning, and partitioning requires prioritization in 
guiding the nutrient flow to ensure that the demands of other cells, tissues and 
organs within the organism are not completely neglected” [48]. Accordingly, there 
is a need to avoid ruinous competition between sub-systems to prevent them from 
being swamped by unwanted side reactions which affect the viability of the system. 
Parasitic reactions by single organs at the expense of other organs may cause the 
whole organism to collapse. The question is, how and to what degree the regulation 
capacities are able to balance the trade-offs in their demands for glucose.

According to Lucy [54], “nutrient prioritization in early lactation to favor milk 
production over fertility is a reasonable strategy in biology. As nutrition becomes 
scarce, the lactating dam will preferentially invest the limited resources in the 
survival of living offspring rather than gambling on the oocyte that is yet to be 
ovulated, fertilized and cared for during an entire gestation. Selection for high 
milk yields takes advantage of the genetically programmed readiness of the dairy 
cow to enter into a negative energy balance at the onset of lactation and to mobilize 
resources from its body tissues.” What is a natural biological process to ensure 
the maintenance of the offspring, however, might prove to be a self-harming trap 
when the selection process advances into dimensions that are far beyond the initial 
intention to ensure nutrient supply to the off-spring via milk. Dairy farming, and 
particularly breeding measures, takes advantage of the vulnerability of dairy cows 
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demand by de novo genesis [46]. A de novo generation of glucose by gluconeogen-
esis from non-carbohydrate precursors (e.g., lactate, glycerol, and amino acids) 
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in the udder, as emphasized by many animal scientists [39, 46], but is also as an 
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to be permanently available at a sufficient level in the blood stream, and at the 
disposal of all cells which depend on it for their unimpaired operability. According 
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an early lactation cow are, respectively, more than 2.7, 2.0, 4.5 and 6.8 times greater 
than those needed for pregnancy. These differences represent changes in nutrient 
requirements over a short period of only one to two weeks, highlighting the tremen-
dous metabolic alterations necessary to adequately support lactation.” An imbalance 
in the glucose supply of high yielding cows in early lactation is unavoidable. The 
intensity of the imbalance is influenced not only by the level of milk yield and the 
degree of endogenous glucose provision but also by the demand of other essential 
tissues, inflammatory responses and, last but not least, by the immune defense.

In cases where dairy cows fail to cope with their living conditions due to the 
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ably not only due to a lack of energy but also in particular to a lack of glucose. The 
concept of energy balance as represented in the ‘barrel model’ seriously neglects the 
role of glucose and especially the increased competition for it between the immune 
cells and the epithelial cells in the mammary gland. Furthermore, the ‘barrel model’ 
fails to consider that unpredictable events, including many biotic and abiotic 
stressors, need to be dealt with through immediate physiological and behavioral 
adjustments which can lead to situations in which the availabilities and the prompt-
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of orchestrated changes; increased hepatic rates of gluconeogenesis, decreased 
glucose uptake and use by adipose tissue and muscle, a shift in whole-body nutrient 
oxidation so that less glucose is available as an energy source. First and foremost, 
the mobilization of essential resources requires well-functioning regulatory 
capacities to enable an efficient exploitation of resources to orchestrate a release 
of nutrients matching the requirements to a high degree and to deal with possible 
bottlenecks in metabolic pathways.

According to Baumgard et al. [39], the priority objective of the regulation is to 
ensure an adequate glucose supply to support lactation. A cow in a state of negative 
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alternative fuels (NEFA and ketones) to save glucose. In high yielding cows, the uti-
lization of body energy reserves and the mobilization of body fat in the first month 
postpartum can be energetically equal to over one-third of the milk produced [48]. 
From a different perspective, the objective of regulation is to continually adjust the 
milieu to promote survival. Sterling and Eyer [49] introduced the term “allostasis” 
to refer to “changing regulatory systems (“stability through change”). Allostasis 
can be considered as the process of maximizing fitness in the face of environmental 
change and other unpredictable challenges. Regulatory mechanisms must change 
in order to maintain or achieve a state appropriate for the time of day or year and 
also in response to disturbances.” From the perspective of the dairy cow, milk 
secretion is accompanied by substantial losses of energy and nutrients, particularly 
glucose from the body pool. A marked increase of cell differentiation and tissue 
hypertrophy in the udder is the starting point of an increase in milk yield [50]. 
According to Stefanon et al. [51], “the number of vital mammary epithelial cells 
control the initial conditions for the amount of milk produced as well as the amount 
of glucose needed for the production and secretion of lactose.” Cows with a high 
genetic performance capacity for milk production are characterized by the ability 
to perform intensive gluconeogenesis and partitioning of the glucose into the udder 
while its contribution as a fuel source to extra-mammary tissues is decreased [12]. 
Because the uptake of glucose by the epithelial cells in the mammary gland is not 
insulin dependent, the cells have priority access to the glucose in the blood stream. 
According to Bauman et al. [52], “the productivity of this biological factory is 
extensive and in terms of the use of nutrients and energy, the cow should be viewed 
as an “appendage to the mammary gland” rather than vice versa.”

Due to a sudden increase of nutrient requirements for milk production post-
partum, a time when dry matter intake and nutrient supply lag behind, nearly 
every high yielding cow faces the challenge of shortages in energy and nutrients. 
According to Eastridge [53], “increases in genetic merit for milk yield go together 
with increases in feed intake but the latter does not fully compensate for the extra 
energy demands during early lactation. This results in a more or less extended nega-
tive energy balance and increased mobilization of body reserves.” In order to sustain 
the various life-preserving functions, a limited availability of glucose provokes 
severe competition between different tissues in their need for glucose. It follows 
that “limitations require partitioning, and partitioning requires prioritization in 
guiding the nutrient flow to ensure that the demands of other cells, tissues and 
organs within the organism are not completely neglected” [48]. Accordingly, there 
is a need to avoid ruinous competition between sub-systems to prevent them from 
being swamped by unwanted side reactions which affect the viability of the system. 
Parasitic reactions by single organs at the expense of other organs may cause the 
whole organism to collapse. The question is, how and to what degree the regulation 
capacities are able to balance the trade-offs in their demands for glucose.

According to Lucy [54], “nutrient prioritization in early lactation to favor milk 
production over fertility is a reasonable strategy in biology. As nutrition becomes 
scarce, the lactating dam will preferentially invest the limited resources in the 
survival of living offspring rather than gambling on the oocyte that is yet to be 
ovulated, fertilized and cared for during an entire gestation. Selection for high 
milk yields takes advantage of the genetically programmed readiness of the dairy 
cow to enter into a negative energy balance at the onset of lactation and to mobilize 
resources from its body tissues.” What is a natural biological process to ensure 
the maintenance of the offspring, however, might prove to be a self-harming trap 
when the selection process advances into dimensions that are far beyond the initial 
intention to ensure nutrient supply to the off-spring via milk. Dairy farming, and 
particularly breeding measures, takes advantage of the vulnerability of dairy cows 
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in their self-defense against an excessive load by the demands of the mammary 
gland. However, milk production to safeguard the off-spring on the one hand and 
self-preservation of the dam on the other can come into life-threatening conflicts. 
This is the case when the gap between demand and supply gets to the stage where 
metabolic regulations are at risk of failing to balance the capacity of gluconeo-
genesis with the secretion of lactose, and of failing to mobilize the body resources 
needed to compensate for the deficits between nutrient output and intake. In 
general, the partitioning of resources within the organism is an excellent example of 
how cooperation works as long as there are enough resources available and as long 
as one part of the whole does not make unlimited demands at the expense of other 
parts. Shortcomings and problems can occur within several steps of the adaptation 
process, particularly those involving the adipose tissue and the liver. Further details 
have been explained elsewhere [10].

Generally, three options exist to alleviate the frequency and effects of these 
shortcomings and problems: (i) promote the absorption of resources to enhance 
availability or (ii) increase efficiency in the use of resources by partitioning the 
resources to those tissues and organs with the highest priority for the overall objec-
tive of self-maintenance or (iii) reduce the use of resources from the body pool as 
far as possible to sustain essential body functions. As absorption and partitioning 
have been optimized through a long-lasting evolutionary process, the major weak 
point lies in the limited capabilities to restrict nutrient losses via milk when it is 
necessary for the prevention of exhaustion due to overwhelming demands, and for 
self-maintenance. While the liver and muscle tissue have glycogen stores at their 
disposal, the mammary gland and the immune system rely completely on the body 
glucose pool. The body pool allows efficient trade-offs, that is, the organs grant each 
other short-term loans. If each organ were independently self-regulated, they would 
require their own reserve capacity, and thus more digestive capacity, to support an 
expensive infrastructure rarely used [55]. Efficiency in the use of limited resources 
requires organs to trade-off resources, that is, to grant each other short-term loans. 
However, milk secretion does not have an underlying central counter regulation 
which would enable a throttling of energy and nutrient losses via milk to prevent 
the dams from exhaustion and emaciation which subsequently weakens their 
adaptation capacities and risks their self-preservation.

The ‘barrel model’ illustrates that milking opens the flood gate for the loss of 
energy and nutrients, particularly glucose, from the body pool. However, energy 
and substrate losses, particularly glucose losses, can be so high that the minimum 
level required to sustain essential functions of the organism for self-maintenance 
is not maintained. The model is lacking possibilities to detect the filling state of 
essential resources in the body pool and thus those who are in charge lack informa-
tion to throttle the outputs via milk to a degree necessary to leave enough resources 
for the processes of self-maintenance.

8. Dealing with inter- and intraindividual variation

The average milk yield per cow has increased considerably over the last decades, 
primarily as the result of genetic selection based on the moderate to high herita-
bility of most production traits and the corresponding improvements in feeding 
regimes. Although animal breeders have accomplished a great deal in the past, they 
are not satisfied with these accomplishments. Accordingly, it is no surprise that the 
partitioning of energy within the organisms has also raised their interest. For ani-
mal breeders, options that emerge from the fields of genomics, proteomics, etc. to 
incorporate genetic differences between animals into nutritional models represent 
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an area of exciting opportunity to improve nutrient partitioning and productive 
efficiency [39, 56]. According to Baumgard et al. [39], it is in fact only when the 
coordination of nutrient use is inadequate or an imbalance occurs that animal 
well-being and performance are compromised. However, in contrast to the underly-
ing assumptions that inadequate coordination and imbalances in nutrient supply 
are exceptions, there is profound evidence suggesting that this is in fact the rule. 
The reasons are multi-layered and encompass the degree of supply, the processes 
in intermediary metabolism, the total requirements, and their coordination at the 
farm and animal level. The main reason, however, is inherent in the production 
process and lies in the large variation in the living conditions within and between 
dairy farms and in the intra and inter-individual variation at the animal level.

Dairy cows live under quite heterogeneous nutritional and environmental 
conditions and the individual animals themselves differ highly in their condition, 
their reaction and adaption capacities and, therefore, in their adaptive success. For 
example, while calculated energy balance is typically most negative within the first 
12 days postpartum [57], differences amongst cows in time and extent of nadir and 
total energy deficits are large. In their study, the authors revealed that “over the 
course of 122 lactations mean values of total energy deficits during early lactation 
amounted to 1451 MJ NEL with a standard deviation of ±1062 MJ NEL. The post-
partum interval to nadir of the estimated energy balance averaged 48 ± 29 days.” 
Moreover, cows differ considerably with regard to the partitioning of energy and 
glucose between different physiological systems. Thus, cows with similar energy 
intakes and expenditures via the milk may actually experience differences in the 
burden of NEB and the shortage of glucose. This is not only based on genetic 
make-up (e.g. high v. low genetic merit) or the stage of lactation but varies greatly 
between individuals of the same genotype or in the same stage of lactation [58]. 
In their study, which allowed “discrimination between the roles of genotype (G), 
environment (E) (e.g. feed caloric density and milking frequency) and GxE interac-
tions, the effects of genetic merit and milking frequency were significant only in 
the groups that were fed rations with high caloric density. However, signs of severe 
deficits in the availability of energy, poor protein balance and low body condition 
scores were not concentrated in the highest producing cows.” Regardless of geno-
type, a reduced energy supply and extra milking had strong unfavorable effects on 
both energy and protein balance.

Large variations exist not only in terms of input and output but also in the 
availability of the various nutrients within the body pool. Substantial day to day 
variations in digestion and fermentation processes in dairy cows cause considerable 
variations in the relative quantities and supply of essential nutritional elements 
from the intermediate metabolic processes. This variation in the size of supply 
represents a real challenge for the metabolism in the face of demands for milk pro-
duction and self-maintenance. Animals kept under highly standardized conditions 
on a research farm showed remarkable differences in changes in the concentrations 
of metabolites and hormones during the postpartum period [59, 60]. These findings 
indicate that the ability to cope with metabolic stress varies considerably between 
individual cows. On the other hand, energy partitioning between milk and body 
tissue can be altered considerably by diets that differ in lipogenic and glucogenic 
nutrient content [61, 62]. In addition, animals show enormous differences when 
confronted with various biotic and abiotic stressors and pathogens. In their reac-
tions to changes in the environment, animals are not only influenced by the specific 
initial and boundary conditions, they also react self-referentially [63]. Unlike 
machines, their individual reactions cannot be predicted due to the interconnected-
ness of the numerous variables interacting with each other in a way that can switch 
from a more synergistic to an antagonistic relationship and vice versa.
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an area of exciting opportunity to improve nutrient partitioning and productive 
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In light of the large variation in biological processes and the deriving high 
level of complexity, the “barrel model” approach seems to be comparatively too 
simple and thus is not suited to be used in breeding and system biology to deal 
with differences between animals in the partitioning of nutrients. The approach 
lacks appropriate options to assess and deal with the intra and inter-individual 
variation of animals in their ability to cope with the highly variable internal and 
external challenges. The large amount of data harvested by “omics” techniques are 
noncausal. Nevertheless, representatives of “omics” research claim to demonstrate 
functionality and to develop a more comprehensive understanding of the regula-
tion of the physiological processes and their role in animal productivity and animal 
health while applying the descriptive information gained from their research [39]. 
However, without accounting for either the large intra and inter-individual varia-
tion at the animal level or the variation in the living conditions at the farm level, it 
seems rather over-ambitious and presumptuous to claim accurate interpretation of 
the correlated changes.

A recent study [64], conducted on rabbits, provides some interesting observa-
tions and conclusions. Observing the resource allocation in different maternal rab-
bit lines revealed that the so-called “generalists” were able to appropriately allocate 
their resources to production, reproduction and health under suboptimal environ-
mental conditions. The so-called “specialists” with high prolificacy were not able to 
allocate sufficient resources into health and reproduction. The authors concluded 
that the environment in which the animals are selected clearly drives the interplay 
between functions within the organism. If the objective of a selection program is to 
improve the overall fitness of animals without impairing productivity, a strategy is 
required that strives to establish a line of generalists.

9. Need for facts instead of assumptions

While the success of breeding programs in increasing the performance of dairy 
cows is obvious, their contribution towards improving the capacity of the animals 
to cope with unbalanced metabolic situations and challenges remains questionable. 
Breeding follows a single-sided approach that does not cover the multifactorial 
development of disorders and diseases, i.e., the approach does not consider why 
some animals are able to cope better than others. Nor does the approach take into 
account the context in which the animals are challenged. This applies not only to 
the respective conditions in which they live but also to the resources they can rely 
on or are lacking. In general, an external validation is not carried out because within 
breeding programs it cannot be assessed whether failures of animals in coping with 
the challenges are related to the genome or to the respective living conditions or 
to the interactions between both. Due to the lack of casual relationships, breeding 
programs can provide correlations but not explanations. Breeding programs do 
not demand, and cannot provide, a solution for the problems in the here and now. 
However, focusing and counting on breeding has the unbeatable advantage that it 
requires a fundamental change neither in the living conditions nor in the willing-
ness to accept responsibility for the living conditions of the animals.

Primary causes and disturbing influences which contribute to the development 
of production diseases are manifold. They vary considerably between farms and 
animals. Some farms do well whilst others fail quite markedly in reducing clinical 
and subclinical problems, irrespective of average milk yields [11]. However, little is 
known about the causal network between the various factors involved in the uptake, 
partitioning and excretion of energy and nutrients [10]. Compounding the problem 
is the fact that variables such as feed intake, body condition, postpartum health and 

65

Nutrition and Health-Management in Dairy Production
DOI: http://dx.doi.org/10.5772/intechopen.89447

performance vary so widely amongst individual cows. Disturbances like change in 
diet, climatic conditions (heat stress), pathogen pressure, access reduction to tro-
phic resources caused by competition with other individuals, injuries, diseases and 
other challenges can occur slowly or abruptly. The effects are disruptive and may 
be cumulative over hours or days or weeks. Additionally, factors such as an animal’s 
current state of health and social status etc. may influence how it goes about its rou-
tines and how it responds to disturbances. Despite the highly heterogenous situation 
on dairy farms and the inter and intra-individual variation between dairy cows, the 
dairy industry still anticipates more robust and mechanistic models for predicting 
supplies and requirements of absorbed nutrients and available energy. Such models 
are expected to be useful in allowing for increased efficiency in the use of feed 
resources. Given the numerous influencing factors, the meaningfulness of models 
based on a few quantifiable variables is questionable, particularly when it comes 
to predicting the real outcomes. As adaptive success depends on the interactions 
between the level and type of threat, and on the current individual responsiveness 
of the cow, modeling this process is barely an option, let alone it providing informa-
tion that allows for dependable prediction of outcomes. Nevertheless, modeling is 
suited to providing orientation towards possible outcomes (see explanations below).

High producing dairy cows are at a high risk of losing the capacity to cope with 
disadvantageous keeping and feeding conditions [58]. Diseases in animals are an 
indication that their physiological condition is out of balance [10]. This is often due 
to limitations and mismatches of resource allocation. Ingvartsen et al. [65] pointed 
out that evaluations found in literature on the relationship between performance 
and incidence of Pd are in all probability meaningless as inherent biological cor-
relations – besides within and between-herd confounding effects – exist. According 
to Mulligan and Doherty [7], the hypothesis that high yielding cows automatically 
have higher levels of production diseases is likely to be as false as the hypothesis 
that lower yielding cows have lower levels of production diseases. Health problems 
are context-variable and need to be addressed in the context in which they emerge. 
Often, the degree of the clinical signs of disorders and diseases is neither assessed 
comprehensively nor monitored consistently, let alone always tracked down to the 
possible causes [66]. Achieving a low prevalence of production diseases is rarely 
considered as an independent production goal as it is easier to simply perceive them 
as being an unavoidable negative side effect of production processes. The multifac-
torial background of production diseases as the result of overstressed adaptation 
capacities hinders easy identification and solving of health problems. Commercial 
farms can seldom provide conditions that allow observations to be performed on a 
ceteris paribus basis as under experimental conditions. In contrast, impacts of the 
various influencing factors on the ability of farm animals to cope are not constant 
and do not emerge separately from one other. Adaptation is a functional and target-
oriented process involving the whole organism and thus cannot be narrowed down 
to single factors [10].

Instead of following general assumptions and mental associations about possible 
relationships between single variables and the impacts of management measures on 
these variables, an obvious step when striving to solve health problems in the here 
and now is to estimate the degree of metabolic disorders and associated comorbidi-
ties at an individual farm level. Doing this requires regular monitoring, an indis-
pensable component of any serious attempts to develop context-specific strategies 
regarding the improvements of production diseases. This alone, however, is not 
enough. It needs to be supplemented with the acquisition of further data on individ-
ual cows, particularly the degree to which the energy and nutrient supply correlates 
to the individual needs of an animal according to its specific stage of life and living 
situation. Yet, generally speaking, even when available, farm management is often 
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not able to correctly interpret data regarding the negative energy balance of the 
individual cows and thus cannot know which animals are at a higher or a lower risk, 
which animals are able to cope with the NEB and which ones are showing disorders 
as a sign of adaption stress due to whatever reasons.

10. The role of farm management

Modern animal production is mainly based on economic principles; neither 
animal health and welfare nor ecological issues are taken much into consideration. 
However, the high morbidity and mortality in dairy production associated with 
poor welfare conditions necessarily questions modern industrial farming practices. 
In the past, politicians, agronomists and animal scientists have appeared to assume 
an ability in the markets and in science to drive technological changes which will 
enable the economic-environment system to both satisfy increasing global food 
demands and simultaneously solve problems of animal health and welfare. These 
key assumptions, however, have turned out to belong to the category of wishful 
thinking, lacking as they are in any profound evidence. They generally neglect, on 
different scales, the biological basics, particularly the complexity of physiological 
processes as well as the ambivalent nature of productivity and the resultant trade-
offs. Whether processes are beneficial or non-beneficial very much depends on the 
context in which they take place and the level at which the situation in question 
is being analyzed. The same is also true for the possible options of balancing the 
trade-offs between economic interests and animal health and welfare in a cost-
effective manner. Thus, the frequent attempts to formulate one-size-fits-all general 
recommendations for a successful implementation of measures are often misleading 
and contradict the actual context-specific nature of biological processes and the 
subsequent need for context-specific solutions at all levels of dairy farming.

10.1 Lack in orientation

For the farmers, it is often very important to know where they stand in relation 
to other farms. Data from a representative number of farms could be used to create 
a scale ranging from very low to very high prevalence of Pds per farm unit thus 
giving farm management an idea and orientation as to whether the individual farm 
belongs to the category of farms with a low, a middling or a high level of health 
problems. However, as long as data on production diseases is not sufficiently solid, 
it has little practical value for farmers and they can basically disregard it. Thus, 
a diagnostic procedure is essential for the assessment of the prevalence of Pds as 
well as for the identification and implementation of measures appropriate for the 
farm specific situation and for the need to balance partly contradicting goals. Both 
the rate of productivity and the prevalence of production diseases on dairy farms 
emerge from very complex processes. Focusing on single aspects without taking 
into account both the context and the conflicts between achieving productivity and 
the development of production diseases does not allow any truly valid statements 
and can be said to be overly narrow.

In contrast to zoonotic and epizootic diseases, productions diseases are not yet 
a matter of public concern. Although accompanied by pain, suffering, distress 
and longer persistent harm, they are not even fully recognized as a severe animal 
welfare issue. Being primarily treated as an internal affair of the farm, Pds are not 
regulated by legislation but left in the hands of the farmers and their individual 
readiness to act. Generally, personal economic concerns are a greater deciding 
factor than concern for the health of animals. Indeed, it is often said that farm 
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management is interested in reducing Pds solely due to economic reasons. Indeed, 
there is no doubt that Pds can cause severe economic losses. However, there is 
still a lack in valid data about the degree of failure costs, and particularly on the 
effort in terms of labor time and investments required to reduce the prevalence of 
production diseases in the farm specific context [4]. To reduce production diseases 
in a cost-effective way and to maintain production at a competitive level is not 
only highly contextual and thus requires appropriate farm-specific measures but 
also relies on a function of margin utility. This applies to the use of resources e.g. 
high-quality feed, labor time, investments to reduce production diseases as well 
as to the intensification occurring in the increased use of inputs. Additionally, the 
conditions outside the system boundaries (in terms of the price of products sold, 
availability and price of resources needed to reduce production diseases) have to be 
considered. Cost–benefit relationships not only depend on the status quo for both 
productivity and production diseases but also on the gap between the status quo 
and the envisaged target figures.

10.2 Need for profound data

Optimization of the relationship between productivity and the prevalence of 
Pds to the benefit of both the farmer’s income and the health and welfare of farm 
animals requires access to reliable farm-specific data. Thus, a major question is 
how to increase the availability of valid data and how to create an overview that 
can support decisions of management regarding an efficient allocation of available 
resources. Records of milk performance at an individual level – either through daily 
milk yield measurements or official milk recording – are valuable tools, and not 
only for performance monitoring. They also reflect the individual requirements of 
the dairy cows in the course of lactation and are thus essential for implementing 
a target-oriented nutrient supply. Often this data may be considered unnecessar-
ily costly or time-consuming for flat rate concentrate feeding or TMR systems. 
Lactation curves plotted for individuals or groups of animals provide a very graphic 
illustration of performance. Since it is always one of the first things to be affected 
by the diet, milk components are an essential element for monitoring the impacts 
of energy and nutrient supply on dairy cows. Fat and protein levels are especially 
valuable indicators of diet adequacy. Furthermore, feed intake is a critical factor in 
providing the right degree of nutrition. Given the wide impact, dietary problems 
and imbalances can have on productivity, monitoring specific aspects of dairy 
health and fertility can be very valuable in feeding management. However, appro-
priate techniques for the assessment of feed intake at the individual level are not 
yet fully developed for use in farm practice. One sophisticated and cost-effective 
technology which is available but seldom implemented on dairy farms is measuring 
equipment which can continuously determine the body weight development. More 
often in use is the tool of Body Condition Scoring which provides information about 
the measure of a cow’s energy balance. However, one disadvantage of this tool is 
that long temporal delays can occur in receiving the information on discrepancies 
and thus in subsequent responses to the information. The time delay between cows 
receiving too little energy in their feed rations and any resulting pregnancy rate 
problems often go unrecognized until it is too late to do much about them. This is 
compounded by the fact that fertility is not given sufficient prominence within 
rationing programs although fertility, like lameness, is now recognized as being 
caused by a number of factors, including inadequate nutrition. Furthermore, 
disorders like acidosis, ketosis, displaced abomasum and fatty liver are clear signs of 
dietary problems, especially if they affect a number of animals rather than just the 
odd individual and occur regularly rather than occasionally.
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10.3 Dealing with complexity

Due to the fact that being confronted with the complexity of production diseases 
for a long time, farm practice is unswervingly in search of simple approaches to deal 
with unintended side-effects. This contradicts with the major challenge, namely 
variation, in dairy farming: variation in the energy and nutrient supply of the 
individual cow, variation in the utilization and partitioning of energy and nutrients 
and the differences in the requirements needed for the essential tasks of regulation 
and immune defense, resulting in a large variation in the gaps between supply and 
demand. Without feeding control measures, it is left to the animals to cope with 
the occurring discrepancies. In this respect, an apparent “survival of the fittest” 
selection occurs at the farm level. However, it is not necessarily a selection between 
farm animals based on comparable initial and boundary conditions but on a highly 
variable situation in terms of performance level and additional demands by fluctu-
ating internal and external stressors. Consequently, the selection might occur to a 
high degree by pure chance.

The prevalence of production diseases on farms indicates the degree of short-
comings of farm management at two levels. Firstly, regarding the degree of a 
demand-oriented supply with energy and nutrients according to the individual 
requirements, and secondly, regarding protection against stressors such as patho-
gens, crowding effects or heat stress which lead to a need for additional resources. 
Production diseases are always context specific. The context is characterized by the 
specific farm conditions, the individual cow situation and the interactions between 
both. Dairy farms vary widely when it comes to the living conditions of the animals. 
Thus, health problems require a diagnostic procedure at the farm level. This diagno-
sis needs to include the most relevant influencing factors involved in the multifacto-
rial processes as well as estimations about the most effective and efficient strategies 
in the farm-specific context [3, 67, 68].

10.4 Assuming responsibility

An important prerequisite for any improvements, however, is related to the need 
to assume responsibility not only for the results of efforts to increase productivity 
but also for the negative side effects of the production processes. The farm manage-
ment designs the living conditions of farm animals and organizes the allocation 
of resources but it is also, to some degree, responsible for the resource partition-
ing processes within an organism. This applies to breeding for a high number of 
lactocytes in the mammary gland, which is responsible for a prioritized skim of 
glucose from the body pool, and to sucking away every last drop of milk via milk-
ing. Metabolic disorders indicate an imbalanced trade-off between the original goal 
of sustaining the offspring via milk and the goal of self-maintenance of the dam. 
Farmers are challenged to reduce the degree of trade-offs by adapting the breeding 
practices to the quality of available nutrients and, at least, temporarily, decreasing 
the amount of milk extracted during milking, perhaps also the frequency of milk-
ing. To increase milk production, it is not uncommon in intensive dairy systems 
to increase milking frequency to three times daily. Reducing milking frequency is 
much less common. In doing so, it is in fact possible to improve the overall energy 
balance of cows during early lactation with once-daily milking [69]. Furthermore, 
this procedure can entail an improvement in the metabolic profile [70] and immune 
function [71] of dairy cows. In contrast, Soberon et al. [72] reported that cows 
subjected to an increased milking frequency are 1.4 times more likely than the 
control cows to be classified as sub-clinically ketotic. Depending on the stage of 
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lactation, breed, and parity, the reduction in milk yield losses in the course of short-
term alterations to milking frequency in early lactation varies considerably and 
can amount up to 22% [73]. This figure has been revealed as an average milk loss 
across 30 different international short-term studies. While it is comprehensible that 
short-term alterations to milking frequency may provide a tool to better manage the 
metabolism and energy balance of cows during early lactation [74], many farmers 
fear that the losses in milk yield could be too high. All the more is it necessary not to 
go for a general strategy but to develop a farm specific strategy that suits the situa-
tion of the individual cows, thereby also considering the fears of farmers. The aim 
should be to throttle the withdrawal of milk by adapting the quantity to the  
estimation of risk for the individual cow. This practice would be suitable under 
certain infrastructural farm conditions, including the availability of valid data on 
dairy systems where an emphasis is placed on animal health rather than on milk 
production per cow.

10.5 Unfair competition

Finally, the crucial question is, at which rate of disturbances and Pds should an 
intervention by farm management take place. Currently this is determined solely by 
individual farm management, often to the detriment of the animals. Farm manage-
ment, however, would be well-advised to show an interest in reducing the preva-
lence of production diseases. A high prevalence of production diseases represents a 
low health performance by farm management. Farms with a high prevalence of Pds 
are not only disregarding their obligation to prevent suffering of the animals but 
are also delivering inferior products to the market. Thus, low levels of Pds should 
be seen as a significant production goal which carry as much weight as productivity 
goals. However, setting low disease levels as a production goal will only occur when 
farmers realize that they can gain an advantage over competitors who have higher 
levels of Pds. On the other hand, farms behave unfairly when they cause, and/or 
basically ignore, a high level of Pds and related welfare problems and therefore pro-
duce an inferior level of product and process quality while simultaneously achiev-
ing the same market prices as those who invest time, money and effort in product 
and process improvements. Moreover, farm associations, like those of organic 
agriculture, should be more concerned about unsatisfactory health performances 
amongst member farms and doing more to raise the lack of concern shown by their 
consumer clientele as this defies general consumer expectations and any efforts to 
justify the premium prices [75]. Whether it is intrinsically motivated or forced by 
economic reasons or the demands of retailers to improve the current unsatisfac-
tory situation regarding the prevalence of production diseases, farm management 
needs to know how and where to direct its efforts. Benchmarking would offer an 
appropriate methodological approach to deal with the issue of unfair competition 
and also with the uncertainties in the assessment of Pd data as these methodologi-
cal uncertainties affect all farms, if not exactly to the same degree. Benchmarking 
allows target figures to be deduced from the average levels obtained from assessing a 
sufficient number of comparable farms or from an estimate of the optimum balance 
between productivity and disease related loss and failure costs. While farmers are 
generally hesitant in their readiness to extend control to others, farm management 
lacks orientation regarding its own position in relation to other farms and regard-
ing the target figures it should aim for in the future as long as benchmarking is 
not established. The lack of benchmarking for Pd values in relation to the product 
quantity of products from animal origin can be seen as one of the main barriers in 
the fight to reduce nutritional disorders and related Pds in dairy production.
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11. The role of animal science

Due to the lack of sustainable success in reducing production diseases, or at least 
the lack of evidence of a general improvement in animal health and welfare in dairy 
farming, the various disciplines of animal science are challenged to reflect on the 
possible reasons and on their own role in the overall process.

11.1 Predominant focus on performance

Increasing the milk performance of dairy cows is still the predominant goal in dairy 
production, primarily driven by economic considerations and supported by various 
disciplines of agricultural and animal science. Particularly the discipline of animal 
breeding continues to embrace this strategy, even though scientists make efforts to 
integrate functional traits in the breeding programs, so far with no truly convincing 
success. The traditional approach of animal breeding indirectly evokes the impression 
that it is the animals and/or the genome rather than the living conditions which are the 
real weak points in the system and, consequently, it is the former rather than the latter 
which needs to be further improved. It is obvious that a unilateral focus is not appro-
priate for dealing with problems that emerge from the interactions between various 
components within the organism, and between the organism and its respective living 
conditions. Dealing with the issue of animal health and welfare in dairy production 
cannot just be left to the predominant paradigms and interests of single disciplines. 
Instead, there is a need to first gain an overview and to identify the predominant 
weak points in the farm-specific context. A unilateral objective of increasing milk 
performance, together with a one-sided disciplinary focus are probably at the heart of 
the ignorance surrounding the negative side effects which accompany the production 
processes. On the other hand, what is being ignored cannot be solved.

In light of the farm-specific challenges, particularly the large inter and intra-
individual variation of the gap between nutrient demand and supply, the scientific 
discipline of animal nutrition is not yet able to offer adequate tools to balance 
energy and nutrient input/output figures on an individual base. When the supply 
level is tailored to suit one virtual cow whose average values of nutrient and energy 
requirements act as the reference for a whole feeding group, then the variability in 
the requirements between the individual cows of a feeding group is widely disre-
garded. This also applies to the requirements an individual animal needs for regula-
tion (allostatic load) and immune defense activities in relation to the supply of 
energy and nutrients, particularly glucose. The additional requirements are hard to 
predict and are thus blind spots in the discipline of animal nutrition. However, they 
cannot be disregarded any longer when the reduction of the prevalence of produc-
tion diseases on the farm level is on the agenda.

While some scientific disciplines are engaged in furthering increased perfor-
mance in animal production through, for example, breeding or feeding methods, 
other disciplines, e.g. veterinary science are trying to deal with the negative side 
effects of the intensification processes, also with no truly convincing success. The 
different disciplines seldom work together to find common strategies to deal with 
contradictory goals and the uncertainty regarding their effects. Instead, there is an 
enormous temptation for animal scientists to gain a scientific reputation by becom-
ing a specialist who focuses on single areas at the risk of losing sight of the whole 
picture. This focusing by the numerous experts on their respective topics has led to 
a dissociation of the generalist approach. The re-integration of the subcomponents 
into a well-functioning whole requires an enforced interdisciplinary effort to focus 
on the performance of the whole system rather than on the separate optimization of 
individual components. It goes without saying that this is easier said than done.
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11.2 Reorientation

In the future, it will not be sufficient for dairy production only to produce a high 
amount of milk in a cost-effective way. Milk production has to be carried out also in 
an animal and environmentally friendly manner, therewith considering the values 
of common goods. Realizing a comparable low prevalence of productions diseases 
is equivalent with the animal protection service of a farm system [76], which can be 
offered as a quality service on the food market. This approach allows the alignment 
of animal protection and production services of the farm system, appearing as a 
new production goal. The balance between animal protection and production ser-
vices result from the entirety of processes which take place within a farm system. To 
succeed in this effort requires more than relying on a general scientific knowledge 
base, but needs a systemic, functional and result-oriented approach.

The traditional tools of improvements when dealing with complex issues are: 
problem analysis, defining a short-term and/or long-term goal, developing promis-
ing strategies, implementation of most appropriate measures, and finally adequate 
control and monitoring of success. This roughly sketched approach parallels with 
the deductive approach of veterinarians when examining, diagnosing and treating 
single diseased animals except that its focus is not on the recovery of individual 
animals alone but extends to the recovery of individual farms. Certainly, such an 
approach requires continuous acquisition of information on the nutritional status 
of the individual animals, the capacities of the living conditions and, last but not 
least, the resulting outcomes of the interactions between individual animals and 
their respective living conditions in terms of clinical and subclinical diseases. These 
indicate that animals are currently not able to cope. The percentage of dairy cows 
not being able to cope should be the key criterion for all subsequent activities.

11.3 Providing orientation and ‘action knowledge’

Different kinds of internal regulations are required on the farm level. Animal 
science is asked to provide orientation and to develop ‘action knowledge’ to create 
strategies for management to sustainably allocate the relevant resources within 
the farm system, particularly considering the trade-offs in resource flows through 
various sub-systems. To formulate concise working hypotheses regarding the most 
effective and cost-efficient means that are at the farmer’s disposal and to organize 
an appropriate allocation of resources within farm-specific contexts requires the 
determination of target figures in relation to the envisaged prevalence of Pds.

At the same time, the impacts of tools and means intended to reduce Pds have 
to be context assessed to establish whether they work effectively and whether they 
provide a positive cost–benefit ratio. Many technical tools and measures to reduce 
production diseases have been proven in scientific studies but nearly solely under 
standardized conditions. The results of these studies are at the farmer’s disposal 
via mediation by advisory services and thus belong to the category of ‘disposal 
knowledge’ [77]. However, trying to find general solutions for the mitigation 
of negative side effects, e.g. in offering general recommendations in the field of 
breeding [39], technical developments or precision farming [78], might be blamed 
for oversimplification. By predominantly focusing on the development of ‘disposal 
knowledge’ in relation to single traits, animal science fails to grasp the complex-
ity of the challenges at hand. This inductive approach distracts the focus from the 
problems occurring in the here and now and related to the farm-specific context. 
Simultaneously, it makes farmers believe that this might make the need to imple-
ment fundamental changes within the production processes seem unnecessary. 
‘Disposal knowledge’ can claim to be valid only for the specific conditions under 
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which it has been proven. When implemented in a specific farm context, it func-
tions only as a working hypothesis for ‘action knowledge’. The impacts that might 
occur in the use of generally recommended means and tools require external valida-
tion to assess whether they are able to contribute to the envisaged end and to deliver 
what they promise. This includes proving their suitability in contributing to alle-
viating the conflict between productivity and animal health on individual farms. 
Without external validation, general tools to reduce production diseases seem to be 
an end in themselves rather than a means to an end.

The extent of the outlined complexities explains why it is so difficult to improve 
the unsatisfactory situation regarding animal health and welfare in dairy farming. 
Too many partly diverging interests of different stakeholder groups, including 
the interests of animal scientists, are involved. However, if general enlightenment 
belongs to the crucial tasks of scientists, as they themselves maintain, this stake-
holder group is under a particular obligation to consider animal health and welfare as 
belonging to the common good and are therefore obligated to contribute to improve-
ments therein. However, as long as animal scientists claim to be able to offer simple 
solutions based on a reductionist approach without providing convincing evidence, 
they could be considered as part of the problem rather than part of the solution.

12. Conclusion

An oversized gap between nutrient requirement and nutrient supply in the tran-
sition period is a major cause for nutritional disorders and associated comorbidities 
in dairy cows. Due to the large inter and intra-individual variation in relation to feed 
intake, output of glucose via milk and metabolic adaptation capacities, the risk for 
the development of production diseases is a matter of the individual animal in the 
farm-specific context at a given time. Consequently, the risk cannot be predicted 
and solved by an inductive approach. The individual animal is the reference system 
for the appropriateness of nutrient and energy supply as well as the need for protec-
tion against biotic and abiotic stressors. Different animals need different supplies 
and a different kind and degree of protection. Correspondingly, the approach to 
deal with dairy cows that belong to a feeding group as a homogeneous unit and 
addressee of management measures is misleading.

Feeding regimes in farm practices are generally based on the concept of energy 
balance as represented in the ‘barrel model’. However, it has become obvious that 
the allocation of energy resources for the various needs is not regulated indepen-
dently, as assumed by the model, but is highly interconnected. But above all, the 
model neglects the role of glucose and the increased competition for it between the 
immune cells and the epithelial cells in the mammary gland. The model does not 
create a sufficient predictive power. Therefore, it is not justified to adhere to the 
model any longer.

The real challenge of nutrient management is to organize an efficient allocation 
of the available nutrient and labor resources closely related to the individual needs 
of the animals. Certainly, farm practice does not allow to feed dairy cows individu-
ally. However, there are various options - on the one farm more than on others - that 
should be taken into account when striving for a low level of Pds. Amongst other 
things, the implementation of feeding phases should be highly adapted to the 
corresponding requirements. The appropriateness of allocation of the animals to 
the existing feeding groups needs a continuous controlling. In the case of combined 
feeding, allocation of concentrate should be controlled and the successive adapta-
tion process improved. Last but not least, animals which show clinical or subclinical 
signs of diseases and thus an overstressed capacity to adapt to the specific living 

73

Nutrition and Health-Management in Dairy Production
DOI: http://dx.doi.org/10.5772/intechopen.89447

conditions should be separated into a risk group given special attention and care. 
Nutrient and energy supply of endangered animals should be improved as well as 
their protection against biotic and abiotic stressors. Where appropriate, a tempo-
rary reduction in the outflow of glucose via the mammary gland should be consid-
ered to increase the availability of glucose in the body pool.

The overall production goal of farm management should be reoriented in striv-
ing for a prevalence of productions diseases that lies below the average of compara-
ble dairy farms while simultaneously keeping the performance level on a level that 
does not compromise health and welfare of the farm animals. This goal cannot be 
achieved by general recommendations in relation to breeding and/or feeding. The 
history of Pds in dairy farming has proven that the predominant approach of animal 
science, based primarily on ‘disposal knowledge’ has failed to improve the long-
lasting problems in relation to metabolic disorders and associated comorbidities. 
To solve problems which derive on different scales from very complex interactions 
between various factors and being to a high degree context-dependent requires 
also orientation and ‘action knowledge’. Currently, many dairy farmers place their 
hopes in the development of further tools in precision dairy farming. This may 
certainly extend the options for acquiring more data but simply acquiring more data 
is not synonymous with gaining better ‘action knowledge’. Before data can become 
farm-inherent knowledge for practical implementations, data need to be inter-
preted and transferred into valid information. Expectations, not least promoted by 
animal scientists, that the elaborate process can be automatized have failed so far. 
Not that there will be no further developments in the future and possible improve-
ments but farm animals have already suffered too long. Farm management should 
not continue waiting for what might have little chance of effectiveness due to the 
underlying complexity of the processes. Whatever the future holds, there is first 
and foremost the necessity to solve problems in the here and now and to provide 
evidence of success in reducing production diseases, i.e., the implementation of 
measures in the farm-specific context together with external validation.
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which it has been proven. When implemented in a specific farm context, it func-
tions only as a working hypothesis for ‘action knowledge’. The impacts that might 
occur in the use of generally recommended means and tools require external valida-
tion to assess whether they are able to contribute to the envisaged end and to deliver 
what they promise. This includes proving their suitability in contributing to alle-
viating the conflict between productivity and animal health on individual farms. 
Without external validation, general tools to reduce production diseases seem to be 
an end in themselves rather than a means to an end.

The extent of the outlined complexities explains why it is so difficult to improve 
the unsatisfactory situation regarding animal health and welfare in dairy farming. 
Too many partly diverging interests of different stakeholder groups, including 
the interests of animal scientists, are involved. However, if general enlightenment 
belongs to the crucial tasks of scientists, as they themselves maintain, this stake-
holder group is under a particular obligation to consider animal health and welfare as 
belonging to the common good and are therefore obligated to contribute to improve-
ments therein. However, as long as animal scientists claim to be able to offer simple 
solutions based on a reductionist approach without providing convincing evidence, 
they could be considered as part of the problem rather than part of the solution.

12. Conclusion

An oversized gap between nutrient requirement and nutrient supply in the tran-
sition period is a major cause for nutritional disorders and associated comorbidities 
in dairy cows. Due to the large inter and intra-individual variation in relation to feed 
intake, output of glucose via milk and metabolic adaptation capacities, the risk for 
the development of production diseases is a matter of the individual animal in the 
farm-specific context at a given time. Consequently, the risk cannot be predicted 
and solved by an inductive approach. The individual animal is the reference system 
for the appropriateness of nutrient and energy supply as well as the need for protec-
tion against biotic and abiotic stressors. Different animals need different supplies 
and a different kind and degree of protection. Correspondingly, the approach to 
deal with dairy cows that belong to a feeding group as a homogeneous unit and 
addressee of management measures is misleading.

Feeding regimes in farm practices are generally based on the concept of energy 
balance as represented in the ‘barrel model’. However, it has become obvious that 
the allocation of energy resources for the various needs is not regulated indepen-
dently, as assumed by the model, but is highly interconnected. But above all, the 
model neglects the role of glucose and the increased competition for it between the 
immune cells and the epithelial cells in the mammary gland. The model does not 
create a sufficient predictive power. Therefore, it is not justified to adhere to the 
model any longer.

The real challenge of nutrient management is to organize an efficient allocation 
of the available nutrient and labor resources closely related to the individual needs 
of the animals. Certainly, farm practice does not allow to feed dairy cows individu-
ally. However, there are various options - on the one farm more than on others - that 
should be taken into account when striving for a low level of Pds. Amongst other 
things, the implementation of feeding phases should be highly adapted to the 
corresponding requirements. The appropriateness of allocation of the animals to 
the existing feeding groups needs a continuous controlling. In the case of combined 
feeding, allocation of concentrate should be controlled and the successive adapta-
tion process improved. Last but not least, animals which show clinical or subclinical 
signs of diseases and thus an overstressed capacity to adapt to the specific living 
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conditions should be separated into a risk group given special attention and care. 
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rary reduction in the outflow of glucose via the mammary gland should be consid-
ered to increase the availability of glucose in the body pool.

The overall production goal of farm management should be reoriented in striv-
ing for a prevalence of productions diseases that lies below the average of compara-
ble dairy farms while simultaneously keeping the performance level on a level that 
does not compromise health and welfare of the farm animals. This goal cannot be 
achieved by general recommendations in relation to breeding and/or feeding. The 
history of Pds in dairy farming has proven that the predominant approach of animal 
science, based primarily on ‘disposal knowledge’ has failed to improve the long-
lasting problems in relation to metabolic disorders and associated comorbidities. 
To solve problems which derive on different scales from very complex interactions 
between various factors and being to a high degree context-dependent requires 
also orientation and ‘action knowledge’. Currently, many dairy farmers place their 
hopes in the development of further tools in precision dairy farming. This may 
certainly extend the options for acquiring more data but simply acquiring more data 
is not synonymous with gaining better ‘action knowledge’. Before data can become 
farm-inherent knowledge for practical implementations, data need to be inter-
preted and transferred into valid information. Expectations, not least promoted by 
animal scientists, that the elaborate process can be automatized have failed so far. 
Not that there will be no further developments in the future and possible improve-
ments but farm animals have already suffered too long. Farm management should 
not continue waiting for what might have little chance of effectiveness due to the 
underlying complexity of the processes. Whatever the future holds, there is first 
and foremost the necessity to solve problems in the here and now and to provide 
evidence of success in reducing production diseases, i.e., the implementation of 
measures in the farm-specific context together with external validation.
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Chapter 5

Nutrients Cycle within Swine 
Production: Generation, 
Characteristics, Treatment and 
Revaluation
Cristina Alejandra Villamar and Cristóbal Sardá

Abstract

The swine production generates slurries nutrients rich, which could be revalu-
ated in cereal crops used for its food and energy generation (biogas) for use on 
the farm. However, the revaluation requires to know their physical–chemical and 
biological characteristics, which allow giving an adequate transformation (treat-
ment). On the one hand, swine production and consumption market reveal the 
superiority of emergent countries on meat/cereal (feed) production and swine 
meat consumption (concentrated population). The food composition and growth 
phase will influence the swine slurries composition, which is rich in organic matter, 
macronutrients (N, P) and micronutrients (Cu and Zn). These characteristics will 
generate odors (organic matter, macronutrients) and ecotoxicology effects (macro/
micronutrients) if they are not treated. Moreover, the swine slurries treatment 
allows revaluated them in agriculture and obtaining energy. Anaerobic technolo-
gies (anaerobic lagoon, mixed complete reactors, UASB, among others) are the 
most used/cost-effective to organic matter removal from swine slurries, obtaining 
from 0.28 to 0.83 m3 biogas/kg organic matter. Meanwhile, passive technologies 
(constructed wetlands) are the most used technologies to nutrients and metals 
removal. Treated swine slurries from constructed wetlands have agronomic proper-
ties. Therefore, the nutrients cycle within swine production would favor concepts of 
revaluation in origin.

Keywords: biogas, soil fertilizer, nutrients, revaluation, swine slurries

1. Introduction

The economic and demographic growths are the factors that are activating the 
current world meat production [1]. Thus, developing countries where 75% of the 
population is located also concentrate 52% (41.5 million ton/year) of swine produc-
tion. Moreover, in the last 40 years the growth of emergent economies are concen-
trating both meat and cereal production in one place. China is an emergent economy 
in where is 46% of the world’s swine production, and 30% of cereal production.

On the other hand, demand is the main trigger factor of the current “livestock 
revolution” [2]. Thus, the meat consumption acquires connotation different 
depending on the consumer type. In developed countries, higher purchasing power 
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current world meat production [1]. Thus, developing countries where 75% of the 
population is located also concentrate 52% (41.5 million ton/year) of swine produc-
tion. Moreover, in the last 40 years the growth of emergent economies are concen-
trating both meat and cereal production in one place. China is an emergent economy 
in where is 46% of the world’s swine production, and 30% of cereal production.

On the other hand, demand is the main trigger factor of the current “livestock 
revolution” [2]. Thus, the meat consumption acquires connotation different 
depending on the consumer type. In developed countries, higher purchasing power 
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and demanding lifestyles have promoted a higher swine meat demand (25 kg/per 
capita year). Meanwhile, developing countries consume only 8 kg/per capita year, 
condition related mainly with subsistence habits. However, developing countries 
(75% worldwide population) concentrates 64% (43.3 million ton/year) of the swine 
meat total consumption; while that, developed countries concentrate 36% (34.4 
million ton/year) remaining. However, emergency economies (Brazil and China) 
are increasing about 21% the swine meat consumption per capita of their popula-
tion, concentrating swine meat consumption in these countries [3].

2. Swine slurry: generation and characteristics

2.1 Origin of swine slurry

The swine slurry generation is related to the growth phase and its water/food 
requirements. Thus, lactation and reproduction phases have a great water supply 
(12.2–41.1 L water/animal d), mainly related to hydration improvement or fertility 
[4, 5]. Meanwhile, fattening and weaning have a greater food intake (1.9 kg food/
animal d), exclusively given by increased weight or age [5, 6].

The swine diet is based on proteins, carbohydrates and starch concentrates, 
which exceed 50% of food total composition [7]. Indeed, fattening tends to pri-
oritize the protein intake (>30%) [6]; while, reproduction and weaning consume 
mainly fiber (10%) to avoid overweight [8]. In both cases, the low food digestibility 
could generate nitrogen excretion (<30%) and phosphorus (<10%) [9]. This factor 
can be observed in the swine conversion index, which can vary from 2.0 to 4.3 and 
0.9 to 2.3 kg feed/kg weight gained for fattening and previous phases, respectively 
[6, 10–12]. Indeed, digestibility can vary depending on the food and animal type, 
being slightly lowers in the final growth phases (fattening ~ 25%) than initial 
phases (weaning >50%).

Finally, the water/food ratios allow indirectly evaluating the swine slurry quantity 
and its composition. Thereby, initial phases (weaning) generate the water/feed ratios 
from 4.4 to 5.1 L water/kg food [8]; while, final phases (fattening) reaches values from 
1.6 to 2.5 L water/kg food [11]. This indicator is indirectly related with nitrogen con-
centrations from urine/feces values. Indeed, greater urine/feces values are obtained 
by fattening (6.6–9.1) than weaning (5.5–6.3) [13]. At this point, it’s important to note 
that within the swine excreta around 75% of the nitrogen is in urine, so a higher water 
intake will increase the nitrogen generation in the slurries [14] (Table 1).

2.2 Generation and physicochemical characteristics

The physicochemical composition from swine slurries will be influenced by 
the low digestibility of nitrogen (<33%), phosphorus (<32%) and micronutrients 
(<3%) [9, 17], as well as the animal growth phase [18]. Initial phases (maternity and 
lactation) produce more slurries (10.0–41.1 L/animal d) than weaning-fattening 
(3.5–9.10 L/animal d) [4–6]. This could be related with dilution by more water 
intake. Table 2 summarizes the physicochemical characteristics from swine slur-
ries according to the growth phase. The main differences are related to a higher 
content of organic matter (1.8–2.4 times), nitrogen (1.3–2.8 times) and phosphorus 
(2.1–4.6 times) from fattening with respect to maternity and weaning. This condi-
tion is related to a higher food intake (1.7 times), which is made up of carbohydrates 
and proteins [14]. Meanwhile, micronutrients, such as zinc are excreted (2.7–13.0 
times) in the initial phases (weaning). In a different proportion, copper is excreted 
by swine slurries, increasing during fattening (1.5–7.2 times). Differences in the 
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presence of copper and zinc excreted is related to the use of both metals as growth 
promoters and specifically copper that is used additionally for therapeutic pur-
poses (fighting diarrhea) in the most vulnerable swine population (weaning) [17]. 
Chloride, ammonium and potassium salts may also be present within swine slurries. 
The feeding has influenced a greater salts excretion (1.4–2.3 times) during weaning-
fattening. These characteristics are related to the fact that the salts in the swine 
feeding, favor the liquids retention increasing weight during the growth [18].

On the other hand, raw swine slurries show agronomic properties (N:P: K 
between 1.1:0.6:1.0 and 1.3:0.4:1.0) [18–22]. Indeed, the nutritional requirements 
of cereal crops (e.g. corn, wheat) can reach values of N:P: K between 1.2:0.2:1.0 
and 1.6:0.3:1.0 [23]. However, the presence of pathogenic organisms and micro-
contaminating (metals, antibiotics) may limit their use prior to treatment.

2.3 Ecotoxicological characteristics

Swine slurries have ecotoxicological characteristics depending on the bioindicator 
used. Tables 3 and 4 summarize the ecotoxicological characteristics (swine slurries 
and composition) on terrestrial and aquatic bio-indicators. The ecotoxicological 

Feed type Conversion index kg feed/kg 
weight gained

Water/food ratio
L water/kg feed

Reference

Pellet 2.13–3.33 — [15]

With/out phytases 2.00–4.32 — [6]

Wheat and soybeans (12–20%) 2.22–2.35 —

Intensive/organic 2.70–3.20 — [10]

Ad libitum 2.95–3.05 1.99–2.60 [11]

Wean/mat/fat food 0.98–2.14 2.00–20.00 [12, 16]

Table 1. 
Productive indicators within swine production.

Growth phase

Parameter Unit Maternity Weaning Fattening Reference

Slurry L/animal d 10.0–16.0 23.5–41.1 3.5–9.1 [4–6]

pH 7.5 6.9 7.2–8.4 [6, 18, 20–22]

EC mS/cm 12.8–15.5 14.2 15.3–25.3 [18, 21, 22, 24]

TS % 1.7 2.7 3.2 [18, 19, 24]

BOD5 g/L 9.0 25.0 16.6–21.6 [18, 22, 24, 25]

COD g/L 24.0 65.2 45.3–57.7 [6, 18, 22, 24, 25]

TN g/L 1.8–2.3 2.3 2.4–4.6 [6, 18–22, 24, 25]

N-NH4
+ g/L 1.4–1.8 1.5 2.0–3.1 [6, 18–22, 24, 25]

TP g/L 1.4 0.6 0.8–2.8 [18–22]

K g/L 2.2 1.8 1.9–3.8 [18–22]

Cl− g/L 3.6 2.3 5.1 [18, 24]

Cu mg/L 11.0 55.0 15.9–80.0 [18, 22, 24, 26]

Zn mg/L 75.0 533.0 40.7–191.0 [18, 22, 24, 26]

Table 2. 
Physicochemical characteristics from swine slurries.
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Organism Test Compound Concentration 
(mg/L o %*)

Reference

Swine slurries

Daphnia magna 48–24 h-LC50 Raw swine 
slurry

1.8–5.0 [27, 28]

Nutrients

Moina macrocopa 24 h-LC50 NH4
+ 231–492 [31]

Penaeus semisulcatus 96 h-LC50 NH4
+ 11.4–55.9 [36]

Ceriodaphnia dubia 48 h-LC50 NH4
+ 20 [32]

Daphnia carinata 24–48 h-LC50 NH4
+ 2.2–2.8 [33]

Monia australiensis 24–48 h-LC50 NH4
+ 7.5–8.5 [33]

Daphnia magna 48 h-LC50 NH3 2.9–6.9 [34]

Metals

Daphnia magna 48 h-LC50 Zn 0.05 [41]

Daphnia magna 48 h-LC50 Cu 0.56 [41]

Daphnia magna LOEC 14d Cu, Zn 0.12 [44]

Danio rerio 96 h-LC50 Cu 0.12–0.13 [41]

Salts

Oncorhynchus mykiss 6 h-LC40 NaCl 20,000 [39]

Daphnia magna 24-48 h-LC50 NaCl 1020–3240 [31]

Daphnia magna 48 h-LC50 Cl2 0.1–0.2 [34]

Daphnia pulex 48 h-LC50 Cl− 2042 [45]

%* = percentage concentration.

Table 3. 
Ecotoxicological characteristics on aquatic organisms.

Organism Test Compound Concentration 
(mg/L o %*)

Reference

Swine purines

Lepidium sativum L. Growth 24, 48, 
72 h

raw swine 
slurry

3–10* [29]

Eisenia foetida Growth 28d Untreated 
purine

25* [30]

Nutrients

Lactuca sativa Growth 7d NH3 0.002 [38]

Hordeum vulgare Growth 8d NH4
+ 0.18 [37]

Metals

Eisenia foetida 48 h-LC50 Zn 268–439 [43]

Eisenia foetida 48 h-LC50 Cu 153–249 [43]

Salts

Different kind of 
plants

Growth NaCl 0–1280 [40]

%* = percentage concentration.

Table 4. 
Ecotoxicological characteristics terrestrial organisms.
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studies have been carried out mainly in Daphnia magna, establishing higher acute 
toxicity at low concentrations (48 h-LC50, 1.8–3.3%) [27, 28]. Meanwhile, chronic 
ecotoxicity has been observed on Lepidium sativum L. (growth inhibited at concen-
trations from 3 to 10%, v/v) [29]. However, Eisenia foetida growth (6000–20,000 
worms/m2) has also been reported at concentrations less than 25% [30]. Nutrients, 
salts, metals, antibiotics, among others separately can generate effect at different 
levels. On the one hand, NH4

+ within swine slurries reaches values above 1 g/L [18]. 
Thus, ammonium on cladoceran aquatic organisms (Ceriodaphnia dubia, Moina 
macrocopa, Daphnia carinata, Monia australiensis) generate mortality at values above 
7.5 mg NH4

+/L [31–33]. Indeed, ammonium causes enzymatic inhibition and cell 
disruption [34]. Moreover, NH4

+ is instable transforming to NH3 under alkaline pH 
(>8) and/or temperature increasing [35]. Indeed, Daphnia magna shows acute toxicity 
at ammonia concentrations above 2.9 mg/L [34]. Meanwhile, organisms of higher 
trophic levels (Penaeus semisulcatus) reports acute toxicity at concentrations from 
11 to 55 mgNH4

+/L [36]. In the soil, toxic effects of NH4
+/NH3 have been observed 

mainly in vegetable species, generating necrosis, reduction/stimulation of growth and 
sensitivity to frost [38]. Indeed, Lactuca sativa and Hordeum vulgare report chronic 
effects (growth decreasing) at concentrations from 0.002 mg NH3/L [37, 38].

Chlorides can exceed 1 g/L within swine slurries, being reported less acute 
toxicity of NaCl (1020–3240 mg/L) on Daphnia magna than Cl2 (0.1–0.2 mg/L) [18, 
31, 34]. However, toxic effect is decreased at high trophic levels (the chlorinated 
compounds toxicity decreases on higher trophic levels (Oncorhynchus mykiss)), 
reaching concentrations above 20 g/L [39]. In terrestrial environments, chlorides 
can cause chronic effects on the vegetal germination [40]. Swine slurries are com-
pound also by micronutrients (copper and zinc), which not exceeds 0.5 g/L [26]. 
However, acute toxicity on aquatic organisms (Danio rerio) reaches concentrations 
about 0.1 mg/L and on terrestrial (Eisenia foetida) it is not exceeding at values of 
249 mg/L [41–43].

2.4 Olfatometric characteristics

The odoriferous characteristics within swine slurries are evaluated using 
analytical methods (compounds) and sensory methods (odor) [46]. Olfactometric 
characteristics measured as odor concentration (OC/m3) are influenced by the 
type/time of slurries storage. [47]. Indeed, fattening phase (2.1–5.6 times) has more 
odor than maternity/weaning. On the other hand, fresh swine slurries (1.5–5.4 
times) generate more odor than stored slurries (2 months). These results have also 
shown the odor relationship with volatile compounds presence, which from by diet 
or slurries management. Thereby, sulfur, ammonia, phenolic and volatile fatty acid 
compounds from swine slurries influence the odor generation, which show differ-
ent correlation degree (R2 = 0.66–0.89) with the generated odor [46]. Particularly, 
odor precursor compounds from the swine production will be given by the pro-
tein’s presence from food, generating sulfurous, indole, phenolic and long-chain 
fatty acids [47–49]. Meanwhile, carbohydrates generate short-chain or volatile 
fatty acids (less than 6 carbons) [40]. Thus, biological and chemical conditions 
determine the odor compounds formation. It has been possible to establish the 
presence of some autochthonous microorganisms (Streptococcus, Peptostreptococcus, 
Eubacterium, Lactobacilli, Escherichia, Clostridium, Propionibacterium, Bacteroides, 
Megasphaera, among others). Incomplete anaerobic digestion from these microor-
ganisms produce and/or reduce macromolecules to odor compounds, so intermedi-
ates (e.g. volatile fatty acids) and finals (e.g. sulfides) [50, 51]. However, not only 
microorganisms can condition the odorant compounds formation, but also envi-
ronmental conditions (pH and temperature), which active biological and chemical 
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Eubacterium, Lactobacilli, Escherichia, Clostridium, Propionibacterium, Bacteroides, 
Megasphaera, among others). Incomplete anaerobic digestion from these microor-
ganisms produce and/or reduce macromolecules to odor compounds, so intermedi-
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(e.g. ammonium/ammonia) processes [52, 53]. Temperature affects the microbial 
growth rate; while, pH influences the buffer capacity, favoring volatile fatty acids 
generation [54] (Table 5).

3. Reduction and Re-valorization of swine slurries

3.1 Slurries reduction

Swine has low digestibility (<30%) of nutrients and micronutrients, being nec-
essary mechanisms of digestibility improvement, which could improve the physi-
cochemical characteristics from slurries (feces + urine) [9]. Indeed, about 78% of N 
and P from swine food (proteins) is not assimilated, excreting concentrated urine 
and feces [14]. Therefore, farm managements are focused on the improvement of 
diet type and food quantity during each phase growth. On the one hand, raw protein 
is substituted by fiber, reducing until 8% (10 g RP/kg food) of nitrogen in the urine 
[7]. Other strategies are related to vary crude protein concentration (155, 145 and 
135 g RP/kg) in the food, achieving the decrease of NH4

+ (20.3–28.4%) in the excreta 
[13]. Studies have evaluated the replacement of crude protein by digestible or ileal 
amino acids (lysine, threonine, methionine, tryptophan, isoleucine and valine), 
finding that they can reduce the ammonium excretion in the urine from 40 to 50% 
[69]. Meanwhile, other techniques use feeding multi-phases, which improve the 
protein digestibility, reducing between 20 and 42% the nitrogen excretion [59, 60]. 
On the other hand, introducing phytases in the swine diet, it is possible to reduce 
18% of phosphorus in the feces. Metals (Cu, Zn) used as growth promoters have 
been decreased (100–250 ppm Cu, 2000–3000 ppm Zn) by antibiotics (3–220 g/
ton food) [61, 62]. Indeed, sulfonamides, tetracyclines and β-lactams increase the 
index conversion rate between 3 and 4%, improving the protein assimilation [62]. 
However, antibiotics also are excreted up to 10%, not being a good strategy because 
they are emerging contaminants [63]. The implementation of efficient water drink-
ing reduces the slurry generation. The dozers incorporation and excreta handling 
techniques (e.g. hot beds) could reduce the floor washing, reusing waste organics 
(rice husk, straw) [64]. These strategies have reached reduce water requirements 
from 5 to 80% [4].

Type of waste Olfactometric 
technique

Odor threshold (D-T) *, Odor 
concentration (OC/m3)^ or Odor 

index (OI°)

Reference

Bovine manure Field (Nasal Ranger, 
box)

8.6–157.7* [55]

Dynamic 124.2–6561^

Sheep, bovine and 
pig manure

Field (Nasal Ranger) <2–60* [56]

Swine purines Dynamic 120–792^ [46, 47]

Swine manure Triangular odor bags 
(dynamic mod.)

26.2–58.7° [57]

Porcine, avian and 
bovine manure

Dynamic <1–1000^ [58]

*=D-T units, ^ = OC/m3 units,° = OI units.
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3.2 Treatment and re-evaluation of by-products

The swine slurry treatment is the most used tool management within intensive 
farms by environmental pressures (legislation), which regulates its discharge 
on water bodies or soil revaluation. The slurries management requires a balance 
between the environmental/social and economic requirements in the farms. Ideally, 
this management starts with the excreta fractionation (slurry = urine + feces/feces) 
by physical/chemical separation. Some techniques, such as: polymers, filter press, 
flotation, sedimentation, screw press, among others are used to remove sediment-
able/suspended material, reducing mainly organic matter (62–84%) and phosphorus 
(70–89%) [65]. The solid fraction corresponding to non-mineralized organic matter 
is subjected to composting (aerobic/anaerobic), which stabilizes giving it agronomic 
properties (C/N < 20). The liquid fraction (slurries) with a C/N ratio about 10 is 
subjected to biological (aerobic/anaerobic) removal processes of organic matter, 
nutrients and other microcontaminants (metals, emergent) [66]. Several technolo-
gies are grouped within the aerobic biological processes (aerated lagoons, activated 
sludge, among others) and anaerobic (anaerobic lagoons, fixed bed reactors, SBR or 
Sequencing Batch Reactor, UASB or Upflow Anaerobic Sludge Blanket, among oth-
ers) [67]. Thus, the removal of dissolved and colloidal organic matter is usually car-
ried out by anaerobic lagoons (Environmentally Superior Technologies), which reduce 
50% of organic matter. Meanwhile, anaerobic reactors (Manure-based biogas plants) 
remove more than 80% of organic matter. The by-products obtained from this stage 
are usually stabilized effluents (C/N < 10) used as soil stabilizer and biogas [65, 68]. 
In this last point, specific temperature conditions (psychrophilic, mesophilic and 
thermophilic) have allowed the biogas (60–70% CH4, 40–30% CO2) production 
between 0.03 (anaerobic lagoons) and 650 (anaerobic reactors) m3/d. The main bio-
gas uses are related with thermal energy (0.02–390 m3 gas) and/or electrical (0.07–
1560 kWh) within farms [65, 69]. Additionally, anaerobic treatment under optimum 
conditions (35°C) reduces odors (1.9 units depending on the hedonic tone) [52]. This 
anaerobically treated effluent can be subjected to biological treatment (nitrification/
denitrification, SBR or constructed wetlands) [70–72] or physical–chemical (strip-
ping, vacuum evaporation, precipitation) [71, 73, 74] to nutrients removal (nitrogen 
and phosphorus). The nitrogen removal efficiencies vary from 40% (constructed 
wetlands) to 97% (denitrification–denitrification) and 100% (stripping) [71, 73]. 
Meanwhile, phosphorus is removed between 44% (constructed wetlands) and 80% 
(chemical precipitation) [71, 75–77]. In very few cases, have been reported metals 
removal (Cu, Zn), mainly due to their low concentrations (<1 g/L) [26]. However, 
the metals removal has allowed to obtain removal efficiencies between 75% (precipi-
tation) and 92% (constructed wetlands) [78, 79]. The by-products obtained in this 
stage can vary from crystallized ammonium salts for agronomic use [73] to treated 
effluents with a C/N ratio <5 usable in irrigation [71].

The irrigation (slurries) or soil stabilization (solid) are the most used re-valua-
tion techniques. The treated swine slurries have nutritional value (N:P:K: 1:0.6:0.4–
1:0.3:1) to be used in cereals irrigation for swine consumption (1.2:0.2:1 a 1.6:0.3:1) 
[23, 80]. Under optimal irrigation conditions (150–200 kg N/ha year) some soil 
characteristics with agronomic importance (organic matter content and moisture 
retention) could be improved [81, 82]. The slurries re-valorization in irrigation 
has decreased the chemical fertilizers use, being in some countries (New Zealand) 
valued economically (21 million USD/year) [82]. However, the livestock production 
intensification vs. land availability (Europe) has carried out to optimize the nutri-
ents recovery. Thus, it is necessary to consider within slurries the balance of macro 
(N:P: K) and micronutrients (metals), as well as other contaminants (pathogens, 
emergent). Moreover, this balance must consider soil nutritional requirements and  
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(e.g. ammonium/ammonia) processes [52, 53]. Temperature affects the microbial 
growth rate; while, pH influences the buffer capacity, favoring volatile fatty acids 
generation [54] (Table 5).
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3.1 Slurries reduction

Swine has low digestibility (<30%) of nutrients and micronutrients, being nec-
essary mechanisms of digestibility improvement, which could improve the physi-
cochemical characteristics from slurries (feces + urine) [9]. Indeed, about 78% of N 
and P from swine food (proteins) is not assimilated, excreting concentrated urine 
and feces [14]. Therefore, farm managements are focused on the improvement of 
diet type and food quantity during each phase growth. On the one hand, raw protein 
is substituted by fiber, reducing until 8% (10 g RP/kg food) of nitrogen in the urine 
[7]. Other strategies are related to vary crude protein concentration (155, 145 and 
135 g RP/kg) in the food, achieving the decrease of NH4

+ (20.3–28.4%) in the excreta 
[13]. Studies have evaluated the replacement of crude protein by digestible or ileal 
amino acids (lysine, threonine, methionine, tryptophan, isoleucine and valine), 
finding that they can reduce the ammonium excretion in the urine from 40 to 50% 
[69]. Meanwhile, other techniques use feeding multi-phases, which improve the 
protein digestibility, reducing between 20 and 42% the nitrogen excretion [59, 60]. 
On the other hand, introducing phytases in the swine diet, it is possible to reduce 
18% of phosphorus in the feces. Metals (Cu, Zn) used as growth promoters have 
been decreased (100–250 ppm Cu, 2000–3000 ppm Zn) by antibiotics (3–220 g/
ton food) [61, 62]. Indeed, sulfonamides, tetracyclines and β-lactams increase the 
index conversion rate between 3 and 4%, improving the protein assimilation [62]. 
However, antibiotics also are excreted up to 10%, not being a good strategy because 
they are emerging contaminants [63]. The implementation of efficient water drink-
ing reduces the slurry generation. The dozers incorporation and excreta handling 
techniques (e.g. hot beds) could reduce the floor washing, reusing waste organics 
(rice husk, straw) [64]. These strategies have reached reduce water requirements 
from 5 to 80% [4].
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The swine slurry treatment is the most used tool management within intensive 
farms by environmental pressures (legislation), which regulates its discharge 
on water bodies or soil revaluation. The slurries management requires a balance 
between the environmental/social and economic requirements in the farms. Ideally, 
this management starts with the excreta fractionation (slurry = urine + feces/feces) 
by physical/chemical separation. Some techniques, such as: polymers, filter press, 
flotation, sedimentation, screw press, among others are used to remove sediment-
able/suspended material, reducing mainly organic matter (62–84%) and phosphorus 
(70–89%) [65]. The solid fraction corresponding to non-mineralized organic matter 
is subjected to composting (aerobic/anaerobic), which stabilizes giving it agronomic 
properties (C/N < 20). The liquid fraction (slurries) with a C/N ratio about 10 is 
subjected to biological (aerobic/anaerobic) removal processes of organic matter, 
nutrients and other microcontaminants (metals, emergent) [66]. Several technolo-
gies are grouped within the aerobic biological processes (aerated lagoons, activated 
sludge, among others) and anaerobic (anaerobic lagoons, fixed bed reactors, SBR or 
Sequencing Batch Reactor, UASB or Upflow Anaerobic Sludge Blanket, among oth-
ers) [67]. Thus, the removal of dissolved and colloidal organic matter is usually car-
ried out by anaerobic lagoons (Environmentally Superior Technologies), which reduce 
50% of organic matter. Meanwhile, anaerobic reactors (Manure-based biogas plants) 
remove more than 80% of organic matter. The by-products obtained from this stage 
are usually stabilized effluents (C/N < 10) used as soil stabilizer and biogas [65, 68]. 
In this last point, specific temperature conditions (psychrophilic, mesophilic and 
thermophilic) have allowed the biogas (60–70% CH4, 40–30% CO2) production 
between 0.03 (anaerobic lagoons) and 650 (anaerobic reactors) m3/d. The main bio-
gas uses are related with thermal energy (0.02–390 m3 gas) and/or electrical (0.07–
1560 kWh) within farms [65, 69]. Additionally, anaerobic treatment under optimum 
conditions (35°C) reduces odors (1.9 units depending on the hedonic tone) [52]. This 
anaerobically treated effluent can be subjected to biological treatment (nitrification/
denitrification, SBR or constructed wetlands) [70–72] or physical–chemical (strip-
ping, vacuum evaporation, precipitation) [71, 73, 74] to nutrients removal (nitrogen 
and phosphorus). The nitrogen removal efficiencies vary from 40% (constructed 
wetlands) to 97% (denitrification–denitrification) and 100% (stripping) [71, 73]. 
Meanwhile, phosphorus is removed between 44% (constructed wetlands) and 80% 
(chemical precipitation) [71, 75–77]. In very few cases, have been reported metals 
removal (Cu, Zn), mainly due to their low concentrations (<1 g/L) [26]. However, 
the metals removal has allowed to obtain removal efficiencies between 75% (precipi-
tation) and 92% (constructed wetlands) [78, 79]. The by-products obtained in this 
stage can vary from crystallized ammonium salts for agronomic use [73] to treated 
effluents with a C/N ratio <5 usable in irrigation [71].

The irrigation (slurries) or soil stabilization (solid) are the most used re-valua-
tion techniques. The treated swine slurries have nutritional value (N:P:K: 1:0.6:0.4–
1:0.3:1) to be used in cereals irrigation for swine consumption (1.2:0.2:1 a 1.6:0.3:1) 
[23, 80]. Under optimal irrigation conditions (150–200 kg N/ha year) some soil 
characteristics with agronomic importance (organic matter content and moisture 
retention) could be improved [81, 82]. The slurries re-valorization in irrigation 
has decreased the chemical fertilizers use, being in some countries (New Zealand) 
valued economically (21 million USD/year) [82]. However, the livestock production 
intensification vs. land availability (Europe) has carried out to optimize the nutri-
ents recovery. Thus, it is necessary to consider within slurries the balance of macro 
(N:P: K) and micronutrients (metals), as well as other contaminants (pathogens, 
emergent). Moreover, this balance must consider soil nutritional requirements and  
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crop type, according to the international revaluation legislation [83, 84]. These tools 
would allow the cadasters establishment, which could facilitate the communication 
between nutritional requirements sites (agricultural soils) and nutrients-generating 
sites (animal farms) [85]. Preliminary Chilean studies have reported opportunities 
of livestock slurries revaluation in agriculture relating nutrients recovery sites with 
adequate agriculture sites [86].

The biogas production from anaerobic digestion of swine slurries is another 
revaluation alternative. In Europe, technologies based on biogas generation have been 
favored by state subsidies (10–30% investment cost) at farms level. These initiatives 
have allowed the building the more than 5000 anaerobic digestion projects [65, 87]. 
Swine slurries have potential capacity of methane generation between 0.25 and 
0.30 m3CH4/kg VS [88]. Meanwhile, co-digestion with lignocellulosic materials (e.g. 
crop waste) could increase more than 16% produced methane [89]. Thus, centralized 
plants of anaerobic co-digestion are the current trend within European agricultural 
sector. Successful experiences have been reported in Germany and Denmark, where 
more than 32 plants have been built with a capacity between 16,000 and 200,000 
tons/year of waste and with a production between 0.7 and 5.7 million m3 biogas/year 
[90, 91]. Preliminary Chilean studies have allowed to establish the potential genera-
tion of bioenergy (biogas) from anaerobic co-digestion (livestock/crop wastes) at 
regional level [92]. Figure 1 describes excretes management in the swine production.

4. Swine slurries treatment technologies

4.1 Organic matter removal

Anaerobic treatment technologies are widely used in this field, because they 
allow to remove organic matter, pathogens, odors, generating by-products (biogas, 

Figure 1. 
Diagram of decision-making process within of the cycle of generation, treatment, and revaluation of swine slurry.
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bio-fertilizer) [93]. There several anaerobic technologies, such as: biodigesters, 
anaerobic lagoon, complete mixing anaerobic reactors, anaerobic filters, UASB 
or Upflow Anaerobic Sludge Blanket, among other [94]. Worldwide, anaerobic 
technology based on conventional anaerobic mesophilic reactors (4935 plants) and 
thermophilic reactors (321 plants) treat around 49 million ton/year slurries, which 
have been built in Europe, mainly in Germany (more than 70%) [87]. State sub-
sides, innovation technologic and centralization of biogas plants using agricultural 
wastes (livestock, crop) have favored their implementation [90, 91]. Meanwhile, 
more than 7000 technologies based on anaerobic lagoon have been built, but with 
only 60% operationally actives in the United States [63]. The conventional anaero-
bic reactors (complete mixture, piston flow) have been limited by its costs, remain-
ing in disuse or only in building project around 77% [94]. However, currently these 
technologies are being replaced by more efficient technologies in terms of removal 
of nutrients, odors and pathogens [68, 71]. Technologies such as tubular biodigest-
ers are the most used in countries where the livestock production in non-intensive.

The anaerobic lagoons are extensive and conventional typology, where organic 
matter is biodegraded without hydraulic or thermal control (environmental condi-
tions) [95]. In the livestock sector, these systems offer some advantages related 
to their storage capacity and operation easy [96]. However, they can also cause 
odors, requiring spaces far spaces from neighboring population [94, 96]. Anaerobic 
lagoons obtain organic matter removal efficiencies between 26 and 79%, working 
under environmental conditions (5–32°C) and with residence times from 90 to 
232 days [97, 98]. The lagoon design must consider thermal vertical stratification, 
suggesting depths between 0.8 and 4.0 m to maintain facultative conditions upper 
and anaerobic zone bottom [69, 99]. Its longer residence time also favors the macro 
(organic matter, nutrients) and micro (metals) nutrients precipitation. Thus, has 
been observed that anaerobic lagoon accumulates more than 50% COD, TN, P and 
Cu in the bottom, decreasing pH from 6.5–7.2 throughout its depth (>1.5 m)  
[99]. Another advantage is related with their disinfection capacity, due to its 
prolonged time exposure to solar radiation, causing cell lysis of pathogenic micro-
organisms [100]. However, this time exposure generates greenhouse gas emission 
(0.02–0.5 m3 biogas/m2 d) [69] and odors (168–262 OC/m3, 101 μg NH3/m2 s, 5.7 μg 
H2S/m2 s) [101]. Operational improvements mainly related to the emission of gases 
from anaerobic lagoons have been made covering them.

The conventional full mix reactors or CSRT (Continuous Stirred Reactor Tank) 
are controlled systems, where the hydraulic retention time (residence time) is 
equal to the cell retention time [102]. The complete mixture is achieved through the 
recirculation from 25 to 40% of biogas generated [103]. It can operate under psy-
chrophilic, mesophilic, and thermophilic conditions, which are carried out in two 
stages (acidogenic and methanogenic reactors) [93, 103]. This technology has been 
widely used mainly in Europe, obtaining organic matter removal efficiencies from 
25 to 74%, but with organic loading between 5 and 40 times greater than anaerobic 
lagoon [87, 93]. CSRT reactor have been improved with the recirculation [93].

Other conventional technologies as anaerobic filters or AF generate biofilm 
around of the material support surface, while the flow goes up throughout the filter 
[102]. Inert (nylon meshes, polyurethane foams, polypropylene rings) and organic 
(blocks, wood chips) support material have been used [93]. The main advantage 
of this technology is that can operate at organic loading between 69 and 142 times 
greater than anaerobic lagoons; but have clogging problems [93].

The most advance technology has been developed to improve operational 
problems of conventional technologies. On the one hand, AFBR systems (Anaerobic 
Fluidized Bed Reactor) are technologies studied mainly at laboratory scale. 
They use support material (clay, wood and PVC), which is suspended due to the 
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crop type, according to the international revaluation legislation [83, 84]. These tools 
would allow the cadasters establishment, which could facilitate the communication 
between nutritional requirements sites (agricultural soils) and nutrients-generating 
sites (animal farms) [85]. Preliminary Chilean studies have reported opportunities 
of livestock slurries revaluation in agriculture relating nutrients recovery sites with 
adequate agriculture sites [86].

The biogas production from anaerobic digestion of swine slurries is another 
revaluation alternative. In Europe, technologies based on biogas generation have been 
favored by state subsidies (10–30% investment cost) at farms level. These initiatives 
have allowed the building the more than 5000 anaerobic digestion projects [65, 87]. 
Swine slurries have potential capacity of methane generation between 0.25 and 
0.30 m3CH4/kg VS [88]. Meanwhile, co-digestion with lignocellulosic materials (e.g. 
crop waste) could increase more than 16% produced methane [89]. Thus, centralized 
plants of anaerobic co-digestion are the current trend within European agricultural 
sector. Successful experiences have been reported in Germany and Denmark, where 
more than 32 plants have been built with a capacity between 16,000 and 200,000 
tons/year of waste and with a production between 0.7 and 5.7 million m3 biogas/year 
[90, 91]. Preliminary Chilean studies have allowed to establish the potential genera-
tion of bioenergy (biogas) from anaerobic co-digestion (livestock/crop wastes) at 
regional level [92]. Figure 1 describes excretes management in the swine production.

4. Swine slurries treatment technologies

4.1 Organic matter removal

Anaerobic treatment technologies are widely used in this field, because they 
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bio-fertilizer) [93]. There several anaerobic technologies, such as: biodigesters, 
anaerobic lagoon, complete mixing anaerobic reactors, anaerobic filters, UASB 
or Upflow Anaerobic Sludge Blanket, among other [94]. Worldwide, anaerobic 
technology based on conventional anaerobic mesophilic reactors (4935 plants) and 
thermophilic reactors (321 plants) treat around 49 million ton/year slurries, which 
have been built in Europe, mainly in Germany (more than 70%) [87]. State sub-
sides, innovation technologic and centralization of biogas plants using agricultural 
wastes (livestock, crop) have favored their implementation [90, 91]. Meanwhile, 
more than 7000 technologies based on anaerobic lagoon have been built, but with 
only 60% operationally actives in the United States [63]. The conventional anaero-
bic reactors (complete mixture, piston flow) have been limited by its costs, remain-
ing in disuse or only in building project around 77% [94]. However, currently these 
technologies are being replaced by more efficient technologies in terms of removal 
of nutrients, odors and pathogens [68, 71]. Technologies such as tubular biodigest-
ers are the most used in countries where the livestock production in non-intensive.

The anaerobic lagoons are extensive and conventional typology, where organic 
matter is biodegraded without hydraulic or thermal control (environmental condi-
tions) [95]. In the livestock sector, these systems offer some advantages related 
to their storage capacity and operation easy [96]. However, they can also cause 
odors, requiring spaces far spaces from neighboring population [94, 96]. Anaerobic 
lagoons obtain organic matter removal efficiencies between 26 and 79%, working 
under environmental conditions (5–32°C) and with residence times from 90 to 
232 days [97, 98]. The lagoon design must consider thermal vertical stratification, 
suggesting depths between 0.8 and 4.0 m to maintain facultative conditions upper 
and anaerobic zone bottom [69, 99]. Its longer residence time also favors the macro 
(organic matter, nutrients) and micro (metals) nutrients precipitation. Thus, has 
been observed that anaerobic lagoon accumulates more than 50% COD, TN, P and 
Cu in the bottom, decreasing pH from 6.5–7.2 throughout its depth (>1.5 m)  
[99]. Another advantage is related with their disinfection capacity, due to its 
prolonged time exposure to solar radiation, causing cell lysis of pathogenic micro-
organisms [100]. However, this time exposure generates greenhouse gas emission 
(0.02–0.5 m3 biogas/m2 d) [69] and odors (168–262 OC/m3, 101 μg NH3/m2 s, 5.7 μg 
H2S/m2 s) [101]. Operational improvements mainly related to the emission of gases 
from anaerobic lagoons have been made covering them.

The conventional full mix reactors or CSRT (Continuous Stirred Reactor Tank) 
are controlled systems, where the hydraulic retention time (residence time) is 
equal to the cell retention time [102]. The complete mixture is achieved through the 
recirculation from 25 to 40% of biogas generated [103]. It can operate under psy-
chrophilic, mesophilic, and thermophilic conditions, which are carried out in two 
stages (acidogenic and methanogenic reactors) [93, 103]. This technology has been 
widely used mainly in Europe, obtaining organic matter removal efficiencies from 
25 to 74%, but with organic loading between 5 and 40 times greater than anaerobic 
lagoon [87, 93]. CSRT reactor have been improved with the recirculation [93].

Other conventional technologies as anaerobic filters or AF generate biofilm 
around of the material support surface, while the flow goes up throughout the filter 
[102]. Inert (nylon meshes, polyurethane foams, polypropylene rings) and organic 
(blocks, wood chips) support material have been used [93]. The main advantage 
of this technology is that can operate at organic loading between 69 and 142 times 
greater than anaerobic lagoons; but have clogging problems [93].

The most advance technology has been developed to improve operational 
problems of conventional technologies. On the one hand, AFBR systems (Anaerobic 
Fluidized Bed Reactor) are technologies studied mainly at laboratory scale. 
They use support material (clay, wood and PVC), which is suspended due to the 
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recirculation of the flow [102]. These characteristics partially avoid clogging [103]. 
On the other hand, UASB technology has been applied at the laboratory and pilot 
level. These treatment units generate biomass granulated, which sediments (4 m/h) 
improving the cellular retention time [102]. The flow goes up, favoring the washing of 
biomass non-granulated the granules are dense, harboring multi-species and diverse 
microbial communities. However, the granulation processes require longer periods of 
formation (2–8 months). Other innovative technologies from UASB systems are the 
EGSB (Expanded Granular Sludge Bed). This last technology is hydraulically improved 
respect to UASB, because it operates at greater flow velocity (>4 m/h) than UASB 
[104]. In general, UASB reactors are a viable alternative, since they are considered 
high load systems, operating at organic loadings between 2 and 162 times higher than 
conventional systems (anaerobic lagoons, CSRT). The organic matter removal effi-
ciencies reach ranges between 19 and 86% [93, 94, 103, 105]. In addition, they offer 
other operational advantages related to their volume (0.006–0.5 times less volume 
than lagoons and CSRT) and sludge production (granular from UASB vs. suspended 
from lagoons/CSRT) [104]. Moreover, UASB generates higher biogas production 
(0.28–4.05 m3/m3 d) than conventional systems (0.02–1.69 m3/m3 d), thanks to the 
fact that they operate at higher organic loading (1–8.1 kg COD/m3 d) [69, 93].

Table 6 and Figure 2 describe the operational characteristics of anaerobic 
technologies applied on swine slurries.

4.2 Nutrients and metals removal

Constructed wetlands are used as a cost-effective alternative for the nutrients 
removal within the livestock sector [70]. In Europe, there are around 60 livestock 
farms, which treat 17,000 tons/year using constructed wetlands [87]. In the United 
States, about 33% (~ 70 farms) of constructed wetlands are used within livestock 
sector, being mainly (~ 83%) surface flow constructed wetlands (SF-CW) [70].

Operationally, there is experience in the use of different types of constructed 
wetlands within swine sector. However, SF-CW are the most used technology, 
mainly to avoid clogging [106]. Generally, SF-CW are used after the anaerobic 
lagoon, operating at nutrient loading between 5 and 36 kg N/ha and between 1 
and 6 kg P/ha. The nitrogen and phosphorous removal efficiencies obtained reach 
values from 50 and 90 to and 25–66%, respectively [106–109]. Moreover, horizontal 
subsurface flow constructed wetlands HSS-CW have been studied at laboratory 
and pilot scales, operating at nutrient loading between 69 and 252 kg N/ha d and 

Technology Loading kg 
(BOD5

*, COD^, 
VS°) /m3 d

Temperature 
°C

Efficiency 
% (BOD5

*, 
COD^, VS°)

Biogas m3 biogas/
kg (BOD5

*,  
COD^, VS°)

% 
Methane

Reference

Lagoon 0.05–0.08° 24–32 26–79* 0.43–0.80° 86–95 [69, 93, 97, 
98]

CSRT 0.41–2.04° 20–60 25–74* 0.19–0.83° 60–79 [93, 94, 103]

AF 3.44–11.34° 31–55 35–61^ 0.03–0.29° 61–87 [93]

AFBR 1.1–6.6^ — 66–91^ 0.17–0.53^ 75–84 [103]

UASB 1.0–8.1^ 20.7–35 19–86* 0.28–0.50^ 54–87 [93, 94, 103, 
105]

CSRT, continuous stirred reactor tank, AF, anaerobic filter, AFBR, anaerobic fluidized bed reactor, UASB, upflow 
anaerobic sludge blanket.
* =BOD5 units, ^ = COD units,° = VS units.
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Figure 2. 
Schemes of different types of anaerobic reactors used in the swine slurry treatment. (a) Lagoon, (b) CSRT,  
(c) AF, (d) AFBR, (e) UASB.
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between 15 and 47 kg P/ha d. The nitrogen and phosphorus removal efficiencies 
vary from 10 to 24 and 47 to 59%, respectively [110, 111]. There are also experiences 
hybrid systems (SF/HSS/VSS) operating with plant species emergent and floating, 
which have achieved nitrogen and phosphorus removal efficiencies higher than 
50 and 42%, respectively [112–114]. In general, constructed wetland systems will 
be operationally work with any previous technology. Thus, activated sludge has 
been used prior to constructed wetland increasing from 2 to 20 times the nutrients 
removal than anaerobic lagoons [109, 113]. The metals removal efficiencies have 
been reported in SF-CW, which have operated at rates from 0.09 to 0.25 kg Cu/ha 
and 0.58 to 1.58 kg Zn/ha d, obtaining removal efficiencies of up to 83 and 92%, 
respectively [78, 79, 111].

Currently, there are some innovations related to the constructed wetland treat-
ment [106]. Likewise, the partial recirculation of pre-nitrified slurry has allowed 
to increase the nitrogen removal via denitrification up to 4 times, decreasing the 
ammonium volatilization [112, 115]. Other design concepts are based on the use of 
“marsh-pond-marsh” [109]. Constructed wetland technologies, could be improved 
operationally using intermittent hydraulic rate, which favors the oxygenation 
improving the nitrification [116].

Table 7 details the constructed wetlands operational characteristics of con-
structed wetlands used in the pig sector.

5. Future perspective and conclusions

Currently, the swine production should be looking to set the “new zoo technical 
order” with improvements in the life quality of the animals. Some reasons are given 
by environmental and health concerns given by the presence of emerging pollutants 
in meat and animal excreta. Indeed, swine meat has been reported as one of the 
sources of staphylococcus microbial resistance in humans [117]. Moreover, studies 
evidence the consumption of about 63,000 ton/year antibiotics in the livestock 
production (veterinary/promoters), being the main source of emerging pollutants 
in swine excreta/slurry [118]. Both water bodies and soil can be affected when 
these wastes are discharged or revaluated, since current treatment technologies 
are not designed to remove them. These two factors are further enhanced by the 
greenhouse gasses emissions responsibility from livestock production. Thus, swine 
production generates about 24 kg CO2 eq/kg protein, which is mainly attributed 
to the mismanagement of their excreta/slurries [119]. In this last aspect, it is that 
the closing of the cycle the generation, treatment and revaluation of swine excreta 
fulfills a fundamental role. Studies report that reductions of up to 30% in green-
house emissions could be achieved by a comprehensive management of resources 
(slurry, excreta, crops remains) between livestock and crop production [120]. Thus, 
livestock production through appropriate technology and management practices 
can be a source of nutrients for crops that provide food to animals. Agricultural 
production would support the energy generation inside farms by anaerobic. In the 
future, the livestock production could be supported from integral improvement 
from animal production to treatment and revaluation of wastes.
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Livestock Feeds and Feeding  
in Semi-Arid Areas of  
Southern Africa
Clarice Princess Mudzengi, Everson Dahwa  
and Clayton Simbarashe Kapembeza

Abstract

Livestock production is the major source of rural livelihoods in semi-arid regions 
of Southern Africa. However, nutrition is the major limiting factor of livestock 
production in these areas characterised by declines in rangeland productivity due to 
the increases in drought frequency, deliberate overstocking by farmers, and climate 
change and variability. For instance, the grazing resource is strongly influenced 
by seasonality of rainfall. Poor-quality cereal crop residues are the main dry sea-
son supplementary feed source, yet the predominant crops such as sorghum and 
maize are deficient in protein and other essential nutrients. Additionally, although 
conventional supplements, fodder crops and agro by-products are an alternative dry 
season supplementary feed source; they are costly and not readily available. They 
are also mostly based on staple food crops such as maize, creating competition in 
use between humans and livestock. Therefore, indigenous browse species remain a 
significant source of abundant and persistent animal feeds. Other innovations with 
the potential to improve feed availability include straw ammoniation and silages, 
veld reinforcement and rehabilitation, and strategic destocking. However, they are 
not readily adopted by farmers. There is thus a need to promote technologies that 
improve livestock feeds and feeding for sustainable livelihoods.

Keywords: livestock production, nutrition, sustainable rural livelihoods

1. Introduction

In the semi-arid areas of Southern Africa, livestock production underpins the 
socio-economic and political lives of the people. Meat and milk from livestock are 
important dietary protein sources. Livestock production also creates employment 
opportunities and provides household income. Furthermore, it promotes viability 
of small-scale cropping systems through provision of draught power and organic 
manure. Cattle, in specific, are socioculturally important as a measure of wealth. 
Actually, Zimbabwean small-scale farmers generally own 89% of the national cattle 
herd, with the livestock sector contributing 35% of the agricultural gross domes-
tic product [1]. However, constraints to the increasing livestock productivity in 
semi-arid areas include water and feed shortages, diseases, and lack of research and 
markets. Of these, nutrition is the major factor in extensive livestock production 
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systems, contributing more than 75% of the total variable costs of production [2, 3]. 
Thus, a comprehensive inventory of animal feeds and feeding systems in semi-arid 
areas will inform sustainable livestock production.

Rangeland productivity, i.e. the amount of available grazing and browse per 
square area per unit time, is a proxy indicator of sustainability of livestock-based 
rural livelihoods. In recent years, climate change and variability, among other 
factors, has resulted in the declines in the quality and quantity of the rangelands 
in semi-arid areas such as the South East Lowveld (SEL) of Zimbabwe [4–7]. 
Additionally, in these areas, while Transfrontier Conservation Areas (TFCAs) have 
been established mainly to facilitate sustainable livelihoods, global biodiversity con-
servation, regional peace, and sustainable socio-economic development of African 
communities through the cooperation at local and international levels [8], they 
are also likely to increase interaction between wildlife, livestock, and humans with 
adverse consequences. For instance, due to increased human and livestock popula-
tions in surrounding agricultural areas, cattle are likely to encroach more into 
wildlife areas in search of feed [9]. Therefore, a deeper comprehension of animal 
feeds and feeding will improve livestock production and consequently transform 
rural livelihoods.

Innovations in livestock husbandry are the activities and processes associated 
with the generation, production, dissemination, adaptation, and use of existing 
or new technical, institutional, and organisational knowledge [10, 11]. Although 
there are different innovations in livestock feeds and feeding, most of them have 
not been adopted by farmers [12]. For instance, [12] showed that discontinuance 
of urea treatment of maize stover for livestock supplementation was attributed 
to high labour requirements of preparing the stover, lack of monitoring by 
extension services, and inaccessibility of urea fertiliser. It is thus important for 
the policy to consider such factors as the economic environment, availability 
of local material, and social and human capital when promoting livestock 
production systems. In this chapter, we explore and explain different livestock 
feeds and feeding strategies that are mostly adopted in semi-arid areas. We also 
recommend other alternatives that have a potential of adaption for increased 
livestock production.

2. Materials and methods

2.1 Study site

The study was carried out in the semi-arid South East Lowveld (SEL) of 
Zimbabwe. The area is found at an altitude of 300–600 m above mean sea level [11]. 
It experiences mean maximum and minimum temperatures of 21.8°C in October 
and 13.3°C in June, respectively, and mean annual rainfall of 300–600 mm between 
November and March and is characterised by high interannual variability (coef-
ficient of variation ≈ 4045%) [13]. The major soil types are basalt-derived vertisols. 
Other soil types include eutric fluvisols, leptosols, and chromic luvisols [14]. The 
two main land uses in the area are agricultural production in the communal areas 
and wildlife conservation in Gonarezhou National Park and Malipati Safari Area, 
both of which form part of the Great Limpopo TFCA that contains a wide range of 
wildlife species such as Loxodonta africana (the elephant), Giraffa camelopardalis 
(giraffe), and Syncerus caffer (African buffalo). A communal land is a land category 
characterised by collective or community land ownership [15]. Livestock produc-
tion is the major source of livelihoods in the communal area, while small grains and 
maize are also commonly grown.
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2.2 Data collection

Individual structured questionnaires were administered to 150 respondents 
randomly selected, representing approximately 12% of the total households in 
the study area. The questionnaire was designed to capture socio-demography and 
livestock production characteristics, specifically feed resources and farmer innova-
tions in livestock feeding and management. The questionnaire was pretested before 
final administration. We also conducted two focus group discussions (FGD) with 
seven key informants each, representative of the pastoral, agro-pastoral, and crop-
livestock production systems in the area. For the woody species, we carried out veld 
assessment. Using the point-centred quarter method [16], we established 53 30 m × 
30 m plots at each sampling point along 9 transects randomly established, measuring 
between 10 and 15 km each. The plant species were identified with the help of the 
locals in addition to using field identification guides [17–19]. Canopy structure, tree 
height, growth habit, leaf, bark, and other tree structures were used to differentiate 
closely related trees. Trees rooted within the plot, or along plot margins with at least 
half of the rooted system inside the plot, were considered [20]. We also recorded 
altitude and location of each individual tree using a Global Positioning System (GPS) 
Unit. Samples of the species not identified in the field, as well as all the other species, 
were collected for verification at the National Herbarium in Harare, Zimbabwe.

3. Results and discussion

3.1 Feeds and feeding resources in the SEL

3.1.1 Grazing resource

The veld of the SEL is described as “Aristida-Dactyloctenium-Eragrostis other 
species grassveld”. It has a carrying capacity of 0.084–0.14 tropical livestock units 
per hectare [6]. The grazing period ranges from November/December to April/
May. The veld remains nutritious and palatable for livestock across seasons. The 
herbaceous layer is dominated by Aristida adscensionis L., Dactyloctenium giganteum 
B.S. Fisher & Schweick., Eragrostis viscosa [Retz.] Trin., Chloris virgata Sw., and on 
deeper soils with more moisture, Urochloa spp., Panicum spp., Cenchrus ciliaris L., 
and Digitaria spp. [21]. On well-managed grazing systems, cattle exhibit annual 
live weight gains of 15 kg/ha. However, herbaceous species structure and composi-
tion are strongly influenced by seasonality of rainfall. For instance, the biomass 
disappears rapidly in drought years or when the start of the rainy season is delayed 
(Figure 1) [6]. Therefore, there is a need for supplementary feeding, especially 
during this period of scarcity of the grazing resource.

3.1.2 Crop residues

In the SEL, poor-quality cereal crop residues (less than 4% crude protein) 
form the bulk of livestock supplementary feed in the dry season, which normally 
extends from May/June to October/November. The predominant crops are sor-
ghum, millet, and maize. However, they are deficient in essential nutrients such 
as protein, phosphorus, calcium, and, to some extent, energy [22]. Such supple-
ments have low feed intake resulting from low degradability and low digestibility. 
Therefore, they do not provide for optimum microbial growth in the rumen. As 
a result, animals raised on these low nutritive feeds exhibit poor condition and 
reduced reproductive performance [23]. Crop residues are managed in many ways 
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systems, contributing more than 75% of the total variable costs of production [2, 3]. 
Thus, a comprehensive inventory of animal feeds and feeding systems in semi-arid 
areas will inform sustainable livestock production.
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Additionally, in these areas, while Transfrontier Conservation Areas (TFCAs) have 
been established mainly to facilitate sustainable livelihoods, global biodiversity con-
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2. Materials and methods

2.1 Study site

The study was carried out in the semi-arid South East Lowveld (SEL) of 
Zimbabwe. The area is found at an altitude of 300–600 m above mean sea level [11]. 
It experiences mean maximum and minimum temperatures of 21.8°C in October 
and 13.3°C in June, respectively, and mean annual rainfall of 300–600 mm between 
November and March and is characterised by high interannual variability (coef-
ficient of variation ≈ 4045%) [13]. The major soil types are basalt-derived vertisols. 
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(giraffe), and Syncerus caffer (African buffalo). A communal land is a land category 
characterised by collective or community land ownership [15]. Livestock produc-
tion is the major source of livelihoods in the communal area, while small grains and 
maize are also commonly grown.
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species grassveld”. It has a carrying capacity of 0.084–0.14 tropical livestock units 
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May. The veld remains nutritious and palatable for livestock across seasons. The 
herbaceous layer is dominated by Aristida adscensionis L., Dactyloctenium giganteum 
B.S. Fisher & Schweick., Eragrostis viscosa [Retz.] Trin., Chloris virgata Sw., and on 
deeper soils with more moisture, Urochloa spp., Panicum spp., Cenchrus ciliaris L., 
and Digitaria spp. [21]. On well-managed grazing systems, cattle exhibit annual 
live weight gains of 15 kg/ha. However, herbaceous species structure and composi-
tion are strongly influenced by seasonality of rainfall. For instance, the biomass 
disappears rapidly in drought years or when the start of the rainy season is delayed 
(Figure 1) [6]. Therefore, there is a need for supplementary feeding, especially 
during this period of scarcity of the grazing resource.

3.1.2 Crop residues

In the SEL, poor-quality cereal crop residues (less than 4% crude protein) 
form the bulk of livestock supplementary feed in the dry season, which normally 
extends from May/June to October/November. The predominant crops are sor-
ghum, millet, and maize. However, they are deficient in essential nutrients such 
as protein, phosphorus, calcium, and, to some extent, energy [22]. Such supple-
ments have low feed intake resulting from low degradability and low digestibility. 
Therefore, they do not provide for optimum microbial growth in the rumen. As 
a result, animals raised on these low nutritive feeds exhibit poor condition and 
reduced reproductive performance [23]. Crop residues are managed in many ways 
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for livestock feeding. Cereal stovers are either grazed in situ or stored in stacks for 
supplementation during the dry season (Figure 2). During prolonged dry seasons, 
the first preference is for maintenance of productive animals such as lactating 
cows or the sick. Haulms from leguminous crops such as cowpea and groundnuts 
are also used in stall-feeding. Despite being of higher nutritive value than cereal 
stovers, they have limited availability as leguminous crops are not commonly 
cultivated at large scale. Recently, conservation agriculture has presented conflict 
of interest in utilisation of crop residues. Conservation agriculture is a farming 
method that utilises crop residues to retain moisture and enrich the soil [24]. 
Increased adoption of conservation agriculture creates limitations in the availabil-
ity of crop residues for livestock feeding.

3.1.3 Browse trees

Indigenous browse species are an important source of animal feed in livestock-
based rural livelihoods of semi-arid areas (Figure 3) [25, 26]. The natural vegetation 

Figure 1. 
The grazing resource during dry seasons in the South East Lowveld of Zimbabwe.

Figure 2. 
Maize stover forms part of the bulk of cereal stover supplements in the dry season.
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of the SEL is predominantly Colophospermum mopane [J.Kirk ex Benth.], J. Léonard 
woodlands found in association with Kirkia acuminate Oliv., Dalbergia melanoxylon 
Guill. & Perr, Adansonia digitata L., Combretum spp., Acacia spp., and Commiphora 
spp. In addition, recently, a shrubby legume called Neorautanenia brachypus 
[Harms] C.A.Sm. was discovered as a medicinal feed that helps livestock to survive 
drought [6]. Other browse species of the SEL are presented in Table 1. Most indig-
enous browse species remain abundant, evergreen, and relatively high in protein, 
metabolisable energy, vitamins, and minerals across seasons [27]. Unlike herba-
ceous species, browse species are less susceptible to climatic fluctuations, with crude 
protein (CP) levels of approximately 10% even in the dry season [28]. However, 
early and increased dependence on browse by livestock in semi-arid areas of the 

Scientific name Vernacular/English name

Acacia albida Shokoshoko/winter thorn

Acacia karroo Muunga/sweet thorn

Acacia tortilis Sesani/umsasane/umbrella thorn

Acacia xanthophloea Kelenga/fever tree

Adansonia digitata Mabuwu/baobab/muwu

Aloe cameronii Mhangani/aloe

Berchemia discolour Munyii/bird plum

Boscia albitrunca Shukutsu/shepherd’s tree

Brachystegia spiciformis Musasa

Cassia abbreviata Murumanyama/long-tail cassia

Cissus quadrangularis Chiololo/chiololoti/muvengahonye

Colophospermum mopane Mopane/xanatsi/turpentine tree

Combretum apiculatum Chikukutsi/red bushwillow

Combretum imberbe Mutsviri/mondo/monzo/leadwood

Dichrostachys cinerea Mupangara/ndenge/sickle bush

Diospyros mespiliformis Musuma/tithoma/jackalberry

Ficus sycomorus Muonde/mikuwa/sycamore fig

Hippocratea crenata Sengeti/valley paddle pod

Hyphaene petersiana Makwangwala/Ilala/real fan palm

Julbernadia globiflora Mutondo

Kigelia africana Pfungu/mumvewa/sausage tree

Lonchocarpus capassa Mupanda/umchitamuzi/rain tree

Mimusops zeyheri Hlatsva/Chechete/red milkwood

Neorautanenia brachypus Zhombwe

Phragmites mauritianus Shanga/reed grass

Salvadora persica Dhungulu pokwe/mustard tree

Sclerocarya birrea Mupfura/marula/mufura

Xanthocercis zambesiaca Muhlaru/Musharo/Nyala berry

Adapted from Mudzengi et al. [36].

Table 1. 
List of indigenous browse trees in the SEL.
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for livestock feeding. Cereal stovers are either grazed in situ or stored in stacks for 
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Guill. & Perr, Adansonia digitata L., Combretum spp., Acacia spp., and Commiphora 
spp. In addition, recently, a shrubby legume called Neorautanenia brachypus 
[Harms] C.A.Sm. was discovered as a medicinal feed that helps livestock to survive 
drought [6]. Other browse species of the SEL are presented in Table 1. Most indig-
enous browse species remain abundant, evergreen, and relatively high in protein, 
metabolisable energy, vitamins, and minerals across seasons [27]. Unlike herba-
ceous species, browse species are less susceptible to climatic fluctuations, with crude 
protein (CP) levels of approximately 10% even in the dry season [28]. However, 
early and increased dependence on browse by livestock in semi-arid areas of the 

Scientific name Vernacular/English name

Acacia albida Shokoshoko/winter thorn

Acacia karroo Muunga/sweet thorn

Acacia tortilis Sesani/umsasane/umbrella thorn
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Adansonia digitata Mabuwu/baobab/muwu

Aloe cameronii Mhangani/aloe

Berchemia discolour Munyii/bird plum

Boscia albitrunca Shukutsu/shepherd’s tree

Brachystegia spiciformis Musasa

Cassia abbreviata Murumanyama/long-tail cassia
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Colophospermum mopane Mopane/xanatsi/turpentine tree

Combretum apiculatum Chikukutsi/red bushwillow

Combretum imberbe Mutsviri/mondo/monzo/leadwood

Dichrostachys cinerea Mupangara/ndenge/sickle bush

Diospyros mespiliformis Musuma/tithoma/jackalberry

Ficus sycomorus Muonde/mikuwa/sycamore fig

Hippocratea crenata Sengeti/valley paddle pod

Hyphaene petersiana Makwangwala/Ilala/real fan palm

Julbernadia globiflora Mutondo

Kigelia africana Pfungu/mumvewa/sausage tree

Lonchocarpus capassa Mupanda/umchitamuzi/rain tree

Mimusops zeyheri Hlatsva/Chechete/red milkwood

Neorautanenia brachypus Zhombwe

Phragmites mauritianus Shanga/reed grass

Salvadora persica Dhungulu pokwe/mustard tree

Sclerocarya birrea Mupfura/marula/mufura
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Adapted from Mudzengi et al. [36].
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List of indigenous browse trees in the SEL.
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SEL during the dry season limits their availability in the rest of the season [29]. 
Fresh leaves of species such as C. mopane, for instance, are high in tannins and lignin 
[30, 31]. Additionally, indigenous browse species normally attract multiple uses at 
the livestock-wildlife interface with the more visible, more dominant, and more 
frequent browse species having more uses than less apparent plants [32]. They are 
used as sources of firewood, timber, fruits, edible roots, bark and leaves, and human 
and ethnoveterinary medicines [33–36]. Competitive use increases vulnerability to 
overutilisation, unsustainable harvesting, and mismanagement.

3.1.4 Fodder crops

Fodder refers to any plants grown specifically as animal feed. They include a vari-
ety of pasture grasses like Panicum maximum, Cenchrus ciliaris, and Chloris gayana; 
pasture legumes such as Vigna unguiculata, Dolichos lablab, and Macroptilium atro-
purpureum; and fodder trees such as Leucaena leucocephala, Acacia angustissima, and 
Calliandra calothyrsus. However, most of them do not thrive in semi-arid areas such 
as the SEL due to high temperatures and low precipitation. Low adoption of fodder 
crop production is also attributed to lack of extension for farmer training, shortage 
of labour due to overlapping of the farming calendar with the main crop, high cost 
and unavailability of seed, and land scarcity. It is therefore important for farmers to 
maximise production of those species adaptable to their climatic conditions.

3.1.5 Conventional supplements, food industry, and agro-industrial by-products

There are different food industry by-products and agricultural wastes that are 
alternative dry season livestock feed supplements. These can be of animal and 
plant origin or of the fermentation industry. Animal by-products include blood, 
bones, meat and bone offals, fat, intestine and rumen contents, whey, tannery 
by-products, and poultry manure [1]. By-products of plant origin consist those 
of the milling industry (e.g. bran, waste flour), oil industry (e.g. soya bean and 
sunflower cakes), sugar industry (molasses), and citrus and horticulture waste. The 
fermentation industry produces grain, molasses, and brewer’s waste, among a large 
array of other by-products. By-products of plant origin are the commonly used. For 
instance, in the SEL, molasses is readily available as the main sugarcane processing 
factories in Zimbabwe are located in that area. However, high cost of transportation 

Figure 3. 
Browse trees provide feed during the dry season when both the grazing resource and cereal stovers become 
limiting.
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makes the product often quite expensive. Additionally, those of plant origin are also 
mostly based on staple food crops such as maize and soya bean, creating competi-
tion in use between humans and livestock.

3.2 Recommended innovations in livestock feeds and feeding

3.2.1 Straw ammoniation

Straw ammoniation is the process of addition of urea, liquid ammonia, or 
ammonium bicarbonate to poor-quality cereal crop stovers in order to improve their 
palatability, nutritive value, and digestibility. Of these three, urea is the most readily 
available and easiest to handle ammonia source. Nevertheless, in the SEL, as in most 
rural areas, urea treatment still is not a commonly used method improvement of the 
feeding value of cereal stovers due to lack of expertise in carrying out the procedure, 
as well as unaffordability for most rural resource-poor farmers. Additionally, if not 
done properly, urea-treated straw can be toxic to animals and cause air pollution.

3.2.2 Silages

Silage is forage produced from the fermentation process of chopped fresh green 
material under anaerobic conditions. These materials include fodder or forage 
grasses. Ensiling maize has been shown to improve feed digestibility and reduce 
methane gas production by 30% compared to feeding dry maize [37]. However, 
despite silages being advantageous in areas of water shortages, as well as reducing 
tannins due to the heat produced during the incubation period, silage production is 
not common among farmers.

3.2.3 Other strategies

Other potential technologies include intercropping cereals with ley (dual-purpose) 
legumes [38]. Ley legumes provide protein-rich fodder, improve the productivity 
of cereal crops by increasing the amount of nitrogen available for uptake, as well as 
offer a possible lower-cost alternative to nitrogen fertilisers [39, 40]. In addition to cut 
and carry systems for feeding fresh plant material, leaf meals can also be produced 
by drying harvested leaf material under shed. The commonly grown multipurpose 
trees include Leucaena leucocephala, Calliandra calothyrsus, and Gliricidia sepium. 
The leaf meal can then be incorporated in home-made livestock rations. Cutting and 
drying herbage from forage and multipurpose trees can also increase feed availability. 
Multipurpose trees can be grown in alleys as live boundaries, home gardens, and 
contour ridges and in woodlots.

3.3 Rangeland management

3.3.1 Principles of rangeland management

There are generally four fundamental principles of rangeland management 
which are important in order to improve condition and stability of the veld and 
consequently increase feed. They are rest, removal of top hamper, period of stay, 
and stocking density. Rest facilitates replenishment of plant growth reserves and also 
sets seed after defoliation. Top hamper is dead plant material accumulation which 
causes shading out of new shoots as they develop. It represents a nutrient bottleneck 
by preventing plant material from recycling back into the soil. It should therefore 
be removed. Another principle of rangeland management is control of period of 
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SEL during the dry season limits their availability in the rest of the season [29]. 
Fresh leaves of species such as C. mopane, for instance, are high in tannins and lignin 
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factories in Zimbabwe are located in that area. However, high cost of transportation 
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makes the product often quite expensive. Additionally, those of plant origin are also 
mostly based on staple food crops such as maize and soya bean, creating competi-
tion in use between humans and livestock.

3.2 Recommended innovations in livestock feeds and feeding

3.2.1 Straw ammoniation

Straw ammoniation is the process of addition of urea, liquid ammonia, or 
ammonium bicarbonate to poor-quality cereal crop stovers in order to improve their 
palatability, nutritive value, and digestibility. Of these three, urea is the most readily 
available and easiest to handle ammonia source. Nevertheless, in the SEL, as in most 
rural areas, urea treatment still is not a commonly used method improvement of the 
feeding value of cereal stovers due to lack of expertise in carrying out the procedure, 
as well as unaffordability for most rural resource-poor farmers. Additionally, if not 
done properly, urea-treated straw can be toxic to animals and cause air pollution.

3.2.2 Silages

Silage is forage produced from the fermentation process of chopped fresh green 
material under anaerobic conditions. These materials include fodder or forage 
grasses. Ensiling maize has been shown to improve feed digestibility and reduce 
methane gas production by 30% compared to feeding dry maize [37]. However, 
despite silages being advantageous in areas of water shortages, as well as reducing 
tannins due to the heat produced during the incubation period, silage production is 
not common among farmers.

3.2.3 Other strategies

Other potential technologies include intercropping cereals with ley (dual-purpose) 
legumes [38]. Ley legumes provide protein-rich fodder, improve the productivity 
of cereal crops by increasing the amount of nitrogen available for uptake, as well as 
offer a possible lower-cost alternative to nitrogen fertilisers [39, 40]. In addition to cut 
and carry systems for feeding fresh plant material, leaf meals can also be produced 
by drying harvested leaf material under shed. The commonly grown multipurpose 
trees include Leucaena leucocephala, Calliandra calothyrsus, and Gliricidia sepium. 
The leaf meal can then be incorporated in home-made livestock rations. Cutting and 
drying herbage from forage and multipurpose trees can also increase feed availability. 
Multipurpose trees can be grown in alleys as live boundaries, home gardens, and 
contour ridges and in woodlots.

3.3 Rangeland management

3.3.1 Principles of rangeland management

There are generally four fundamental principles of rangeland management 
which are important in order to improve condition and stability of the veld and 
consequently increase feed. They are rest, removal of top hamper, period of stay, 
and stocking density. Rest facilitates replenishment of plant growth reserves and also 
sets seed after defoliation. Top hamper is dead plant material accumulation which 
causes shading out of new shoots as they develop. It represents a nutrient bottleneck 
by preventing plant material from recycling back into the soil. It should therefore 
be removed. Another principle of rangeland management is control of period of 
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utilisation by animals. This is important as too long periods result in overgrazing, 
while too short periods cause underutilisation which leads to top hamper and conse-
quently reduced plant vigour. Stocking density refers to the number of animals that is 
kept on a given unit of area [41]. This has a direct relationship to the carrying capacity 
of the range. For instance, understocking causes selective grazing, which depletes 
palatable grass species. On the other hand, overstocking may degrade the range. For 
high stocks of reserve biomass, and for farmers with a relatively low degree of risk 
aversion, an “opportunistic” strategy is optimal, which matches the stocking rate with 
the available forage in every year [42]. On the other hand, the “resting in rainy years” 
grazing management strategies are recommended in which a lower stocking rate is 
applied in years in which current rainfall exceeds some threshold, and in years with 
current rainfall below this threshold, full stocking is optimal [39, 42–44].

3.3.2 Veld reinforcement

Veld reinforcement is the introduction, to the rangeland, of new grass or legume 
species in order to improve both the quantity and quality of the natural vegeta-
tion. Legume forages such as Desmodium uncinatum, Macroptilium atropurpureum, 
Stylosanthes guianensis, and Cassia rotundifolia can be used, while grass species 
including Cynodon nlemfuensis, Paspalum notatum, and Panicum maximum are also 
good for veld reinforcement.

3.3.3 Rangeland fertilisation

Rangeland fertilisation is the application of fertilisers such as ammonium 
nitrates on the rangelands in order to increase the quality and quantity of forage. 
However, this method is not highly recommended as fertilisers are expensive and at 
times not readily available.

3.3.4 Control of undesirable plants

Undesirable plants are not readily utilised by animals and may cause rangeland 
degradation. They include invasive species (e.g. Dichrostachys cinerea) and poison-
ous species (e.g. Lantana camara and Solanum incanum). They may be removed by 
stumping, ring barking, and application of chemicals such as arboricides, using hot 
prescribed fires or mechanical means like bulldozers, motorised saws, and brush 
cutters.

3.3.5 Range rehabilitation

Range rehabilitation is the restoration of the veld using such methods as gulley 
filling and planting grass lines. However, it is more feasible at small scale. Both 
communal and private enclosures have also been successfully used to rehabilitate 
rangelands [45, 46].

3.3.6 Strategic destocking

In the SEL, deterioration of rangeland productivity during prolonged dry season 
characteristic of the area is worsened by deliberate increases in cattle numbers by 
farmers who use the high cattle numbers as a hedge against losses during drought 
[6]. Therefore, it is recommended that farmers should adopt strategic destocking 
programmes that promote fattening of animals during periods of feed abundance 
and disposal while they are in good enough body condition to fetch high prices.
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4. Conclusions

Livestock production in semi-arid areas is hampered by shortages of feed, 
especially in the dry season when the grazing resource becomes limiting. During 
this time, browse species play an important role as the most abundant and nutri-
tious feed. Although crop residues are also a likely supplementary feed, they are 
of poor nutritive value. Potential technologies to improve such feedstuffs include 
urea treatment and ensilage. However, they are also not readily adopted by farmers 
due to lack of knowledge among other factors. It is therefore important to promote 
such innovations with the view to improve livestock production and hence rural 
livelihoods.
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Chapter 7

Climate Change Mitigation 
in Livestock Production: 
Nonconventional Feedstuffs and 
Alternative Additives
Pámanes-Carrasco Gerardo, Herrera-Torres Esperanza, 
Murillo-Ortiz Manuel and Reyes-Jáquez Damián

Abstract

Livestock production has widely contributed to increase global production of 
greenhouse gases (GHG), mostly through digestive fermentation in ruminants. 
Moreover, emissions derived from livestock are estimated over 14% of the total 
anthropogenic GHG emissions to atmosphere. In addition, methane emitted from 
ruminal enteric fermentation is responsible for 25% of the total global methane 
emissions, which turns livestock activity into a main promoter of the climate change 
effect. However, these emissions may be diminished by modifying livestock diets 
through alterations in forage-concentrate ratios, the supplementation of feed addi-
tives, and the inclusion of alternative feedstuffs not commonly used as forage and 
protein sources in farm animal feeding. Additionally, the use of nonconventional 
feedstuffs is highly recommended since their production does not compete with 
human feeding and may provide metabolites used as methanogenesis suppressors. 
Likewise, agricultural by-products should be considered as potential feedstuffs for 
animal production by increasing the livestock efficiency and reducing the energy 
losses due to methane synthesis.

Keywords: methanogenesis inhibitors, nonconventional forages, feedstuff additives, 
secondary metabolites, methanogens

1. Introduction

The world’s population have substantially increased in the last decades, and it is 
expected to keep increasing for the next 30 years until the population reaches 9.8 
billion in 2050 [1]. Consequently, there is a growing demand for food and natural 
resources for human surviving. Livestock represents a main source of protein and 
energy for human consumption, as well as an important basis of financial revenues 
for families at rural areas. However, this economic activity is positively correlated 
to the climate change (CC) effect [2]. In the last centuries, CO2 and NO2 emissions 
have increased 31 and 16%, respectively; whereas, methane has increased twofold. 
Approximately, 40% of the methane emitted to atmosphere is originated from 
natural sources [2]; the remaining 60% is originated from anthropogenic sources 
(livestock, rice crops, fossil fuel exploitation, and dump).
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Figure 1. 
Synergic relationship between Ruminococcus albus and methanogens (adapted from [10]).

In this way, emissions derived from livestock are estimated over 14% of the total 
anthropogenic greenhouse gases (GHG) emitted to atmosphere, which account 
approximately 50 gigatons of CO2 equivalents per year (GTons-CO2 equiv./yr) [3]. 
In addition, livestock is a major non-CO2 GHG producer (CH4 and NO2); these gases 
possess a higher trapping heat index compared to at least 25 times for CO2 [3].

Climate change effect has risen the average planet temperature approximately 
1°C. In fact, polar caps are melting rapidly, which have increased the sea levels as 
a consequence [3]. If these trends keep on going, the CC effect will reach a non-
return point, causing irreparably damages to the planet [4]. In addition, the UN 
encouraged developing countries (mainly Latin American countries) to strengthen 
their efforts to avoid an increase over 1.5°C in the temperature of the planet. 
Nevertheless, since CO2 emissions increased substantially in the latest years, a 3°C 
rise of the temperature is expected by the end of the century [5].

Due to the latter, worldwide researchers and governments attempt to mitigate 
livestock gases production by changing livestock diets and offering alternative 
feedstuffs as an important strategy to mitigate GHG emissions and CC effect.

2. Ruminal enteric fermentation and methanogenesis

Methanogenesis was once considered a singular type of fermentation. However, 
in some respects, a very unique biochemistry is involved. The process is carried 
out by strictly anaerobic bacteria, all of which belong to the phylum Euryarchaeota 
in five orders that include mesophiles and thermophiles: Methanobacteriales, 
Methanococcales, Methanomicrobiales, Methanopyrales, and Methanosarcinales. 
Methanogens can be found in freshwater and marine environments, cold 
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sediments, and hydrothermal vents as free cells living in symbiosis within animals 
which produce methane as well as in symbiosis with anaerobic methane oxidation-
promoting bacteria [6].

Ruminal degradation of fiber and starch generates hexoses which later are 
fermented through the glycolysis pathway. Pyruvate, as a final product of the 
glycolysis, is converted into volatile fatty acids (VFA), mainly acetic, propionic, and 
butyric acid, through different metabolic pathways. These VFA are rapidly absorbed 
by the animal and are used as energy source, while other products such as H2 and 
CO2 are generated. However, the hydrogen produced in the glycolysis inhibits 
NADH+H+ ferredoxin oxidoreductase enzyme, which impedes NAD regeneration 
when a low H2 pressure is present [7]. Therefore, methane production is essential 
for obtaining a high-performing rumen ecosystem, because H2 accumulation is 
avoided, which could then inhibit dehydrogenase activity in later re-oxidation 
cofactors. An efficient H2 capture in the rumen contributes to increase the rate of 
fermentation by the lack of its inhibitory effect on the microbial degradation of 
vegetative material [8, 9]. Hence, thermodynamically methane synthesis is favored. 
Figure 1 represents the synergic relationship between Ruminococcus albus and 
methanogens, as an example of the expressed earlier [10].

3. Fermentation modifiers

The rumen is an anaerobic bioreactor which contains a great diversity of micro-
organisms, such as bacteria, fungi, protozoa, and archaea. From all of these, just 
a few have been cultivable and virtually identified. However, the newer molecular 
biology techniques have widely contributed to the identification of ruminal micro-
organisms, as well as the activity from each consortium in the ruminal fermenta-
tion. Feedstuffs’ degradation in the rumen is effectuated by microorganisms with 
different goals and at different proportions. In addition, the enzymatic and degra-
dative activity of every consortium may be affected by several factors, such as diet, 
season, inherent characteristics of the ruminant’s breed, geographic zone, feeding 
strategies, physiological conditions, intake, etc. [11]. Hence, modification in the 
ruminal fermentation can be achieved by alterations on the previously mentioned 
variables, showing positive changes in efficiency and productivity of the animal. 
Therefore, diverse targets have been defined through modification in the ruminal 
fermentation: (a) to decrease the ruminal methane synthesis through the increase 
of propionate production; (b) to improve fibers’ ruminal digestion; (c) to increase 
undegradable rumen protein in order to increase the bypass protein to lower tract 
which later will be absorbed by the animal through the intestine walls; and (d) to 
reduce rapidly degradable carbohydrates in rumen [12]. According to the latter, 
diverse options have been studied to cover two or more targets.

3.1 Nonfibrous carbohydrates

Carbohydrate fermentation is the main source of energy for the ruminant. 
Quantity and quality of rapidly degradable carbohydrates, usually known as 
nonfibrous carbohydrates (NFCs), depends on the feedstuff. Thus, NFCs contained 
in corn (Zea mays) are mostly starch, whereas, in molasses, NFCs are mainly 
composed by mono- and disaccharides. Depending on the NFC type and the 
supplied feedstuff, certain pathways for synthesis may be favored. For example, 
whether increases in the structural carbohydrates are observed, the propionate 
synthesis pathway is enhanced. This pathway is beneficial to the animal since it 
reduces methane synthesis [13]. Otherwise, an increase in mono- and disaccharides 
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decreases microbial protein synthesis through reductions in the abundance of 
ammonia-utilizing cellulolytic bacteria [14]. Moreover, high NFC concentrations 
tend to increase VFA production which could cause ruminal acidosis.

3.2 Fibrous carbohydrates

It has been demonstrated that increases in dry matter intake reduce methane 
production [15]. Moreover, increases in digestibility is expected in fibrous mate-
rial whether it is fine ground, as well as augmentations in the passage rate through 
increases in the turnover rate. Therefore, if turnover rate is increased, the pas-
sage rate would also increase. Hence, through augmentations in the passage rate, 
microorganisms that possess a lower growth rate, such as protozoa and archaea, 
will defaunate, thus decreasing methane production [16]. Otherwise, digestibility 
and methane production could be increased by increasing the retention time [17]. 
Additionally, by increasing the intake above the minimum for maintenance, the ani-
mal methane production will arise proportionally. This phenomenon will provoke 
a reduction in methane production per production unity [18]. Therefore, an animal 
fed under a pasture basis will produce less methane as part of the GHG produced 
compared to an animal fed with a high-concentrate or high-fiber proportion diet.

3.3 Bypass protein

The protein contained in ruminants’ feedstuffs could be divided into two 
groups: degradable rumen protein (DRP) and undegradable rumen protein (URP). 
The first is degraded in rumen, and it is used as a nitrogen source in the microbial 
protein synthesis; the second escapes from ruminal degradation and is transported 
to the lower tract where it is susceptible of being absorbed by the animal in the form 
of amino acids [19]. In spite of several reasons to name it bypass protein, one of the 
main characteristics is its low retention time in rumen or, the inverse action, the 
high passage rate. In the case of high passage rates, microorganisms which pos-
sess a low growth rate will tend to defaunate; this is the case of the methanogens. 
Thus, methanogenesis will be affected and methane production will be reduced. 
Nowadays, some secondary metabolites are identified as protein protectors, by 
forming complexes with proteins and avoiding their degradation in rumen. The 
latter allows proteins to go through the low tract and to be absorbed after liberating 
complexes due to the acidic pH in the intestine [20].

4. Feed additives

Some strategies are focused on providing feed additives to modify the presence 
or absence of methanogens, protozoa, or the direct or indirect inhibition of ruminal 
methanogenesis [21]. By supplementing feed additives, good results are observed 
in methane production and productive performance. These strategies imply the use 
of high nutritive quality forages, organic acids, ionophores, probiotics, vegetable 
extractives, and secondary metabolites from different plants [22]. However, the 
most used are presented and briefly discussed:

• Ionophores: Ionophores are additives which possess a proved antimicrobial 
effect on some ruminal and cultivable strains, especially gram-positive bacte-
ria [23]. Ionophore compounds like monensin and lasalocid have demonstrated 
to modify rumen fermentation and decrease methane emissions. The latter 
can be elucidated due to the fact that ionophores, as mentioned earlier, present 
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affinity to hydrogen- and formate-producing, butyrate-producing, lactate-pro-
ducing, and ammonia-producing bacteria, all of them gram-positive. However, 
succinate- and propionate-producing bacteria are resistant to ionophores [24]. 
Hence, it is assumed that reductions in the methanogenesis pathway are due 
to the hydrogen capture by propionate-producing bacteria, limiting methano-
genesis through the restriction of hydrogen availability in the CO2 reduction 
pathway. Unfortunately, prolonged use of monensin in steers has shown a 
loss of methanogenesis inhibition action and a resistance of bacteria to these 
antibiotics [25].

• Homoacetogens: Homoacetogens are a group of acetate-producing bacteria 
which can convert carbon dioxide into acetate using hydrogen [26]. The 
acetogenesis is a competitive pathway against methanogenesis for hydrogen 
use. Additionally, the production of ruminal acetate can be used as an energy 
source for the animal [27]. However, the thermodynamics of the reactions are 
more favorable to methanogenesis, and the use of ruminal homoacetogens as 
additives did not suppress methanogenesis in all the studies [28, 29].

• Essential oils: The effect of the addition of some essential oils into methano-
genesis is through the capture of hydrogens in the biohydrogenation process of 
unsaturated fatty acids in the rumen [30]. Likewise, some medium-chain fatty 
acids contained in vegetable oils have demonstrated suppression of methano-
genesis through the reduction of methanogens and ciliate [31]. In addition, 
some authors stated that the methanogenesis suppression with coconut oil was 
due to a change in methanogens population [32].

• Yeast cultures: The most used yeast culture in livestock research is Saccharomyces 
cerevisiae, and it has been used as a fermentation modifier [23]. Additionally, 
yeast cultures have been used as rumen fermentation modifiers and promot-
ers of microbial growth [33]. In fact, rumen fibrolytic bacteria have a clear 
preference for a nitrogen source for ammonia production, and this is enhanced 
by yeast cultures for microbial protein synthesis [34]. Moreover, recent reports 
have suggested the stabilization of pH through a decrease in lactate production 
when using in vitro yeast cultures [35]. Thus, the antimethanogenic action is 
suggested through the improvement of fiber digestion and increasing ammo-
nia-utilizing bacteria [36].

• Others: Vaccination and the use of bacteriophages are a different alterna-
tive for methane mitigation. Hence, vaccines against methanogens like 
Methanobrevibacter spp. have been applied to sheep presenting methane reduc-
tions of 7.7% [37]. Likewise, the use of phagaes against rumen archaea has been 
suggested by other authors as a strategy for methane abatement [22].

5. Conventional and nonconventional forage sources

As expressed before in this chapter, the increasing global population demands 
for a higher feed production, converting animal feeding production into a 
natural competitor for human feeding production in the search for arable lands. 
Consequently, diverse researches have focused into trying different forage sources 
which were not conventional as animal feeding before but now could be con-
sidered as alternative forage sources [38, 39]. Nonconventional forages include 
a wide variety of perennial plants and agriculture and commercial by-products 
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some authors stated that the methanogenesis suppression with coconut oil was 
due to a change in methanogens population [32].

• Yeast cultures: The most used yeast culture in livestock research is Saccharomyces 
cerevisiae, and it has been used as a fermentation modifier [23]. Additionally, 
yeast cultures have been used as rumen fermentation modifiers and promot-
ers of microbial growth [33]. In fact, rumen fibrolytic bacteria have a clear 
preference for a nitrogen source for ammonia production, and this is enhanced 
by yeast cultures for microbial protein synthesis [34]. Moreover, recent reports 
have suggested the stabilization of pH through a decrease in lactate production 
when using in vitro yeast cultures [35]. Thus, the antimethanogenic action is 
suggested through the improvement of fiber digestion and increasing ammo-
nia-utilizing bacteria [36].

• Others: Vaccination and the use of bacteriophages are a different alterna-
tive for methane mitigation. Hence, vaccines against methanogens like 
Methanobrevibacter spp. have been applied to sheep presenting methane reduc-
tions of 7.7% [37]. Likewise, the use of phagaes against rumen archaea has been 
suggested by other authors as a strategy for methane abatement [22].

5. Conventional and nonconventional forage sources

As expressed before in this chapter, the increasing global population demands 
for a higher feed production, converting animal feeding production into a 
natural competitor for human feeding production in the search for arable lands. 
Consequently, diverse researches have focused into trying different forage sources 
which were not conventional as animal feeding before but now could be con-
sidered as alternative forage sources [38, 39]. Nonconventional forages include 
a wide variety of perennial plants and agriculture and commercial by-products 
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which do not compete with human feeding. Therefore, diverse advantages can be 
observed when utilizing alternative forages such as (a) a considerable reduction 
in the feeding source costs; (b) exploitation of nutrients contained in agriculture 
by-products which otherwise would not be used (these by-products could be high 
in rapidly digestible carbohydrates or in fiber, both suitable for ruminants); and (c) 
an increase in the by-product cost which eventually will create economic benefits 
for producers and the productivity chain supply. Moreover, some agricultural 
by-products do not need any processing to be offered as animal feeding, hence the 
desirability of these by-products. Some of the ruminants feeding produced under 
this basis are:

a. Crop by-products such as garlic leaves, onion leaves, cocoa husks, coconut 
meal, cracked rice, sugarcane bagasse, molasses, tapioca discards, oat straws, 
and some aquatic crops like water hyacinth and azolla [38–41]

b. Perennial crops, seeds, and leaves of shrubs and trees like Leucaena, gua-
muchil, mesquite, mango, ebony, etc. [42–44]

Some farmers are still not aware of the nutritional value contained in by-
products or in the form to be included into the productivity chain of animal feeding 
in an efficient way. In this regard, Asia and Africa are heavily focused on attempting 
to reach this goal. Due to the nature of some agricultural by-products, these tend to 
decompose in a short time. Hence, some techniques should be used to preserve and 
increase their shelf life. Therefore, some of the preservation techniques commonly 
used are listed as follows:

I. Silages: Many of the agricultural by-products are obtained in huge quanti-
ties due to the nature of the crops. However, the high humidity contents 
contribute to a short lifetime due to the rapidly appearance of fungi and, 
eventually, a decomposition. Therefore, the silage elaboration is a recom-
mended preservation method due its large periods of storage, and it can 
always be offered fresh and with certain aroma provided from the fatty 
acids synthetized in the lactic fermentation which will add palatability for 
ruminants [45].

II. Chemical treatments: Some agricultural residues obtained from cereal crops 
are treated with chemicals to increase their digestibility. Thus, by-products 
with high lignocellulosic complexes could be treated with ammonia in 
anaerobic conditions to enhance lignin and fiber hydrolysis, which will 
improve their digestibility [46]. However, this process requires special 
plastic sheets that increases costs and could become an unaffordable process 
for small producers. In this way, previous researches have reported diverse 
alternatives using mud and eliminating the use of plastic sheets [47].

III. Multi-nutritional blocks: Another conservation technique which involves the 
utilization of high humidity agricultural by-products is the elaboration of 
multi-nutritional blocks [48]. This technology is very flexible and allows the 
producer to use ingredients considered as indispensable in animal feeding. 
Additionally, important nutrients could be available for longer periods of 
time since the useful life of these blocks is very extensive. Although in dry 
seasons, drought decreases considerably the nutritional quality of forages. 
These blocks are generally offered as supplementation in livestock feeding in 
rangelands as part of an extensive feeding system, and they are commonly 
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elaborated to supplement vitamins and minerals, such as zinc and copper 
[49]. However, recent investigations are using more ingredients to improve 
their nutritional value and turn this into a more versatile practice.

IV. Supplementation: Supplementation is extensively used, especially if there is 
a deficient feed due to poor nutritional quality of some ingredients. By using 
this technique, some essential nutrients will be delivered to the livestock 
which otherwise could not be obtained by the animal itself. Nevertheless, 
the acquisition of ingredients for supplementation is unaffordable for 
some small producers. On the other hand, there are certain agricultural 
by-products which could be offered to the livestock and contain certain 
important nutrients at very low or even null cost. In this way, shrub and tree 
seeds could be a very good option. Leucaena, guamuchil, and ebony seeds 
are rich in protein and unsaturated lipids; these are being used without any 
affections in productive performance in small ruminants at very low cost. 
In this way, shrubs and trees seeds could be a very good option. Leucaena, 
Vicia faba, ebony and other seeds are rich in protein and unsaturated lipids; 
these are being used without any affections in productive performance in 
small ruminants at a very low cost [50–53].

6. Plant metabolites

In the last years, ruminants have been target of several feeding strategies aim-
ing to reduce ruminal methane production and emissions; most of them have been 
stated earlier in this chapter. However, the use of secondary metabolites arises as a 
viable and newer alternative in this concern. There is evidence which proves certain 
secondary metabolites, such as condensed tannins, saponins, and alkaloids, reduce 
methane production in in vivo and in vitro assays [54]. Generally, the mechanisms 
of action of these compounds point out to certain metabolic pathways:

I. Tannins: Tannins are water-soluble polyphenol polymers with a high and 
diverse molecular weight. They can form complexes with proteins, mainly, 
and metal ions, amino acids, and polysaccharides in a lesser extent. These 
metabolites are normally synthetized in shrubs, trees, legumes, fruits, cere-
als, and grains [55]. Tannins are divided into two groups: condensed tannins 
(CTs) and hydrolysable tannins (HTs).

Hydrolysable tannins: These are complex molecules attached to a polyol group 
as a central core which are partially or fully esterified with a phenolic group (e.g., 
gallic acid). The remaining phenolic groups could be later esterified or oxidized to 
produce more complexes with HTs [55].

Condensed tannins: These compounds are also known as proanthocyanidins and 
are mainly polymers of the flavan-3-ol units which are bind by interflavonoids 
C3-C8 and C4-C6 linkages, such as catechin and epicatechin. The methanogenic 
activity conferred to tannins is mostly due to the condensed tannins; CTs attach to 
proteins and avoid their degradation in rumen. Additionally, CT decrease metha-
nogenesis through a reduction in fiber digestion [56]. Some studies affirm that CT 
enhances acetate formation via acetogenesis; this metabolic pathway uses hydrogen 
for acetate synthesis and reduces methanogenesis [57].

II. Saponins. According to their chemical structure, they are divided into 
two groups: steroids and triterpenoids. Steroids are predominantly in 
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which do not compete with human feeding. Therefore, diverse advantages can be 
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muchil, mesquite, mango, ebony, etc. [42–44]

Some farmers are still not aware of the nutritional value contained in by-
products or in the form to be included into the productivity chain of animal feeding 
in an efficient way. In this regard, Asia and Africa are heavily focused on attempting 
to reach this goal. Due to the nature of some agricultural by-products, these tend to 
decompose in a short time. Hence, some techniques should be used to preserve and 
increase their shelf life. Therefore, some of the preservation techniques commonly 
used are listed as follows:

I. Silages: Many of the agricultural by-products are obtained in huge quanti-
ties due to the nature of the crops. However, the high humidity contents 
contribute to a short lifetime due to the rapidly appearance of fungi and, 
eventually, a decomposition. Therefore, the silage elaboration is a recom-
mended preservation method due its large periods of storage, and it can 
always be offered fresh and with certain aroma provided from the fatty 
acids synthetized in the lactic fermentation which will add palatability for 
ruminants [45].

II. Chemical treatments: Some agricultural residues obtained from cereal crops 
are treated with chemicals to increase their digestibility. Thus, by-products 
with high lignocellulosic complexes could be treated with ammonia in 
anaerobic conditions to enhance lignin and fiber hydrolysis, which will 
improve their digestibility [46]. However, this process requires special 
plastic sheets that increases costs and could become an unaffordable process 
for small producers. In this way, previous researches have reported diverse 
alternatives using mud and eliminating the use of plastic sheets [47].

III. Multi-nutritional blocks: Another conservation technique which involves the 
utilization of high humidity agricultural by-products is the elaboration of 
multi-nutritional blocks [48]. This technology is very flexible and allows the 
producer to use ingredients considered as indispensable in animal feeding. 
Additionally, important nutrients could be available for longer periods of 
time since the useful life of these blocks is very extensive. Although in dry 
seasons, drought decreases considerably the nutritional quality of forages. 
These blocks are generally offered as supplementation in livestock feeding in 
rangelands as part of an extensive feeding system, and they are commonly 
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elaborated to supplement vitamins and minerals, such as zinc and copper 
[49]. However, recent investigations are using more ingredients to improve 
their nutritional value and turn this into a more versatile practice.

IV. Supplementation: Supplementation is extensively used, especially if there is 
a deficient feed due to poor nutritional quality of some ingredients. By using 
this technique, some essential nutrients will be delivered to the livestock 
which otherwise could not be obtained by the animal itself. Nevertheless, 
the acquisition of ingredients for supplementation is unaffordable for 
some small producers. On the other hand, there are certain agricultural 
by-products which could be offered to the livestock and contain certain 
important nutrients at very low or even null cost. In this way, shrub and tree 
seeds could be a very good option. Leucaena, guamuchil, and ebony seeds 
are rich in protein and unsaturated lipids; these are being used without any 
affections in productive performance in small ruminants at very low cost. 
In this way, shrubs and trees seeds could be a very good option. Leucaena, 
Vicia faba, ebony and other seeds are rich in protein and unsaturated lipids; 
these are being used without any affections in productive performance in 
small ruminants at a very low cost [50–53].

6. Plant metabolites

In the last years, ruminants have been target of several feeding strategies aim-
ing to reduce ruminal methane production and emissions; most of them have been 
stated earlier in this chapter. However, the use of secondary metabolites arises as a 
viable and newer alternative in this concern. There is evidence which proves certain 
secondary metabolites, such as condensed tannins, saponins, and alkaloids, reduce 
methane production in in vivo and in vitro assays [54]. Generally, the mechanisms 
of action of these compounds point out to certain metabolic pathways:

I. Tannins: Tannins are water-soluble polyphenol polymers with a high and 
diverse molecular weight. They can form complexes with proteins, mainly, 
and metal ions, amino acids, and polysaccharides in a lesser extent. These 
metabolites are normally synthetized in shrubs, trees, legumes, fruits, cere-
als, and grains [55]. Tannins are divided into two groups: condensed tannins 
(CTs) and hydrolysable tannins (HTs).

Hydrolysable tannins: These are complex molecules attached to a polyol group 
as a central core which are partially or fully esterified with a phenolic group (e.g., 
gallic acid). The remaining phenolic groups could be later esterified or oxidized to 
produce more complexes with HTs [55].

Condensed tannins: These compounds are also known as proanthocyanidins and 
are mainly polymers of the flavan-3-ol units which are bind by interflavonoids 
C3-C8 and C4-C6 linkages, such as catechin and epicatechin. The methanogenic 
activity conferred to tannins is mostly due to the condensed tannins; CTs attach to 
proteins and avoid their degradation in rumen. Additionally, CT decrease metha-
nogenesis through a reduction in fiber digestion [56]. Some studies affirm that CT 
enhances acetate formation via acetogenesis; this metabolic pathway uses hydrogen 
for acetate synthesis and reduces methanogenesis [57].

II. Saponins. According to their chemical structure, they are divided into 
two groups: steroids and triterpenoids. Steroids are predominantly in 
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plants and are composed of 27 carbon atoms in the central skeleton of 
its molecule (e.g., spirostanol and furostanol). Otherwise, triterpenoids 
are composed mainly of aglycones with 30 carbon atoms in its molecule 
(e.g., oleanane) [58]. These are the most common types of saponins, 
especially in legumes [59]. Methanogenic action of saponins occurs by 
protozoa defaunation which is associated to methanogens. Moreover, 
saponins enhance production of propionate, a natural competitor of 
methane in hydrogen capture [58]. Nevertheless, some studies affirm 
that methane inhibition action by saponins is dose and time dependent 
and not conclusive [59].

III. Flavonoids. Flavonoids are phenolic compounds (like tannins); how-
ever, these contain only 15 carbon atoms linked to 2 aromatic rings 
connected through a 3-carbon bridge [60]. These metabolites are 
particularly studied for human purposes, and their biological benefits 
to health correlated to their consumption [61]. Almost all flavonoids 
are conjugated to glycosides and are common to find hydroxyl groups 
in carbons with four, five, and seven positions [60]. In addition, flavo-
noids stimulate microbial metabolism and reduce methane production 
through enhancing acetogenesis pathway and increasing hydrogen 
capture in propionate anabolism, in a similar way as described earlier 
with saponins [28, 59].

7. Other feedstuffs

Since the 1970s, ruminal microbes and their effect on ingested nutrients have 
been subject of intensive research [27]. Ruminal microorganisms are crucial for the 
digestive performance of animals. Addition of feedstuffs in diets of ruminants has 
led to investigate their effects on the absorption and utilization of nutrients as well 
as the ruminal environment and conditions. Genetically modified Escherichia coli 
showed a ruminal methanogenesis mitigation effect in sheep [62]. Other researches 
[63] reported that Lactococcus lactis produces nisin, which has demonstrated anti-
microbial activity against Gram-positive bacteria, resulting in a mitigation effect on 
ruminal methane emission.

β1–β4 galacto-oligosaccharides (GOS), along with glucose, fructose, and starch, 
present in the rumen are used by Bifidobacterium and Lactobacillus as substrates to 
produce lactate and acetate. Lactate is one of the main transitional compounds during 
propionate production, which competes against methanogens for available hydrogen. 
As a result, methane production can be decreased by GOS consumption [64].

7.1 Probiotics

Probiotics are commonly defined as “live micro-organisms which, when 
administered in adequate amounts, confer a health benefit on the host.” Other 
authors indicate that a probiotic food carries 106–107 CFU/g viable probiotic cells, 
until the shelf life of the product is reached [65]. Probiotic foods contain sensitive 
ingredients, such as probiotic cells that require protection against oxidative stress, 
high acidity, freezing, shear stress, and other undesirable factors. Although micro-
encapsulation has been primarily used to protect bioactive ingredients due to its 
advantages [66], co-extrusion technology has become an emerging alternative to 
encapsulate probiotic bacteria.
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8. Extrudates and extrusion process

8.1 The use of the extrusion process in the supplementation of probiotics

Extrusion processing using oil and alginate solutions to create emulsions as 
core medium [67] has found a favorable survival of probiotic L. acidophilus at 4°C 
for 50 days. Over the years and because of technological advances, extrusion has 
become an almost unlimited cooking processing alternative due its inherent versa-
tility. Multiple studies had focused on designing and evaluating the incorporation 
of biomass, distillery by-products, fruit pomaces, agro-industrial by-products, 
and dairy residues [68]. One of the main advantages of the thermal and pressure 
conditions during extrusion is the inactivation of antinutritional factors, elimina-
tion of pathogens, improved digestibility, reduced level of toxins, as well as the 
bitterness of some oil plants (flax, cotton, peanut, and sunflower) while achieving 
the desired organoleptic characteristics by properly adjusting residence times, 
specific energy absorbed, and pressure effects on the raw materials [67]. Other 
authors extruded rye whole meal to decrease microbial contamination and used it 
as cultivation medium for the evaluation of supplementation of dairy cow ration 
with P. pentosaceus BaltBio02 (9.6 log10 CFU g−1 head−1 day−1) [69]. Obtained 
results showed an increase (P < 0.05) of milk yield but did not affect milk composi-
tion or ruminal fermentation parameters. Lactobacillus sakei KTU 05-6 (9.6 log10 
CFU g−1 head−1 day−1) was also analyzed but showed no significant impact on yield 
or ruminal parameters.

On the other hand, a different study evaluated the effect of different doses of 
probiotic containing 1.6 × 109 CFU/g of Bacillus licheniformis and 1.6 × 109 CFU/g 
of Bacillus subtilis on in vitro digestibility of concentrates and forages [70]. These 
authors concluded that 3 g head−1 d−1 of probiotic increased by 10.9% starch 
digestibility after 12 h of incubation, indicating a promotion of NDF digestibility 
in roughages and starch in concentrates, although no significant changes were 
obtained of acetate, propionate, and butyrate molar ratios, possibly due to negli-
gible changes on H+ concentrations that affect the environmental pH of ruminal 
microorganisms [71]. An enhanced VFA production results in a pH reduction and 
growth inhibition of fermenting fibrous carbohydrate bacteria, which compromise 
NDF digestibility.

9. Current strategies

9.1 Methane reduction through improvement of the forage quality

There is a lot of information about supplementation of secondary metabolites, 
certain additives, and increasing concentrate fraction in the diet of livestock to 
abate methane emissions. However, some producers in developing countries are 
not able to afford these alternatives. Otherwise, methane production in rumi-
nants in developing countries is directly correlated to a poor quality in feedstuffs 
offered to livestock, by decreasing the efficiency and productivity for productive 
unit [72]. In this way, the strategies that producers and researchers in developing 
countries use imply the production of improved forage sources which is cheaper 
than the acquisition of some supplements. Additionally, the use of these forage 
sources may increase the fertility in the soil which is desirable for nitrogen fixation. 
Consequently, by improving the quality and quantity of forage, the productivity 
will increase, and methane production will be reduced by productive unit.
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in carbons with four, five, and seven positions [60]. In addition, flavo-
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led to investigate their effects on the absorption and utilization of nutrients as well 
as the ruminal environment and conditions. Genetically modified Escherichia coli 
showed a ruminal methanogenesis mitigation effect in sheep [62]. Other researches 
[63] reported that Lactococcus lactis produces nisin, which has demonstrated anti-
microbial activity against Gram-positive bacteria, resulting in a mitigation effect on 
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β1–β4 galacto-oligosaccharides (GOS), along with glucose, fructose, and starch, 
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produce lactate and acetate. Lactate is one of the main transitional compounds during 
propionate production, which competes against methanogens for available hydrogen. 
As a result, methane production can be decreased by GOS consumption [64].
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until the shelf life of the product is reached [65]. Probiotic foods contain sensitive 
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Extrusion processing using oil and alginate solutions to create emulsions as 
core medium [67] has found a favorable survival of probiotic L. acidophilus at 4°C 
for 50 days. Over the years and because of technological advances, extrusion has 
become an almost unlimited cooking processing alternative due its inherent versa-
tility. Multiple studies had focused on designing and evaluating the incorporation 
of biomass, distillery by-products, fruit pomaces, agro-industrial by-products, 
and dairy residues [68]. One of the main advantages of the thermal and pressure 
conditions during extrusion is the inactivation of antinutritional factors, elimina-
tion of pathogens, improved digestibility, reduced level of toxins, as well as the 
bitterness of some oil plants (flax, cotton, peanut, and sunflower) while achieving 
the desired organoleptic characteristics by properly adjusting residence times, 
specific energy absorbed, and pressure effects on the raw materials [67]. Other 
authors extruded rye whole meal to decrease microbial contamination and used it 
as cultivation medium for the evaluation of supplementation of dairy cow ration 
with P. pentosaceus BaltBio02 (9.6 log10 CFU g−1 head−1 day−1) [69]. Obtained 
results showed an increase (P < 0.05) of milk yield but did not affect milk composi-
tion or ruminal fermentation parameters. Lactobacillus sakei KTU 05-6 (9.6 log10 
CFU g−1 head−1 day−1) was also analyzed but showed no significant impact on yield 
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On the other hand, a different study evaluated the effect of different doses of 
probiotic containing 1.6 × 109 CFU/g of Bacillus licheniformis and 1.6 × 109 CFU/g 
of Bacillus subtilis on in vitro digestibility of concentrates and forages [70]. These 
authors concluded that 3 g head−1 d−1 of probiotic increased by 10.9% starch 
digestibility after 12 h of incubation, indicating a promotion of NDF digestibility 
in roughages and starch in concentrates, although no significant changes were 
obtained of acetate, propionate, and butyrate molar ratios, possibly due to negli-
gible changes on H+ concentrations that affect the environmental pH of ruminal 
microorganisms [71]. An enhanced VFA production results in a pH reduction and 
growth inhibition of fermenting fibrous carbohydrate bacteria, which compromise 
NDF digestibility.

9. Current strategies

9.1 Methane reduction through improvement of the forage quality

There is a lot of information about supplementation of secondary metabolites, 
certain additives, and increasing concentrate fraction in the diet of livestock to 
abate methane emissions. However, some producers in developing countries are 
not able to afford these alternatives. Otherwise, methane production in rumi-
nants in developing countries is directly correlated to a poor quality in feedstuffs 
offered to livestock, by decreasing the efficiency and productivity for productive 
unit [72]. In this way, the strategies that producers and researchers in developing 
countries use imply the production of improved forage sources which is cheaper 
than the acquisition of some supplements. Additionally, the use of these forage 
sources may increase the fertility in the soil which is desirable for nitrogen fixation. 
Consequently, by improving the quality and quantity of forage, the productivity 
will increase, and methane production will be reduced by productive unit.
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9.2 Vaccination and chemical compounds

On the other hand, other researchers have focused their efforts on evaluating 
the inclusion of protected lipids and nitrate compounds [73, 74]. In addition, the 
use of some nitrate compounds showed no effect on organoleptic and nutritional 
properties in edible products for ruminants [75]. However, both strategies could be 
discarded by increases on fiber digestibility and a reduction of dry matter intake. 
Otherwise, the acquisition and use of these compounds in livestock will substan-
tially increase production costs and market price. In the past decades, chemical 
compounds were used as inhibitors in methane synthesis through vaccination or 
the analogue supplementation. Nevertheless, methanogen defaunation is not a 
viable long-term alternative since microorganisms are easily adaptable to different 
environments. Additionally, the use of other additives, like ionophores, is forbidden 
in the USA. In this way, the use of plant extractives and especially metabolites arises 
as a sustainable alternative; however, there are not conclusive results which lead 
to a punctual design of dietary strategies. The latter is exposed since some of these 
metabolites may be present in edible products of ruminants affecting their organo-
leptic properties [76]. In addition, further studies are required to demonstrate the 
effectivity of extractable compounds of plants which are well perceived by the 
population as an alternative for chemical compound supplementation.

10. Conclusions

Methane and GHG mitigation in livestock is possible through different strate-
gies, most of them as dietary alterations. However, it is necessary to carry out 
conclusive in vivo studies evaluating the use of metabolites and extractable plants’ 
compounds, as well as the use of alternative forage sources which may provide 
directly these metabolites affecting the presence of ruminal methanogens and pro-
tozoa. Moreover, each region or geographic zone has different forage sources even 
perennial that can be produced locally. The incorporation of these into livestock 
feeding arises as a viable and sustainable alternative for mitigating GHG emissions, 
especially methane.
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the inclusion of protected lipids and nitrate compounds [73, 74]. In addition, the 
use of some nitrate compounds showed no effect on organoleptic and nutritional 
properties in edible products for ruminants [75]. However, both strategies could be 
discarded by increases on fiber digestibility and a reduction of dry matter intake. 
Otherwise, the acquisition and use of these compounds in livestock will substan-
tially increase production costs and market price. In the past decades, chemical 
compounds were used as inhibitors in methane synthesis through vaccination or 
the analogue supplementation. Nevertheless, methanogen defaunation is not a 
viable long-term alternative since microorganisms are easily adaptable to different 
environments. Additionally, the use of other additives, like ionophores, is forbidden 
in the USA. In this way, the use of plant extractives and especially metabolites arises 
as a sustainable alternative; however, there are not conclusive results which lead 
to a punctual design of dietary strategies. The latter is exposed since some of these 
metabolites may be present in edible products of ruminants affecting their organo-
leptic properties [76]. In addition, further studies are required to demonstrate the 
effectivity of extractable compounds of plants which are well perceived by the 
population as an alternative for chemical compound supplementation.

10. Conclusions

Methane and GHG mitigation in livestock is possible through different strate-
gies, most of them as dietary alterations. However, it is necessary to carry out 
conclusive in vivo studies evaluating the use of metabolites and extractable plants’ 
compounds, as well as the use of alternative forage sources which may provide 
directly these metabolites affecting the presence of ruminal methanogens and pro-
tozoa. Moreover, each region or geographic zone has different forage sources even 
perennial that can be produced locally. The incorporation of these into livestock 
feeding arises as a viable and sustainable alternative for mitigating GHG emissions, 
especially methane.
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Chapter 8

Water Use and Dairy Production 
System: An Indian Experience
G. Letha Devi, Anjumoni Mech, Sejian Veerasamy, 
Ravikiran Gorti and Mukund A. Kataktalware

Abstract

Increasing water scarcity and simultaneously growing demands for food and 
feed challenge agricultural production. Globally livestock feed sourcing is one of 
the major causes for water depletion; therefore, increasing livestock water use effi-
ciency (LWUE) is necessary. There is a need to synthesise LWUE knowledge gener-
ated across different forage based livestock production systems (FLPS) over time 
and systematically identify entry points to enhance productive uses of freshwater 
resources. Although these systems vary by their degree of intensification, scale of 
water-related problems, and therefore in their values of LWUE, a number of com-
mon entry points to increase LWUE can be identified. To understand the pattern of 
livestock water use and social dynamics involved in water use and milk production, 
around 240 small and medium dairy farms in Karnataka, India, were used for the 
present study. Direct and indirect consumptive uses of water by animals considered 
were water used for drinking, water inputs through green and dry fodder, consump-
tive water usage for on-farm servicing and crop irrigation and water inputs through 
all upstream inputs such as medicines, vaccines and others. Water use efficiency 
(WUE) for production of milk alone is operationally defined in this study.

Keywords: water use efficiency, poverty, environment, livestock, socioeconomics

1. Introduction

Water is an essential component that is required in largest quantity by live-
stock. About 80% of animal water requirements is met by drinking water, and 
the rest of water needs are met through feed water. Production and reproduction 
performance of animals is directly affected by water availability and quality. 
Nonavailability of adequate water may cause adverse effects on animal growth and 
production. Water resources are shrinking day by day, and it warrants judicious use 
of water.

Milk production is challenged by increasing water scarcity and simultaneously 
growing demand for food and feed. Globally livestock feed sourcing is seen one of 
the major causes for water depletion, and therefore improvement in livestock water 
productivity is the need of the hour. Feed sources in smallholder production system 
largely consist of grazing, crop residue and concentrates, etc. Extensive smallholder 
systems in dryland ecoregions face the major challenge of water depletion for feed 
production. This demands better understanding of livestock-water interactions and 
designing strategies to improve water use efficiency (WUE).
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Water use efficiency can be defined as the net return for a unit of water used. 
Improvement in water use efficiency aims at producing more food, income, better 
livelihoods and ecosystem services with less water. There is a considerable scope 
for improving water use efficiency of crop, livestock and other allied enterprises 
at field, thereby achieving sustainable food production. Water harvesting, supple-
mental irrigation, deficit irrigation, precision water application techniques and 
soil-water conservation practices are the bouquet of technology choices that we can 
resort to in achieving this goal. Practices not directly related to water management 
also impact water use efficiency because of interactive effects such as those derived 
from improvements in soil fertility, pest and disease control, crop selection or 
access to better markets.

However, we need to be cautious about achieving water use efficiency gains. 
Crop water use efficiency is quite high in highly productive regions, and yield (per 
unit of land area) does not necessarily correlate with water use efficiency in all 
cases. Water reuse within an irrigated area can compensate for the perceived losses 
at the field in terms of water quantity, but that will not be of any help in maintain-
ing the water quality. We need to create an enabling environment for enhancing 
water use efficiency by farmers in field. Apart from this, we need a thorough under-
standing of the biophysical environment as well as social and economic dynamics 
existing between different elements of farm and field.

While identifying priority areas for bringing in improvements in water use 
efficiency and formulating strategies and action points for bringing in substantial 
improvements in water use efficiency, the following points have to be considered: 
(i) high-poverty less water efficient areas, (ii) water-scarce areas, (iii) areas 
neglected for development of water resources, and (iv) areas of faster water 
resource depletion. However, these are huge challenges to be achieved, and strate-
gies need to be evolved keeping in view complex biophysical, social and economic 
factors.

2. Water footprint

Water footprint is defined as the extent of water use in relation to consumption 
of goods and services by people. In a broader sense, a country’s water footprint is 
the volume of water required for the production of the goods and services used for 
direct and indirect consumption by the population of the country. Water footprint 
can be of two types: (i) internal water footprint or water used from internal or 
domestic resources and (ii) external water footprint or water used to produce 
imported goods and services. The USA has an average water footprint of 2480 m3/
cap/year, and China has an average footprint of 700 m3/cap/year. Global average 
water footprint is 1240 m3/cap/year. Any country’s water footprint is determined 
by factors such as consumption volume (with respect to gross national income); 
consumption pattern; climate; and water use efficiency of agriculture and allied 
sectors.

The water footprint gives an account of amount of water used to produce each 
of the goods and services we use. It can be measured for a single process, such as 
growing a crop, for a product and fuel, etc. It also gives an idea about volume of 
water being consumed by a country in a specific basin or from a specific source. 
The water footprint looks at both direct and indirect water use of a product. It 
includes water consumption and pollution throughout production cycle from sup-
ply chain to consumer.

Water footprint can be measured in terms of per unit of goods produced and 
per hectare of area under crops or in any other functional units. This also gives us 
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an idea about different uses of our limited freshwater resources and the ways and 
means by which they get polluted. If the water is sourced from a water-scarce area, 
the impact of low water productivity to high water footprint can be significant and 
require immediate attention.

For the purpose of quantifying its use, water can be divided into three com-
ponents: green, blue and grey. The three components together provide a com-
prehensive picture of water use by demarcating water source, either as rainfall, 
groundwater, or surface water, apart from freshwater requirement for removal of 
pollutants, to make it reusable.

3. Types of water footprint

1. Green water footprint: water from precipitation/rainfall that is accumulated 
in deep soil and includes the evapotranspiration component and water incor-
porated by plants. This is the most relevant water component for agricultural 
and allied products.

2. Blue water footprint: surface water or groundwater resources and is either 
evaporated or incorporated into a product across a temporal and spatial re-
gime. Irrigated cropping, industry and domestic consumption of water falls 
into blue water footprint.

3. Grey water footprint: volume of freshwater essentially needed to remove pol-
lutants and make it reusable. This component takes into account point source 
pollutants discharged to any freshwater source directly or indirectly or other 
diffuse sources.

Livestock plays a vital role in supporting rural livelihoods in the Indian context. 
At the same time, there are growing concerns regarding highly water-intensive 
operations in livestock rearing, which is considered as one of the major enterprises 
for water depletion and putting huge pressure on depleting and water-scarce 
resources. In forage-based livestock production systems, be it grazing, mixed-
irrigated or mixed-rain fed, feed sourcing is largely contributed from pasture or 
crop residue. In dryland areas of arid and semi-arid ecosystems, extensive forage-
based livestock production systems are in place, and in such situations, water used 
for feed production is a major concern. Thus, such situations warrant the pressing 
need for understanding the livestock water dynamics and better strategies and 
framework for developing comprehensive entry points to improve livestock water 
use efficiency.

Based on global experiences from different livestock production systems, the 
entry points for improving livestock water use efficiency can be categorised into 
different groups, based on their operational limits. They are:

i. Feed water productivity.

ii. Feed sourcing and feeding management.

iii. Livestock feed use efficiencies.

iv. Institutions to create enabling environment, for better water use management.

v. Market linkages for bringing out water saving technologies to consumers.
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4.  LWUE in forage-based livestock systems: challenges and 
opportunities

In the major forage-based livestock systems like grazing, mixed-rainfed and 
mixed-irrigated systems of dryland production environments, the basic objectives 
of production as well as intensity of production operations have a great diversity 
within and among those systems [1]. This diversity creates many challenges for 
water efficiency of these livestock production systems. This creates implications 
and prospects at the same time for achieving efficient water use in such production 
systems. To elaborate further, dry and green fodder constitute major feed compo-
nent in dryland production systems. Like in the case of the most intensive systems, 
say mixed-irrigated production system as practised in India, concentrate feed use 
does not exceed 10% [2]. Feed acts as a major interface between water and livestock, 
and such diversity in managing feed sourcing and feeding practices poses challenges 
and implications for the type, scale of importance and method of quantifying and 
strategising livestock water use efficiency.

Strategies to improve quality of locally available feed and feed management are 
core to any framework to improve livestock water use efficiency in any production 
system. We need to focus on activities like selection of crops, intercropping for 
maximum land and water utilisation, urea treatment of crop residues, chopping 
of coarse residues, etc. In mixed-irrigated systems, an improvement of feed qual-
ity (from 7 to 8.5 ME MJ kg−1) can lead to saving of >50 m−3 of water/cow/year 
[2]. Similarly, in mixed-rainfed systems, urea treatment of crop residues led to a 
considerable improvement in livestock water use efficiency [3–5]. While consider-
ing better animal management practices, livestock water productivity (LWP) can 
be enhanced, by reducing animal’s energy requirement by means of limiting animal 
movement, especially in peak summer seasons. Descheemaeker et al. [3] reported 
that in mixed-rainfed systems, approximately 12% of the metabolisable energy of 
animals is spent for walking long distances for feed and water. This energy loss can 
be avoided by better feed sourcing and feed management.

5. Method of assessment of livestock water use

An effort was made to assess and analyse LWUE in smallholder and commercial 
production and to formulate for strategies for improving LWUE. Primary data was 
collected from small- and medium-sized dairy farms in Kolar and Shimoga district, 
Karnataka, India. The total sample size was 240 dairy farms. The consumptive use 
of blue water (direct and indirect) was assessed using primary data through per-
sonal interview and observation in particular farms. Primary data from smallhold-
ers and commercial dairy units in Kolar and Shimoga district of Karnataka, India, 
were collected. Water use efficiency (kg/animal) was estimated and compared for 
smallholder as well as commercial dairy production systems using the following 
formula:

 WUE = (Y/U)*100 (1)

where Y = Marketable yield (kg/animal) and U = Seasonal consumptive use of 
water (m3).

Water use efficiency for crop biomass used as fodder = Total Biomass/water 
applied at different levels of requirement [6] method was used for calculation 
of LWP of feed (recommended by the IWMI). Different water wastage points in 
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different operations were identified, and strategies to reduce water wastage were 
formulated using participatory focus group discussions.

The major challenges associated with LWU as perceived by farmers were anal-
ysed and ranked based on rank coefficients. Scarcity of water for livestock drinking, 
other livestock operations and feed quality due to low water quality used for crop 
production were the major challenges across all the seasons (Tables 1 and 2).

The water intake by animals through forage and other feed ingredients is more 
as compared to water intake through drinking water and that used for on-farm 
servicing operations such as cleaning, etc. The average direct consumptive water 
use by smallholder system was found to be 97 litres per day and 127 litres per day for 
commercial dairies. The calculated water use efficiency for smallholder system was 
0.85, and for commercial dairying it was 1.62. The water use efficiency was more in 
the case of commercial dairy farming and less in the case of smallholder produc-
tion system.

There are various factors affecting water use by livestock. The major factors are 
seasons, different weather parameters, fodder, feed and other inputs. The source of 

Key LWU-related problems Seasonal variations

Summer Winter Rainy

1 2 3 1 2 3 1 2 3

Scarcity of water for livestock drinking ✓ ✓ ✓

Scarcity of water for livestock operations ✓ ✓ ✓

Scarcity of water for feed production ✓ ✓

Inefficient use of available water ✓ ✓ ✓

Soil/nutrient loss ✓ ✓ ✓

Poor feed/fodder quality ✓ ✓ ✓

High feed scarcity ✓ ✓ ✓

Use of common property resources ✓ ✓ ✓

Postharvest feed quality and quantity ✓ ✓ ✓

Table 1. 
Problem matrix showing the scale of importance of LWU-related problems across seasons.

Operations Smallholder system Commercial dairying

Drinking 40 52

Washing shed 55 90

Washing animals 25 38

Cleaning cans and other equipment 10 25

Water contained in feed and fodder 743 740

Total 873 945

Milk yield/day/animal 7.4 15.4

WUE = (Y/U)*100 0.85 1.62

Table 2. 
Direct and indirect water use (litre/day/animal/kg of milk) and WUE in different dairy production systems 
(n1 = 200, n2 = 40).
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water and animal conditions like lactation stage, age and body and health condi-
tions also play a role in water use efficiency (Table 3).

The water wastage points mainly in summer season were identified, which is 
presented in Figure 1.

6. Conclusion

Water availability and quality are the major challenges that are faced by the live-
stock and crop production systems in recent times. The observations in the study 
show that water inputs through forage and other feed ingredients are more than the 
water inputs through drinking water and that used for on-farm servicing operations 
such as cleaning, washing, etc. Proper management strategies are highly essential 
for sustaining the livestock production systems and meet the food demands of a 
growing population with the available water resources, for which water saving 
technologies and strategies are the need of the hour.

Factors Rank

Seasonal variation I

Weather parameters (temperature, rainfall, humidity) II

Fodder, feed and other inputs III

Source of water (bore well, canals, ponds, etc.) IV

Animal conditions V

Animal output VI

Table 3. 
Factors affecting water use (ranking; n = 240).

Figure 1. 
Perceived water wastage points in summer season (%respondents), n = 240.
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