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Preface

Livestock production has played a key role in the development of human civilization. There
has been a great increase in the consumption of animal products. Development of animal-
rearing techniques has steadily increased the productivity. The intention of agricultural ac‐
tivities planned by governments, food industry, producers, and consumers is to provide
safety and adequate food by respecting the environment. Although many questions are be‐
ing raised about the sustainability of the world’s food-animal agricultural resources. We be‐
gin to understand the detrimental effects conventional agriculture can have on local and
global environments, with more studies focusing on alternative agriculture studies that
compare alternative practices to conventional ones.

It is a pleasure to introduce on behalf of all authors the Livestock Science book. This book
does not pretend to be fully comprehensive, but we believe it does provide topics which are
of central importance. We hope this book will stimulate discussion about sustainable live‐
stock production that meets the long- and short-term goals of human food production. This
book presents some in-depth reviews of selected topics in livestock science written by ex‐
perts in their respective areas. This book is divided into eight chapters, consisting of topics
in food-animal production systems, management of several animal products, health-threat‐
en example by ticks in animals, and contaminants that may be found in animal foods.

We expect that the Livestock Science book will be of interest to a wide readership. We hope
that a wide variety of scientists, researchers, and students may benefit from this book. We
also recommend it to the general reader, who will find much of interest in these chapters.

Selim Sekkin, DVM, PhD
Associate Professor

Adnan Menderes University
Faculty of Veterinary Medicine

Pharmacology and Toxicology Department
Aydın, Turkey





Chapter 1

Securing Sustainable Livestock Production Systems in

an Uncertain Economic Climate: Nurturing Flexibility

and Resilience

Stéphane Ingrand, Laura Astigarraga, Eduardo Chia,
Xavier Coquil, Christophe David and
Jean‐Louis Fiorelli

Additional information is available at the end of the chapter
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Provisional chapter

Securing Sustainable Livestock Production Systems in an
Uncertain Economic Climate: Nurturing Flexibility and
Resilience

Stéphane Ingrand, Laura Astigarraga, Eduardo Chia,
Xavier Coquil, Christophe David and
Jean‐Louis Fiorelli

Additional information is available at the end of the chapter

Abstract

Resilience  is  one  of  the  three  core  properties  of  social‐ecological  systems,  mixing
adaptability and transformability. Flexibility can be defined in terms of diversity of
procedures and the speed at which they can be mobilized by one organization. The
analyses performed are presented in terms of levers that farmers can deploy to protect
their management systems against market uncertainty. These levers differ depending
on farmer standpoints, objectives, lessons learned, the collective organizations they
work with, the standards and specifications they work to, etc. It is equally important to
identify the interplays between overarching and underlying scale levels for the system
studied and to hone in on the dynamics at work during periods of transition. Adaptive
capacities of farm systems are closely linked to how the farmer perceives the situations
to manage, according to his aims, to his behaviour face to risk and to his idea of what
is his job. We propose to use different words to describe the properties of farming
systems to cope with changes, according to the level within the system: “adaptive
capacity” or “plasticity” for the animal level, “resilience” for the biotechnical level and
“flexibility” for the whole system, including the manager.  We think there is a real
challenge working at each level on transition periods and processes, as farming systems
will have more and more to adapt face to unpredic events.

Keywords: resilience, flexibility, adaptive capacities, uncertainty, crops systems, ani‐
mal system

© 2016 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



1. Introduction

Farm businesses, just like any other business enterprise, develop response strategies in order
to cope with the many demands imposed on them and the uncertainties they face.  The
challenge for farmers lies in securing sustainability for their business, in a context where
farming is subject to wide‐reaching change and where farms are increasingly exposed to
agronomic trends and climatic risks that the agricultural productivity model generally seeks
to overcome by controlling processes and disengaging the effects of environmental disturb‐
ance.

Incorporating the precepts of sustainable development in order to build and assess new
technical agricultural systems hinges on breaking away from the rationales underpinning these
systems and moving towards more holistic objectives encompassing far more than the simple
production output function [1]. There are two key drivers to this breakaway: (i) reinventing
how researchers interact with the other actors involved in the process of developing new
systems and their multiple outcomes [2, 3], and (ii) producing tools capable of quickly
rendering a priori system assessments [4, 5] as a first step towards subsequently deploying the
systems in compliance with complex multicriteria specifications [6]. This means that agrono‐
mists face the challenge of translating the impacts of integrating these dimensions into terms
that farmers can understand and use to reshape their farm systems, taking into account new
social and environmental factors [7, 8].

This reshaping redefines the farm business as a complex system that needs to be analysed not
just in terms of its type but also the rationales driving how it operates [9, 10]. A few years ago,
farming system researchers started using the notion of flexibility to define the capacity of a
business to weather and adapt to economic uncertainty. The concept of resilience, as pioneered
by Holling [11], has also been analysed in this setting, particularly when applied in more recent
social‐ecological systems [12]. “Flexibility” has been researched extensively in management
science and industrial economics, whereas “resilience” has mainly been used in ecology (but
also in social psychology; [13]). Our study will draw on illustrative examples to highlight how
the notion of flexibility can prove useful for designing and assessing innovative technical
systems.

2. Flexibility in management sciences

Industrial economics and management sciences understand the concept of flexibility [14, 15]
as the capacity of a business or organization to re‐adapt its structure and projects in response
to environmental challenges (strategic flexibility) and to re‐adapt its skillsbase, reorganize its
workflows (workflow flexibility) and/or adjust its production methods as a response to
unforeseen variations in inputs from outside (operational flexibility). The concept therefore
appears relevant when analysing farmers’ response strategies in the current climate governing
agricultural production (characterized by regulatory developments, volatile agricultural
prices, climatic variability, etc.). Tarondeau [15] (ibid.) stratified different sources of flexibility:
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product flexibility (product range), process flexibility and inputs flexibility. The basic idea is
that the capacity to cope with unknowns and carry the business forward is dependent on
several factors, both material and non‐material: the configurations of their technical production
systems, their structures, their projects and their objectives [16]. Reix et al. [17] suggest that the
drive for flexibility can be seen as the drive to maintain consistency in how the business is
managed in response to a changing environment. Flexibility, as a system property, is not
“given”: it is built, shaped and “nurtured,” and it has a cost [18]. Flexibility can be considered
a competitive advantage insofar as it enables performance levels to be sustained in situations
of uncertainty [19].

Different commentators use different terms as synonymous with or acceptances of the concept
of flexibility, but there is a body of ideas that remain recurrent. Flexibility refers to organiza‐
tional capacity [14, 15, 20–23, 28]. This means that the systems described are always manage‐
ment‐led and that the organizational procedures governing their management constitute a
source of flexibility for the system. In each case, flexibility is defined as an attribute that is
inherent to humans, dependent on how they perceive situations to be addressed, their
objectives, their level of risk aversion and the perception they hold of their business. Flexibility
is a property that has to associate both change and stability, forming a paradox between
permanence (continuity, mainstay) and change [16]. The authors see management flexibility
as the result of constructive tension between what needs to be held onto and what needs
changing. This same idea has been explored through analyses of how livestock farming
systems work, with the notion of invariants [24]. The invariant acts as a backbone, a basis, a
bottom line and the frame of reference for handling change (not everything has to change at
the same time, otherwise the system risks getting disorganized or even collapsing into chaos).
Flexibility is intrinsically dynamic. It can only be meaningfully studied in the long term, at
multiperiod scale. Integrating flexibility into the analysis of a system or an organization
presupposes that the decision‐maker is looking to achieve short‐term objectives while also
securing a range of opportunities for the longer term [25]. In other words, a given decision may
appear non‐rational (or non‐optimal) when analysed at timepoint t, but become entirely
rational once events liable to arise at some point in the future are factored in (uncertainty
preparedness). Indeed, the speed of response to these events is one of the key components of
flexibility [15].

Furthermore, in every scenario, the concept of flexibility is also linked to the notion of
interaction between the system/organization and its environment. It can therefore be measured
and thus assessed, by quantifying the degree of control (according to the dual flexibility
concept proposed by De Leeuw and Volberda [20]: controlled systems vs. independent
systems) over environmental inputs (Figure 1).

The two paradigms coexist within a single system (controlling‐controlled) and must therefore
be analysed in tandem. However, the extent to which one paradigm dominates the other
reveals specific system behaviours.

The organization as an environment‐controlled system: in this configuration, the organization
“copes with” environmental factors [16]. Flexibility hinges on accommodative processes [26],
which hallmarks defensive behaviour in response to external perturbation [27]. The target
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objective for the system will be adaptation, stability, resilience to environmental forces and
robustness. Systems unable to achieve this objective would be defined as vulnerable.

Figure 1. Organization of an environment‐controlled system (left) and an environment‐independent system (right)
(concepts taken from Ref. [20]). TS = target system; CO = controlling organ. The arrows illustrate the direction of control
exerted by the CO over the TS.

The organization as an environment‐independent system: in this configuration, the organiza‐
tion seeks to subordinate all changes in its environment to the task of maintaining its objectives
and its identity. Interactions with the environment are specified internally, and on a certain
level, the environment is integrated into the organization. The processes deployed in the search
for flexibility are assimilative processes, which hallmarks a pro‐active pattern of behaviour
that will respond to each perturbation by generating new behaviours, thereby expanding the
range of adaptation options possible. These configurations define self‐learning organizations
with self‐directed learning capacities.

Figure 2. Different types of flexibility according to the number of planned procedures (vertical axis) and the speed at
which they can be implemented (horizontal axis); adapted from Ref. [28].

De Leeuw and Volberda [20] encapsulated these two configurations by defining flexibility in
terms of diversity of procedures and the speed at which they can be mobilized: (i) to increase
the organization's environmental control capacities and (ii) to decrease the organization's
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environmental vulnerability. The authors define different types of flexibility according to the
number of planned procedures and the speed at which they can be implemented (Figure 2).

3. Social‐ecological resilience: a kind of flexibility?

The concept of resilience is borrowed from material physics as well as ecology as a means of
describing the transformation and/or adaptive capacity of a material or ecosystem in response
to stressors. In ecology, Holling [11] described resilience as the capacity of an ecological system
or species to absorb challenges and then recover its initial configuration. The concept was
then broadened to encompass shifts, learning and human‐nature interactions [29]. Resilience
was then extended to describe the mechanics of “anthropized” systems [30]. More recently,
the concept of resilience has been applied to social‐ecological systems, where humans are a
governing actor [2, 12, 31–33]. The system is thus considered as a “learner,” with a shift in the
underlying idea from a return to the initial state following the perturbation towards a capacity
to reconfigure itself while maintaining the core objectives and projects, where stakeholders
can continue to plan for the future [2]. According to Ref. [34], there are three potential
strategies capable of increasing the resilience of actively governed systems: increasing the
system's buffer capacity (room for manoeuvre), scale‐based governance (spatial and temporal
scales) and creating opportunity for innovation (sources of change to system properties,
learning capacity). These systems therefore have the ability to respond to perturbation by
shifting into different stability domains rather than a single, “initial” steady state.

Walker et al. [35] outlined four main features of system resilience connected to the notions of
steady state and initial state: (i) the amount of change that the system can tolerate without
collapsing into an essentially different state, this idea works on the assumption that there is a
threshold beyond which the system can no longer recover its initial configuration; (ii) the
capacity to resist change, which is connected to properties like rigidity and robustness; (iii)
vulnerability (precariousness), which is how close the system state is to the threshold cited
under point 1; (iv) panarchy, which describes a system integrating a great many elements
undergoing cross‐scale interactions, and that the level of resilience depends on the different
states and dynamics interplaying at the scales above and below.

Resilience can also be described in terms of successive system states over time. Holling [36]
and Walker et al. [2] consider that ecological systems follow adaptive cycles comprising four
successive phases. They posit that actively governed systems reproduce cyclic patterns of
behaviour aligned to these four phases: a phase of accelerated growth (annotated r), followed
by a longer phase of steady accumulation towards stability, associated with a progressive
decline in resilience (K), then a sharp structural collapse (Ω) before another short phase of
rebuilding and reorganization (α). Depending on the current phase of the system, a given
disturbance (which can in fact be seen positively as the introduction of an accommodative
stance) will not have the same effect.
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4. Leverages to enhance flexibility in livestock systems

4.1. Different levers according to scale

Aaker and Mascarenhas [37] focusing on the means to enhance organizational flexibility
outlined the following four levers centred on products, resources and management: (i)
diversification of processes, business activities and products, running from broadening the
range but also including activity in different marketplaces and extended use of different
process technologies. In Ref. [38], the authors assert their notion of “relational flexibility” to
account for the sources of adaptive capacity employed by livestock farmers through their
marketing networks and the circuits they build or exploit to sell livestock; (ii) increasing inter‐
independence between production units; (iii) developing a base of potentially useful resources
that are deployed not continually but on a case‐by‐case basis “should the need arise”: func‐
tional redundancies, latent competencies, room for manoeuvre; (iv) minimizing workflow
specialization, steering away from situations where tasks are accomplished by staff who have
competencies deemed “necessary and sufficient” to complete the task. For example, Madel‐
rieux et al. [39] clearly illustrate the flexibility achievable by a more collective workplace
organization and workload breakdown in livestock farming systems.

Using two examples of farm systems (crop and livestock), we illustrate how these flexibility
leverages can be deployed to minimize vulnerability to changes in the systems’ environments.
These two examples were chosen to demonstrate how the internal organization of the system
(the sequencing of the system's structural components) and the system manager's perception
of the environment act as complementary leverage for lending flexibility to farm production
systems.

4.2. Animal contribution (plasticity) to system flexibility in an organic dairy system

The Mirecourt (INRA) research team prototypes sustainable dairy systems focused on agro‐
environmental sustainability. One system, tested since 2004, is a low‐input grass‐only system,
in accordance with the specifications governing organic farming and based on the hypothesis
that pasture‐based systems are more sustainable [40].

This system is designed to introduce rulesets and animal and farmland management modes
for achieving the objectives assigned to the system at the outset. In other words, the system
aims to define how to achieve a result targeted at the outset without having to run through the
conventional pattern of conducting experimental trials to measure results from different
management condition sets established at the outset. Systems employing this strategy are
designed to be sustainable in agro‐environmental terms. More operationally, we posit that in
order to cope with these objectives, the systems have to be self‐sufficient (no importation of
fertilizers or pesticides) and able to cope with unanticipated events, especially climatic events,
since self‐sufficiency can render systems more sensitive to natural variations in farmland
properties.

The herd breed is split equally between two breeds (Holstein and Montbeliarde) in order to
test the capacities of each breed to enable the system to achieve the objectives set. Maximizing
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grazed grass in the cow diet led to grouped calvings in late winter (February to April) in order
to match the animals’ energy requirements with grass availability. Under this management
policy, cows produced 5132 kg milk/cow/year on average in 2005 and 2006: Holstein cows
milked on average 400 kg milk/cow/year higher than Montbéliarde cows (respectively 5347
and 4947 kg milk/cow/year). However, at the end of the breeding period, 65% of dairy cows
were pregnant in 2005 but only 27% at the corresponding timepoint in 2006. These very poor
ratios affected herd sustainability, even though performance levels for replacement heifers
were better (Table 1).

Year 2005 2006

Herd Hn Mo Herd Hn Mo

Cows

 Success AI1 and AI2 (%)1 54 38 75 23 8 33

 Fertility (%)2 65 52 81 27 17 33

Heifers

 Success AI1 and AI2 (%) 79 80 78 71 75 67

 Fertility (%) 86 80 89 88 75 100

Hn: Holstein; Mo: Montbeliarde; AI: artificial insemination.

1Percentage of pregnant cows served once or twice.

2Percentage of animals calving after being served during the breeding period.

Table 1. Reproductive performances of dairy cows in 2005 and 2006, according to breed.

An analysis of individual animal management within the cow herd highlighted different
groups. Each group corresponds to a specific calving date, which, in relation to turnout date,
determines the feed diet at the beginning of lactation: a switch from winter feed to pasture
grass.

The milk production of dairy cows calved after turnout increased very quickly (2–4 weeks) to
maximum daily production, generating high energy requirements, which is detrimental to
reproduction. The milk production of dairy cows calving at least one month before turnout
showed a slower increase to maximum daily production (taking 8–12 weeks), with a smoother
effect on energy balance and reproduction. Within these two configurations, Montbeliarde
cows gave smoother lactation curves than Holstein cows (Figure 3). They were able to limit
milk production, even when stimulated by turnout to grass, and thus gave better reproduction
performances than Holstein cows.

In the grass‐based systems, Montbeliarde cows offer more plasticity than Holstein cows.
Secondly, shifting the calving period (January to March instead of February to April) should
maximize the number of calvings before turnout to grass, thus lending the system more
flexibility by enhancing reproductive performance.
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Figure 3. Individual lactation curves (milk yield in kg/cow/day throughout time after calving, in weeks) of Montbe‐
liarde (Mo) and Holstein (Ho) dairy cows in 2005, according to the parity and to the calving period (February = at least
1 month before turnout vs. April = after turnout). On the right side, the average shape of curves for each period.

4.3. The collective workflows lever: flexibility in response to market uncertainty

The flexibility of suckler cattle farms is induced by commercial circuits: one of the features of
suckler cattle farms is that they offer the possibility of selling livestock, and particularly
females, at virtually any age. There are potentially over 15 different categories, with some
breeders selling a minimal number of animal categories (n = 3: male calves, female calves and
cows), whereas other systems offer a broader range comprising four or more different
categories. Some systems always produce the same types of animal, whereas others gear
themselves with options to change in response to climate events or market openings. There is
also a heavy and practically range‐independent variability in the number of buyers for the
animals produced (Figure 4): a 2005 survey sampling livestock farmers ranged from one buyer
for all animals up to seven different partners. Over and above buyer numbers, buyer status is
also a critical criterion for livestock breeders. We have identified two different sets of strate‐
gic choices:

• Cooperatives vs. private buyers: some livestock farmers are convinced that cooperatives rob
them of their freedom to market their products and thus refuse to help finance the running
costs (premiums), in contrast to other farmers who strongly believe the cooperative
represents their best interests, offering them a voice and a channel through which they can
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take action if problems arise. Finally, there is another category of livestock farmers who
attach little importance to buyer status and who choose to sell their animals based on the
prices they can get and how well they know and trust the buyer;

• Single buyer vs. several buyers: for farmers who work with a single buyer, the driving factor
is the relationship of trust: the buyer understands how the farmer works and knows what
animals are produced: negotiations are relatively straightforward, and sometimes a phone
call is all that is needed. While the cattle farmer does need to make efforts to protect this
special relationship (trust‐system payments, sales spread across the year, etc.), in return they
can expect the buyer to step in and make priority purchases when business is bad (security
factor). In contrast, other farmers see the option of juggling between buyers as a way to take
advantage of competition. If the market goes through a crisis, the farmer hopes to weather
the storm by having a number of available buyers in order to sell their total livestock.

Figure 4. Different farmer (F) strategies for animal sales in livestock farming systems, combining range and number of
purchasers (P); (one arrow corresponds to one specific category of animals sold, i.e. culled cows, weaned calves, hei‐
fers, bulls and steers).

The components of biophysical systems (plants, animals and soils; Figure 5) confer a relatively
greater level of system‐wide flexibility through their own, intrinsic properties: (i) delayed
differentiation process: unicity, particularly for females from suckler cattle breeds, regardless
of their end purpose and their age at sale [41]; (ii) plasticity, breed diversity and ability to adapt
to different management strategies [42, 43]. Gaillard et al. [44] showed how Simmental breed
diversity offered dairy farmers options to take up a more or less marked position on the
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intensified fodder system gradient, ranging from extensive 100% grassland systems to
intensive corn silage‐based systems.

Depending on the flexibility leverage deployed by the farmer [7], both the system compo‐
nents (structural dimensions) and their interplays (functional dimensions) will take on a
certain measure of specificity. Furthermore, this distinction picks up on the distinction
made by Alcaras and Lacroux [16] between the stability of an organization's structure and
the stability of an organization's target objectives: (i) the “size” lever: reproductive capaci‐
ties, useful lifespan and carcass yield, for animals that farmers can no longer select to work
with once they opt to increase the size of their holding through internal growth (zero buy‐
in); (ii) the “responsiveness” lever (short‐range opportunity‐taking): versatility, ability to
handle change (feed type and volume), malleability, breed mix, capacities for out‐of‐season
production; (iii) the “collective workflows/technicity” lever: quantitative performance,
standardized high‐tech information system, records; (iv) the “room for manoeuvre” lever:
versatility, simplicity, hardiness.

Figure 5. Descriptors assigned to adaptive capacities according to level of organization in the functional analysis of
production systems.

5. Discussion and conclusion

The foundations of resilience analysis have progressively shifted towards the foundations of
flexibility analysis. Our assertion is based on qualifying the set of properties that will enable
a system to secure sustainability by restricting the use of the two terms to different levels of
organization (Figure 5): “flexibility” to cover the level overarching the entire production
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system and “resilience” to cover the underlying level of the biophysical (or operant learning)
system. The terms used at the next level down, comprising the organic system entities such as
plants and animals, would be “plasticity” and “adaptive capacity” as employed in Ref. [42].
The three examples of production systems highlighted earlier share a common denominator
in that they are all “extensive” systems, that is, where productivity per surface unit of land is
not maximized compared to intensive systems. A clear pattern emerged, wherein the adaptive
capacities of these systems are perceived differently under the two scenarios. The design and
development of intensive systems (high production per surface unit of land) consisted then,
as now, in targeting measures capable of absorbing the negative effects of increasing perform‐
ance. This means that for the animals, the primary property needed is “robustness,” that is,
the ability to produce a lot and regularly, regardless of the environmental disturbances.

The levers that farmers can deploy to protect their management systems against market
uncertainty will differ depending on farmer standpoints, objectives, lessons learned, the
collective organizations they work with, the standards and specifications they work to, etc.
Therefore, in order to properly analyse the attributes of systems that make them less vulnerable
to unknowns, the focus should be directed towards the information systems employed by farm
system managers [45]. It is equally important to identify the interplays between overarching
and underlying scale levels for the system studied (panarchy) and to hone in on the dynamics
at work during periods of transition.

Literature review combined with the examples compiled reveals that studies directed at
developments and changes in farm systems harnessing ecological‐biological (animals, plants,
etc.) and human‐social (farmers’ strategies and objectives) dimensions can use the notion of
flexibility to gain a sharper and more explicit analysis of the interactions between these
dimensions.

The move to revitalize the analytical framework governing livestock farming systems has to
explicitly factor in dimensions stemming from interactions between animal production science
and social sciences (formalization of livestock farmer strategies, workflow organization; [46])
as well as between ecology (resilience) and management science (flexibility). The target is to
combine the analytical perspectives on (i) the regulatory properties of management‐led
biological systems (such as the herd, whose dynamics are shaped by interactions between
human decisions and the biological functions of the animals; [43, 47]) and the leverages capable
of parrying the effects of climatic risks and economic unknowns (types of product, relations
with downstream factors, socio‐technical networks).

There has been a key turning point in the way agronomics researchers have addressed the
issue of performance in farm production systems. There has been a move away from focusing
on ways to control or increase quantitative performance metrics (although there are shades of
ecological intensification policy that still encourage this kind of outlook; [48]) and towards
other rationales, such as “multicriteria” system design and assessment frameworks. Looking
at the issues left unresolved and the various standpoints on offer, we have identified at least
two courses of action:
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• The interplay, or rather the fitting of abilities between production system components
(system entities) and the type of system environment. This standpoint leads to a subsequent
issue of whether there are advantages to be drawn from preserving certain specific animal
or plant genotype characteristics that are underrepresented or tend to pale in comparison
when balanced against the yield capacities of different breeds and the so‐called improved
crop varieties.

• The advantages of mixed farm systems combining different animal breeds/plant species,
where the farmer is hedging on complementarity between the properties of each breed/
species to cope with climatic unknowns (species offering different hardiness or which
develop at different periods of the year) or variations in market prices (which have different
effects on different farm outputs).

Approaches based on concepts and theories borrowed from disciplines such as ecology and
management science are particularly fruitful for fuelling reflective thinking and reframing
analyses in agronomics science when the aim is to investigate the dynamics of change and the
adaptability of farm in response to situations of uncertainty.

For farmers, the art of farm management resides in tackling head‐on how they define and
readjust the production objectives set, how they lead negotiations with other farm stakeholders
in order to achieve these objectives given the resources available, how they tackle uncertainty
and how they tackle opportunity. These are all complex adaptation processes occurring at the
interface between the farm and its environment, which emerge not only in the decisions taken
but also in the short‐term and long‐term practices that we have termed “flexibility.” Our
analysis of these processes applied to three real‐world systems enabled us to highlight a
handful of principles governing farm business flexibility. First, the situational contextualiza‐
tion: flexibility is dependent not only on the technical features of the production system
components (plasticity) but also on the socio‐economic environment in which the businesses
evolve; second comes the collectiveness component: flexibility becomes greater as the business
integrates the collective dimension of farm activity, even if the overriding aim is to maintain
decision‐making autonomy over the production system. Finally, from the methodology
standpoint, trials led at our experimental farm station have prompted us to continue investi‐
gations into methods for qualifying and if possible even quantifying the sustainability of farm
structures in interaction with their environment, factoring in the different farm‐structuring
organizational levels. This research will ultimately be used for inter‐farm comparisons
integrating on‐farm production system adaptability over time.
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Abstract

The objective of this study is to determine whether there are clear differences between
conventional (but low-input) and organic beef cattle farms located in the Southwest of
Spain.  Thirty-three conventional  and 30 organic farms were compared in terms of
structure, technical management, and performance. The results showed that organic
farms (‘All Organic’) mainly focus on the production of calves at weaning age, which
are fattened in conventional holdings (‘Organic 1’; n = 22). The remaining organic farms
(‘Organic 2’; n = 11) showed to participate in almost all stages of the agri-value chain.
‘Conventional’  farms  were  mainly  dedicated  to  producing  calves  at  weaning  age
(similarly to Organic 1). Organic 1 had the smallest herd size (80.18 livestock units (LU),
p < 0.05). Organic 2 showed greater presence of indigenous breeds (62.08%, p < 0.05).
Conventional farms proved to bear higher feed and veterinary costs per area (161.59
and 17.87 €/ha; p < 0.01 and p < 0.05, respectively), but Organic 2 had higher feed costs
per LU. Therefore, Conventional and All Organic were quite similar, and differences
depended mainly on farm structure. Hence, being either conventional or organic does
not seem to be a valid criterion for drawing conclusions regarding the benefits or
characteristics of each system.

Keywords: semiarid, production systems, sustainability, sustainable agriculture, med-
iterranean, drylands
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1. Introduction

Organic livestock farm numbers have sharply increased in recent years [1] as an adaptive
response for increasing farm profitability (through subsidies and price premiums). However,
before implementing any production systems, an analysis of the similarities and differences
between both the current and the potential new farm configurations should be carried out, since
it will provide a wider view of the chances of success after the change.

For this purpose, the methodological process of farm characterisation is essential as it allows
in-depth understanding of the operation of livestock production systems, which is key to
improving their management, economic performance and overall sustainability. Thus,
Rodríguez et al. [2] stated that farm viability relies on specific management practices that are
suitable for the specific socioeconomic and environmental context of the farm, and this should
be based on the knowledge of the characteristics and performance of the production systems.

Subsequently, several researchers have conducted studies for characterising farms according
to various parameters. Some authors have focused on livestock species reared on the farms.
Thus, different authors [3–10] have studied and characterised beef cattle farms by means of
descriptive and/or cluster analysis on the basis of technical, structural, economic and/or social
indicator. However, to our knowledge, there are no available studies that comparatively
characterise organic and pasture-based or low-input conventional beef cattle farms, contextu-
alizing such analysis within the evolution of the production systems under study. We therefore
believe that this is a particularly appropriate time to conduct the present study. This would be
of even more interest if the farms studied were located in complex agro-ecosystems with great
value and externalities from the socio-economic and environmental points of view.

The present study was carried out with the following aims: (i) to shed light on the gap of
knowledge existing due to the lack of studies that compare the characteristics of conventional
and organic beef cattle farms and (ii) to find similarities and differences between organic and
low-input conventional beef cattle farms. For this purpose, a characterisation (technical
management, structure and economic performance) of the farms located in the ‘dehesa’ was
carried out.

2. Material and methods

2.1. Study area

The study area was the dehesa located in the region of Extremadura (Southwest of Spain). From
a climatic point of view, it enjoys annual average temperatures of 16–17°C, with mild winters
(average temperature of 7.5°C) and hot and dry summers (the average mean temperature is
greater than 26°C, exceeding 40°C in the hottest months, which correspond to a Mediterranean
continental semiarid climate. Its rainfall pattern is irregular (300–800 mm). Soils are shallow,
acidic and of low fertility. Due to these characteristics, the availability of grazing resources is
reduced and unstable [11–13].
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2.2. Sample selection

A sample of farms in the beef cattle sector located in the dehesa of Extremadura was selected.
Due to a lack of official statistics on figures and locations of dehesa farms in Extremadura, the
sampling was non-probabilistic by quotas. The number of farms surveyed was 63, in line with
other studies analysing livestock production systems [4, 14–17]. Apart from the number of
farms, various criteria (already explained by Escribano et al. [17, 18]) were used to select the
farms with the aim of obtaining an indicative sample of the various beef cattle production
systems located in dehesas. The criteria used are summarised below:

- Predominant species and productive orientation: beef cattle.

- Herd size: over 25 adult cows, in order to differentiate between small and commercial farms.

- Geographical and forest-related aspects: the study includes farms located in different areas
within the dehesa (geographical criteria) with different woodland densities (forest criteria
similar to that followed in previous studies in the area [14]). Figure 1 shows farms’ spatial
distribution and type of dehesa in which they were based on.

- Organic farms: all organic farms had already finished their conversion period to the organ-
ic system.

Figure 1. Dehesa location and different land cover characteristics. Forest fractional cover (FFC): Fraction of the land
covered by the vertical projection of the tops of trees.
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Finally, 63 farms (30 Conventional and 33 Organic farms were selected, thus achieving: a
sample size similar to that of other studies characterising livestock farms [4, 5, 10, 14]; similar
sample sizes of organic and conventional farms, thus allowing an adequate comparative
analysis of both sectors.

2.3. Selection of parameters

In order to select the most appropriate indicators to analyse the farms under study, two main
steps were followed. Firstly, the scientific literature addressing the structural and technical-
economic points of view was reviewed. The selection of consistent and similar indicators
allowed carrying out comparisons with studies on the topic. Moreover, economic parameters
were created following the economic accounts for agriculture in the community [19] and the
adaptation to dehesa livestock farms already carried out in previous studies [14, 15, 20]. As a
consequence, the discussion of the results was consistent and the achievement of the aims of
the present study was possible.

Finally, the selected set of indicators were confirmed to be in agreement with the recommen-
dations of Lebacq et al. [21]: relevance, representativeness of the system, measurable, value to
the end user, no ambiguity, no redundancy, and predictive.

2.4. Data collection

Data were collected from farms by means of a questionnaire in the year 2010. The questionnaire
was developed according to selected indicators. These included information on structure
(farms and herd characteristics: sizes, infrastructure, etc.), technical management, production
results, economic data and social aspects. Subsequently, data were collected by the first author
directly at the farms, followed by structured and semiclosed interviews with farm managers.
Farmers’ answers were the sources of information for all indicators. All these processes were
carried out in accordance with the methodology used by several authors who analysed similar
aspects of livestock farms [2, 6, 8, 10, 14, 15, 17, 22–27].

2.5. Analysis

The statistical analyses included descriptive statistics for the full sample of farms. Subse-
quently, an ANOVA test was applied to all parameters, as all of them are quantitative ones.
This allowed comparing all farms following two approaches. First, conventional farms were
compared to organic farms in order to compare the two production systems as a whole
(Conventional vs. All Organic). Secondly, farms were compared based on three classifica-
tions that are explained in the next section: (i) Conventional farms; (ii) Organic 1 farms; (iii)
Organic 2 farms. This approach offered insight into each of them, so that more valuable and
precise conclusions about the organic beef cattle sector could be made. Statistical analyses
were performed using SPSS v. 20.
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3. Results

3.1. Farm types

After collecting data and creating the database, it was noted that, based on the aspects studied,
organic farms could clearly be subdivided into two production systems, so it was decided that
a classification of the farms selected needed to be made, with the resulting following groups:

- Conventional; found as “Conv.” in the tables (n = 30): This grouped conventional farms. With
regards to the situation of the beef cattle sector in the dehesa, these farms were mostly focused
on calf rearing (calf fattening was almost nonexistent, so these farms mainly sold their calves
at weaning age (5–6 months old and 160–220 kg of live weight; see Table 1).

Parameters Conv.

(n = 30)

Org. 1

(n = 22)

Org. 2

(n = 11)

Sig. 14 Sample

(n = 63)

SD All Organic

(n = 33)

Sig. 25

UAA1 275.80 223.72 337.84 0.378 268.44 223.34 261.76 0.806

Owned area/UAA 0.64 0.54 0.55 0.541 0.59 0.44 0.55 0.390

Wooded land/UAA 0.46 0.47 0.77 0.101 0.52 0.43 0.57 0.336

Crop area/UAA 0.00 0.00 0.00 0.576 0.00 0.01 0.00 0.334

Bovine LU2 104.92ab 74.33a 124.83b 0.016* 97.72 52.14 91.16 0.299

Ovine LU 6.78 5.36 15.37 0.496 7.78 30.38 8.69 0.805

Swine LU 0.00 0.50 0.77 0.445 0.31 1.55 0.58 0.138

Total LU 111.70ab 80.18a 140.95b 0.024* 105.80 63.33 100.44 0.485

Bovine LU/Total LU 0.98 0.96 0.92 0.452 0.96 0.13 0.85 0.369

Total stocking rate3 0.73 0.50 0.44 0.312 0.60 0.64 0.48 0.131

a, b, c Mean values with different letters in the same row are significantly different. * p<0.05, ** p<0.01, *** p<0.001. SD:
standard deviation. 1UAA: Utilized Agricultural Area. 2LU: Livestock Units. 1 cow = 1 LU; 1 sheep = 0.12 LU; 1 sow = 0.37
LU. 3Total Stocking rate = LU/ha UAA. 4Analysis of Variance of the groups Conventional, Organic 1 and Organic 2.
5Analysis of Variance of the groups Conventional vs. All Organic.

Table 1. Herd and farm structure. Mean values, standard deviation and level of significance.

- Organic 1; found as “Org. 1” in the tables (n = 22): These farms were producing under the
organic system, but none of them fattened their calves. On the contrary, they were marketed
with almost the same characteristics (age and live weight) and price as the conventional ones
(check Table 1 to observe the similarity with conventional farms).

- Organic 2; found as “Org. 2” in the tables (n = 11): Organic farms that fattened and sold their
calves under the organic system.

Furthermore, organic farms were also analysed as a whole in a group called “All Organic” (n
= 33).
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3.2. Farm structure and management

3.2.1. Farm and herd characteristics

The average size of farms was 268.44 ha utilized agricultural area (UAA) (Table 2). Organic 2
farms were larger than ‘All Organic’, but the high variability within the sample did not allow
identifying significant differences between this group and Organic 1. With regard to herd size,
All Organic farms were also similar to Conventional farms, and an important variation within
farms was identified in relation to the mean cattle herd size (140.95 livestock units (LU) in
Organic 2 vs. 80.18 in Organic 1, p < 0.05).

Parameters Conv.
(n = 30)

Org. 1
(n = 22)

Org. 2
(n = 11)

Sig. 16 Sample
(n = 63)

SD  All
Organic
(n = 33)

Sig. 27

Replacement rate (%)1 11.98 11.92 13.29 0.922 12.19 1.23 12.38 0.875

Cows/bull (N°) 31.01 30.67 28.29 0.844 30.42 1.68 29.88 0.740

Estrous synchronisation (%)2 6.70 0.00 0.00 0.321 3.20 – 0.00 0.132

Artificial insemination (%)3 6.70 4.50 0.00 0.592 4.80 – 3.00 0.658

Length of mating period (months) 10.40 10.70 10.14 0.922 10.46 0.29 10.52 0.846

Fertility rate (%)4 85.15 77.70 81.49 0.187 81.91 1.82 78.97 0.091

Age at first calving (month) 30.68 33.45 33.68 0.197 32.17 0.79 33.53 0.074

Calving interval (days)5 346.50 33500 343.64 0.165 341.98 2.74 337.88 0.117

Calves born/cow/year (N°) 0.85 0.78 0.81 0.187 0.82 0.02 0.78 0.091

Weaned calves/cow/year (N°) 0.81 0.71 0.65 0.061 0.75 0.03 0.69 0.025*

Age at weaning (months) 5.86 5.82 6.00 0.886 5.87 0.13 5.88 0.944

Live weight at calving (kg) 202.33a 190.91b 193.18ab 0.037* 196.75 2.12 191.67 0.011*

Calves sold at weaning
age/cow/year (N°)

0.63a 0.66a 0.27b 0.000*** 0.58 0.03 0.53 0.000***

Fattened calves sold/cow/year (N°) 0.07a 0.00a 0.45b 0.000*** 0.11 0.03 0.15 0.000***

Fattened calves/total calves sold 0.09a 0.00a 0.64b 0.000*** 0.15 0.30 0.21 0.119

a, b, c Mean values with different letters in the same row are significantly different. * p<0.05, ** p<0.01, *** p<0.001.
1Calculated as the annual average proportion of heifers bred for reproduction/number adult. 2Annual average
proportion of cows synchronized/total adult cows in the farm. 3Average annual proportion of inseminated cows/total
adult serviced cows in the farm. 4Annual average proportion of: live births/serviced cows. 5Annual average number of
days from calving to calving in the adult cows of the farms. 6Analysis of Variance of the groups Conventional, Organic
1 and Organic 2. 7Analysis of Variance of the groups Conventional vs. All Organic.

Table 2. Reproductive management and performance, and productive orientation. Mean values, standard deviation
and level of significance.

In relation to the various land uses and the type of ownership, it was seen that 59% of land was
in property (owned area/UAA in percentages). Fifty-two percent of UAAs had tree presence.
Moreover, crop areas were almost inexistent.
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Artificial insemination (%)3 6.70 4.50 0.00 0.592 4.80 – 3.00 0.658

Length of mating period (months) 10.40 10.70 10.14 0.922 10.46 0.29 10.52 0.846

Fertility rate (%)4 85.15 77.70 81.49 0.187 81.91 1.82 78.97 0.091

Age at first calving (month) 30.68 33.45 33.68 0.197 32.17 0.79 33.53 0.074

Calving interval (days)5 346.50 33500 343.64 0.165 341.98 2.74 337.88 0.117

Calves born/cow/year (N°) 0.85 0.78 0.81 0.187 0.82 0.02 0.78 0.091

Weaned calves/cow/year (N°) 0.81 0.71 0.65 0.061 0.75 0.03 0.69 0.025*

Age at weaning (months) 5.86 5.82 6.00 0.886 5.87 0.13 5.88 0.944

Live weight at calving (kg) 202.33a 190.91b 193.18ab 0.037* 196.75 2.12 191.67 0.011*

Calves sold at weaning
age/cow/year (N°)

0.63a 0.66a 0.27b 0.000*** 0.58 0.03 0.53 0.000***

Fattened calves sold/cow/year (N°) 0.07a 0.00a 0.45b 0.000*** 0.11 0.03 0.15 0.000***

Fattened calves/total calves sold 0.09a 0.00a 0.64b 0.000*** 0.15 0.30 0.21 0.119

a, b, c Mean values with different letters in the same row are significantly different. * p<0.05, ** p<0.01, *** p<0.001.
1Calculated as the annual average proportion of heifers bred for reproduction/number adult. 2Annual average
proportion of cows synchronized/total adult cows in the farm. 3Average annual proportion of inseminated cows/total
adult serviced cows in the farm. 4Annual average proportion of: live births/serviced cows. 5Annual average number of
days from calving to calving in the adult cows of the farms. 6Analysis of Variance of the groups Conventional, Organic
1 and Organic 2. 7Analysis of Variance of the groups Conventional vs. All Organic.

Table 2. Reproductive management and performance, and productive orientation. Mean values, standard deviation
and level of significance.

In relation to the various land uses and the type of ownership, it was seen that 59% of land was
in property (owned area/UAA in percentages). Fifty-two percent of UAAs had tree presence.
Moreover, crop areas were almost inexistent.
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3.2.2. Reproductive management and performance, and production results

Estrous synchronisation was only carried out in the 3.20% of farms held. This practice was only
observed in conventional farms, since it is not permitted in organic farming. Accordingly, only
4.80% of farms opted for artificial insemination, with all of them also carrying out natural
mating, such that the use of either one or another technique was not exclusive. This scarce use
of these reproductive techniques is typical in low-input beef cattle farms.

Calves weaned in All Organic had lower weights than those belonging to the conventional
group, and Organic 2 farms sold less weaned calves per cow in total, thus showing a lower
productivity in this regard. However, Organic 2 and All Organic sold more fattened calves per
cow and also sold a higher proportion of fattened calves/total calves sold. These differences
were due to the fact that the Organic 2 group was composed entirely of fattening farms, while
all Organic 1 farms solely marketed calves at the age of weaning. Similarly to the Organic 1
group, 83.33% of the farms belonging to the conventional group did not carry out the fattening
of any of the calves that they produced. These facts about the composition of the groups also
influenced the differences between these indicators for yearlings sold per cow and calf weight
at weaning.

3.2.3. Breeds

The breed distribution of organic farms is also an important issue, as autochthonous breeds
are preferable for this production model, as indicated by Regulation 834/2007 [28]. Table 3
shows the composition by breed of the farms.

Parameters Conv.
(n = 30)

Org. 1
(n = 22)

Org. 2
(n = 11)

Sig. 11 Sample
(n = 63)

SD All
Organic
(n = 33)

Sig. 22

Purebred autochthonous
cows (%)

20.11a 30.76ab 62.08b 0.015* 41.83 31.16 41.20 0.045*

Purebred foreign cows (%) 8.86 11.25 6.74 0.854 22.31 9.33 9.75 0.877

Purebred cows (%) 28.97a 42.01ab 68.82b 0.027* 42.85 40.48 50.95 0.041*

Purebred autochthonous
bulls (%)

13.02 15.91 31.36 0.264 32.06 17.23 21.06 0.324

Purebred foreign bulls (%) 86.98 76.82 68.64 0.254 33.94 80.23 74.09 0.133

a, b Mean values with different letters in the same row are significantly different. * p<0.05. 1Analysis of Variance of the
groups Conventional, Organic 1 and Organic 2. 2Analysis of Variance of the groups Conventional vs. All Organic.

Table 3. Farm breed structure. Mean percentage values, standard deviation and level of significance.

The percentage of purebred autochthonous cows reached 41.83%, with this percentage being
higher in All Organic and Organic 2 than in the conventional group. Also, All Organic and
Organic 2 showed a higher presence of these purebred cows; either autochthonous or foreign
ones. The main reason for this is that Organic 2 farmers were market oriented (they had
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contracts with supermarkets) so that they knew that more productive breeds that allow them
to produce carcass of better conformation, mainly Limousine.

Parameters Conv.
(n = 30)

Org. 1
(n = 22)

Org. 2
(n = 11)

Sig. 15 Sample
(n = 63)

SD All
Organic
(n = 33)

Sig. 26

Land fixed capital1 5,630.07 5,194.52 5,695.62 0.788 5,489.42 310.43 5,361.56 0.669

Buildings fixed capital2 660.75 606.48 546.10 0.935 621.78 114.32 586.35 0.748

Machinery fixed capital3 215.51 138.79 107.77 0.449 169.91 35.00 128.45 0.217

Livestock fixed capital4 624.81 416.66 329.10 0.217 500.49 69.69 387.47 0.089

Total fixed capital 7,131.14 6,356.45 6,678.59 0.443 6,781.59 430.59 6,463.83 0.443

Note: all these indicators were measured in terms of €/ha. 1Value of the land at market prices. This depended on the
quality of the plots (grazing resources, location and tree density, among other parameters). 2Value of infrastructure at
market prices. Years of use and level of conservation/maintenance were taken into account. 3Value of machinery (cars,
trucks, etc.) at market prices. Years of use and level of conservation/maintenance were taken into account. 4Value of all
livestock present at market prices. 5Analysis of Variance of the groups Conventional, Organic 1 and Organic 2.
6Analysis of Variance of the groups Conventional vs. All Organic.

Table 4. Fixed capital according to farm groups.

Parameters Conv.
(n = 30)

Org. 1
(n = 22)

Org. 2
(n = 11)

Sample
(n = 63)

SD Sig. 113 All
Organic
(n = 33)

Sig. 214

Feed/ha UAA1 109.69a 17.55b 96.63ab 75.24 112.18 0.009** 43.91 0.019*

Feed/LU2 161.59a 38.27b 220.54a 128.82 165.70 0.003** 99.03 0.136
Seeds and fertilisers3 7.51 3.10 1.00 4.84 12.61 0.252 2.40 0.108
Veterinary and medicines/ha UAA4 17.87a 4.51b 4.84b 10.93 21.16 0.043* 4.62 0.012*

Veterinary and medicines /LU5 20.32a 7.45b 11.64ab 14.31 15.14 0.006** 8.84 0.002**

Maintenance of fixed capital6 15.74 18.95 22.60 18.06 22.68 0.681. 20.17 0.444
Energy7 24.24 22.44 18.27 22.57 22.84 0.765 21.05 0.584
Other expenditure8 24.32 20.87 21.88 22.69 33.67 0.934 21.20 0.717
Intermediate consumption9 199.38 87.42 165.22 154.32 177.86 0.077 113.36 0.054
Remuneration of employees10 60.29 42.48 61.24 54.24 100.69 0.799 48.73 0.653
Fixed capital consumption11 54.59 44.20 38.08 48.08 66.62 0.744 42.16 0.464
Land rented12 30.56 30.96 23.25 29.42 38.47 0.846 28.39 0.825

a, b Mean values with different letters in the same row are significantly different. * p<0.05, ** p<0.01. 1Expenditures
(purchases) made in external feedstuffs/hectare of UAA (€/ha). 2Expenditures (purchases) made in external
feedstuffs/LU (€/LU). 3Expenditure in seeds and fertilisers/hectare of UAA (€/ha). 4Expenditures made in veterinary
and medicines/ha UAA (€/ha). 5Expenditures made in veterinary and medicines /LU (€/LU). 6Expenditures made in
maintenance of fixed capital/ha of UAA (€/ha). 7Expenditures made in energy/ha UAA (petrol and electricity) (€/ha).
8Expenditures/ha UAA made in farmers’ associations, lawyers, etc. (€/ha). 9Sum of the following costs (€/ha of UAA:
External feedstuffs + Veterinary services and medicines + Energy + Maintenance of machinery and infrastructure +
Other goods and Services (lawyers, farmers’ associations, etc.). 10Expenditures made in salaries/ha of UAA (€/ha).
11Amortization of machinery and infrastructure = Sum of (((1/20 years amortization) × Value of infrastructures) + ((1/10
years) × Value of machinery)). 12Cost of the land rented (€/ha). 13Analysis of Variance of the groups Conventional,
Organic 1 and Organic 2. 14Analysis of Variance of the groups Conventional vs. All Organic.

Table 5. Intermediate consumption and other costs.
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3.3. Economic parameters

3.3.1. Analysis of fixed capital

This analysis allowed identification of similarities between organic and conventional systems
(Table 4), with regard to infrastructure, land and animals. It is worth highlighting the high
average value of land fixed capital 5489.42 €/ha that accounted for the 81% of total fixed capital
(Table 5).

Parameters (€/ha) Conv.
(n = 30)

Org. 1
(n = 22)

Org. 2
(n = 11)

Sample
(n = 63)

SD Sig.6 All
Organic
(n = 33)

Sig.7

Livestock sales 291.23 151.90 215.92 229.43 223.45 0.081 173.24 0.035*

Other sales 1.49 11.34 9.75 6.37 23.05 0.276 10.81 0.110
Gross output1 635.24 464.09 578.52 565.57 406.81 0.328 502.24 0.197
Subsidies for livestock 158.54 153.75 185.72 161.61 118.93 0.759 164.41 0.847
Total subsidies 165.70 159.91 193.85 168.59 123.39 0.752 171.22 0.861
Total income 458.41 323.15 419.52 404.39 316.03 0.313 355.27 0.198
Total subsidies/total income (%) 0.39 0.45 0.47 0.42 0.18 0.353 0.45 0.160
Net value added2 388.43 338.63 383.35 370.15 249.94 0.769 353.53 0.584
Net operating surplus3 320.98 289.98 313.99 308.94 223.74 0.886 297.98 0.687
Net entrepreneurial income4 290.43 259.02 290.74 279.52 214.31 0.861 269.60 0.703
Profitability rate (%)5 4.39 4.18 4.35 4.31 2.69 0.961 4.24 0.819

Note: Those parameters whose unit is not showed in the table are measured per ha of UAA ((€/ha). 1Value of all the
products of agricultural activities. All agricultural output was recorded except that which was solely produced by
units for their own consumption. 2It measures the value created by all agricultural output after the consumption of
fixed capital. That output is valued at basic prices and intermediate consumption is valued at purchase prices. It was
calculated as follows: (Gross output – Intermediate consumption – Amortisation) + (Those subsidies not related to
livestock farming). 3It measures the yield from land, capital and unpaid labour. It is the balance of the generation of
income account which indicates the distribution of income between the factors of production and the general
government sector. 4Obtained by adding the interest received and then deducting rent (i.e., farm and land rents) and
interest payments, measuring compensation of unpaid labour, remuneration from land belonging to units and the
yield arising from the use of capital. 5Ratio between net surplus and average capital assets, estimated from the value of
total fixed capital and the value of capital. 6Analysis of Variance of the groups Conventional, Organic 1 and Organic 2.
7Analysis of Variance of the groups Conventional vs. All Organic.

Table 6. Economic and productive performance and subsidies.

Table 6 shows the economic and productive performance of the farm groups, as well as aspects
related to subsidies, where the Organic 1 group can be seen to have lower livestock sales per
hectare of UAA and lower gross production.

Conventional farms proved to sell more calves per hectare and year, which is due to their
shorter productive cycle and the low productivity of Organic 1. No differences were found for
the remaining indicators, but some interesting results were found and therefore comments are
necessary. Organic farms (especially Organic 2) revealed higher numerical values for other
sales, which reflect a higher level of business diversification, something that is key in the farms’
flexibility and adaptability to the changing market environment. Moreover, organic farms
(especially Organic 2) tended to be more dependent on subsidies.
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4. Discussion

4.1. Structure

4.1.1. Farm and herd characteristics

All Organic farms were much smaller than the average farm size found by Perea et al. [10] in
organic cattle farms located in seven regions of Spain (261.76 vs. 425 ha UAA). With regard to
herd size, All Organic farms were also quite similar to Conventional farms and again smaller
than the farms studied by [10], with 100.44 vs. 154 livestock units (LU).

The scarce association between land and animals continues to be an unsolved concern [6, 10].
Similarly, the integration of different livestock species is beneficial. In the farms analyzed, the
proportion of cattle has been really high – 96%, in line with the findings of Perea et al. [9, 10].
This situation responds to the trend of specialisation and intensification already described [15,
17, 18], with increasing total stocking rates in beef cattle farms from 0.40 to 0.43 LU/ha ([6]—
conventional farms; and [9, 10]—organic farms) to the current 0.60 LU/ha. The higher mean
values observed in this study came from conventional farms (0.70). Both Organic 1 and Organic
2 farms complied with the regional organic rules [29] setting a maximum stocking rate allowed
of 0.5 LU/ha.

4.1.2. Reproductive management and performance, and production results

No major differences were found between farm’s groups regarding the reproductive manage-
ment among groups, since most of arms followed the typical technical reproductive manage-
ment in extensive ruminants production systems located in semiarid areas, where the low
fertility rates compared to other breeds and systems. This is due to the fact that heats are not
detected by farmers, there is no heat synchronization, and natural service is the predominant
technique used for conception. Only some organic farms showed to apply artificial insemina-
tion. Average replacement rate of the sample was close to 12%, similar to that found in dehesa
beef cattle farms, either conventional: with values ranging from 10 to 12.4% in Extremadura
[30–32] or organic: 10.65% in Andalusia [9]. However, values found in the study of Milán et al.
[6] were higher: 19.2%. The number of cows per bull was 30.42, lower than the 38.4 found by
Milán et al. [6] and similar to the 27 found by López de Torre et al. [31] in conventional cattle
farms in the dehesas of Extremadura. The implementation of reproductive techniques, such as
artificial insemination, was even lower than that found by Milán et al. [6]: 8.5 vs. 4.80%. This
divergence in results is due to the fact that they analysed farms rearing autochthonous
purebred beef cattle cows. In these cases, livestock is usually registered in the Stud Book of the
breeds, and the use of artificial insemination is more widespread, with the aim of rearing
offspring of more appreciated genetic potential, and thus obtaining higher incomes through
both selling animals as breeding animals and public subsidies.

Despite the lack of significant differences among groups, it is necessary to discuss some topics
such as the reproductive calendar due to its importance in the context of uncertain availability
of pastures in pasture-based systems, such as those of the Mediterranean basin. In this sense,
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it is recommended to avoid continuous mating and make it coincide with spring and autumn,
the seasons where the availability of local feed resources allows fulfilling an important
percentage of animals’ nutritional needs at more affordable prices, due to a lower dependence
on external feedstuff, whose prices are high and subjected to great volatility. However, also
positive externalities can be found from this organization: reduced seasonality in marketing
their products, thus obtaining better prices for them at certain times. Many of the farms
analysed showed a distribution of mating throughout a year. Thus, the average duration of
mating was 10.46 months.

Calves weaned in organic farms had lower weights than those belonging to the Conventional
group. This could be due to the following aspects: Firstly, in some of the studies discussed,
farms reared only local breeds, whose growing rates are lower. However, in the farms analysed
in this study, many cows were either crossed or more efficient breeds, mainly the Limousine
breed. Secondly, increased livestock pressure led to intensification and guidance to higher
productivity which, among other adaptations, led to the inclusion of more efficient breeds.
Thirdly, the rising prices of feed led to the weaning of animals at a younger age (therefore at
lower weights), in order to use less feedstuff and thus reduce production costs. Finally, the
next link in the food chain prefers younger animals because of their better conversion rates in
feedlots. Moreover, less time grazing is usually associated with meat tenderness and lighter
colour, which is in line with butchers' preferences. Thus, Organic 2 farms were those that sold
more fattened calves per cow, and the age of weaning of these was lower. The latter was due
to the fact that calves in Organic 2 farms were weaned before starting the fattening period,
which shortened the length of the production cycle at the farm level (period between weaning
and sale).

The results relating to calves weaned and sold per cow clearly show how the production of
beef cattle in Southwest Europe and in semiarid areas, such as the Mediterranean basin, is
mainly focused on the sale of calves at weaning. As a result, the percentage of fattened calves
sold has been reduced. This is due to both the lack of infrastructure and the traditions of
finishing and slaughtering animals in the Extremadura region [33]. Currently, this fact might
have increased due to high feed prices and low farm profitability.

The existence of organic farms without organic products (Organic 1 in the present study) has
been reported for more authors in dairy cattle [34], in a mixture of livestock and crop farms [35]
and beef cattle [10, 18]. Specifically, Perea et al. [10] reported that only 40.6% of the surveyed
organic beef cattle farms marketed calves as organically certified, and to the organic market.
Thus, they also noticed that in different areas of Europe (from Norway to the Mediterranean
area) the marketing of organic livestock is focused on the sale to conventional feedlots, and
their organic stamp does not have market implications (there is a scarce market for these
weaned organic animals, and they are not sold at a higher price; see [27]).

4.1.3. Breeds

The use of autochthonous breeds is a contemporary issue and usually promoted in organic
farming. However, the low productivity of the rustic local cows makes it necessary to make

Do Organic Livestock Farms Differ from Low-Input Conventional Ones? Insights Based on Beef Cattle...
http://dx.doi.org/10.5772/65094

29



use of other breeds that, despite not being autochthonous, are both well adapted to the local
conditions and more productive. Thus, in the case of males, the racial distribution was main-
ly based on Limousine and Charolais breeds. This is a growing trend that responds to the
need for productivity and competitiveness that requires specialisation [36]. In the dehesas of
Extremadura, there has also been a change from Charolais towards Limousine, probably
aimed at avoiding problems related to dystocia and the ability of calves to suckle, since
farmers perceive that these problems are more frequent when the Charolais breed of ani-
mals are reared.

4.2. Economic parameters

4.2.1. Analysis of fixed capital

No significant differences were found between the groups of farms studied.

4.2.2. Costs, production and incomes

It is important to note that expenditure on feedstuff was lower in Organic 1 than in Conven-
tional group when studied per hectare, while differences were found between Organic 1 and
the rest of groups when these expenditures were measured per livestock unit. The expendi-
ture on veterinary services and veterinary drugs were also lower in Organic 1 group both
per area of land and per livestock unit. However, these differences only were found between
Organic 1 and the Conventional group. All Organic group showed to also rely less on these
external resources (feedstuff, veterinary services and drugs). However, the expenditure on
feed per livestock unit was not statistically different between All Organic and the Conven-
tional group. In general terms, these higher reliance on external resources, and in particular
feed and veterinary services and drugs, is consistent with the organic production method,
since the use of inputs such as feed must come from the farm itself (or the immediate sur-
roundings), and veterinary drugs are limited to two treatments per adult cow per year, ac-
cording to [28] and subsequent amendments.

When comparing Conventional and All Organic farms, one can observe very low feed costs in
Organic 1 and very high feed costs in Organic 2 farms. This is due to the fact that Organic 2
farms fattened all their calves, and Organic 1, none of theirs. This increases the organic feedstuff
purchased, whose price is high: around 30% above the conventional one.

The cost related to veterinary services and medicines shows that in extensive livestock systems
of semiarid areas and conditions it is possible to reduce reliance on drugs with no major
problems. In fact, conventional low-input farms in this area do not rely significantly on these
products due to low stocking rates and dry climate. Also, as the prevalence of infectious
diseases is low, it must be mentioned that the health management of organic beef cattle farms
in this area is very similar to that carried out in Conventional farms, and it is not based on
alternative medicine. In fact organic beef cattle farms also used some veterinary drugs as a
preventive measure [17]. Organic 2 farms had higher veterinary costs than Organic 1 farms
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due to the fact that the transition to the fattening period usually provokes some respiratory
and/or intestinal disorders.

Regarding incomes, it is necessary to increase the market orientation of Organic 1 farms, as
they are not providing organic goods to the market, which influences their low economic
results. Conversely, the longer productive cycle in Organic 2 farms did not allow them to clearly
stand out in terms of income. Finally, the dependence on agricultural subsidies must be
addressed as it is a key point for both the organic sector and the extensive beef cattle farms of
Mediterranean Europe. The high dependence of this aspect makes it unstable and fragile. In
the case of the organic sector, the contribution of the agro-environment subsidies makes them
numerically more dependent, which is in contrast with other studies, regardless whether or
not they were receiving agricultural subsidies [35, 37, 38].

The lower livestock sales per hectare of UAA and lower gross production in the Organic 1
group can be due to the fact that farms belonging to this group only sold calves at weaning
age, and their prices were lower than those of fattened calves. Despite the price of organic
fattened calves (marketed by the Organic farms 2 group) being greater, income from the sale
of livestock per hectare of UAA was higher in Conventional farms. This was probably due to
an extension of the productive cycles in Organic 2 compared to Conventional farms which, in
turn, led to a reduction in the number of calves sold per cow per year. On the other hand,
organic farms (especially the Organic 1 group) had higher incomes in relation to other sales
(those not related to livestock). This could be a consequence of the greater degree of diversi-
fication in organic farming over conventional.

4.2.3. Other aspects worthy of discussion: workforce, agro-environmental management and
marketing strategies

In addition, other aspects came up from the interviews with farmers during the farm visits
which point to additional interesting aspects and open up perspectives which would be
interesting to research. In this sense, Escribano et al. [17, 18] carried out a comparative
sustainability assessment which showed that organic farms did not carry out so many agro-
ecological practices as would be desirable to increase farm environmental protection, nutrient
cycling and self-sufficiency. Moreover, these authors found that in terms of workforce both
production systems are also very similar. Additionally, short marketing channels, which are
commonly associated with organic production, were noted to also be very similar in various
studies [17, 18, 27, 39, 40]. Profound discussion and review about these aspects can be found
in other studies [40].

5. Conclusions and future perspectives

The present study integrated structure, technical, productive and economic parameters that
allowed for a deep understanding of the organic beef cattle farms of Southern Europe, as well
as their similarities and differences with conventional ones. Organic farms have proved to be
very similar to Conventional farms (but pasture-based or low-input). Accordingly, the
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differences were based on the structure of the farms, more than the condition of their being
organic.

According to the results discussed, it is worth mentioning that there was little orientation
towards a different concept of farming, namely, environmental sustainability and self‐
sufficiency. However, the organic farm has been defined as a production system based on the
principles of Health, Ecology, Fairness and Care. In this sense, consumers expect organic
products to be based on these principles, and citizens support this system through taxes. All
these aforementioned aspects shape the necessity to increase the implementation of sustainable
agricultural practices, self‐sufficiency and sales of organic products. Otherwise, the current
production systems will hinder their sustainability due to high global competition, the
increasing cost of agricultural inputs and reduced grazing resources in the Mediterranean area
due to global warming. To do so, the education level of farmers, public support and farmer
cooperation are essential. Moreover, further research is needed to study different production
systems and strategies in order to improve the situation of the sector and the differential
externalities of the organic livestock sector above the conventional one.
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Abstract

Brazil  has  several  breeds of  sheep,  including animals  that  developed from breeds
brought by settlers soon after their discovery. Over the years, these animals were under
the process of natural selection, resulting in breeds that are considered naturalized. The
Pantaneiro sheep shows rusticity and ability of adaptation to tropical climate regions
and tolerance or resistance to disease and parasites. Molecular tools have marked the
discovery of the origin and domestication processes of a wide variety of species, using
both nuclear and mitochondrial  molecular markers.  These tools  have aided in the
understanding of evolutionary relationships, taxonomies, and demographics of various
species and provided support to identify the most important areas for conservation
programs,  in addition to assisting in the analysis  of  genetic  diversity in domestic,
wildlife and endangered species. Researches using these tools show the importance of
exploiting the potential of the genetic diversity found in locally adapted livestock. So
far, a few studies were performed to observe that Pantaneiro sheep served as maternal
basis  for  the  origin  of  other  breeds  reared.  Moreover,  it  is  possible  to  suggest  an
European origin for the sheep populations studied; therefore, more studies using more
markers are needed, so that it is possible to prove their origin.

Keywords: Pantaneiro sheep, genetic management, phylogeny, mtDNA, nuclear DNA
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1. Introduction

Brazil has several breeds of sheep, including animals that developed from breeds brought by
settlers soon after the discovery. Over the years, these animals were under the process of
natural selection of local environmental and climatic conditions, resulting in breeds that are
considered naturalized, locally adapted or native [1].

Thus, the characterization of the diversity of naturalized breeds, the genetic relationship
between them, as well as knowledge of their origins in other breeds are the first step to obtain
subsidies for breeding programs, management, and conservation of naturalized Brazilian
sheep [2].

Molecular tools and recent technologies have marked the discovery of the source and domes‐
tication processes of species, both using molecular markers such as mitochondrial DNA
(mtDNA). These tools have aided the understanding of evolutionary relationships, taxono‐
mies, demographics of various species and provided support to identify the most important
areas for conservation programs, and assist in the analysis of genetic diversity in domestic
animals, wildlife, and endangered species [3, 4].

The mtDNA shows the haplotype diversity within species; therefore, it becomes a useful tool
to establish phylogenetic relationships between the species [5]. On the other hand, the haploid
inheritance of markers of the Y chromosome makes them to be extremely sensitive for detecting
genetic history, the process of domestication, the relationship between population and the male
abundance in gene flow [6].

The Pantaneiro sheep showed greater allelic richness when compared with other populations
in a study with other six breeds in the state of Mato Grosso do Sul, Brazil [7]. Considering that
the introduction of sheep in South America has occurred concomitant with the process of
colonization and the effective population size is in process of formation, high levels of diversity
observed in the different studied populations can be related to the fact of selective pressure
coupled with miscegenation have implicated in the introgression of genes in populations.

Analyzing the haplotypes found in mtDNA, it was observed that the Pantaneiro sheep was
distributed in seven haplotypes and grouped with all other locally adapted breeds that were
analyzed [8].

A study performed with Creole breed demonstrated that these animals have a different
haplotype compared to the animals of Pantaneiro breed, as there was no grouping in the same
network [9]. This suggests a difference between these groups, so more research would be
needed to see if it is enough that the Pantaneiro sheep can be recognized as a distinct breed [10].
However, it was also observed that several haplotypes for the Creole breed were close to
haplotype formed by Pantaneiro breed which could indicate that, although these animals do
not share the same haplotype, they belong to the same haplogroup. The regions where these
animals currently found previously belonged to Paraguay, so it is possible that Pantaneiro
breed has been influenced by Paraguayan herds. Analysis of their mitochondrial genome can
redeem this history showing their genetic diversity from the Creole breed. Thus, the existence
of significant differences in the ND5 gene of mtDNA between Pantaneiro and Creole breeds
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subsidies for breeding programs, management, and conservation of naturalized Brazilian
sheep [2].

Molecular tools and recent technologies have marked the discovery of the source and domes‐
tication processes of species, both using molecular markers such as mitochondrial DNA
(mtDNA). These tools have aided the understanding of evolutionary relationships, taxono‐
mies, demographics of various species and provided support to identify the most important
areas for conservation programs, and assist in the analysis of genetic diversity in domestic
animals, wildlife, and endangered species [3, 4].

The mtDNA shows the haplotype diversity within species; therefore, it becomes a useful tool
to establish phylogenetic relationships between the species [5]. On the other hand, the haploid
inheritance of markers of the Y chromosome makes them to be extremely sensitive for detecting
genetic history, the process of domestication, the relationship between population and the male
abundance in gene flow [6].

The Pantaneiro sheep showed greater allelic richness when compared with other populations
in a study with other six breeds in the state of Mato Grosso do Sul, Brazil [7]. Considering that
the introduction of sheep in South America has occurred concomitant with the process of
colonization and the effective population size is in process of formation, high levels of diversity
observed in the different studied populations can be related to the fact of selective pressure
coupled with miscegenation have implicated in the introgression of genes in populations.

Analyzing the haplotypes found in mtDNA, it was observed that the Pantaneiro sheep was
distributed in seven haplotypes and grouped with all other locally adapted breeds that were
analyzed [8].

A study performed with Creole breed demonstrated that these animals have a different
haplotype compared to the animals of Pantaneiro breed, as there was no grouping in the same
network [9]. This suggests a difference between these groups, so more research would be
needed to see if it is enough that the Pantaneiro sheep can be recognized as a distinct breed [10].
However, it was also observed that several haplotypes for the Creole breed were close to
haplotype formed by Pantaneiro breed which could indicate that, although these animals do
not share the same haplotype, they belong to the same haplogroup. The regions where these
animals currently found previously belonged to Paraguay, so it is possible that Pantaneiro
breed has been influenced by Paraguayan herds. Analysis of their mitochondrial genome can
redeem this history showing their genetic diversity from the Creole breed. Thus, the existence
of significant differences in the ND5 gene of mtDNA between Pantaneiro and Creole breeds
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could indicate that differentiation has occurred between the two breeds, but further research
using other markers would be needed to prove the differentiation between Pantaneiro and
Creole.

Research shows the importance of exploiting the potential of the genetic diversity found in
locally adapted livestock. Innate genes with adaptive values linked to tropical climatic regions
compared to breeds created/improved in temperate environments could be highly useful in
view of the climate changes predicted for the coming years. The exotic breeds, although
considered high performance, can reduced their productivity by not easily conform to the
conditions of creation and management taxes in Brazil, combined yet to climatic weather
(tropical). The introgression of genes between these populations can produce animals whose
general average production and rusticity exceed the means of the parents.

A few studies demonstrated that Pantaneiro breed served as maternal basis for the formation
of other breeds reared in the region [8, 11]. Moreover, it is possible to suggest an European
origin for the sheep populations studied; therefore, more studies using more markers are
needed so that it is possible to prove their origin.

It is assumed therefore that the establishment of conservation programs using molecular tools
is crucial to provide information regarding the genetic diversity patterns of locally adapted
groups, and allow the same to be used for the production system, adding adaptation features,
and rusticity [12].

2. Brazilian naturalized sheep

Domestic sheep are belonging to the Bovidae family, Ovis genus and Ovis aries species. The
sheep were the first animals to be domesticated, and it is believed that its origin is descended
from the Muflon (Ovis musimon) and Urial (Ovis orientalis) breeds, since the Urial breed may
have contributed to the formation of all European sheep breeds [13].

Brazilian sheep breeds, as well as several species of domestic animals in the country were
introduced by Portuguese colonization. Over the years, they have been subjected to natural
selection because of their adaptation and survival to the local environmental and climatic
conditions, resulting in breeds that are now considered locally adapted or local, creole and
native or naturalized [1, 2].

Brazilian naturalized sheep are small and specialized in intensive meat or milk production
system, so far they have not undergone to selection process and genetic breeding [2]. These
breeds were known for their rusticity and ability of adaptation to tropical and subtropical
climate regions, allowing them to hold important attributes of genetic resources. These animals
still have tolerance or resistance to disease and parasites, as well as adaptation to availability
of food resources and water [14].

However, the search for more productive breeds from the ending of the nineteenth century
and the beginning of the twentieth century led to import exotic breeds from temperate climatic
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region, which did not have the adaptive traits of local breeds. This way, it occurred indiscrimi‐
nate crossings, which was determinant to result in rapid replacement and erosion of natural‐
ized animals, endangering their existence [15].

In order to prevent the extinction of naturalized breeds and their genetic heritage, in 1983, the
National Research Center for Genetic Resources and Biotechnology (Cenargen) of the Brazilian
Agricultural Research Corporation (Embrapa) decided to include animal genetic resource
conservation research in its Genetic Resources Conservation program (Brazilian Animal
Genetic Resources Conservation program) [16]. Since then, in addition to Cenargen, several
Embrapa centers, universities, private companies, and farmers have maintained the conser‐
vation of animals, through natural selection and semen, embryos, and oocytes storage in
germplasm banks [17].

3. Pantaneiro sheep

The Brazilian Pantanal, considered the largest wetland sedimentary plain of the world, is
located in the states of Mato Grosso and Mato Grosso do Sul and part of the northern Paraguay
and eastern Bolivia. This biome, due to its intrinsic characteristics, made it difficult the
exchange for other regions of the country at the time of colonization. So, the first animal’s
populations developed for breeds and the sheep of Pantanal region is an example of adapta‐
bility maintained throughout the years [18].

Figure 1. Pantaneiro sheep.

With the expansion of sheep breeding in the state of Mato Grosso do Sul, the genetic group of
locally adaptaded sheep, known as Pantaneiro Sheep (Figure 1), can be advantageous to
increase the production chain, due to its adaptation to the environmental conditions of the
region and by using its rustic genetic material in conservation and breeding programs [7].
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In 2005, researchers at the University Anhanguera (UNIDERP), Federal University of Grande
Dourados (UFGD), the Brazilian Agricultural Research Corporation (EMBRAPA), and the
Federal University of Mato Grosso do Sul (UFMS) initiated studies with the Pantaneiro genetic
sheep group in order to identify, preserve, record, and ensure the development of animals and
their desirable traits obtained by natural selection. The groups were consisted of animals
obtained from farms of Pantanal (Midwest of Brazil), which had similar phenotypic traits but
distinct genotypic patterns presented by exotic breeds created in Brazil [7, 18, 19].

4. Features of Pantaneiro sheep

The Pantaneiro sheep is a separate genetic group of sheep breeds, and it presents allelic
combination approaching to wool breeds from South Brazil and woolless breeds from
Northeast Brazil [20]. As the Pantaneiro sheep are living in the Pantanal region for many years
without suffering any kind of artificial selection or genetic breeding, it was concluded that
these animals are locally adapted to the region [19]. Evidence of this adaptability can be
determined through the wool distribution in the body of the animals, since they show little or
no wool in the legs, belly, and neck, once these body parts are in the most contact with water,
when there is need for locomotion in local filled with water and dense vegetation [18].

In a biometric analysis of 20 Pantaneiro sheep, lower morphometric data were observed, but
similarity exists between native animals of the Pantanal and other sheep breeds created in
Brazil. However, the heart girth and rump width measurements were higher in Pantaneiro
sheep than the data in the literature for crossing between Ile de France and Ideal breeds.
Therefore, the Pantaneiro animals show good potential for genetic breeding sheep breeding
[21].

For assessing the morphometric measurements, a study with four lambs obtained the follow‐
ing averages for the characteristics studied: body weight (46.3 kg), body (69.6 cm), and croup
length (19, 1 cm), chest circumference (82.7 cm), chest (18.1 cm), and croup width (11.7 cm).
The mean values for these characteristics were smaller when compared to the values observed
in wool Creole sheep, but they were higher when confronted with three woolless breeds (Santa
Inês, Morada Nova, and Brazilian Somalis) [22].

An analysis of morphometric characterization, using 338 naturalized sheep from Mato Grosso
do Sul and performed 20 morphometric measurements, concluded that the females of this
genetic group have relatively large heads (32.4 cm), and this feature along with the length of
the skull (24.2 cm) are larger in females than in males [23].

The Pantaneiro sheep have good productive potential in relation to meat and carcass quality
traits, and also for the production of wool, widely used in handicrafts [19]. The lean physique
of these animals owing to their nonrequirement for the high‐calorie consumption results in
low subcutaneous fat accumulation, which is characterized by their rusticity [24].

These animals exhibit average birth weight between 2.5 and 3.5 kg and about 200 to 350 g in
average daily gain weight. Still, it was found that the weight data support the production of
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lambs, providing slaughtering when the animals are between 4 and 8 months, weighing
between 30 and 40 kg, generating high carcass yield, up to 50%, and in addition males and
females have similar productive performance [19].

These sheep also features highlighted in relation to the reproductive performance when
compared to other breeds of sheep created in Brazil. With reproductive activity during the
entire year, females do not show reproductive seasonality, and they can produced more than
1.5 lamb per year, unlike the females of other breeds [19, 25, 26].

The male sheep also have reproductive seasonality, but only when there is little variation of
photoperiod, as in the tropics. Moreover, the variation of breed and environmental factors are
also crucial to the reproductive performance of animals [19].

As Pantaneiro sheep are not considered a breed, studies of molecular, genetic, and phenotypic
characterization are needed in order to prove the differences between these animals and the
other breeds. More studies are required to demonstrate the body, production and reproduction
characteristics of these animals [27].

5. Genetic diversity

Through indiscriminate crossbreeding with exotic breeds, mainly imported from Africa and
Europe, it was put at risk the existence and preservation of naturalized breeds that are now
important genetic heritage [28]. These animals have characteristics which may be considered
useful both from the productive point of view and adaptive such as tolerance or resistance to
diseases and parasites and adaptive wide variations related to the availability and quality of
food and water. Therefore, the animals best adapted and/or more resistant survived and
reproduced to the present day. Thus, the naturalized breeds are a result of the process of natural
selection over the years.

Research aimed at the conservation and breeding of naturalized breeds that are important for
the selection of animals for the purpose of controlling intersections, avoiding inbreeding, and
indiscriminate crossbreeding that thus purebreds are preserved. Therefore, it is necessary to
seek a production system that makes evident its potential, so that they are recognized by the
creators and that they perceive the possibility of the use of local breeds for higher returns
[29].

Studies related to knowledge of adaptive characteristics of different breeds to the environment
can sustain production systems in livestock based on adapted breeds, reducing the impact on
the environment and receiving better products for consumption.

With recent technological developments, new molecular tools were developed in order to
understand the origin and domestication process of domestic species. These tools helped the
discovery of evolutionary relationships, taxonomy, and demographics of a wide variety of
species, providing important support both in identifying priority areas for conservation
programs and in the understanding of genetic diversity in domestic and wild species threat‐
ened with extinction [3].
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6. Microsatellite markers

Microsatellites are the most widely used marker for the study of genetic diversity and
population structure of domestic animals [30]. The abundance of this marker along the
genome, its high degree of polymorphism and codominance are the main features that make
it an important tool for genomic analysis.

Through the evaluation of eight microsatellite loci in five breeds of unrelated sheep (Rom‐
ney, Border Leicester, Suffolk, Awassi, Australian, and New Zealand Merino) was found
highly significant differences in allele frequencies between individuals, indicating that the
genotyping using microsatellite can be a useful tool for examining the evolutionary relation‐
ships between the breeds [31]. Studies using microsatellite markers to characterize genotyp‐
ic and assessments of genetic diversity of sheep described in Spanish breeds, determined the
genetic relationship between Swiss breeds. In these studies, microsatellites were efficient to
evaluate genetic diversity and demonstration of the genetic diversity between the animals
involved [32, 33].

Several studies have shown the use of microsatellite markers in genetic diversity studies of
native animals of Brazil. In a study using 27 microsatellite markers to analyze the genetic
variability of native breeds of goats in Brazil, the result showed that all microsatellites were
polymorphic and showed a high capacity for genetic characterization of these breeds [34]. In
another study, microsatellite markers for 18 loci in studies of genetic diversity of sheep
naturalizes and exotic in Brazil were used (Santa Inês, Bergamácia Wide Tail, Morada Nova
and Somali) and the results showed the efficiency of these markers in the characterization of
these breeds because all breeds differed significantly, although they presented low genetic
variability [2].

A study with 717 animals was determined the variability of 20 microsatellites in 14 Portuguese
sheep breeds. Analysis of these results allowed us to assess the degree of structure of the
Portuguese population of sheep and estimate parameters of genetic diversity in each of the
breeds [35].

Thus, microsatellites have proven marker of excellence for characterization of new naturalized
breeds [36], as well as to genetic variability of population studies [37, 38]. A recent study
identified an approach to facilitate the merger of microsatellite data for cross‐country com‐
parison of genetic resources when samples are evaluated in different laboratories. This
approach can facilitate the merger and analysis of microsatellite data for cross‐country
comparison and extend the utility of previously collected molecular markers. In addition, this
analysis can be used in new and existing conservation programs [39].

Recent research analyzes genetic diversity and population structure among varieties of
sheep. Therefore, nuclear microsatellite markers and regions of mitochondrial DNA are
used [40].
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7. Phylogeny and population structure

Despite the sheep breeds are considered adapted to Brazil and these animals were brought to
the country by settlers soon after the discovery, few studies have been conducted in order to
discover the origin of these animals.

Knowledge of the population structure combined with information about genetic changes can
influence future management actions and can be used to develop strategies for using a breed
in a particular ecosystem as a model for genetic improvement programs [41]. Conservation
programs using molecular tools are crucial for the providing information about the genetic
diversity of locally adapted groups, thus allowing them to be included in production systems
for integration of adaptation and rusticity features [12].

Recent molecular tools and technologies have marked the discovery of the origin and domes‐
tication processes of a wide variety of species, using either nuclear or mitochondrial molecular
markers. These tools have aided in the understanding of evolutionary relationships, taxonomy,
and demography of several species that will provide support to identify the most important
areas for conservation programs, in addition to the analysis of genetic diversity in domestic,
wildlife, and endangered species [3, 4].

Two studies [42, 43] demonstrated the existence of at least two major haplogroups in O. aries
from the control region (D‐loop) of mitochondrial DNA (mtDNA) sequencing: one of European
origin and another, probably of Asian origin. These results can also be interpreted as two
independent domestication events that have occurred for domestic species [44]. Furthermore,
it was developed a test based on polymerase chain reaction—restriction fragment length
polymorphism (PCR‐RFLP) of mitochondrial cytochrome C oxidase I gene (MT‐COI 6) with
the restriction enzyme HinfI (extracted from bacteria Haemophilus influenza Rf) in order to more
easily identify these two haplogroups HA (Asian origin) and HB (European origin) [43].

The study of the mtDNA region, which can be called DNA barcoding, uses partial DNA
sequences of the MT‐COI 6 gene to identify and designate both new species as described
previously, helping to unravel the diversity [45].

A study using PCR‐RFLP from MT‐COI 6 gene using HinfI restriction enzyme was performed
to molecularly characterize, over the existing haplogroups, some sheep breeds used in the state
of Mato Grosso do Sul [8]. The study with the MT‐COI RFLP gene indicated the applicability
of this molecular tool to classify most of the animals as belonging to the European haplogroup,
highlighting the European origin of the state breeds.

Researchers analyze genetic diversity and population structure among varieties of White, Red,
and Black Morada Nova hair sheep from flocks in the northeastern Brazilian semiarid region.
In this study, the use of 15 nuclear microsatellite markers and two regions of mitochondrial
DNA identified the existence of substantial differences between the Red and White varieties
of this sheep and should be used as separate genetic resources and to improve conservation
programs [40].

The origin of sheep from some of the breeds in the state of Mato Grosso do Sul, Brazil is
important because these are part of the genetic heritage of the state and by knowing their
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phylogeny it is possible to improve the management of these breeds, aiming its conservation
and the use of the productivity of these animals in our environment.

The Creole sheep has been reared for centuries in the Brazilian states of Rio Grande do Sul and
Santa Catarina, where there are two known varieties: Fronteira and Serrana [46]. Considering
the geographic distribution of sheep in Brazil and phenotypic similarities between the animals,
it is thought that Pantaneiro sheep originated from the Creole sheep, and research has been
carried out to determine whether the difference between the groups is sufficient for the
Pantaneiro sheep to be recognized as a separate breed [10]. NADH dehydrogenase is one of
the main enzymes found in respiratory complexes in mammals. The subunit five (ND5) was
used to study sheep diversity [47, 46]. The former study determined subspecies of Ovis ammon
in Mongolia by sequencing this region, and the results suggested the existence of two subspe‐
cies (O. ammon ammon and O. ammon darwini). The genetic differentiation was found between
animals of the Creole sheep in the south of Brazil belonging to the varieties Serrana and
Fronteira [44].

Genetic polymorphisms in mitochondrial DNA (mtDNA) reveal haplotype diversity within
species, and are therefore a useful tool for establishing phylogenetic relationships at the species
level [5] The Pantaneiro breed presents a higher genetic variability than other breeds of sheep
reared in tropical altitude regions. Therefore, it is important to develop research that aims at
their conservation and genetic improvement [7].

In order to assessed the variation between a population of Pantaneiro sheep in the state of Mato
Grosso do Sul and Creole sheep in the south of Brazil through molecular analysis of the mtDNA
ND5 region, an study revealed that Creole sheep have a different haplotype compared to
Pantaneiro sheep, suggesting that differentiation has occurred between these groups; there‐
fore, more research would be necessary that can be recognized Pantaneiro sheep as a distinct
breed [9, 10]. Furthermore, several haplotypes in the Creole sheep were close to the one formed
by the Pantaneiro breed animals which may indicate that, although these animals do not share
the same haplotype, they belong to the same haplogroup. The geographical region where these
animals are found today belonged previously to Paraguay, so it is possible that the Pantaneiro
breed has been influenced by Paraguayan breeds and the analysis of its mitochondrial genome
might confirm this assumption, by showing their genetic diversity from the Creole.

Thus, the significant differences identified for the mtDNA ND5 gene between Pantaneiro and
Creole sheep may indicate that differentiation has occurred in both breeds; however, further
research using other markers is required to investigate this further. Additional management
measures need to be carried out in this herd to reduce inbreeding and optimize genetic
variation.

Other aspects besides the distribution of genetic diversity have to be taken into account when
dealing with conservation strategies of species. Historical, cultural, and traditional aspects
about the use of particular breeds are relevant issues. Furthermore, the selection practiced by
sheep breeders can favoring alleles for which the surrogate neutral markers used in diversity
surveys are not necessarily fully representative.
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Abstract

Rumen microbiome plays a critical role in the development and nutrition of the host, and 
any alteration in the rumen microbiome has an important effect on the animal. Rumen 
microbial ecology is always dynamic in response to the diets and physiological condi-
tions of the host. Ruminal microorganisms are mainly anaerobic and provide around 
75% of the energy needed by the animal. The importance of microbial diversity in rumen 
has gained attention not only due to its significance on the productivity of the host, but 
also due to the emission of greenhouse gases (GHGs) and their environmental impact. 
Livestock is one of the most important sources of GHGs from agriculture, contributing 
more than 25% of global GHGs emissions. However, the variations in livestock emis-
sion in different regions of the world could be attributed to the changes in diversity and 
abundance of rumen microbial communities, which vary according to the type and age 
of animal, type of feeds, feeding strategies, climate, etc. This chapter deals on rumen 
microbial ecology, the role of microorganisms in enteric fermentation and the different 
mitigation strategies based on manipulation of rumen microbial diversity to reduce the 
methane emissions from livestock.

Keywords: methane, rumen, enteric fermentation, rumen ecology, mitigation strategies

1. Introduction

Global warming has been attributed to the increment of atmospheric concentration of green-
house gases (GHGs). Since 1750, concentrations of CO2, CH4 and N2O had increased by 40, 
150 and 20%, respectively, until 2014, and the rate of increment of GHG per year from 2000 to 
2010 was approximately 2.2% [1]. Of various anthropogenic activities contributing to global 
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warming, agriculture is an important source. This sector is responsible for 18% of the total 
anthropogenic GHG emissions annually [2]. Livestock represents the most important cause 
of GHG from agriculture contributing approximately to 80% of these emissions [3] and more 
than 25% of global GHG emissions [4].

Herrero et al. [5] estimated the total emissions from livestock were in the range of 5.6 – 7.5 
GtCO2–eq/year (5.6 to 7.5 × 1012 kg CO2–eq) between 1995 and 2005. They observed that the 
main sources were enteric CH4 (~32.2%), N2O emissions associated with feed production 
(~27.45%) and land use for animal feed and pasture (~24.42%). Havlík et al. [6] opined that 
ruminants represent more than 80% livestock emissions; particularly, beef and dairy sec-
tor contribute to about 60% [7]. Emissions from enteric fermentation contribute to 8% of 
total CH4 emissions and are estimated to increase to 30% between 2000 and 2020 [8]. Enteric 
fermentation is the normal process of feed digestion in ruminants and is mediated by the 
microbial activity in the rumen and in the large intestines. Significant amount of methane 
is produced by methanogens residing within the rumen (87%) [9], which is released prin-
cipally through eructation, approximately 10–15% is emitted by normal respiration and via 
flatus [10].

The continued growth of human population and consequent demand for food are poten-
tial drivers of GHG emissions. International climate negotiators have been focused to reduce 
GHG emissions by the improvement of engineering processes, energy efficiency and invest-
ments on alternative energy generation technologies. However, the abatement of ruminant 
GHG emissions has not received adequate attention by the United Nations Framework 
Convention on Climate Change [11]. Even so, several research groups have been working to 
develop strategies to optimize ruminal functions in order to achieve the desired levels of pro-
duction by enhancing feed conversion efficiency and simultaneously reducing methane emis-
sions by manipulating the rumen microorganisms. It is essential to have a detailed knowledge 
of ruminal microbiome, their interactions among themselves and with the host to achieve 
these objectives, and to identify the new approaches for mitigation of GHGs emissions [12].

2. Livestock GHG emissions

Livestock emissions depend considerably on some of the environmental characteristics such 
as the mean annual temperature, geographic location and the economic level of the country. 
It has been observed that in developing and emerging countries, the dietary habits increase 
meat consumption contributing to these emissions [4, 13], nevertheless developed countries 
have a greater proportion of intensive animal production, which results in higher emissions 
of CH4, which is estimated to be 150.7 g/cow/day by cattle [4]. Additionally, the size and 
productivity of animals affect their feed intake and enteric CH4 emissions [14], which can 
vary by animal type, growth stage and composition of diet [15, 16]. Castelán-Ortega et al. [17] 
reported that the average CH4 emissions by individual dairy cattle are higher in the tropics 
than in temperate regions, 319.1 and 283 g/day, respectively. This could be attributed to the 
elevated proportion of cellulose in tropical forages, which is reported to produce three times 
more CH4 than hemicellulose.
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The estimation of livestock emissions differs considerably between studies as different mod-
els are employed for their estimation. Some authors use their own models, but most of the 
authors follow the guidelines of IPCC [18]. However, the differences on estimations still 
continue. Tier I utilizes default global or regional emission factors. Tier II utilizes estimated 
regional or local emission factors and is used in some enteric fermentation studies, neverthe-
less Tier III is the most reliable model for enteric CH4 emission and has several advantages 
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CO2-eq (2.8 and 1.4 × 109 kg CO2-eq), respectively), emissions embodied in US imports of 
meat from Canada were the same that emissions embodied in US exports to Mexico of 1.2 Mt 
CO2-eq. Australian meat exported to South Korea also embodied substantial emissions of 1.0 
Mt CO2-eq. In European countries, meat exported from France to Italy and France to Greece 
embodied 1.4 and 1.2 Mt CO2-eq emissions, respectively. Also Italian meat imported from 
Poland, Germany and Netherlands embodied 0.7, 0.6 and 0.7 Mt CO2-eq emissions, while 
Chinese emissions embodied in beef exported were small in comparison with the other coun-
tries. Although emissions due to import of meat are considered insignificant, it is important 
to consider all livestock sectors that contribute to emissions [13].

With respect to the Mexico, total CH4 emissions in 2006 were 8954.10 Gg, and agriculture sec-
tor was the highest contributor with significant input due to enteric fermentation and manure 
management [16]. Earlier, Rendón-Huerta et al. [18] has also reported that enteric CH4 emis-
sions are the major source of GHG emissions in Mexican livestock production systems. They 
calculated the GHG emissions from dairy cattle in Mexico for a period of time of 30 years 
using a Tier II of IPCC and reported that emissions of CH4, N2O and CO2-eq during 1970 to 
2010 increased from 144 to 270, 0.349 to 0.713 and 3704 to 6962 Mt/year, respectively. They 
observed that methane emissions per cow increased by 11%, while per liter of milk decreased 
by 30%. In the past 40 years, total N2O emission increased by 104%, but N2O/cow emissions 
increased only by 22% in the same period and decreased by 25% per liter of milk. The reduc-
tion in GHG emissions per liter of milk means an increase in the efficiency of production 
systems resulting in an augmentation of milk production per cow and consequentially dimin-
ishing the emissions [18]. Hernández-De Lira et al. [16] based on animal census data from 
2012, reported that the methane emissions by enteric fermentation in Mexico were 1926.08 Gg 
CH4, of which beef cattle produced 1651.8 Gg CH4; while dairy cows generated only 172.70 
Gg CH4.
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Emissions by manure management, mostly CH4 and N2O, are produced during the manure 
decomposition carried out by anaerobic microbial activities. These emissions depend on spe-
cific manure composition and quantity produced which, in turn is dependent on other factors 
as animal type, breed, weight, diet and climate conditions. Although CH4 emissions from 
enteric fermentation are higher than those from manure [13, 16], manures also contribute to 
N2O emissions due to volatile nitrogen losses, principally in form of ammonia (NH3) and NOx 
[13]. They have reported that CH4 and N2O emissions from manure would increase by 20 and 
29%, respectively, from 2000 to 2020.

Asia, particularly China, Western Europe and North America are the regions with the high-
est GHG emissions from manure management [14]. According to EPA [20], global GHG 
emissions from manure management were 446 million tonnes of CO2-eq, of which the share 
of CH4 and N2O was 53 and 47%, respectively, while FAO [3] estimated global GHG emis-
sions from manure management were 368 million tonnes of CO2-eq. In case of Mexico, CH4 
emission from manure was 62.24 Gg CH4, where beef cattle and dairy cow emitted with 
29.49 and 2.42 Gg CH4, respectively [16]. Similarly, FAO [3] reported that Asia, Central and 
South America, Sub-Saharan Africa, Western Europe, North America, Eastern Europe and 
the Commonwealth of Independent States were the regions with the highest emissions of 
N2O due to manure [14].

3. Rumen environment

Ruminants are herbivorous mammals considered as latecomers in evolution. Their fore-
stomach is a very complex environment, which allows them to convert plant tissues into 
nutritious and useful products. The digestive tract of ruminants is formed by various com-
partments such as reticulum, rumen, omasum, abomasum, small intestine, cecum, colon and 
rectum [21]. The ruminant stomach is composed by three pregastric fermentation chambers 
(rumen, reticulum and omasum) [22] (Figure 1). Environmental conditions such as tempera-
ture (38–42°C), redox potential (250 to 450 mV), pH (5.5–7) controlled by buffer in saliva and 
osmolarity (260–340 mOsm) [23] provide the ideal conditions for the digestion of plant mate-
rial by microorganisms. Fibrous components are hydrolyzed and fermented by the inter-
actions among different microbial communities inhabiting the rumen, producing mainly 
acetate, propionate and butyrate, CO2, H2 and CH4. VFAs are the most important source of 
energy for the animal (75% of the total amount of the digested energy) [24]. Moreover, micro-
bial cell biomass is the major source of protein and amino acids [25]. Microbial population 
also synthetizes vitamins B and K and employs detoxification mechanisms for phytotoxins 
and mycotoxins [26].

Microbial ruminant ecosystem is composed by a high microbial population density, pre-
dominantly obligate anaerobic microorganisms. Bacteria are the most abundant microorgan-
isms and more than 50% of the cell mass in the rumen are comprised of at least 50 bacterial 
genera (1010 –1011 ml-1), followed by 25 genera of ciliate protozoa (104 –106 ml-1), six genera of 
fungi (103–106 ml1), methanogenic archaea (107–1010 ml1) and bacteriophages (108–109 ml1) 
[27–29], nevertheless only 10% of these microbiome have been identified and described [30]. 
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The interactions of these microorganisms are widely different, namely mutualism, commen-
salism, syntrophy, competition and depredation [31, 32].

Hydrolysis of plant polysaccharide material is the first step in the enteric fermentation pro-
cess, and 80% of plant cell material degradation is carried out by bacteria and fungi, and the 
rest 20% is by protozoa [33]. In the second stage, monomers are fermented to VFAs, branched 
chain VFAs, organic acids (lactate), alcohols, CO2 and H2. VFAs are absorbed by the rumen 
and omasal walls of the host animal for its nutrition [10]. Though several parameters such 
as rumen fluid, volume, pH and VFAs, concentration can disturb this absorption [34]. Free 
acids can be oxidized by obligate hydrogen producing bacteria to acetate, albeit this reaction 
is thermodynamically non-favorable, and hence are carried out only in synthropic associa-
tion with hydrogen consuming bacteria or archaea, which diminish the partial pressure of 
H2. When the conditions are not favorable, VFAs are accumulated, decreasing the pH and 
inhibiting rumen microbiome [35, 36]. NH3 is produced due to proteolysis and can be used 
by microorganisms to build their own proteins. The excess of NH3 is absorbed by the rumen 
wall and transported by the animal blood [37]. The digested proteins, lipids and the carbohy-
drate constituents of microbial cells are exploited in the small intestine for the maintenance of 
the animal and the production of meat and milk. During enteric fermentation, a large quan-
tity of CO2 is produced due to diverse biochemical processes. A part of this CO2 produced 
is released through eructation or normal respiration, and other part is reduced with H2 to 
CH4 by hydrogenotrophic methanogens. Methane produced is primarily released through 
eructation and approximately 10–15% is emitted by normal respiration and via flatus [10]. 

Figure 1. Ruminant digestion process. Note: Gastrointestinal tract of ruminants and main biochemical processes occurr 
ing in it.
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CH4 production can be accomplished by the reduction of acetate and methyl-containing C1 
compounds, nonetheless these pathways are not common in the rumen [38]. About 2–12% of 
gross energy intake (GEI) produced in the rumen by fermentation is converted to methane, 
which apart from leading to the loss of the feed energy, results in the emission and conse-
quently, global warming [39].

4. Microbial diversity and abundance in rumen

As explained above, microorganisms present in gastrointestinal tracts (GIT) of ruminants and 
their relationship yield several benefits to the host. The composition of microbiome in GIT 
varies according to several conditions. Microbial populations can be affected by factors such 
as type and race of animal, age of the host, diets, feeds, farming practicing and geographical 
regions [40].

The microbial diversity presents in ruminant’s changes across different points of the GIT. 
Mao et al. [41] studied the microbial population of 10 distinct sites of the GIT in dairy cattle 
and observed that the microbial diversity differed for the analyzed points. They reported 21 
different phyla belonged to Firmicutes (64.81%), Bacteroidetes (15.06%) and Proteobacteria 
(13.29%). At genus level, the most abundant genera in cattle GIT included Prevotella, 
Treponema, Succiniclasticum, Ruminococcus, Acetitomaculum, Mogibacterium, Butyrivibrio and 
Acinetobacter as well as many different unclassified genera, among which Prevotella, unclas-
sified Ruminococcaceae, unclassified Rikenellaceae, unclassified Christensenellaceae and 
unclassified Bacteriodales were predominant.

A study carried out by Henderson et al. [42] determined the rumen microbiology of 32 spe-
cies or subspecies of animals from 35 different countries of seven world regions and evalu-
ated the differences among them. Seven bacterial groups comprised around 67.1% of the total 
bacterial sequenced, they corresponded to Prevotella, Butyrivibrio and Ruminococcus, as well 
as unclassified Lachnospiraceae, Ruminococcaceae, Bacteroidales and Clostridiales, but were not 
present in the same proportions in all animal species tested. The abundance of archaea world-
wide was similar in all the sampled analyzed, and all belonged to methanogens and corre-
sponded to Methanobrevibacter gottschalkii and M. ruminantium. Methanosphaera sp. and two 
Methanomassiliicoccaceae-affiliated groups, contributing to 89.2% of total archaeal community 
in rumen. Even in the same region, the age of the animal is other important factor that con-
tributed to considerable differences in microbial diversity. It has been demonstrated that the 
ruminal microbiota of young dairy cattle is more heterogeneous than microbial community 
of those cows reaching maturity (2 years). In general, microbial communities in the rumen 
of dairy cows have been dominated by bacteria (>90%), followed by eukarya (2–8%) and a 
small abundance of archaea (1.0%). Similarly, a metagenomic study of the rumen microbi-
ome in Holstein dairy cows reported 26 bacterial phyla belonging to Bacteroidetes (61–80%), 
followed by Firmicutes (12–23%), Proteobacteria (3–10%), Spirochaeta, Fibrobacteres and 
Actinobacteria (up to 2%). Again, they reported that Prevotella from Bacteroidetes was the 
most abundant genus (>50%), followed by Bacteroides (10.91%) and Parabacteroides (1.73%). In 
the case of Firmicutes, the predominant genera were Abiotrophia, Acetivibrio and Acetohalobium. 
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In the archaeal community, the genera Methanobrevibacter, being the predominant genera, and 
accounted 0.5% of the total microbial abundance [43].

Earlier, Kim et al. [44] analyzed the diversity of bacteria and archaea based on 16S ribo-
somal RNA (rRNA) and reported 13,478 bacterial and 3516 archaeal sequences, which cor-
respond to 7000 and 1500 species of bacteria and archaea, respectively. Among nineteen 
phyla of bacterial domain, the most abundant were Firmicutes (57.9%), Bacteroidetes (26.7%) 
and Proteobacteria (6.9%). Within Firmicutes, the most abundant class was Clostridia (>90%), 
and the rest belonged to Bacilli, Erysipelotrichi and unclassified Firmicutes. In the Clostridia 
class, the predominant genera were Buryrivibrio, Acetivibrio, Ruminococcus, Succiniclasticum, 
Pseudobutyrivibrio and Mogibacterium. In the Bacteroidetes phylum, the predominant class 
was Bacteroidia, and Prevotella represented the most abundant genera. All the five classes 
of Proteobacteria were represented in the rumen bacterial sequences. More than 99% of the 
archaeal sequences correspond to the phylum Euryarchaeota, followed by 11 sequences of 
the phylum Crenarchaeota. About 94% of all archaeal sequences were assigned to the classes 
Methanobacteria, Methanomicrobia, Thermoplasmata and Methanopyri, all of them within phylum 
Euryarchaeota. However, this microbial abundance in rumen can be considerably different 
between the extremely high and low methane emitters. While archaea are 2.49 times more, 
bacteria are less (0.98×) in high emitters. In addition, Euryarcheota and Crenarcheota recorded an 
increase in high emitters (2.48× and 3.00×, respectively), and at genus level, Methanobrevibacter 
and Methanosphaera have been found more abundant (2.44× and 2.54×, respectively). In case 
of bacterial domain, there were no significant differences between Firmicutes and Bacteroides 
between high and low emitters, but Proteobacteria was 0.24 times less in high emitters. At 
genus level, Desulfovibrio was two times more in high emitters than low emitters. However, 
a higher abundance of Succinovibrionaceae was recorded in low emitters along with a change 
in acetate and hydrogen concentration profile, resulting in a low methanogenesis [45]. These 
microbial dynamics in animals of different types and from different regions clearly demon-
strate that it is possible to develop strategies to mitigate livestock methane emission through 
microbial manipulation strategies. Various studies [46, 47] have suggested that it is possible 
to adapt the rumen microorganisms by manipulating the feeding management in the young 
animal, which have been found to persist in their later life. These results suggested that the 
methane emissions can be decreased considerably by manipulation of rumen microbiome 
through feed alterations.

As mentioned earlier, the composition of population in rumen is affected by the age and 
diet of the animal. Li et al. [47] evaluated the rumen microbiota of pre-ruminant calves of 
14- and 42-day-old calves fed milk replacers based on 454-pyrosequencing of 16S rDNA 
and reported a total of 170 bacterial genera in the developing rumen of 14-day-old calves. 
They, further demonstrated that microbiota changed according to their dietary modifica-
tions and physiological changes in the host. Moreover, the transition from 14 to 42 days 
had a significant impact on the ruminal microbial composition. The most abundant phylum, 
Bacteroidetes, increased significantly his abundance from 45.7 (14 days) to 74.8% (42 days), 
the phylum Synergistetes also increased, while the abundance of Firmicutes, Proteobacteria 
and Fusobacteria decreased during this time. The results of these two age groups are dif-
ferent from those based on the rumen of 12-month-old animal, where the most abundant 
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phyla were Bacteroidetes (52%), Firmicutes (42.7%), Spirochaetes (2.3%) and Fibrobacteres (1.9%). 
This study clearly demonstrated that the changes in feed affect and change the dynamics of 
ruminal microbiome. Petri et al. [48] studied the impact of diet and its impact of an acidotic 
challenge on the composition of six different bacterial targets from heifers fed forage, mixed 
forage, high grain, post-acidic challenge (4 and 12 h) and recovery. They observed that all 
of the bacterial target groups were affected by dietary treatment, with exception of S. bovis, 
Raminococcus spp. and Fibrobacter succinogenes represented a large percentage of the bacterial 
population present in the mixed forage diet. Prevotella corresponds to the most abundant 
genera in the acidotic challenge, but the lowest in the animal fed forage. Megasphaera elsdenii 
was present in abundance in the sample of 12 h after acidotic challenge, but its abundance 
decreased during recovery, while at the same time S. ruminantium increased in proportion. 
Both S. ruminantium and M. elsdenii accounted the smallest proportion of the bacterial popula-
tion in heifers fed forages.

5. Methane mitigation strategies

The necessity to implement abatement strategies for enteric GHG emissions has been 
expanded in conjunction with the increase in the population and food demand. There are 
two concerns over methane emissions by livestock ruminants. First, the release of methane 
is considered a loss of energy for the animal, resulting in a decrease in animal productivity 
between 2 and 12%. Second, the calorific potential of methane released has a negative impact 
on climate change. There are several publications on strategies to reduce methane produc-
tion [49–52]. The main target of these strategies is on methanogenic archaea by decreasing 
their substrate availability either directly or indirectly. Overall, abatement strategies include 
mechanisms such as modifications in dietary composition, and/or by supplementation of diet 
with chemical inhibitors, lipids or plant compounds, some of these strategies are shown in 
Figure 2.

5.1. Dietary composition

The quantity of enteric methane production is directly related to the quantity and quality of 
the feed consumed by the animal. The loss of GEI was augmented with an increase in high 
feed quantity. Animals with a low feed efficiency increase environmental impact due to the 
loss of GEI in form of methane.

The most common feeding mechanisms for the ruminants are based on pasture (grazing) and 
harvested forages. Hay and silage are the most common cattle forages. Hay has been recog-
nized as superior feed than silage, but in cold and wet weather, silage is most used due to its 
major productivity. Silages for ruminants in temperate areas are usually based on cereals and 
legumes such as grass, maize, lucerne and red clover, which provide carbohydrate, protein 
and lipid sources for the animal [53]. It has been extensively reviewed that the replacement 
of ruminant forage diets with high grain diets can reduce methane production [9, 27, 54, 
55]. Fermentation of cereal grains with high starch content increased the voluntary intake 
and reduced the residence time in the rumen, promoting post-ruminal digestion. Starch also 
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enhanced propionate production, which depleted H+, and thereby decreased its availability 
for hydrogenotrophic methanogens. Moreover, propionate production decreased the pH, 
causing an inhibitory effect on methanogens and protozoa [56]. The loss of GEI with grain-
based diets is commonly 4%, while it is 6.5% or more in forage-based diets.

Lettat et al. [57] reported that starchy diets, apart from increasing the propionate concentra-
tion, decreased the concentrations of acetate and butyrate and consequently methane produc-
tion (-14%). Diversity and richness of bacterial community were reduced with increase in the 
starch content of the diet, however, the total bacterial population, Prevotella spp. and M. elsdenii 
were favored. The bacterial group Prevotella has been identified as amylolytic and  propionate 

Figure 2. Mitigation strategies on methane emission by rumen microbiome manipulation through change in diets.
Note: The main pathways and products formed when high fiber diet is used are represented in green color. The effect 
of high starch diets, which enhances propionate production due to shifting of hydrogen sinks, is presented in orange 
color. Dietary supplements and their main targets in order to reduce methane production are indicated in blue color.
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producer and the dominant within the rumen [58, 59], while M. elsdenni is a  well-known 
lactate-utilizing and propionate-producing bacteria. CH4 reduction has been linked to the 
decrease in protozoan populations since protozoa are known as hydrogen producers and are 
in symbiotic relationship with methanogens. Hence, with a decrease in protozoan popula-
tion, there is a decrease in the hydrogen transfer between them and methanogens, and this 
decreased the methane production. However, metabolic activity of archaea and methano-
genic population increased when methane production decayed, demonstrating the cDNA-
qPCR method to estimate archaeal growth and activity is unreliable to reflect changes in 
ruminal methanogenesis. However, there should be sufficient care before adopting this as a 
wholescale strategy. It has reported that changes in dietary composition not only can affect 
microbial diversity but also can generate animal disorders, producing a negative effect on the 
host. Saleem et al. [60] reported that high grain diets increased the concentrations of several 
toxic compounds such as putrescine, methylamines, ethanolamine and VFAs in the rumen 
fluid. VFAs accumulation can decrease the pH lower than 5.5 and produce subacute rumi-
nal acidosis, which is a common and disturbing problem for farmers [61]. High grain diets 
have been commonly observed in favor of amylolytic microorganisms and against fibrolytic 
microorganisms. Petri et al. [48] reported that rumen of Angus heifers fed with high grains 
diet recorded a higher abundance of Prevotella spp., S. ruminanitum known also as amylolytic 
bacteria, and M. elsdenii. Whereas, a higher abundance of the fibrolytic bacteria Ruminococcus 
spp. and F. succionogenes, and the lactate-producing S. bovis was observed with forage diet. 
Kittelmann et al. [62] observed a positive correlation between the occurrence of methanogens 
and fibrolytic bacteria. Methanobrevibacter ruminanitum is found to be correlated with the fam-
ily Fibrobactereacea and M. gottschalkii with the family Ruminococcaceae. Ruminococcus spp. 
is known to produce large amounts of H2, while Fibrobacter spp. produces formate, which is 
substrates for methanogens. Therefore, the abundance of fibrolytic bacteria could be related 
with methanogenic communities and consequently with methane production.

5.2. Dietary supplementation

5.2.1. Chemical inhibitors

Compounds nontoxic to animal, but inhibitors to methanogens have been used to reduce 
methane production. Although these compounds inhibit-specific enzymes involved in metha-
nogenesis pathway, it has been reported that they could also have an impact on other micro-
bial groups present and could affect the uptake of feed by the animal [5, 27]. The most used 
and effective compounds are the analogous of coenzyme M, inhibitors of methanopterin bio-
synthesis, nitrocompounds and halogenated compounds [63–65].

Bromochloromethane (BCM), a methane analogue, has been extensively used to decrease 
methane production [65–67] but has a limited use due to its great ozone depleting capac-
ity [66]. This compound reduces vitamin B12 and inhibits the cobamide-dependent methyl 
transferase step of the biosynthesis pathway of methyl coenzyme M, involved in methano-
genesis pathway. After 12 h of supplementation, BCM-cyclodextrin (0.5 g/100 kg live weight) 
decreased the methane production of steer by 29%, and without adversely affecting the ani-
mal productivity [65]. Mitsumori et al. [67] studied the effect of different concentrations of 
BCM-cyclodextrin (BCM-CD) on the rumen microbial population of goats. Doses of BCM-CD 
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were of low (0.5 g/100 kg live weight LW), medium (2 g/100 kg LW) and high (5 g/100 kg LW), 
which decreased the methane emissions by 4.64, 71.46 and 91.23%, respectively. Denman et al. 
[68] analyzed the microbial diversity of the samples from the above study and reported that 
the relative abundance of Bacteroidetes increased with the BCM-CD doses, while Firmicutes, 
Synergistetes and Lentrisphaerae phyla decreased. In the case of control animal, Bacteroidetes 
(60%) was dominant, followed by Firmicutes (24%), Synergistetes and Lentisphaera (both 
contributed ~4%). Administration of BCM also reduced considerably methanogenic diversity, 
however, Methanobrevibater species were the most abundant in all treatments. Based on phylo-
genetic binding and functional assignment, the major genera were Prevotella and Selenomonas 
which were associated with the propionate production by the randomizing succinate path-
way. This pathway was the primary route of H2 consumption and decreased H2 availability 
for methanogens.

2-bromoethanesulfonate (BES) is another common and successful compound to decrease 
methane emissions, which is an analog of coenzyme M. In an in vitro mesocosm study with 
cow manure and anaerobic digester sludge, a 89 and 100% decrease in methane production 
was observed at 0.5 and 10 mmol/L, respectively. Relative abundance of Methanosaeta and 
Methanosarcina decreased considerably at 10 mmol/L. Moreover, a decrease in mcrA expres-
sion, which encodes the α subunit of the methyl coenzyme M reductase and due to it is used 
for the relative measure of methane metabolites and methanogenic abundance in different 
environments [69], was observed with the increment of BES. A decrease in syntrophic-bac-
teria Syntrophomonas was observed too at both concentrations of BES. It is known for oxida-
tion of butyrate and other fatty acids in syntrophic association with H2-consuming bacteria 
and/or hydrogenotrophic methanogens and could explain the decrease in methanogenic 
activity [70].

The inhibitory effect of chloroform is attributed to its capacity to target the corrinoid-contain-
ing MtrA subunit of the large multimeric membrane enzyme methyl tetrahydromethanopt
erin:coenzyme M methyltransferase [71]. Martínez-Fernández et al. [72] studied the inhibi-
tory effect of chloroform-cyclodextrin (CCD) by way of supplementation; as low (1 g/100kg 
live weight LW), medium (1.6 g/100 kg LW) and high (2.6 g/100 kg LW) dose along with 
two diets (roughage:concentrate (60:40) or roughage hay) in eight steers. All three doses 
decreased the methane production by 14, 37 and 55%, respectively. Changes in microbial 
community were observed too, archaeal abundance was negatively correlated with CDD lev-
els, Methanobacteriaceae family and Methanoplasmatales order were found to be decreased. 
Protozoan population increased with CCD doses with roughage:concentrate diet, while 
chloroform did not have any effect on fungi community. Bacterial population was also 
affected, relative abundance of Bacteroidetes increased, while Firmicutes, Synergistetes and 
Verrucomicrobia phyla were decreased. While methanogenesis was inhibited, an increment in 
the production of amino acids, organic and nucleic acids was observed. All of these metabolic 
changes modified the ruminal microbiome, increased the Bacteroidetes:Firmicutes ratio and 
decreased archaea and Synergistetes. Although abundance of fibrolytic bacteria, protozoa and 
fungi was not affected, methanogenesis was inhibited by 30%. They concluded that the use of 
chloroform as methanogenic inhibitor did not adversely affect rumen metabolism and could 
redirect H2 to another pathways producing non-methane end products.
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Apart from the compounds mentioned, nitrocompounds are also being used in vivo to miti-
gate methane emissions. These compounds target of specific sites of MCR due to its molecular 
shape and oxidative potential and inhibit the last step of methanogenesis pathway. It has 
been reported that 3-nitrooxypropanol (NOP) at 40–80 mg/kg, decreased methane emissions 
around 30% and also increased body weight gain considerably without affecting feed intake 
or milk characteristics [73]. Duin et al. [74] reported that only 0.1 µM NOP is needed to inacti-
vate completely MCR, and 1 µM to inhibit the methanogenic population. It was also reported 
that bacterial population was not affected by the addition of NOP, while methanogenic popu-
lation decreased and protozoal abundance increased [75]. The decrease in methane produc-
tion (−59.2%) by NOP (2 g/day) could be related directly to the reduction in the population 
of methanogens. The reduction in methanogen populations due to the addition of nitrocom-
pounds need not always result in an increase in protozoan populations, since the compounds 
could also affect the symbiotic methanogens-protozoan association and thereby could result 
in decreased protozoan populations.

5.2.2. Plant bioactive compounds

Plant secondary metabolites have also been extensively used in the reduction of methane 
emissions. The most common used are tannins, saponins and essential oils, and they can 
affect methanogens either directly or indirectly. Further, they reduce protozoal population 
and thereby reducing symbiotically associated methanogens, apart from decreasing fiber 
digestibility and H2 production [76].

Tannins are polyphenolic compounds which form complexes with metal ions, amino acids 
and polysaccharides, and thereby reduce ruminal fermentation. They can be divided into 
hydrolysable and condensed tannins. Hydrolysable tannins at high concentrations may be 
toxic to ruminants, while condensed tannins can make several nutrients unavailable to the 
animal due to irreversible binding [77]. Moreover, they can bind to the gastrointestinal tract, 
causing negative effects [78]. However, they have been found to be effective in reducing 
methane emissions. Condensed tannins have been reported to reduce methane by around 
16% based on dry matter intake (DMI) [79]. Total methanogen population decreased by 22.3–
36.7% when purified hydrolysable (HT) and condensed tannins (CT) (1 mg/ml) were tested in 
vitro conditions. Hydrolysable tannins were found to be more effective than with condensed 
tannins in reducing methane formation [80]. On the contrary, Bhatta et al. [76] reported that 
CT had a greater effect on methane reduction (−5.5%) than HT (−0.6%) and its inhibitory effect 
on methanogens (−28.6%) was more than HT (-11.6%). Protozoan populations also decreased 
by 12.3% with HT diets. However, a combination of HT+CT diets had a more significant effect 
and a 36.2% decrease was reported. Although tannins reduced total VFA concentrations was 
found to increase propionate concentrations and decrease iso-acids, which could have a nega-
tive effect on methanogenesis. In previous studies, a reduction in total and cellulolytic bacte-
ria in response to tannins was observed along with the reduction in VFA production and also 
H2 production, contributing to methane inhibition [81, 82].

Saponins are complex and diverse molecules which are divided in triterpene and steroid 
glycosides [83]. They are considered effective compounds to suppress methane production 
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due to their anti-protozoan properties [54]. Their anti-protozoan properties are attributed 
mainly to the formation of complexes with sterols in the membrane surface of protozoans 
[84]. However, this is pH dependent and composition of diet with addition of saponins [85, 
86]. Moreover, saponins are potential defaunation agents and could result in the reduction 
in enteric CH4 production by eliminating protozoa [9]. Nevertheless, they have an effect on 
the whole ruminant microbiome and animal digestion process, and not specifically targeting 
protozoan populations.

5.2.3. Lipid supplementation

Supplementation of lipids in ruminant diets is found to improve microbial metabolism of 
rumen, decreasing enteric methane emissions. Reduction in methane production could be 
due to the direct effect of fatty acids on methanogens, or indirectly due to the inhibition of the 
protozoan communities and associated methanogens due to enhanced propionate produc-
tion. Beauchemi et al. [54] calculated that CH4 (g/kg DMI) is reduced by 5.6% for each per-
centage unit of lipid, while Eugène et al. [87] estimated the methane reduction to about 2.3%.

Lipids commonly supplemented to reduce enteric fermentation are calcium salts of fatty acids, 
hydrogenated fats, and fats of animal origin, extracted plant oils, oilseeds and wastes from pro-
cessing plants with high fat content [88]. Based on a meta-analysis of 27 publications on the 
effect of fatty acids in ruminant diets, fatty acids C12:0 and C18:3 demonstrated a significant 
inhibitory effect on methanogenesis without affect the productivity in dairy cattle [89]. Patra 
and Yu [90] analyzed in vitro the effect of five essential oils (EO) such as clove oil (CLO; from 
Eugenia spp.), eucalyptus oil (EUO; from Eucalyptus globulus), garlic oil (GAO; from Allium 
sativum L.), origanum oil (ORO; from Thymus capitatus L. Hoffmanns & Link) and peppermint 
oil (PEO; from Mentha piperita L.) on methane production, fermentation and ruminal microbi-
ome. CLO, EUO, GAO, ORO and PEO significantly reduced the methane formation by 34.4, 
17.6, 42.3, 87 and 25.7%. Further, decrease in relative abundance of ruminant microbial popu-
lation such as archaea, protozoa and major cellulolytic bacteria F. succinogenes, R. flavefaciens 
and R. albus was recorded. Microarray analysis by RumenBactArray showed that the effect 
of each oil tested was unique. Firmicutes phylum was decreased by addition ORO and GAO, 
but increased by PEO. While, Bacteroidetes phylum, mainly Prevotella OTUS were found to be 
increased by addition of ORO and PEO. EO decreased the abundance of several microorgan-
isms, Syntrophococcus sucromutans, Succiniclasticum ruminis and Lachnobacterium and members of 
Lachnospiraceae, Ruminococcaceae, Prevotellaceae, Bacteroidales and Clostridiales. This was correlated 
with feed degradability, ammonia concentration and molar percentage of VFAs, which directly 
affect microbial communities, their metabolic interactions and hence the methane production.

Beauchemi et al. [91] studied the effect of addition of saturated and unsaturated long-chain 
fatty acids to cattle basal diet, consisting mainly of whole-crop silage. Lipids of animal origin 
(tallow) and sunflower oil at 34 g/kg, and oilseed (whole sunflower seeds) at 89.3 g/kg were 
added to bring the total dietary fat content to about 59 g/kg of dry matter. On basis of dry 
matter intake, diets containing tallow or sunflower oil decreased methane emissions by 11%, 
while sunflower seeds by 23%. Based on digestible energy intake, all lipid sources decreased 
methane emissions by 17%. Previously, coconut oil has also been reported as an effective 
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inhibitor of methane production. Jordan et al. [92] reported a 39% decrease in methane emis-
sion at a concentration of 375 g/day.

Although supplements are being used primarily in reducing methane emission from live-
stock, their use in increasing efficiency in feed conversion and animal productivity, based on 
GEI, animal weight gain, meat and milk production has also been reported [73]. However, 
few other studies also have reported the negative effect of supplements on the quantity and 
quality of animal products such as milk and meat [60, 61]. This contradiction could be due to 
the reason that rumen microbial diversity is dependent on type and amount of feed, which 
in turn influences the nutrient absorption by animal. This implies that further studies on the 
relation between rumen microbiome and metabolomics of rumen are essential in order to 
understand the variations in relation to animal products due to supplements.
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Abstract

Urban and peri-urban livestock farming has been expanding in recent decades due to
high demand for animal proteins to feed the growing urban population. The increase
in number of livestock and livestock keepers has led to increased manure production
in a shrinking space. This chapter evaluates the risks of transmission of manure-borne
pathogen between cattle, humans and the environment in urban and peri-urban areas.
Cattle  and manure  management  practices,  government  directives,  the  presence  of
zoonotic pathogens and risk of bacteria transmission were assessed by observations,
interviews, bacteria isolation and characterization and statistical modeling. Cattle are
kept under intensive and extensive systems. Different techniques are used to collect,
convey, store and dispose manure, all of which lead to direct contact with humans. The
prevalence of diarrheagenic Escherichia coli in cattle and water was 2.2% (95% CI: 0.99–
3.67) and 0.5% (95% CI: 0.025–2.44), respectively. There was transmission of bacteria
between cattle, humans and the environment in 52% of clusters. Cattle and manure
management  practices  expose  humans,  livestock  and  the  environment  to  risk  of
infection or contamination. Holistic approach can be adopted in this scenario to attain
one  health  status  and  improve  urban  and  peri-urban  livestock  contribution  to
community livelihood simultaneously.

Keywords: manure management, peri-urban, pathogen transmission, system think-
ing, one health

1. Introduction

Urban areas are city areas characterized by a dense human population of mixed age, sex, family
and household structure, ethnic, cultural, religious diversity, educational and income levels,
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and high built-up area with technological and economic advancement. Rural areas, on the
other hand, are open broad areas of land located far from towns and cities, which are composed
of extensive bushes between large crop fields and livestock herds and sparse housing and
population density. Between the urban and rural settings lies peri-urban zone whose popula-
tion, livestock, crops and land use features are influenced by the proximate interface. Part of
peri-urban area adjacent to urban area has features resembling urban features, while its other
side assumes the rural characteristics. There is no distinct line separating the peri-urban from
urban and rural settings, but a slow zone of change [1]. The gradual transition from peri-urban
to urban setup is moving constantly away from city center toward the rural direction due to
persistent urbanization pressure, especially in developing countries.

Urban and peri-urban livestock farming is expanding in developing countries primarily due
to high demand for protein of animal origin to feed the rapidly growing urban populations,
but also to generate income of livestock keeping households [2]. It is also a diversification
tactic to spread livelihood risks in adverse situations [3]. Some urban and peri-urban dwell-
ers continue to keep livestock to maintain their rural cultural values [4]. The expansion of
urban and peri-urban livestock farming, which is reflected as an increase in number of both
the livestock and households involved in keeping livestock, and rapid urban human popu-
lation growth has increased the chance of contact between humans, animals and manure.
Urban areas of Morogoro in Tanzania, for example, had a cattle population of 2618 in 1996
[5], which almost doubly increased to 4170 in 2006 [6]. By 2008, the cattle population in Mo-
rogoro urban was 19,099, and among them, 4425 were dairy cattle [7]. This cattle population
hiked up to 49,625 in 2012 [8]. Rapid urban population growth is primarily caused by influx
of people from rural areas either as migrants or as commuters [1, 9]. For instance, Tanzania's
annual population growth rate between 1988 and 2002 was 3% with the urban population
size increasing from 18% in 1988 to 23% in 2002 [10]. Moreover, population size and growth
in rural and urban areas of Morogoro region from 2002 to 2012 show that the rural popula-
tion grew by 23.7% from 1,279,513 in 2002 to 1,582,434 compared to 34.2% growth in urban
population from 473,849 in 2002 to 636,058 in 2012 [8]. In this region, the general population
density changed from 24 persons per square kilometer in 2002 to 31 persons per square kilo-
meter in 2012 [11]. As a result of increased human and animal density, the chance of contact
between humans and livestock has increased. The growth in animal population and con-
comitant increase in manure production, in shrinking space separating humans, livestock
and manure, require appropriate livestock and manure management practices taking into
account that livestock harbors zoonotic pathogens [12].

Four decades ago, before the expansion of urban and peri-urban livestock farming, free open
communal cattle grazing system required minimal effort to manage manure [3, 13]. Cattle
freely grazed during daytime and were confined during the night for security. Most manure
was left scattered everywhere except for a small amount which was applied on crop fields [3,
14]. To date, the manure management practices have changed to adapt to densely populated
areas where the space separating humans from animals and their wastes has decreased. A
question arises: does this change consider prevention of animal and human from pathogen
exposure as well as environmental contamination? This chapter describes assessment of
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manure management practices and risks of contact and transmission of cattle manure-related
zoonotic pathogens between cattle, humans and the environment in urban and peri-urban
areas of Morogoro region of Tanzania. This report forms a basis for developing strategies to
improve urban and peri-urban livestock farming practices in order to safeguard human,
animal and ecosystem health in settings similar to study area.

2. Exploration of animals-humans-environment interaction

Most of the people who keep cattle in urban and peri-urban areas also keep other livestock
such as goats and chicken. Members of livestock keeping households share premises with
livestock. In this community, livestock keeping households are randomly mixed with
households which do not keep livestock. There is no tangible demarcation between livestock
keeping households and non-livestock keeping households, and hence, the two types of
households are in close contact. A total of 119 households keeping cattle, randomly selected,
were willingly enrolled for the study in urban and peri-urban areas of Morogoro, Tanzania.
Each cattle keeping household was paired to a non-cattle keeping household selected from
any direction within a radius of 100 m for purpose of comparison. This pair was regarded as
a cluster. Assessment of the interaction between cattle, humans and the environment within
and between clusters involved field visits in order to make observations and interview
household representatives about livestock and manure management practices. Questionnaire
to cattle keeping households inquired about herd characteristics and management, manure
management practices, awareness on zoonotic health risks and constraints to livestock farming
in urban and peri-urban areas. Observations were made to top up and confirm the information
gathered from the questionnaire. Details of labor division, herd composition and size, animal
housing and feeding, herd health management, means and frequency of manure collection,
storage and disposal were obtained at household level. Questionnaires to non-cattle keeping
households enquired about attributes which may contribute to contact between humans, cattle
and manure. Moreover, District Livestock Officers were interviewed about monitoring of
manure handling practices in their respective areas of jurisdiction and were asked to present
documents guiding livestock and manure management. This cross-sectional study was carried
out from February 2010 to February 2012.

Cattle feces, human stool, soil and water samples were collected from each participating
household for isolation and characterization of bacteria to check for the presence of pathogens
and evidence of transmission between cattle, humans and the environment. In this particu-
lar study, Escherichia coli and non-typhoidal Salmonella spp. were target bacteria. Individual
100–150 g cattle fecal samples were collected by a gloved hand. A 100 g pooled soil sample
from each household (cattle keeping and non-cattle keeping households) was obtained by
taking 2–5 cm of top soil from five different areas within household premise. From each
participating household, 100 ml water sample was collected in 250 ml container from stored
water or sources such as boreholes, ponds or river which are used by humans and livestock.
Stool sample from one household member was requested. For cattle keeping households, a
member involved in cattle and/or manure management was eligible to give stool sample, while

Public Health Aspect of Manure Management in Urban and Peri-Urban Livestock Farming in Developing Countries
http://dx.doi.org/10.5772/65346

75



for non-cattle keeping households, any member was eligible. On the evening before sample
collection day, a stool collection container was given to an appropriate person for collection of
stool in the following morning. All samples for a cluster were collected on the same day and
immediately placed in an insulated box with cooling elements and transported to the labora-
tory where bacteriological analysis was initiated.

Ethical clearance was approved by Sokoine University of Agriculture Ethical Committee to
handle animals and animal samples. Approval was also obtained from the Tanzania National
Institute for Medical Research (NIMR) Ethical Board (NIMR/HQ/R8a/Vol. IX/927) to handle
and process human sample. All conditions for research approval were observed throughout
the study.

3. Cattle and manure management practices

Observations and face-to-face interviews conducted during field visits to 119 households
keeping cattle generated data which were analyzed by descriptive statistics such as means,
frequencies and cross-tabulations by using SPSS 15.0. Information about herd characteristics
and management, manure management practices and awareness on cattle manure-related
zoonotic pathogens was obtained from the cattle keepers and Livestock Officers.

From observations and interviews, a total of 806 cattle were kept by study participants (min-
imum = 1, maximum = 36, mean = 7, median = 5, SD = 5.85), 95.8% of whom also kept animal
species other than cattle in same residential premises. These animal species, with percentage
of participants keeping these species in brackets, include chicken (80.7%), dogs (62.2%),
goats (50.4%), pigs (27.7%), ducks (23.5%), cats (21.9%), sheep (10.9%), guinea fowls (9.2%),
turkeys (5.9%), guinea pigs (1.7%), rabbits (1.7%) and monkey (0.8%). Cattle and manure
management practices were carried out either by family members (46.2%) or by hired la-
borers (53.8%). Most cattle houses (71.4%) had concrete floor and the rest (28.6%) had floor
made of earth. It was observed that majority of cattle houses (84%) had roofs and 16% were
open cattle “boma.” Cattle kept in earth floor houses with open or broken roof stayed on
mud during rainy season. Three out of 119 respondents (2.5%) put grass on the floor of cat-
tle house as bedding material, one of them had a house with earthed floor. All respondents
kept their cattle in a confinement near to their residence for security reasons. Cattle were fed
by “cut and carry” method under intensive system (47%) or were allowed to go around for-
aging (53%) where they mixed with livestock from other herds. There was sharing of water
sources between cattle and humans. Free range cattle (40.3%) used surface water such as
rivers, ponds and wells, while intensively kept cattle (59.7%) were provided water from taps
also serving the people [15].

Overnight confinement of cattle resulted into manure accumulation which necessitated
collection and storage/discard. Various methods were employed to collect, convey and store
or discard manure. These included uses of utensils like spade, bucket or plastic bags, use of
water splash and use of bare hands. Manure was collected by bare hands by a few respondents
where there was direct contact with the manure. However, the majority of respondents used
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utensils such as spades, hand hoes and rakes to collect manure into a pile within the cattle
house. Some respondents used a water hose to collect manure (Table 1). Manure was removed
from cattle house at different rates per day, week or month to storage or disposal site by using
utensils (plastic bags, buckets, raw hides, spades and hand hoe and wheelbarrow), bare hands
or water. The use of rubber boots was an observed practice by less than a half of the respond-
ents, while the remaining fraction wore ordinary shoes, e.g., sandals or were barefooted while
handling manure (Table 1). In all these different manure collection or conveyance methods,
people did not use any protective measures such as special clothes or gloves and were observed
to have direct skin contact with manure. A large proportion of respondents stored manure into
piles before disposal as fertilizer or waste, whereas a few respondents threw fresh manure
from cattle house direct into the surroundings. Most cattle keepers disposed manure within a
radius of 10 m from their residential houses, especially those with land area of more than
1000 m2. Respondents who did not spread manure on land opted for burning or giving it away
to friends in plastic bags. Allowing effluent from cattle house to leach into immediate land was
a common practice among cattle keepers although a few cattle keepers directed the effluent
into a pit (Table 1).

Variable Category Frequency (%)

Manure disposal method Spread on land 108 (90.8)

Not spread on land 11 (9.2)

Means of manure collection Hand picking 5 (4.2)

Use of utensils 112 (94.1)

Water splash 2 (1.7)

Frequency of manure collection Once a day 72 (60.5)

More than once a day 19 (16.0)

Weekly 28 (23.5)

Means of manure conveyance Hand picking 3 (2.6)

Use of utensils 115 (96.6)

Water splash 1 (0.8)

Use of rubber boots Yes 70 (58.8)

No 49 (41.2)

Manure treatment Heaping 99 (83.2)

Direct spread on land 20 (16.8)

Manure disposal distance Within 10 m from residence 83 (69.7)

Outside 10 m from residence 36 (30.3)

Effluent treatment Direct spread on land 95 (79.8)

Use of pit 24 (20.2)

Household area >1000 m2 87 (73.1)

≤1000 m2 32 (26.9)

Table 1. Manure management practices among 119 Morogoro urban and peri-urban cattle keepers.
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Out of 119 respondents, 5% reported to have heard about manure-associated pathogens
which can infect human. There were 125 responses to problems related to manure manage-
ment which respondents encounter. Out of these 125 responses, 77 (61.6%) said they en-
counter no problem, while 15 (12%) responses reported that poor infrastructure impedes
manure management practices. Lack of working facilities such as utensils and transport was
reported in 13 (10.4%) responses as one of the problems cattle keepers face, whereas land
scarcity appeared in 6 (4.8%) responses. Health problems related to respiratory tract, inju-
ries and foot rot to manure handlers were mentioned in 5 (4%) responses, same as for the
presence of poor cattle housing facilities. Odor and water scarcity were each mentioned in 2
(1.6%) responses as among problems of manure management practices in urban and peri-
urban areas of Morogoro.

During the interview, Livestock Officers presented documents such as “Environmental
Sanitation By-Laws” and “Animals in Urban areas By-Laws” which give directives on animal
keep in the area and how to deal with wastes including manure. From interviews and the
documents, the guideline which allows maximum herd size of four cattle per herd in urban
area does not give area requirement specification and is not observed, and cattle manure is
regarded by the by-laws and treated like any solid household waste [15]. It was observed that
cattle keeping households are randomly distributed among non-cattle keeping households and
there are no preconditions for a household to start keeping cattle. Anybody can start a herd of
cattle anywhere in urban and peri-urban areas of Morogoro at any time.

The current manure management practices differ from those methods used a few decades ago
in both the actual practices and resource base available which is shared between humans,
animals and manure. Increased manure production in populated urban and peri-urban areas
has resulted into the problems mentioned by cattle keepers. Some of these problems such as
land scarcity odor and increased flies population have been previously reported to be due to
exclusion of livestock farming during urban and peri-urban land use planning [4]. Increased
manure production in a shrinking space has forced cattle keepers to collect, convey, store and
finally dispose manure. Diverse cattle and manure management practices are determined by
customs, convenience and availability of resources including land and equipment. Some
farmers said that they keep cattle and handled the manure by the same methods since
childhood; others opted for a particular cattle and manure management practice because it
was easy to execute. Generally, there was direct contact between humans, cattle and manure
and there was environmental contamination by fresh manure. In this scenario, humans,
animals and environment are exposed to manure-related pathogens.

4. Pathogens in cattle, humans and the environment

Sample size of 100 clusters was calculated as previously described [16]. Face-to-face inter-
views were conducted to cattle keeping household members about cattle and manure man-
agement practices. Interview was also conducted to cattle keeping household neighbors
who do not keep cattle about possible contact with cattle and manure. Individual fecal sam-
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ples from 446 cattle, 100 stool samples from individuals keep cattle and 100 who do not
keep cattle, 200 soil and 200 water samples from sources within homesteads were collected
for bacteria isolation.

Escherichia coli was isolated and characterized as described earlier [16]. In summary, non-
sorbitol fermenting (NSF) E. coli were isolated by using sorbitol MacConkey agar, and suspect
colonies were characterized biochemically by use of MacConkey agar, Brilliance E. coli agar
and indole test. Confirmed NSF E. coli isolates were assessed for the presence of virulence
genes: intimin gene (eae), verocytotoxin 1 (vtx1), verocytotoxin 2 (vtx2), heat-stable enterotoxin,
human variant (estA-human), heat-stable enterotoxin, porcine variant (estA-porcine), heat-
labile enterotoxin (eltA) and invasive plasmid antigen (ipaH) by multiplex diarrheagenic E. coli
(DEC) PCR. Dot-blot DNA hybridization was done by using vtx1, vtx2, eae, ehxA, EAF, bfpA,
saa, astA and vtx2f DNA probes to confirm the presence of virulence genes in isolates positive
by DEC PCR. The colonies were lysed, denatured and neutralized using standard conditions
and then hybridized as formerly described [17].

Somatic antigen O and flagella antigen H on diarrheagenic E. coli were typed by using spe-
cific antisera at Statens Serum Institut, Denmark, using a standard protocol [18]. In summa-
ry, both somatic O and flagella H antigens were tested by agglutination method against both
pooled and specific antisera. For somatic O antigen, a boiled culture of E. coli isolate was
tested against a pooled O antisera and culture with positive agglutination test was further
tested against single specific O antisera. Somatic O antigen was assigned a number accord-
ing to positive agglutination on a specific single O antigen. For flagella H antigen, an E. coli
culture was tested for motility in semi-solid medium and fixed with formaldehyde 0.5%.
Fixed culture was tested against pooled H antisera, and positive culture was further tested
against single specific H antisera. Fluffy reaction indicated positive result, and the isolates
were assigned a number.

Phenotypic activity of virulence genes was assessed on Vero cell monolayers to test for
cytopathic effects using protocol formerly described [17].

For non-typhoidal Salmonella spp. isolation, 1 ml of the sample suspension was enriched by
overnight incubation in selenite fecal broth at 37°C. The bacteria growth was subcultured on
Salmonella-Shigella agar at 37°C for 24 h. Colorless colonies with a black center were bio-
chemically tested by urease and lysine carboxylase tests. Urease-negative and lysine carbox-
ylase-positive colonies were tested against Salmonella polyvalent agglutinating sera
(REMEL30858201 ZC02—LOT 820883) and serotyped by Kauffmann-White M03-03-001
method at Danish Institute for Technology (DTU).

Vero cytotoxin-producing E. coli (VTEC) from cattle, enteropathogenic E. coli (EPEC) from
cattle and water and attaching and effacing E. coli  (A/EEC) from cattle were isolated
(Figure 1).  Overall prevalence of diarrheagenic E. coli  in cattle (n = 446) was 2.2% (95%
CI 0.99–3.67) and in water (n = 200) was 0.5% (95% CI 0.025–2.44). The prevalence of
VTEC in cattle was 1.6% (95% CI 0.69–3.08), (Table 2) [16].
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Figure 1. Multiplex DEC PCR for NSF E. coli isolates: lanes M: molecular weight size marker (100-bp plus DNA lad-
der); lane 1: vtx2 and eae; lane 2: vtx2 and eae; lane 3: vtx2 and eae; lane 4: vtx2 and eae; lane 5: eae; lane 6: eae; lane 7: vtx1
and vtx2; lane 8: vtx1 and vtx2; lane 9: vtx1 and vtx2; lane 10: eae; lane 11: eae; lane P1: positive control for vtx2, eae and
vtx1; lane P2: positive control for ipaH, eltA and estA; lane N: negative control.

Bacteria species Source Serotype Pathotype Virulence genes

Escherichia coli Cattle O157:H7 VTEC vtx2, eae, ehxA and astA

Cattle O157:H7 VTEC vtx2, eae, ehxA and astA

Cattle O157:H7 VTEC vtx2, eae, ehxA and astA

Cattle O157:H7 VTEC vtx2, eae, ehxA and astA

Cattle O113:H2 VTEC vtx2

Cattle O+:H16 VTEC vtx1 and vtx2

Cattle O113:H21 VTEC vtx1 and vtx2

Cattle O142:H34 EPEC eae, EAF and bfpA

Water O142:H34 EPEC eae, EAF and bfpA

Cattle O+:H- A/EEC eae ehxA and astA

Salmonella kentucky Cattle

Salmonella kentucky Cattle

Salmonella weltevreden Human

Salmonella amager Human

Table 2. Zoonotic bacteria isolated from cattle, humans and environment in urban and peri-urban areas of Morogoro,
Tanzania.
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The prevalence of Salmonella kentucky in cattle was 0.45% (95% CI 0.001–0.016), while one
Salmonella weltevreden and one Salmonella amager were isolated from different apparent healthy
humans (Table 2).

The VTEC strains contained vtx1a, vtx2b, vtx2c and vtx2d subtypes either singly or in combi-
nations, and phenotypic expression of virulence was confirmed by the cytopathic effect they
caused to Vero cell monolayers (Table 3) [16].

Sample ID Serotype Source VCA vtx1 vtx2 vtxsubtypes

BKIH101 0+:H16 Bovine + + + vtx1a; vtx2c

BKIN069 O157:H7 Bovine − − + vtx2c

BMKB070 O157:H7 Bovine + − + vtx2c

BMKB068 O157:H7 Bovine + − + vtx2c

BMKB069 O157:H7 Bovine + − + vtx2c

BMZU001 O113:H21 Bovine + − + vtx2b + vtx2d

BBIG020(1) O113:H21 Bovine + + + vtx1a; vtx2b + vtx2d

Table 3. Vero cell assay (VCA) and vtx subtyping for non-sorbitol fermenting diarrheagenic E. coli isolates.

Isolation of diarrheagenic E. coli and Salmonella species from cattle feces is an evidence of risk
of infection to humans and environmental contamination. There was also isolation of diar-
rheagenic E. coli from water in the study area. The risk in this scenario is due to direct contact
between cattle, humans and manure as well as direct spread of fresh manure onto land within
residence. This risk can cross between cattle keeping households because different cattle herds
come into contact during grazing, and the spread can reach the non-cattle keeping neighbors.
Sharing of water sources between humans and cattle, at some instances during dry season,
poses another threat to public health. It is fortunate that these highly pathogenic and fatal
diarrheagenic E. coli were not detected in humans because only apparent healthy subjects were
sampled. Isolation of Salmonella amager and S. weltevreden in human stool calls for an attention
on pathogen transmission route because humans can also act as a source of pathogens to
livestock and the environment.

5. Transmission of bacteria between cattle, humans and environment

The study on transmission of bacteria involved 100 clusters, and each cluster was formed by
a pair of a cattle keeping household and a neighboring non-cattle keeping household. Each
cluster contributed two stool samples, two water samples and two soil samples, one of the
samples from cattle keeping household and another from a non-cattle keeping household.
Isolation, characterization and quantification of the risk of transfer of E. coli were done as earlier
reported [19]. In summary, isolation of E. coli was carried out by inoculating a loopful suspen-
sion of cattle feces and stool from cattle keepers and non-cattle keepers, soil and water on
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MacConkey agar followed by 24-h incubation at 37°C. E. coli suspected isolates were confirmed
and screened for double antimicrobial resistance to ampicillin and tetracycline on antimicro-
bial embedded Petrifilm™ Select E. coli count (SEC) plate. Preparation of antimicrobial stock
solution and screening procedure was done according to Ref. [20]. Ampicillin-tetracycline-
resistant E. coli isolates were genetically assessed by pulsed-field gel electrophoresis (PFGE)
according to Ref. [21]. Analysis and comparison of PFGE gel pictures were done by using
GelCompar II software (Applied Maths, St-Martens-Latem, Belgium) as previously reported
[18]. Isolates from cattle, humans, soil and water with 100% band pattern homology were
considered genetically identical. A face-to-face interview was conducted to each household in
the cluster. Semi-structured questionnaire which aimed at gathering information related to
cattle and manure management (for cattle keeping households) and events or scenario leading
to contact with cattle and manure (for non-cattle keeping households) was administered.

Logistic regression was run to quantify risk factors for the presence of isolates from cattle,
humans, water or soil which are genetically identical to at least one other isolate from same or
different clusters by using PROCGENMOD in SAS as earlier described [19]. The response
variable was the occurrence of identical PFGE band pattern of E. coli isolates (yes or no), while
the independent variables comprised of factors focusing on cattle herd characteristics and
management (the presence of species other than cattle and labor division), cattle housing
infrastructure (roof, floor and beddings), feeding and water system and manure management
issues (collection and disposal). Univariable analysis was performed to all explanatory
variables and those with an arbitrary p-value of equal or less to 0.25 were included in a
multivariable model. A final model was obtained by a backward stepwise strategy. Chi-square
test was used to check for association between different cattle and manure management factors
at 5% significance level.

From 1046 samples, 118 (11.28%) samples produced ampicillin-tetracycline-resistant E. coli.
Forty samples with resistant E. coli isolates (34%) were human stool, 50 (42%) were cattle feces,
21 (18%) were soil and 7 (6%) were water. One ampicillin-tetracycline-resistant E. coli isolate
per sample was taken for further analyses. The 118 ampicillin-tetracycline-resistant E. coli
isolates came from 44 out of the total 100 clusters. Twenty-three out of 44 clusters showing
ampicillin-tetracycline-resistant isolates (52.3%) yielded at least one isolate with identical
PFGE band pattern to another isolate from another source, suggesting that transfer of E. coli
was a common event. Eight distinct PFGE band patterns designated arbitrary letters A, B, D,
E, F, G, H and I for distinguishing purposes were identified. Inclusion of Salmonella enterica
serovar Braenderup in all the gels showed a band pattern reproducibility of 100% (type C)
(Figure 2) [19]. These PFGE band patterns cut across different clusters and were from cattle,
humans, soil and water. Sixteen clusters out of 44 (36%) yielded at least one E. coli isolate which
was identical to another isolate from another source by 100%. Seven clusters (16%) had isolate
with similarity between 95 and 99.1% (Figure 2). PFGE band pattern A was comprised of five
clusters, pattern B had two clusters, pattern D had three clusters, pattern E had six clusters,
pattern F had two clusters, pattern G had one cluster, pattern H had two clusters and pattern
I had also two clusters. Twelve isolates from cattle, human and soil constituted PFGE band
pattern A, while pattern E was made up of eight isolates from cattle, soil and water (Table 4).
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This shows that there was sharing of genetic characteristics between bacteria isolates from
different sources. There was also genetic relatedness in cluster seven between isolates from
cattle keeping human (7H1), cattle (7B2) and non-cattle keeping human (7H2). This scenario
suggests that sharing of bacteria go beyond cattle keeping households to their non-cattle
keeping neighbors. In some instance, like in cluster six, isolates from cattle (6B2, 6B4 and 6B6)
did not resemble humans in the same household, but had PFGE band pattern identical to
neighboring non-cattle keeping human (6H2). Sharing of genetic features was also observed
in isolates from cattle, humans and the environment. For instance, isolate from cattle in cluster
eight (8B1) was identical to isolate from non-cattle keeping human (8H2) and isolate from soil
collected from cattle keeping household (8S1) in the same cluster eight. In PFGE band pattern
E, isolates from water sources of non-cattle keeping households (40W2 and 44W2) had identical
PFGE patterns to isolates from cattle (11B1, 17B2, 20B2 and 20B3) and soil (17S1 and 18S1) from
cattle keeping households (Table 4). Some isolates with identical PFGE band patterns from
cattle, e.g., in PFGE band pattern A, came from different households/herds, signifying the role
of communal grazing in sharing of bacteria between cattle.

Figure 2. PFGE band pattern for ampicillin- and tetracycline-resistant E. coli isolates from humans, cattle, soil and
water.
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Isolates with distinct PFGE band patterns within clusters had a good temporal relationship in
terms of sampling and isolation. Most of them came from samples collected on one day or
within a week (Table 4) [19].

Clonal group Cluster  Isolate IDa  Sample date

A 6 6B2 6B4 6B6 6H2 16 July 2011

7 7B2 7H1 7H2 16 July 2011

8 8B1 8H2 8S1 20 July 2011

9 9B3 20 July 2011

30 30B1 20 July 2011

B 36 36B1 21 September 2011

38 38H2 21 September 2011

D 28 28H2 28S1 15 September 2011

4 4B1 15 September 2011

3 3S1 22 July 2011

E 11 11B1 24 September 2011

17 17B2 17S1 15 January 2012

18 18S1 15 January 2012

40 40W2 15 January 2012

20 20B2 20B3 18 January 2012

44 44W2 11 January 2012

F 33 33H1 20 July 2011

9 9S1 20 July 2011

aE. coli isolates from humans (H), water (W) and soil (S) with odd last digit originated from cattle keeping households
while those with even last digit were obtained from non-cattle keeping neighbors.

Table 4. Identical PFGE patterns of ampicillin- and tetracycline-resistant E. coli isolated from cattle keeping and
non-cattle keeping neighbor households in peri-urban areas of Morogoro, Tanzania.

Escherichia coli isolates from cattle were found in all clusters with identical PFGE bands patterns
(Figure 2), proposing that cattle are the focal point of bacteria sharing and manure is the center
of contact between cattle, humans and the environment. These roles of cattle and manure in
bacteria sharing between cattle, humans and the environment lead to a hypothetical bacteria
transmission pathways presented in Figure 3. The bacteria sharing pathways can be used to
set up strategies to break the contact and transmission pathways. However, there is a need to
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develop procedures which can be used to determine the donor-recipient bacteria transmission
relationship, something that was not done in the current study.

Figure 3. Hypothetical transmission pathways of enteric bacteria in urban and peri-urban livestock farming systems in
Morogoro, Tanzania.

From univariable analysis, five explanatory variables, namely manure responsible personnel
(family member or hired laborer), cattle house roof (present or absent), cattle house floor
(concrete or earth), use of bedding (yes or no) and animal water source (tap or surface water)
qualified and progressed to multivariable logistic regression analysis. There were no detected
confounders during the model building process, and the final logistic regression model was
made up of a single explanatory variable, the type of cattle house roof. The cattle house with
a roof was at 11 times odds of having isolates with identical PFGE band pattern to another
isolate from another source (OR = 11.2, 95% CI 1.1–119.3). Generally, isolates with PFGE band
pattern identical to at least one isolate from another source were 33, 86.8% of which were
isolated from cattle houses with a roof. The model goodness-of-fit test, expressed as the ratio
of deviance to degree of freedom, was 1.2, while the correlation of 0.1344 existed between
sample sources from different clusters. This shows that the variables were well explained by
the model.
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From this study, it seems that there was transmission of bacteria in roofed cattle houses than
in cattle houses without roof. This could be due to the effect of direct sun rays in open cattle
houses killing the bacteria before the transmission.

Cattle feeding system was statistically associated with cattle water sources (X2 = 28.5, df = 1,
p ≤ 0.0001), whereby free range cattle used surface water and cattle under zero grazing used
tap water which was also used by humans. On the other hand, distance from residence to
manure disposal site was statistically associated with the way manure was handled (X2 = 8,
df = 1, p = 0.005). That is, cattle keeping households which stored manure in heaps disposed
manure within residential areas, whereas households which opted to spread fresh manure
on land did it outside residential area [19].

6. Conclusion

Cattle and manure management practices in urban and peri-urban livestock farming allow
direct contact of cattle manure with humans, cattle and the environment. Humans and cattle
are at risk of infection with enteric pathogens and the environment to contamination because
enteric pathogens have been isolated from fresh cattle feces in urban and peri-urban areas.
Under the current manure management system, there is transmission of commensal enteric
bacteria between cattle, humans and the environment (water and soil), in which case, same
route can transmit enteric pathogens. The risk of human and livestock infection and environ-
ment contamination is potentiated by the fact that cattle keepers are unaware of such manure-
related pathogens and majority of them do not perceive that there are public health threats
from the current cattle and manure management practices. The risk of enteric pathogen
transmission to humans extends beyond cattle keeping households to their non-cattle keeping
neighbors. Current cattle and manure management practices in urban and peri-urban areas of
Morogoro put the whole community (cattle keepers and non-cattle keepers), cattle and other
domestic animals, at risk of infection and the environment (water and soil) to contamination.

7. Recommendations

The reported public health challenges can be alleviated by adopting a system thinking or
holistic approach, whereby all stakeholders are identified and involved, at their respective
capacities, in planning, execution and monitoring of urban and peri-urban livestock farming.
This approach will aim at safeguarding public, livestock and ecosystem health at the same time
improving urban and peri-urban livestock contribution toward community livelihood. Some
of the key stakeholders, each of whom may have a different key role in ensuring this goal is
achieved, include personnel from health section, agriculture, livestock, local government
authorities, land use planning, civil engineers, environmental conservation, demography, law
enforcing sections, politicians and the general public. For example, local government author-
ities may put preconditions for starting a cattle herd in urban and peri-urban areas and set
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criteria for maintenance of livestock keeping permit. This procedure may facilitate other
livestock-related activities such as disease control, surveillance and traceability of animals.
Moreover, land use planning and environmental conservation sections may set specific areas
for keeping livestock, while medical and veterinary sections may jointly control zoonoses. The
law enforcing personnel can facilitate in making sure regulations related to livestock, and
livestock products are observed. The general public should be well informed of and participate
in control of manure-related zoonotic pathogens. The holistic setup of urban and peri-urban
livestock farming should take into account all the features of continuous change from rural to
peri-urban to urban setting. This means that planning of livestock farming in peri-urban should
suit the urban setup even when the peri-urban area is urbanized.

To reduce human and animal contact with manure and to reduce the risk of human and animal
infection and environmental contamination, the following strategies are recommended.

• Urban and peri-urban land use planning should include livestock industry during planning
so that specific areas are legally recognized for livestock farming in urban and peri-urban
areas.

• There should be strategies to convert manure into a convenient, safe and valuable com-
modity. This should involve reduction in water content and odor from manure while
maintaining its soil fertilizing quality.

• Education to community (livestock keepers and non-livestock keepers) on livestock and
manure-related zoonotic risks which are associated with management practices. It should
be the responsibility of the whole community to ensure one health status is achieved.

• Appropriate regulations, by-laws and guidelines should be formulated and reinforced to
guide safe cattle and manure management practices which safeguard public, livestock and
ecosystem health. The guidelines should clearly give directives on personal protection, cattle
and manure handling and environmental protection.
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Abstract

Milk being a highly nutritious food in its natural form provides energy. There are various
factors influencing the composition of milk: breed, stage of lactation, nutritional status,
health, and milking intervals. A number of indigenous enzymes present in milk are
being affected by stages of lactation period. Their concentration varies during early, mid
and late lactation periods. This varied behavior ultimately affects the quality of dairy
products. In this chapter, the level of milk enzymes: lipases and esterases, plasmin (PL),
plasminogen (PLG) phosphatases (alkaline phosphatase ALP; acid phosphatase (ACP),
lysozyme (LZ),  lactoperoxidase  (LP),  xanthine  oxidoreductase  (XOR),  and catalase
(CAT) will be reviewed with respect to the stages of lactation periods.

Keywords: milk, indigenous enzymes, lactation stages, parity, season

1. Introduction

Milk is one of the perfect, complete, and primitive dairy food known by mankind. It is white
and nutritious physiological secretion from the mammary glands of mammals, serves as
nourishment for their neonates [1, 2]. It is a major product obtained from healthy and highly
productive dairy animals. Physiological and nutritional provisions of each species are more
or less distinctive. The breed, health, nutritional status, stage of lactation period, and milking
intervals are some of the factors that affect the milk composition [3,  4].  The variation in
constituents occurs entire lactation period. Lactation stage is the prime factors that affect the

© 2016 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



milk properties and some of the enzyme activities [5,  6].  Solids-non-fat (SNF) content is
frequently highest throughout first 2–3 weeks of lactation.

2. Milk indigenous enzymes

Numerous enzymes have been indigenously identified in milk from 1924 to 1970 [7]. A large
number of enzymes with multiple functionalities are present in milk. Additional enzymes
contribute in quality of milk products and also perform an antibacterial action (LP). In bovine
milk more than 70 enzymes are detected [8, 9]. A 50–60 substantial number of milk enzymes
with multiple functions are present in abundance in milk and are concerned with processing
stability and general customer safety [10] and additionally processing suitability (ALP). Some
enzymes (LP) having antibacterial characteristics are with significant importance in preserva-
tion of milk and milk products and some, e.g., plasmin (PL) and lipoprotein lipase (LPL)
connected with the serum, plasma, fat globules, casein, or leukocytes are important in
maintaining of quality of milk and milk products. More than 40 enzymes have been recognized
in cow milk [9, 11].

Lactation period in animals involves colostrum, developed milk, peak, and production with
compositional variations. Numerous indigenous enzymes present in milk are secreted by
epithelial cells and their composition changes with the lactation stages.

In already recognized indigenous enzymes in milk [7], almost 20 enzymes have been well
characterized and the rest of the 40 enzymes are of little significance but can be identified
through their activity. These enzymes indicate the efficient process of milk pasteurization (ALP,
γ-glutamyl transferase GGT) or of mastitis (phosphatases, CAT). Additional enzymes can be
of significance in processing and ultimately providing safety to human beings. They play an
antibacterial activity (LP) and contribute quality to milk products (e.g., LPL, PL) associated
with the serum, plasma, fat globule, casein, or leukocytes.

2.1. Lipases and esterases

Lipolytic enzymes have capability to hydrolyze triacylglycerols are considered as carboxyles-
terases [12, 13]. Those enzymes that can hydrolyze acyl glycerol having <10 carbon atom fatty
acids are known as esterases or carboxylases (Enzyme Commission, EC 3.1.1.1) while those
can hydrolyze ≥10 carbon atom fatty acids are considered as lipases, or triacylglycerol acyl
hydrolases (EC 3.1.1.3) [14, 15].

Esterases are different from lipases due to their functions for being relatively soluble compared
to emulsified ester substrates. Several esterases are present in milk [15, 16], the most prominent
are carboxylesterase (EC 3.1.1.1), acetylcholinesterase (EC 3.1.1.7), and cholinesterase (EC
3.1.1.8). In bovine colostrum, lipase is not connected with casein and not activated by blood
serum, therefore exhibited low lipase activity and showed slight lipolysis in early lactation.
However, after few days of calving, normal milk from early lactation exhibited higher lipase
activity [17, 18].

Livestock Science92



milk properties and some of the enzyme activities [5,  6].  Solids-non-fat (SNF) content is
frequently highest throughout first 2–3 weeks of lactation.

2. Milk indigenous enzymes

Numerous enzymes have been indigenously identified in milk from 1924 to 1970 [7]. A large
number of enzymes with multiple functionalities are present in milk. Additional enzymes
contribute in quality of milk products and also perform an antibacterial action (LP). In bovine
milk more than 70 enzymes are detected [8, 9]. A 50–60 substantial number of milk enzymes
with multiple functions are present in abundance in milk and are concerned with processing
stability and general customer safety [10] and additionally processing suitability (ALP). Some
enzymes (LP) having antibacterial characteristics are with significant importance in preserva-
tion of milk and milk products and some, e.g., plasmin (PL) and lipoprotein lipase (LPL)
connected with the serum, plasma, fat globules, casein, or leukocytes are important in
maintaining of quality of milk and milk products. More than 40 enzymes have been recognized
in cow milk [9, 11].

Lactation period in animals involves colostrum, developed milk, peak, and production with
compositional variations. Numerous indigenous enzymes present in milk are secreted by
epithelial cells and their composition changes with the lactation stages.

In already recognized indigenous enzymes in milk [7], almost 20 enzymes have been well
characterized and the rest of the 40 enzymes are of little significance but can be identified
through their activity. These enzymes indicate the efficient process of milk pasteurization (ALP,
γ-glutamyl transferase GGT) or of mastitis (phosphatases, CAT). Additional enzymes can be
of significance in processing and ultimately providing safety to human beings. They play an
antibacterial activity (LP) and contribute quality to milk products (e.g., LPL, PL) associated
with the serum, plasma, fat globule, casein, or leukocytes.

2.1. Lipases and esterases

Lipolytic enzymes have capability to hydrolyze triacylglycerols are considered as carboxyles-
terases [12, 13]. Those enzymes that can hydrolyze acyl glycerol having <10 carbon atom fatty
acids are known as esterases or carboxylases (Enzyme Commission, EC 3.1.1.1) while those
can hydrolyze ≥10 carbon atom fatty acids are considered as lipases, or triacylglycerol acyl
hydrolases (EC 3.1.1.3) [14, 15].

Esterases are different from lipases due to their functions for being relatively soluble compared
to emulsified ester substrates. Several esterases are present in milk [15, 16], the most prominent
are carboxylesterase (EC 3.1.1.1), acetylcholinesterase (EC 3.1.1.7), and cholinesterase (EC
3.1.1.8). In bovine colostrum, lipase is not connected with casein and not activated by blood
serum, therefore exhibited low lipase activity and showed slight lipolysis in early lactation.
However, after few days of calving, normal milk from early lactation exhibited higher lipase
activity [17, 18].

Livestock Science92

Lipases are naturally a critical group of enzymes since they are connected with the fat digestion
system. Lipases are more dynamic at pH 8–9 and catalyze the advancement of hydrolytic
rancidity in milk. Investigation of lipases is more alluring in the light of the fact that it would
add to our comprehension about the properties and modes of these enzymes [19, 20].

The phenomenon of lipolysis is correlated with the lactation days. Higher activity is associated
with its presence in fat fraction of milk. Activity of lipase in milk fat increases with the
advancement in lactation stages [21]. The lipolysis process is of major apprehension in the
dairy industry, as rancid off flavors are produced in milk and milk products during this
phenomenon [22].

Earlier research has well established that milk lipase is sensitive to heavy metals. Copper,
cobalt, and nickel have been shown to be more powerful inhibitors of lipase than iron,
chromium, manganese, and silver. Enzyme activity is stimulated by blood serum albumin,
ammonium, calcium ions, and mercaptoethanol. The buffer solutions, citrate, acetate, and
phosphate buffers damage the enzyme activity, whereas borate and barbiturate buffers do not
[23, 24].

LPL in cow milk is altered due to the breed, lactation phase, feed and fodder, season, and milk
yield [22, 25]. Lipase activity increased from 0.32 to 2.98 U/mL of milk. At the point when milk
fat globule membrane (MFGM) is damaged, lipolysis takes place rapidly and leads to hydro-
lytic rancidity and ultimately may cause variations in functionality and flavor of dairy products
throughout storage period [15]. LPL found in goat milk is of low concentration in the early
and late lactation stage [26].

The membrane lipase is available in higher concentration in milk from dairy animals in late
lactation [27]. They additionally reported that lipase action in milk showed inclined pattern
with reference to lactation stages. Hameed et al. [28] reported the expanding pattern of lipase
activity with lactation stages in bovine milk. Lipase action (1.55 U/mL) was recorded higher
(p < 0.01) in milk, examined at the last of lactation, followed by other lactations (1.29 and 1.16
U/mL, respectively).

2.2. Plasmin

Plasmin (PL; EC 3.4.21.7) is an alkaline serine proteinase enzyme that proteolytically cleaves
the blood clots [29]. This enzyme has affinity toward arginine (Arg) and lysine (Lys) residues,
specifically breaks the Arg-X and Lys-X bonds [30, 31]. The activity of enzyme is increased
with the multiple factors that include lactation stage, lactation number and severity of mastitis
infection [32–34].

On the basis of origin, the PL and plasminogen (PLG) are considered to be migrated from blood
to milk, and higher activity of PL in peak lactation designating more conversion of PLG into
PL in bovine milk [35–37].

PL is basically released in the form of PLG in normal milk. The concentration of PLG (0.8–2.8
μg/mL) in fresh milk is varied and its concentration is 2–30 times higher than that of PL (0.1–
0.7 μg/mL). It is activated by storage or when milk is stayed in the lumen of mammary glands
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before milking. A considerable interest has been involved in the activation of PLG, upon which
activity of PL depends [38–41]. It promptly hydrolyzes the bonding of β-casein, αs2-casein, and
αs1-casein and affects the quality of dairy products [32, 42].

Advancing lactation stage is an essential factor that influences PL activity and percentage,
suggesting that more PL activity in milk from goat and older cows is a result of increased PLG
activation [43–45]. However, the relevant information about the varied concentration and
activity of PL during lactation stages is controversial. Leitner et al. [46] declared significantly
higher activities of PL in infected glands of sheep.

Caroprese et al. [47] and Albenzio et al. [33] found that there was decrease in PL activity in
ewe’s milk from the early to the late lactation stage whereas Koutsouli et al. [48] and Bianchi
et al. [49] announced that PL activity significantly affected by udder health status and found
an increased level of PL activity due to more somatic cell counts (SCCs) during the late lactation
period.

The variation in PLG-derived activity and total PL plus PLG-derived activity is greatly
influenced by lactation stage and seasonal changes. It is linked with reduction of milk yield
and advancement in lactation stage [45, 50, 51]. Due to increased activity of plasminogen, more
entry of PL occurred from blood to milk inside the mammary glands [52]. The PL and PLG
activities were significantly increased in the advancement of lactation and a nonsignificant
decrease in their ratio (PL:PLG) was observed as compared to camel milk [53, 54].

2.3. Phosphatases

2.3.1. Alkaline phosphatase

In 1925, for the first time, phosphatase enzyme in milk is documented by Demuth and then
considered as an alkaline phosphatase (ALP; EC 3.1.3.1) indigenous to milk by Graham and
Kay [55]. It became recognizable when it was confirmed that the requirement for time-
temperature relationships to inactivate the ALP required slightly higher as compared to kill
Mycobacterium tuberculosis [56, 57]. Almost 40% activity of ALP in raw cow milk is declared to
be linked with the milk fat globule membrane (MFGM) in the cream phase, though the rest is
soluble or dispersed in whey membrane particles (WMP) in skim milk [58]. Between individ-
uals and herds, higher ALP levels vary significantly and its concerned activity is correlated
with lactation stages and mastitis [59, 60]. Magnesium and zinc ions are promoter of ALP while
tin, copper, cobalt, and ethylenediaminetetraacetic acid (EDTA) have inhibitory action and iron
has no effect on activities of ALP [61].

ALP activity is in inverse relationship with yield but the other factors, e.g., fat content, breed,
and feed, have no effect. For ovine milk, the ALP content is contrarily linked with milk
production and directly to the milk fat substance, while infected milk (mastitis) has higher
ALP activity [62, 63]. It is reported that ALP activity is low at the mature milk production stage,
increased to maximum activity during the peak production stage and again decreased at the
end production stage [28]. ALP activity in cow increases as lactation stage proceeds. Immedi-
ately after parturition, there is a decrease in ALP activity with a further sharp decrease after
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the first milking period. ALP activity then continues to decrease and noted minimum at the
first week. Then increased slowly and found maximum by the 28th week of lactation [64]. In
another study, ALP activity in milk was found lowest in the early lactation stages and pro-
gressed along with advancement of lactation stages and milk yields decreased. These ALP
activities were also noticed greater in milk samples from evening milk as compared with
morning milk [65].

2.3.2. Acid phosphatase

Acid phosphomonoesterase (ACP; EC 3.1.3.2) in milk was initially identified by Huggins and
Talalay [66] and affirmed by Mullen [67], declared that ACP was ideally in the active form at
4.0 pH. It was thermally stable and for complete inactivation it required 88°C for 10 min. ACP
in bovine milk hydrolyzes the phosphate group of casein particles [68]. There are some
components that act as inhibitor and activator. Fluoride acts as an inhibitor for ACP activity
but slightly activated by Mn2+. In milk, the ACP level is just ~2% that of the ALP level. Ap-
proximately 75% of ACP was found generally in the skim milk phase and 20% of ACP in the
MFGM [68, 69]. Reducing agents, ascorbic acid and 2-mercaptoethanol increases the ACP
activity by 100% in skim milk, whereas the ACP activity in MFGM is unaffected by these agents.
Casein acts as a substrate for the activity of ACP and major casein fractions αs (αs1 + αs2) > β
> κ also serve as competitive inhibitors as the ACP enzyme binds with the phosphate group
of casein. The ability to bind calcium with κ-casein to form micelles is reduced by dephos-
phorylation of casein [61].

ACP in milk might be of innovative significance due to three reasons. First, ACP exhibits
thermal stability and because of this property it may be used as an indicator for severe heat
treatment rather than normal. Second, numerous milk items may have a pH near to that of its
optimum. Third, phosphoproteins such as caseins might be dephosphorylated readily.
Technological milk properties and development of dairy products depend on the integrity of
casein micelles. The enhanced activity of ACP may create problem in the inactivation of ACP
without affecting nutritional qualities as it is linked with gelation of ultra-high temperature
(UHT) and development of cheese flavor [70, 71].

Specific activity of ACP is greater in cream; however, about 80% ACP of milk is present in
skimmed milk [60]. ACP levels in milk of Sahiwal dairy animals showed a declined pattern
alongside lactation stages [28]. Shakeel-ur-Rehman and Farkye [72] observed the higher
activity of ACP at 5–6 days postpartum, and afterward observed declined trend up to the end
of lactation stage. Nevertheless, the range of ACP levels in their study was presented from 2.6
± 10−4 to 2.6 ± 10−3 U/mL in normal cow milk. The ACP level is 4–10 times more in mastitis milk
than normal cow milk [73, 74].

2.4. Lysozyme

Lysozyme (LZ; EC 3.2.1.17; muramidase) is a single polypeptide chain (14.3 KDa M.W.), cross-
linked by four disulfide bonds [75, 76]. It is an important bacteriolytic protein in milk,
component of the antibacterial system, that kills bacteria by cleaving the β-1,4-glycosidic bond
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between N-acetyl muramic acid and N-acetyl glucosamine residues in peptidoglycan of the
bacterial cell wall [77, 78].

It helps in improving the human health status, especially neonate, to protect them from
infections of invading pathogens with the promotion of gut microbiota until their own immune
system is developed [79–81].

Basically, there are two types of LZ: hen egg-white (C-LZ) and goose egg-white (G-LZ).
However, both C-LZ and G-LZ forms may be present in cow milk as these forms are present
in other body fluids and in stomach tissue of the cow [82].

LZ is available at higher concentration (0.420 g/L) in human milk as compared to buffalos (3.85
μg/mL), cow (0.0013 g/L), and goat (0.0025 g/L) milk [83–86].

The activity of LZ was in greater extent and more stable in buffalo milk as compared to cow
milk. However, colostrum possessed 5 times higher activity as compared to mature milk. It
was also observed that various factors: parity of animal and lactation stage not influences the
activity of LZ but it was increased during the peak summer and winter seasons [86–88]. A
substantial increase of milk LZ in mastitis among different bovine species suggested that the
neutrophils are the most probable source of LZ due to inflammation of mammary gland [89–91]

2.5. Lactoperoxidases

Lactoperoxidase (LP; EC 1.11.1.7) is the second most abundant enzyme after xanthine oxidase
in bovine milk. The most generally prescribed industrial utilization of LP systems is the
preservation of raw fresh milk during transportation and storage in dairy plants [92, 93]. It
received a considerable attention as an optimum indicator of super-pasteurized milk [94]. Its
level in bovine milk is about 30 mg/L constituting approximately 1% whey protein [95]. The
LP system (LP-thiocyanate-H2O2) is a natural preservation system and has antimicrobial
characteristics. Oxidation of thiocyanate in the presence of H2O2 is catalyzed by activated LP
and produce hypothiocyanate (OSCN) or higher oxides (antimicrobial compounds). These
compounds exhibited their antimicrobial properties by oxidizing the sulfhydryl groups of
proteins to disulfides [96].

LP enzyme activities are affected by various factors, i.e., sexual cycle, season, lactation, diet,
and breed [95, 97]. LP activity in bovine milk (1.2–19.4 U/mL) is about 20 times higher in
peroxidase action than human milk [98]. LP levels in dairy animals milk is ranged from 1.5 to
2.7 U/mL with a general mean of 2.3 U/mL [99]. The LP level is low in colostrum of dairy
animals, after that adopted inclined trend rapidly after 3–5 days postpartum [95]. LP enzyme
activity is a precursor to diagnose the mastitis disease in dairy animals. The activity of LP
increases as the somatic cell count (SCC) increases [100, 101].

The LP activity of cows adopted declined trend along with lactation stages. The activity of LP
decreases with the advancement in lactation stages (9.64–6.66 U/mL) [28]. The decreasing trend
along with lactation stages was also observed by Althaus et al. [102] who reported significant
reduction in LP activity from the early stage of lactation toward the end of lactation. Reiter [95]
observed a significant increase in LP activity between 4 and 5 days after calving of the lactation
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substantial increase of milk LZ in mastitis among different bovine species suggested that the
neutrophils are the most probable source of LZ due to inflammation of mammary gland [89–91]

2.5. Lactoperoxidases

Lactoperoxidase (LP; EC 1.11.1.7) is the second most abundant enzyme after xanthine oxidase
in bovine milk. The most generally prescribed industrial utilization of LP systems is the
preservation of raw fresh milk during transportation and storage in dairy plants [92, 93]. It
received a considerable attention as an optimum indicator of super-pasteurized milk [94]. Its
level in bovine milk is about 30 mg/L constituting approximately 1% whey protein [95]. The
LP system (LP-thiocyanate-H2O2) is a natural preservation system and has antimicrobial
characteristics. Oxidation of thiocyanate in the presence of H2O2 is catalyzed by activated LP
and produce hypothiocyanate (OSCN) or higher oxides (antimicrobial compounds). These
compounds exhibited their antimicrobial properties by oxidizing the sulfhydryl groups of
proteins to disulfides [96].

LP enzyme activities are affected by various factors, i.e., sexual cycle, season, lactation, diet,
and breed [95, 97]. LP activity in bovine milk (1.2–19.4 U/mL) is about 20 times higher in
peroxidase action than human milk [98]. LP levels in dairy animals milk is ranged from 1.5 to
2.7 U/mL with a general mean of 2.3 U/mL [99]. The LP level is low in colostrum of dairy
animals, after that adopted inclined trend rapidly after 3–5 days postpartum [95]. LP enzyme
activity is a precursor to diagnose the mastitis disease in dairy animals. The activity of LP
increases as the somatic cell count (SCC) increases [100, 101].

The LP activity of cows adopted declined trend along with lactation stages. The activity of LP
decreases with the advancement in lactation stages (9.64–6.66 U/mL) [28]. The decreasing trend
along with lactation stages was also observed by Althaus et al. [102] who reported significant
reduction in LP activity from the early stage of lactation toward the end of lactation. Reiter [95]
observed a significant increase in LP activity between 4 and 5 days after calving of the lactation
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period, followed by a gradual decrease toward close of lactation. The reduction in action of LP
activity in cow milk could be due to increase in the thiocyanate content as Fonteh et al. [99]
described that the LP level promoted with an increase in 2,2'- azino-bis (3-ethylbenzothiazo-
line-6-sulphonic acid) or ABTS contents but reduced with an increase in thiocyanate contents.
They also reported that LP activity is enhanced with whey protein, lactose, magnesium,
sodium, and calcium chlorides, and reduced in occurrence of casein.

2.6. Catalases

Catalase (CAT; H2O2:H2O2 oxidoreductase; EC 1.11.1.6) dismutates hydrogen peroxide (H2O2)
into water (H2O) and free oxygen (O2) [8, 103]. CAT was among the first enzymes present in
milk. Babcock and Russell [104] portrayed that an extract of separator slime can break down
H2O2. The CAT activity in milk fluctuates with feedstuff and lactation phase, level expanded
particularly during mastitis [103, 105]. CAT has the ability to degrade the surplus hydrogen
peroxide and reduce oxidative infection caused by reactive oxygen species (ROS) [106].

CAT and SCC contributed in the mastitis risk markers. Risk level of mastitis and losses in milk
production increase with the advancement in parity, phase of lactation, and also in spring and
winter seasons [107]. Measurement of CAT activity plays a distinct role in monitoring the
health status of udders in cow. The antioxidant activity of enzyme CAT increases when SCC
increases [100, 108, 109]. CAT antioxidant activity is higher in colostrum, then reductions occur
as the lactation stage proceeds and again high in the late lactation [110, 111]. Its absence in milk
is an indication of an efficient pasteurization process [7].

2.7. Xanthine oxidoreductase

Xanthine oxidoreductase (XOR; EC 1.13.22; 1.1.1.204) is a milk indigenous enzyme having
capability of oxidizing hypoxanthine to xanthine and xanthine to uric acid with the reduc-
tion of O2 to H2O2 [7, 112]. This protein is initially presented in milk; in 1902, Schardinger
reported that this compound is competent for oxidizing aldehydes to acids by the lessening
the methylene blue and after that generally called this chemical as “Schardinger enzyme.”
XOR has been established to require FAD+ and Mo++ for its optimum catalytic action [103,
113, 114].

XOR is concentrated in MFGM, which is the second most abundant protein constituting, 20%
of the MFGM protein. Milk is a good source of XOR, some of its portion is shifted to mammary
glands by means of the blood circulation system. The XOR level in milk differs recognizably
during lactation. However, bovine milk contains significant levels of XOR (1.4–1.8 U/mg) as
compared to goat (0.27 U/mg) and sheep (0.69 U/mg) milk and camel (nd) milk because enzyme
molecules lack molybdenum (Mo++) [115–118]. This level can be amplified by complementing
the diet with Mo++ [7].

In buffalo milk, XOR (0.75 U/mg) exists in the catalytically inactive form because of higher
concentration of demolybdo and desulfo forms. Structural factors and lower contents of
Fe/S might be the possible reason of lowering enzymatic activity of XOR in buffalo [119].
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Surprisingly, camel milk exhibited no detectable XOR activity and its Mo++ contents were
comparable to human and goat milk [120].

Being significant part of lactating cells, the levels of XOR mRNA began to increase during mid-
pregnancy, turned upward at the onset of lactation and diminished quickly in constrained
involution [121]. XOR expression remained constant, while specific activity enhanced at the
initial lactation phase that facilitates in milk synthesis [122]. Physiologically, XOR contains
hydrogen peroxide, nitric oxide, and superoxide ion, mainly functions as in the activation of
various metabolic pathways [123]. XOR contributes to an antimicrobial defense mechanism in
the gastrointestinal tract (GIT) tract and plays a significant role in the immune system of
mammary glands [111, 124, 125]. XOR activity increases during infectious diseases and its
cytotoxic action is useful for the defenses against bacteria [123].

3. Conclusions

Conclusively, intensive review of enzyme activities has revealed the significance of indigenous
milk enzymes with varied concentration behavior during lactation stages. Lactation stage has
a prominent effect on enzymes activities and ultimately it may affect the technological behavior
of milk composition.

Generally, colostrum formation contains higher enzyme activities than during the established
lactation period. Mastitis or several other progressions that increase leukocytes in milk increase
enzyme activities such as CAT. LP, ACP, and LP decrease while lipase activity increases with
progress of lactation. ALP activity first increases then decreases at the end of lactation. PL
activity increases in the late lactation because of that it makes milk less suitable for cheese
making.

This varied behavior of enzyme activities at early, mid, and late lactation stages can be a
troubling problem for manufacturing of milk and milk products in various regions of the
world. As enormous animals in late lactation periods and considerable seasonal variations
affect the ultimate quality of milk and have a better increased choice to process the specified
valued dairy product. Furthermore, milk from mid lactation would be a balanced source of
energy to maintain the health status of the individuals.
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Abstract

Bacterial  tick-borne  diseases  (BTBDs)  are  very  significant  in  practical  one  health
medicine. In contrast to the restrictions related to diagnostic and clinical application,
the control and prevention of bacterial tick-borne diseases are difficult because they
require the disruption of a complicated transmission chain, involving vertebrate hosts
and ticks, which interact in a constantly changing environment. Q fever, rickettsiosis,
borreliosis, ehrlichiosis, anaplasmosis and tularemia are BTBDs, which are discussed in
this chapter. Epidemiology, clinical symptoms, diagnosis and prevention subtopics are
planning to be prepared under main topics. This chapter presents a brief background
of key livestock BTBDs and ticks and reviews the general aspects of BTBDs to identify
topics in knowledge and understanding of these diseases, propose areas for future
research and draw attention to the need for improved tools for the diagnosis and control
of BTBDs.

Keywords: tick, bacterial zoonoses, Q fever, rickettsiosis, borreliosis, ehrlichiosis, ana-
plasmosis, tularemia

1. Introduction

Bacterial tick-borne diseases (BTBDs) affect the productivity of livestock animals in various
regions of the world, leading to a significant adverse impact on the production of resource-poor
farming communities. Hence, the livestock industry has become an integral part of world
economy, and the large number of dairy cattle is being imported between continents in order to
meet an increasing demand of meat and dairy products, it is essential to review current status
of bovine BTBDs and to identify diagnosis and prevention in the knowledge of BTBDs and their
prevention. Although there has been a recent increase in the number of studies of BTBDs in
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various geographical regions, information on their prevalence, distribution, tick vectors and
control is limited.

2. Bacterial tick-borne diseases of livestock animals

2.1. Q fever

Q fever is a zoonosis associated with Coxiella burnetii that is an obligate intracellular parasite
classified within the family Rickettsiaceae and which can be divided into six genomic
groups based on restriction fragment length polymorphism. Unlike the other members of
Rickettsiae, C. burnetii is quite resistant to environmental influences and is not dependent
upon arthropod vectors for transmission. C. burnetii exhibits two antigenic phases: phase I
and phase II (Figure 1). Phase I organisms are more infectious. The organism has worldwide
distribution, although a large serological survey argues that it is not present in New Zea-
land [1].

Figure 1. Coxiella burnetii mobilization in macrophages [2].

C. burnetii cycles in a wide variety of wildlife species and their ectoparasites. The infection also
cycles in domestic animals. Rates of infection in farm animals vary considerably between
locations, between countries and with time as there appears to be cycles of infection within
regions [3].

In cattle, prevalence figures range from 6 to 82% of cattle and 23 to 96% of herds seropositive
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various geographical regions, information on their prevalence, distribution, tick vectors and
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classified within the family Rickettsiaceae and which can be divided into six genomic
groups based on restriction fragment length polymorphism. Unlike the other members of
Rickettsiae, C. burnetii is quite resistant to environmental influences and is not dependent
upon arthropod vectors for transmission. C. burnetii exhibits two antigenic phases: phase I
and phase II (Figure 1). Phase I organisms are more infectious. The organism has worldwide
distribution, although a large serological survey argues that it is not present in New Zea-
land [1].
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factors that might influence this variation in prevalence but one study found a significantly
higher prevalence in housed cattle compared to cattle at kept at pasture. The transmission of
infection is spread by direct contact and inhalation. Infection of non-pregnant animals is
clinically silent and is followed by latent infection until pregnancy when there is recrudescence
with infection in the intestine, uterus, placenta and udder and excretion from these sites at
parturition. The organism is present in high concentration in the placenta and foetal fluids,
and subsequent vaginal fluids are also excreted in urine and are present in the faeces of sheep
from 11 to 18 days post-partum [4, 5]. Infection can result in abortion, stillbirths or poorly viable
lambs but commonly the neonates of infected, excreting, ewes are born clinically normal.
Abortion usually does not occur at successive pregnancies but there can be recrudescence of
infection and excretion at these pregnancies, especially the one immediately following [6].

Goats also excrete the organism in vaginal discharges for up to 2 weeks, and it is present in
goat milk for up to 52 days after kidding and also in faeces. Maximum shedding in cattle also
occurs at parturition and for the following 2 weeks but cattle excretes the organism in the milk
for at least several months and up to 2 years and infection is common in bulk tank milk [7–10].

There is strain variation in the organism and differences in plasmid sequence types have been
correlated with differences in the type of disease occurring in humans. The organism is highly
infectious, and it is estimated that the infective dose for humans approximates one organism
zoonotic implications in human infection is primarily by inhalation. Sources of infection
include such diverse materials such as soil, air-borne dust, wool, bedding and other materials
contaminated by urine, faeces or birth products of animals. The potential for human infection
from these sources is substantial; for example, ovine manure used as a garden fertilizer has
been incriminated as a source. Sheep have traditionally been incriminated as the major
reservoir of infection for humans, but the trend for urban populations to locate in close
proximity to large dairy herds suggests that cattle could become an increasingly significant
reservoir [11–13].

The organism is found in the milk of infected livestock. A significant proportion of seropositive
cattle excrete the organism in milk and periods and duration of excretion are variable but may
persist at least 2 years. Rates of seropositivity in humans vary markedly between surveys, but
there is a higher rate of seropositivity in people (farm workers, veterinarians, livestock dealers,
dairy plant and slaughter house workers, shearers, etc.) that are associated with domestic
animals and their products and with farm environments [14, 15]. Several incidents of infection
in humans have been linked to exposure to parturient sheep and goats [16].

Infection of ruminants can occur at any age and is usually clinically unapparent. In the
experimental disease in cattle, anorexia is the only consistent clinical finding. Abortion occurs
during the latter part of the lambing period in the flock and in the latter period of pregnancy
in individual ewes. The dam shows no signs of impending abortion. As with sheep, infection
in goats can be accompanied by abortion, but abortion in cattle is rare although it is recorded.
Correlations between herd level seroprevalence and herd fertility are equivocal. There are a
number of serological tests available including complement fixation, microagglutination,
enzyme-linked immunosorbent assay (ELISA) and indirect immunofluorescence (IF). The IF
assay is used as the sero-reference test for the serodiagnosis of Q fever. It can detect antibody
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to phase variants and can provide epidemiological information as phase I antibody is associ-
ated with recent and acute infections and phase II antibody with chronic infections [17].

There are seldom gross lesions in aborted foetuses, but foci of necrosis and inflammation are
occasionally seen in the liver, lung and kidney microscopically. The placenta from aborting
animals is usually thickened and a purulent exudates or large, red-brown foci of necrosis are
typically seen in the thickened intercotyledonary areas. Microscopically, large numbers of
necrotic neutrophils are usually visible on the chorionic surface and swollen trophoblasts filled
with the organisms can also be found in well-preserved specimens. Examination of placental
impression smears stained with Gimenez, Koster's, or other appropriate techniques provides
a means of rapid diagnosis. However, care must be taken to avoid confusing Coxiella-infected
trophoblasts with cells containing Chlamydophila organisms. Coxiellosis can be confirmed
fluorescent antibody staining of fresh tissue or immunohistochemical staining of formalin-
fixed samples. In most laboratories, culture is not attempted due to the zoonotic potential of
this agent. Polymerase chain reaction (PCR) is the most accurate tool for the diagnosis of
infectious abortions. In a previous study, six (4.3%) samples were detected PCR positive out
of 138 samples [18]. In another research, C. burnetii gene was detected in 34.66% of the samples
taken from 200 cattle, 200 sheep and 200 goats in the Aegean region of Turkey [19]. In a
multidisciplinary research made with veterinarians, farm workers and butchers, among 92
people, 32 (34.8%) and 9 (9.8%) people were positive and equivocal by ELISA and immuno-
globulin G (IgG), respectively. The ELISA positive and equivocal sera were studied further by
the immunofluorescence antibody (IFA) test, and seven (7.6%) cases were confirmed with
immunoglobulin M (IgM), 39 (42.4%) cases were confirmed with IgG. There was no significant
difference for Coxiellosis seropositivity among the profession groups (p > 0.05). Only four
(4.3%) cases were confirmed with PCR positive [20].

Aborting animals should be isolated for 3 weeks and aborted and placental contaminated
material burnt. Ideally, manure should be composted for 6 months before application to fields.
Feed areas should be increased to keep them free from contamination with faeces and urine.
While Q fever has significant implications for human health, it is not significantly important
enough to have generated national or regional control strategies based on control in the animal
population [21–23].

Milk and milk products should be pasteurized. Veterinarians dealing with herds that provide
raw milk should ensure that these herds are seronegative for C. burnetii. Vaccine trials with
killed vaccines in animals show a good and persistent antibody response and suggest that
vaccination can limit the excretion of the organism. However, there is little economic incentive
for a vaccination programme involving livestock, and livestock vaccines are not available in
most countries [24].

2.2. Rickettsiosis

The members of the family Rickettsiaceae have cell walls similar to those of other Gram-
negative bacteria. Ultra structural studies have shown that the Anaplasmataceae family have
outer membranes but lack an obvious peptidoglycan layer [25]. Organisms in the family
Rickettsiaceae, referred to as rickettsiae, generally target endothelial cells. Although several
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new species of rickettsiae have recently been identified in domestic animals using molecular
techniques, their pathogenicity is uncertain and currently the only species of veterinary
importance in the family Rickettsiaceae is Rickettsia rickettsii, the causative agent of Rocky
Mountain spotted fever. Many Rickettsia species including the causal agents of typhus (R.
prowazekii), murine typhus (R. typhi) and scrub typhus (R. tsutsugamushi) are primarily human
pathogens. These highly pathogenic organisms have a predilection for the endothelial cells of
small blood vessels, resulting in vasculitis and thrombosis in many organs. Rickettsia species
produce phospholipase that damages the membranes of phagosomes allowing the organisms
to escape into the cytoplasm (Figure 2). R. rickettsii replicates in both the cytoplasm and the
nucleus of host cells, inducing cytotoxic effects [26].

Definitive classification of the members of the Rickettsiales is based on 16S ribosomal ribonu-
cleic acid (RNA) sequencing, lipopolysaccharide content and metabolic requirements. In
diagnostic laboratories, identification of these organisms is based on the species affected, cell
predilection, microscopic appearance and molecular techniques. Some members of the
Rickettsiales can be cultured in embryonated eggs or tissue culture cells. These difficult
procedures are usually performed only in laboratories engaged in research or vaccine pro-
duction [28].

Figure 2. Infection diagram of R. rickettsii [27].

R. rickettsii affects mainly humans and dogs. Rhipicephalus sanguineus and Amblyomma cajen‐
nense are the main vectors in Central and South America. Ticks acquire the pathogen while
feeding on infected small wild mammals [29].
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An infected tick must remain attached for up to 20 hours before salivary transmission to the
host occurs. The organisms, which replicate in endothelial cells of infected dogs, produce
vasculitis, increased vascular permeability and haemorrhage. Rocky Mountain spotted fever
should be considered in dogs with systemic diseases, which have been exposed to ticks in
endemic areas. Indirect fluorescent antibody test (FAT) or ELISA demonstrating an increasing
antibody titre to R. rickettsii is diagnostic. Antibodies are not demonstrable until at least 10
days after infection. A marked thrombocytopenia and leucopoenia may be present during the
acute phase of the disease. The disease must be differentiated from acute canine monocytic
ehrlichiosis. PCR detection in tick tissues has been described by a number of workers.
Tetracycline therapy, which usually produces clinical improvement within 24 hours, must be
continued for 2 weeks. Supportive therapy is necessary for severely debilitated dogs. Frequent
removal of ticks is recommended. Because the disease is zoonotic, gloves should be worn
during this procedure or a forceps should be used [30].

Ticks acquire the pathogen while feeding on infected small wild mammals. R. rickettsii is
maintained in the tick population by transovarial and transstadial transmission and thus the
tick acts as both a reservoir and a vector of the organism. An infected tick must remain attached
for up to 20 hours before salivary transmission to the host occurs. The incubation period of the
disease is 2–10 days and the course is usually less than 2 weeks. Clinical signs include fever,
depression, conjunctivitis, retinal haemorrhages, muscle and joint pain, coughing, dyspnoea
and oedema of the extremities [31].

2.3. Borreliosis

Borreliae, which are longer and wider than other spirochaetes, have a similar helical shape. In
addition to a linear chromosome, which is unique among bacteria, borreliae possess linear and
circular plasmids, some of which appear to be essential for growth and survival of the
organism. Although these spirochaetes can cause disease in animals and humans, subclinical
infections are also common. Borreliae are transmitted by arthropod vectors. Arthropod vectors
are responsible for transmission of Borrelia species in animals. Borreliae are obligate parasites
in a variety of vertebrate hosts. Although these organisms persist in the environment for short
periods, they depend on vertebrate reservoir hosts and arthropod vectors for long-term
survival. Associations of certain Borrelia species with particular arthropod vectors and
reservoir hosts are important in determining the epidemiology of infections with Borrelia
species. After entering the bloodstream of a susceptible host, borreliae multiply and are
disseminated throughout the body (Figure 3). Organisms may be demonstrated in joints, brain,
nerves, eyes and heart. Whether disease is caused by active infection or by host immune
responses to the organism is unclear. Persistent infection leading to the induction of cytokines
may contribute to the development of lesions [32]. There may be an association between
different genotypes of Borrelia burgdorferi and particular clinical syndromes in humans; B.
burgdorferi sensu stricto (s.s.) is frequently associated with arthritis, B. garinii with neurological
disease and B. afzelii with skin disease [33, 34].

Chickens have been infected experimentally, and it was found that these animals quickly
became immune to B. burgdorferi s.s. and did not show any clinical symptoms [36]. More recent
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studies have shown that pheasants can function as reservoir hosts of B. garinii and B. valaisiana
in the United Kingdom (UK) [37], but no symptoms of disease in infected birds have been
reported.

Figure 3. Life cycle of Borrelia spp. [35].

Most infections are subclinical. Serological surveys demonstrate that exposure is common in
both animal and human populations in endemic areas. The clinical manifestations of Lyme
disease are mainly related to the sites of localization of the organisms. Clinical disease is
reported frequently in dogs. Symptoms include fever, lethargy, arthritis and evidence of
cardiac, renal or neurological disturbance. In the United States of America (USA), arthritis is
a common finding whereas neurological disturbance is the most frequent clinical feature in
Europe and Japan. The clinical signs in horses are similar to those in dogs and include lameness,
uveitis, nephritis, hepatitis and encephalitis. However, some authors observe that definitive
evidence of clinical Lyme disease in horses is lacking [38]. Lameness in cattle and sheep
associated with B. burgdorferi sensu lato infection has been reported.

Laboratory confirmation of Lyme disease may prove difficult because the spirochetes may be
present in low numbers in specimens from clinically affected animals. In addition, the
organism is fastidious in its cultural requirements. A history of exposure to tick infestation in
an endemic area in association with characteristic clinical signs may suggest Lyme disease.
Increasing antibody titres to B. burgdorferi sensu lato along with typical clinical signs are
indicative of disease. Because subclinical infections are common in endemic areas, high titres
alone are not confirmatory. The ELISA is extensively used for antibody detection; western
immunoblotting is sometimes used for confirmation of ELISA results. It has been shown that
ELISA techniques based on this antigen may be able to differentiate naturally infected and
vaccinated animals [39]. Immunofluorescence assays may also be used but the results of these
methods may be difficult to interpret. Culture of borreliae from clinically affected animals is
confirmatory. Cultures in Barbour-Stoenner-Kelly medium should be incubated for 6 weeks
under microaerophilic conditions and should be carried out in specialized laboratories. Low
numbers of borreliae can be detected in samples by PCR techniques.
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Acute Lyme disease responds to treatment with amoxicillin and oxytetracycline. In chronic
disease, prolonged or repeated courses of treatment may be required. Acaricidal sprays, baths
or dips should be used to control tick infestation. Where feasible, tick habitats such as rough
brush and scrub should be cleared. Prompt removal of ticks from companion animals may
prevent infection. However, because some tick species can transmit spirochetes shortly after
attachment, it cannot be assumed that daily removal of ticks will prevent infection [40].

A number of vaccines, including whole cell bacterins and recombinant subunit vaccines, are
commercially available for use in some countries. An outer surface protein A (OspA) recombi-
nant vaccine stimulates the production of antibodies, which are able to kill the borreliae in the
gut of the tick and thus prevent infection of the host. However, the benefit of vaccinating
animals with currently available vaccines is disputed [41].

2.4. Ehrlichiosis and anaplasmosis

Ehrlichia (Cowdria) ruminantium is a Gram negative, intracellular rickettsial organism in the
genus Ehrlichia. It occurs in colonies or morulae with a predilection for the vascular endothe-
lium and stains blue with Giemsa stain. The organism is coccoid, 0.2–0.5 μ in diameter. It can
now be cultivated in vitro, and it can also grow in mice. Cyclical development is believed to
take place in intestinal and salivary epithelia of ticks. Although strain differences exist, all
isolates possess a major antigenic protein 1 (MAP 1) that is used for diagnosis. However, the
antigen cross-reacts with other Ehrlichia spp., including Ehrlichia equi, the cause of equine
granulocytic ehrlichiosis. Anaplasma spp. is obligate intraerythrocytic parasites belonging to
the order Rickettsiales and infecting ruminants. Infection occurs more sporadically in temper-
ate climate areas. In the USA and other countries, the disease has occurred beyond the
boundaries of tick-infested areas and the area distribution in Europe has been advancing
northward in recent years with sporadic cases in France, Switzerland, the Netherlands,
Hungary and Austria. Anaplasmosis of sheep and goats has a distribution similar to that of
cattle. Disease occurs sporadically in the northern states and Canada. In Australia, infection is
closely related to the distribution of Boophilus microplus, which is restricted to the northern
areas. Differences in enzootic and epizootic areas in South America and South Africa are also
largely related to tick distribution and climate [42].

Heartwater is limited in its occurrence to sub-Saharan Africa, Madagascar and three Caribbean
islands of Guadeloupe, Marie Galante and Antigua. It is one of the main causes of death in
imported breeds of cattle, sheep and goats in endemic areas. Heartwater has been diagnosed
recently in the island of Mayotte in the Indian Ocean. Measures of disease occurrence in
endemic areas, morbidity and mortality rates are low, but the percentage of sera positive titres
for heartwater could be as high as 100% in adults, depending on the abundance of tick vectors
[43]. Case mortality can be as high as 100% in peracute cases in sheep and goats and as low as
0–10% in cattle. The disease is less severe in indigenous breeds and related game animals reared
in enzootic areas, some of which may become symptomless carriers. The N'Dama breed in
West Africa is said to be well adapted to heartwater, partly because it can resist tick burdens
under the traditional farming system. The method of transmission in the Caribbean, cattle
egrets are suspected to spread Amblyomma variegatum between islands. Consequently, heart-
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water is considered threats to the American mainland where potential vectors are present but
do not harbour the disease or where the vector may be introduced and become established.
Infection in ticks is transmitted transstadially and possibly transovarially. Vertical transmission
to calves in colostral milk has also been reported. Several wild ruminants can be infected and
become subclinical carriers and reservoirs. Ticks feeding on them can transmit the disease to
domestic ruminants. The organism does not infect humans. Cattle are infected with Amblyom‐
ma marginale and Amblyomma centrale and sheep with Amblyomma avis. A. marginale will
establish in sheep by experimental infection but A. avis will not infect cattle. A variety of species
of wild ruminants in both North America and Africa can be infected and may have significance
as reservoirs for A. marginale. In the United States, the black-tail deer in the West Coast region
is believed a reservoir and a number of species of antelope play a similar role in South Africa.
The prevalence of infection in cattle in endemic areas is very high with seropositivity rates
exceeding 60% and often approaching 90%. Seropositivity is much lower in regions that
interface between endemic and non-endemic regions. Source and methods of transmission
recovery from acute infection result in persistent infection characterized by repetitive cycles
of rickettsemia. Persistent carriers are the reservoir for herd infection. The level of parasitemia
is often too low for detection by microscopy but can be detected by nucleic acid probe analysis.
Transmission occurs biologically by ticks [44].

Heartwater is the most important rickettsial infection of ruminants in Africa and it is regarded
as the most important disease of ruminants. In general, heartwater is a more serious prob-
lem where Amblyomma habraeum is the vector. In countries or regions where there is endemic
stability, losses from heartwater are minimal until new animals are introduced. On the other
hand, since most losses are in exotic animals, heartwater is a major constraint to livestock
improvement in sub-Saharan Africa. Furthermore, it has the potential to spread from the
Caribbean to the American mainland. Heartwater requires the vector tick to get established in
any community. Therefore, there is concern about possible illegal importation of infected
animals or ticks to southern United States where potential vectors exist. In ewes intra-uterine
infection appears to occur with ease in experimental cases provided the ewe is exposed during
the latter two-thirds of pregnancy. In sheep and goats, infection is usually subclinical but in
some cases, particularly in goats, a severe anaemia may occur and a clinical picture similar to
that found in cattle may be seen. Severe reactions of this type in goats are most frequent when
the animals are suffering from concurrent disease. Goats may show hyper excitability and may
bite at inanimate objects. The experimental disease in lambs includes fever, constipation or
diarrhoea, pale, icteric conjunctivae and severe anaemia 15–20 days after inoculation. The
anaemia is not completely resolved in 3–4 months. A. avis are usually situated at the periphery
of erythrocytes but as many as 40% of infested cells may show sub-marginal protozoa [45].

The incubation period is 1–3 weeks after transmission in tick saliva. Depending on the
susceptibility of individual animals and the virulence of the infecting organism, the resulting
disease may be peracute, acute, subacute or mild and unapparent. Peracute cases show only
high fever and death with terminal convulsions in 1–2 days. Acute cases are more common
and have a course of about 6 days. A sudden febrile reaction is followed by inappetence and
rapid breathing followed by the classical nervous syndrome that is characteristic of heartwater.
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It comprises ataxia, chewing movements. Profuse, fetid diarrhoea is frequent. Subacute cases
are less severe but may terminate in death in 2 weeks or the animal may gradually recover.
The mild form is often subclinical and is seen mainly in indigenous animals and wild ruminants
with high natural or induced resistance. The case mortality rate in peracute cases is 100%, in
acute cases 50–90% and in calves below 4 weeks of age it is 5–10%, most animals recover in
mild cases [46].

Haematological changes in heartwater are not specific but there may be thrombocytopenia,
neutropenia, eosinopenia and lymphocytosis. Confirmatory diagnosis is based on identify-
ing the Rickettsia in capillary endothelial cells using a Giemsa stained squash preparation of
brain tissue at post-mortem. The rickettsiae occur as blue to reddish-purple colonies or morulae
of five to several hundred coccoid organisms (0.2–0.5 μ in diameter) in the cytoplasm of the
cells. An immunohistochemical staining technique has also been described [47]. Injection of
blood into sheep may also be used as a diagnostic procedure. The available serological test is
an indirect fluorescent antibody test used for surveys but the close antigenic relationship
with other Ehrlichia spp. often leads to false positives. An ELISA based on recombinant MAP
l protein of C. ruminantium was reported to be more sensitive. In general, clinical detection of
heartwater is not always easy because all serological assays so far available have poor sensi-
tivity or specificity. Diff-Quik staining of blood smears is as accurate as Giemsa in the detec-
tion of A. marginale and can be completed in 15 seconds as compared to nearly an hour for
Giemsa. There are no diagnostic clinical chemistry findings. A rapid card agglutination test,
which tests serum or plasma for antibodies against A. marginale, is cheap and quick, and
sufficiently accurate to be used as a herd test. Currently, in most countries, the card aggluti-
nation and complement fixation (CF) tests are routinely available. It is also an accurate test for
selecting recently affected animals. A dot-ELISA with high sensitivity, specificity and predic-
tive value is also described and could be particularly applicable to field examinations. A
competitive inhibition ELISA test, with high sensitivity and specificity, has been developed
that detects antibody to a major surface protein that is conserved among Anaplasma species;
this test can be used to detect cattle persistently infected for as long as 6 years. Vaccinated
animals may react to all of the serological tests for periods of over 1 year. Nucleic probe analysis
can be used to detect low levels of parasitaemia. Transmission to splenectomised animals has
been used to detect carriers but is expensive and is now replaced by PCR in countries where
this technology is available [48]. A polymerase chain reaction assay has therefore been
suggested as the method of choice for detection of E. ruminantium infection [49].

Field cases of heartwater are difficult to treat successfully because available drugs are effective
only in early febrile stages before neurological signs develop. In the early stages, short-acting
tetracyclines at 10–20 mg/kg body weight (BW) and long-acting forms at reduced doses are
effective. Sulphonamides can also be used in the early stages but are less effective. Hyperim-
mune serum is said to be of no curative value. Supportive therapy to reduce either the
pulmonary oedema or the neurologic signs or to stabilize membranes in general is being
investigated but with little success. Chemoprophylaxis involves administration of tetracyclines
or subcutaneous implantation of doxycycline in susceptible animals when they are introduced
into an endemic area. Results are not always predictable. Anaplasmosis treatment is with
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tetracyclines. Treatment of clinical disease can be with oxytetracycline, 6–10 mg/kg BW daily
for 3 days, or a one dose application of long-lasting 20 mg/kg oxytetracycline intramuscularly.
The convalescent period is long. Concurrent administration of estradiol cypionate (14.3
mg/kg BW intramuscularly) appears to improve the rate of recovery by promoting parasitemia
during treatment. Tetracycline treatment will not eliminate infection and immunity will
persist. Blood transfusions are indicated in animals with a packed cell volume (PCV) less than
15%. Rough handling must be avoided. Imidocarb (3 mg/kg BW) is also an effective treatment
for clinical cases and does not interfere with the development of acquired immunity to A.
marginale. The risk for infection in the rest of the herd should be assessed and, if necessary,
temporary or prolonged protection should be provided. Protection can be provided by
tetracyclines, or by vaccination [50].

Past efforts to control heartwater were based on intensive acaricide treatment in endemic areas.
It involved frequent use of acaricides (plunge dipping) up to 52 times a year. This has now
been shown to be environmentally unfriendly, economically unsustainable, and would
invariably lead to animals that remained always susceptible. For example, it was observed in
Zimbabwe that large farms applying acaricides very frequently (more than 30 times per
annum) had higher morbidity and mortality than farms applying acaricides less frequently.
Vaccination is based on infection and treatment regimen that was first developed more than
50 years ago. It involves an intravenous injection of virulent organisms in cryopreserved sheep
blood, followed by treatment with tetracyclines at the first indication of fever. Most control
programmes in enzootic areas are based on increasing the resistance of the population by
immunization. In any vaccination programme, particular attention should be paid to the
animals at high risk, particularly animals brought in from non-enzootic areas, those in
surrounding similar areas to which infection may be spread by expansion of the vector
population under the influence of suitable climatic conditions, and animals within the area are
likely to be exposed to climatic or nutritional stress [51].

Vaccination may lead to some deaths, the immunity may wane in the absence of reinfection,
and animals may become carriers. More recently, cattle were successfully immunized for up
to 10 months with a killed vaccine from a lysate of E. ruminantium formulated in Freund’s
adjuvant. In another study, the use of inactivated vaccines from cell-cultured E. ruminantium
combined with an adjuvant led to a reduction in mortality from heartwater in cattle, sheep and
goats exposed to field challenges in Botswana, Zambia, Zimbabwe, and South Africa. Exper-
imental studies using deoxyribonucleic acid (DNA) recombinant vaccines so far have met with
only limited success. Killed A. marginale are usually in an adjuvant vehicle. The vaccine requires
two doses, 4 weeks apart, the last dose given at least 2 weeks before the vector season. However,
there is a risk for neonatal isoerythrolysis. This can be reduced by vaccinating only empty cows
and avoiding unnecessary booster injections. When this vaccine is used in the face of an
outbreak, tetracyclines can also be given to provide temporary protection during the period
of development of immunity; tetracyclines do not interfere with the development of this
immunity. Preliminary reports of the efficacy of DNA vaccines are not encouraging. A living
A. centrale vaccine is used extensively in Australia, Africa, Israel and Latin America, but not in
the USA and there is some reluctance to introduce it into areas where A. centrale does not
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already occur. A single vaccination is used in endemic areas and the immunity is reinforced
by continuous challenge and considered to persist for life in tick areas. Vaccine administration
is limited to the relatively resistant age group below 1 year of age, to the winter months when
vectors are sufficiently rare to avoid the chance of spread to other age groups, and to circum-
stances where animals that react severely can be restrained and treated adequately. The method
has the serious disadvantage of creating a large population of carrier animals which may
subsequently spread the disease. Attenuated vaccines have been attempted by irradiation of
strains and passage of the organism through sheep or deer and the use of naturally low
virulence isolates [52, 53].

For tick control, flumenthrin 1% pour on at 45 days interval was found to provide effective
protection of Friesian/Zebu crossbred cattle against important ticks, but it must be applied
correctly at the recommended dose. Pure Zebu and N'Dama cattle would probably require less
frequent applications, Flumenthrin pour-on is gradually replacing plunge dipping for the
control of ticks and tick-borne diseases in general. Other than routine surveillance, there are
no special biosecurity concerns with heartwater, since transmission requires the presence of
the vector [54].

2.5. Tularemia

The disease causes acute septicaemia, with localization and granulomatous lesions and the
organs (particularly the liver and spleen). Signs are very non-specific, as expected with
bacteraemia, and include fever, anorexia, lethargy, and in some cases cough, rapid respiration
or diarrhoea. Stiffness and oedema of the limbs may be seen. The incubation period of the
disease is usually 2–14 days in companion animals [55].

Tularemia is a highly contagious disease occurring principally in wild animals but it may
transmit to farm animals, causing septicaemia and high mortality. Francisella tularensis is the
causative organism [56].

Tularemia is primarily restricted in its occurrence to countries in the northern hemisphere and
occurs in most of them. In North America, the disease is most prevalent in farm animals in the
north-western states of the USA and the adjoining areas of Canada, although in these areas it
is rare and the majority of reports in livestock are historical. F. tularensis has a wide host range
and is recorded in over 100 species of bird and wild and domestic animal. Disease is recorded
among farm animals, most commonly in sheep and pigs and to a lesser extent in calves, which
appear more resistant but can be infected in association with heavy tick infestation [57]. Sheep
and pigs of all ages are susceptible but most losses occur in lambs, and in pigs clinical illness
occurs only in piglets. There is a sharp seasonal incidence, the bulk of cases occurring during
the spring months. The morbidity rate in affected flocks of sheep is usually about 20% but may
be as high as 40%, and the mortality rate may reach 50%, especially in young animals. With
sheep, transmission occurs chiefly by the bites of the wood tick, Dermacentor andersoni, and
from Haemaphysalis otophila, the ticks becoming infected in the early part of their life cycle when
they feed on rodents. In Europe Ixodes ricinus and Dermacentor reticulatus are vectors [58].
Transstadial and transovarial transmission occurs in the tick. The adult ticks infest sheep, and
pastures bearing low shrubs and brush are particularly favourable to infestation. The ticks are
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found in greatest numbers on the sheep around the base of the ears, the top of the neck, the
throat, axillae and udder. It is assumed that sheep are relatively resistant to tularemia but
become clinically affected when the infection is massive and continuous. Transmission to pigs
and horses is thought to occur chiefly by tick bites but mechanical transmission to laboratory
animals does occur with tabanid and blackflies. Tularemia is an acute septicaemia but locali-
zation occurs, mainly in the parenchymatous organs, with the production of granulomatous
lesions [59].

In the sheep, the incubation period has not been determined. A heavy tick infestation is usually
evident. The onset of the disease is slow with a gradually increasing stiffness of gait, dorsi-
flexion of the head and a hunching of the hindquarters; affected animals lag behind the group.
The pulse and respiratory rates are increased, the temperature is elevated up to 42°C (107°F),
and a cough may develop. There is diarrhoea, the faeces being dark and fetid, and urination
occurs frequently with the passage of small amounts of urine. Body weight is lost rapidly, and
progressive weakness and recumbency develop after several days, but there is no evidence of
paralysis, the animal continuing to struggle while down [60]. Death occurs usually within a
few days but a fatal course may be as long as 2 weeks. Animals that recover commonly shed
part or the entire fleece but are solidly immune for long periods. In pigs, the disease is latent
in adult pigs but young piglets show fever up to 42°C, accompanied by depression, profuse
sweating and dyspnoea. The incubation period of the disease is about 7–10 days. In horses,
fever (up to 42°C) and stiffness and oedema of the limbs occur. Foals are more seriously affected
and may show dyspnoea and incoordination in addition to the above signs [61]. Necropsy
usually reveals ticks on the carcass. Often, reddened or necrotic areas appear in and under the
skin at the site of the infected bites. Regional lymph nodes may be swollen and congested.
Congestion and oedema of the lungs are common [62].

An agglutination test is available for the diagnosis of tularemia, a titre of 1:50 being regard-
ed as a positive test in pigs. Serum from pigs affected with brucellosis does not agglutinate
tularemia antigen, but serum from pigs affected with tularemia agglutinates brucellosis an-
tigen. Cross-agglutination between F. tularensis and Brucella abortus is less common in sheep
and an accurate diagnosis can be made on serological grounds because of the much greater
agglutination that occurs with the homologous organism. Titres of agglutinins in affected
sheep range from 1:640 to 1:5000 and may persist at levels of 1:320 for up to 7 months. A
titre of 1:200 is considered as positive in sheep. In horses the titres revert to normal levels in
14–21 days. An intradermal sensitivity test using ‘tularin’ has been suggested as being more
reliable as a diagnostic aid in pigs than the agglutination test, but is unreliable in sheep. In
sheep, large numbers of ticks may be present on the hides of fresh carcasses. In animals that
have been dead for some time, dark red subcutaneous areas of congestion up to 3 cm in
diameter are found and may be accompanied by local swelling or necrosis of tissues [63].
These lesions mark the attachment sites of ticks. Enlargement and congestion of the lymph
nodes draining the sites of heaviest tick infestation are often noted. Pulmonary oedema,
congestion or consolidations are inconstant findings. In pigs, the characteristic lesions are
pleuritis, pneumonia and abscessation of submaxillary and parotid lymph nodes. The or-
ganisms can be isolated from the lymph nodes and spleen, and from infected ticks. Isolation
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can also be effected by experimental transmission to guinea pigs. Techniques such as immu-
noperoxidase staining of fixed specimens and PCR of fresh tissues can circumvent the need
for culture of this zoonotic agent. Samples for confirmation of diagnosis are based on

• Bacteriology: lung, lymph node, spleen (CULT—requires cysteine-enriched media, PCR).

• Histology: above tissues plus liver, fixed in formalin [64].

Treatment early in the course of infection is effective. Aminoglycosides, tetracyclines or
cephalosporins all are probably beneficial initially, until results of antimicrobial susceptibility
testing are available. Streptomycin, gentamicin, the tetracyclines and chloramphenicol are
effective treatments in humans and companion animals. Oxytetracycline (6–10 mg/kg BW) has
been highly effective in the treatment of lambs and much more effective than penicillin and
streptomycin. Insecticide removal of ticks from affected animals and herdmates is important.
An outbreak of tularemia in sheep can be rapidly halted by spraying or dipping with insecticide
to kill the vector ticks. In areas where ticks are enzootic, sheep should be kept away from
shrubby, infested pasture or sprayed regularly during the months when the tick population is
greatest. An experimental live attenuated vaccine has been developed, but there is no routine
vaccination of livestock [65].

3. Conclusion

Given that the livestock industry has become an integral part of world economy and a large
number of dairy cattle are being imported between countries, in order to meet an increasing
demand of meat and dairy products, it is essential to review current status of bovine BTBDs
and to identify diagnosis and prevention in the knowledge of BTBDs and their control.
Although there has been a recent increase in the number of studies of BTBDs in various regions
and facilities, information on their prevalence, distribution, tick vectors and control is limited.
This chapter provides a brief background on key bovine BTBDs and ticks and reviews the
general aspects of bovine BTBDs to identify gaps in knowledge and understanding of these
diseases, propose areas for future research and draw attention to the need for improved tools
for the diagnosis and control of BTBDs.
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Abstract

Organic and conventional animal products may include residues of veterinary drugs 
and environmental contaminant. Food contaminants can cause consumer illness such 
as allergy, immunosuppression, cancer, teratogenicity, mutagenicity and genotoxicity. 
Therefore, their control is an important issue in terms of public health. In this article, 
information is given about contaminants such as bacterial, fungal, metal pesticides and 
veterinary drug that can be found in organic and conventional animal products. In addi-
tion, the effects of various cooking and freezing processes on contaminants in animal 
foods and their legal regulation have been mentioned.

Keywords: contaminant, animal, product, organic, conventional

1. Introduction

Chemical substances have been used excessively in order to increase the agricultural produc-
tivity since the 1940s. Applications initially led to an apparent increase in yield. However, 
in the later process, effectiveness of these substances decreased due to the development of 
resistance against chemicals, particularly used in combating agricultural pests, thus this situ-
ation resulted in either excessive use of them to obtain better response or development of new 
drugs with high expenses. Moreover, in this course, human, animal and environmental health 
problems are reached much more serious extent besides the economic losses [1]. This situa-
tion, particularly, in the developed countries has led people to consume more safe products. 
The current approach is more comprehensive, which ensure the dissemination of sustainable 
practices in every production area in order to leave a healthier world for future generations. 
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Organic farming, emerged in this context, is accepted as the farming not allowing the use of 
any of the substances/applications such as growth promoters, antibiotics, genetically modified 
organisms and irradiation, which are considered to be harmful to human health, and provid-
ing safer foods concerning nitrates, pesticides and harmful elements (heavy metals, particu-
larly cadmium) and rich in phenolic compounds and vitamins [2, 3].

2. Contaminants in organic animal products

Organic farming refers to breeding systems that do not use chemical inputs in which the 
priority is given to animal welfare and quality of healthy products [4]. In organic livestock 
production system, vaccination is subjected to conditional permission [5]. Organic farming 
has increased intensely for the last 10 years in Europe. However, difficulties in the treat-
ment of animal diseases due to failure in achieving the standards of organic farming has 
led to insufficient development of organic farming and to have a small share in the overall 
agriculture [4]. Although milk is the most commonly produced products among the organic 
animal products, its production amount is still considerably lower than that produced by the 
conventional method. The organic meat production has been recently introduced; therefore, 
it is difficult to find certified breeders [6]. According to 2001 data, concerning the organic 
animal breeding, Europe takes the first place with 57.9%, which is followed by the North 
(15.5%) and South America (13.9%). Organic animal product quality varies depending on 
various factors such as animal species and diet types. Although, concerning some param-
eters, organic animal products are superior to conventional animal products, generally, they 
are considered not to be superior to conventional ones in terms of quality [7]. Despite all this, 
the organic products are generally regarded as excellent products. For this reason, researches 
on the contamination in organic products, especially, organic animal products are limited [8]. 
However, unlike the conventional farming, lack of the use of protective products in organic 
products can lead to early deterioration of a product, to the risk for mold formation and 
to the emergence of harmful pathogens. On the other hand, despite all the strict rules of 
organic farming, inevitable factors such as atmospheric conditions, soil properties, climatic 
conditions, continuation of permanent pollutants for years may cause the residues in organic 
vegetables and cereals thus indirectly (with food intake) results in negative factors/residues 
in animal products [9].

2.1. Bacterial contaminants in organic animal products

In organic farming, various factors such as use of animal manure, the prohibition of the usage 
of certain food additives and antibacterials, keeping animals on pasture for longer duration, 
preferring slow-growing breeds and small slaughterhouses makes organic products vulner-
able to bacterial contamination [2, 10, 11]. Studies on bacterial contamination of organically 
grown animals and animal products are very limited. In fact, concerning the risk of bacterial 
contamination among organic products, plant products have priority. In terms of organic 
animal products, poultry meat seems to be more risky. Salmonella and Campylobacter are 
the most important foodborne bacterial contaminants [10]. Salmonella can lead to  disease 

Livestock Science130



Organic farming, emerged in this context, is accepted as the farming not allowing the use of 
any of the substances/applications such as growth promoters, antibiotics, genetically modified 
organisms and irradiation, which are considered to be harmful to human health, and provid-
ing safer foods concerning nitrates, pesticides and harmful elements (heavy metals, particu-
larly cadmium) and rich in phenolic compounds and vitamins [2, 3].

2. Contaminants in organic animal products

Organic farming refers to breeding systems that do not use chemical inputs in which the 
priority is given to animal welfare and quality of healthy products [4]. In organic livestock 
production system, vaccination is subjected to conditional permission [5]. Organic farming 
has increased intensely for the last 10 years in Europe. However, difficulties in the treat-
ment of animal diseases due to failure in achieving the standards of organic farming has 
led to insufficient development of organic farming and to have a small share in the overall 
agriculture [4]. Although milk is the most commonly produced products among the organic 
animal products, its production amount is still considerably lower than that produced by the 
conventional method. The organic meat production has been recently introduced; therefore, 
it is difficult to find certified breeders [6]. According to 2001 data, concerning the organic 
animal breeding, Europe takes the first place with 57.9%, which is followed by the North 
(15.5%) and South America (13.9%). Organic animal product quality varies depending on 
various factors such as animal species and diet types. Although, concerning some param-
eters, organic animal products are superior to conventional animal products, generally, they 
are considered not to be superior to conventional ones in terms of quality [7]. Despite all this, 
the organic products are generally regarded as excellent products. For this reason, researches 
on the contamination in organic products, especially, organic animal products are limited [8]. 
However, unlike the conventional farming, lack of the use of protective products in organic 
products can lead to early deterioration of a product, to the risk for mold formation and 
to the emergence of harmful pathogens. On the other hand, despite all the strict rules of 
organic farming, inevitable factors such as atmospheric conditions, soil properties, climatic 
conditions, continuation of permanent pollutants for years may cause the residues in organic 
vegetables and cereals thus indirectly (with food intake) results in negative factors/residues 
in animal products [9].

2.1. Bacterial contaminants in organic animal products

In organic farming, various factors such as use of animal manure, the prohibition of the usage 
of certain food additives and antibacterials, keeping animals on pasture for longer duration, 
preferring slow-growing breeds and small slaughterhouses makes organic products vulner-
able to bacterial contamination [2, 10, 11]. Studies on bacterial contamination of organically 
grown animals and animal products are very limited. In fact, concerning the risk of bacterial 
contamination among organic products, plant products have priority. In terms of organic 
animal products, poultry meat seems to be more risky. Salmonella and Campylobacter are 
the most important foodborne bacterial contaminants [10]. Salmonella can lead to  disease 

Livestock Science130

in humans through consumption of contaminated beef, pork, poultry meat and eggs or 
vegetables contaminated with animal faces [12]. Differences are seen between the results 
obtained from the conventional and organic products in terms of contamination with bacte-
ria. In a study, Salmonella was seen in none of the organic chicken farms (layers and broilers), 
whereas it is evident in approximately 10% of conventional farms, but Campylobacter was 
observed in all organic broiler farms [13]. Cui et al. [10] analyzed organic and conventional 
eggs collected from Maryland (USA) retail stores for Campylobacter and Salmonella, and 
detected Campylobacter in most of the organic (76%) and conventional (74%) chickens and 
Salmonella was seen in 61 and 44% of organic and conventional chicken, respectively. In the 
United Kingdom, Campylobacter was found in 80% of organically grown chicken. In a study 
conducted in Germany, it had been reported that organic chicken meat was contaminated 
with extended-spectrum beta-lactamase (ESBL) as much as conventional poultry meat [14, 
15]. In organic or free-range hen breeding contamination of eggs with the faces and thus the 
risk of bacterial contamination of eggs is higher than the conventional cage breeding [16]. 
Antibiotic resistance of the bacteria isolated from organic and conventional chicken and also 
eggs derived from them differ. In a study, no difference was determined between organic and 
conventionally grown chickens regarding sensitivity of Campylobacter isolates to antibiot-
ics [15]. In another study investigating antibiotic resistance against Gram-negative bacterial 
isolates, the resistance in isolates obtained from organically reared chicken is lower because 
of the limited use of antibiotics in organic farming [17]. Isolates obtained from Campylobacter 
and Salmonella positive organic chicken eggs were found sensitive to antimicrobial agents, 
whereas isolates derived from conventional chicken eggs were resistant to five or more anti-
bacterial agents [10]. Similarly, in the Netherlands, antibiotic resistance was lower in microor-
ganisms (except Campylobacter) isolated from faeces samples of organic broilers [13].

It was observed that Salmonella contamination status varies in organic fattening pig farms 
depending on the breeding experience of the farms [12].

Organically grown animals have a lower risk of bovine spongiform encephalopathy (BSE, 
mad cow disease) just because they are fed with organic feed [7]. In cattle breeding, there is 
no basis (evidence) associated with organic production systems in terms of Escherichia coli 
(0157: H7) epidemics. In fact, a meat product such as undercooked minced meat is considered 
as responsible for the outbreaks due to this microorganism [18]. In a study monitoring the 
tetracycline residues (tetA and tetB) and tetracycline resistant bacteria in organic meat and 
vegetable-based baby foods, tet genes have been found in all organic products, particularly 
higher tetA have been detected in those from poultry origin, which indicates that organic 
foods are not better than conventional ones [19].

The bacterial count in raw milk is considered as an indicator of hygienic management 
of the farm. According to the European Union (EU) Council Directive (EC 92/46/EEC) 
for the production of heat-treated drinking milk, plate count (30°C) for per ml of milk 
should be ≤100,000, somatic cell count-SSC for per ml of milk should be ≤400,000 in cows’ 
milk and plate count (30°C) for per ml of milk should be ≤1,500,000 in goat’s and sheep’s 
milk [20]. In a comparative study, total mesophilic bacteria count-TMBC (×103 CFU/mL) 
and coliform bacteria count-CBC (×101 CFU/ml) content of organic milk samples (for 
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 mesophilic n = 218; for coliform n = 101) were higher than conventional milk (for meso-
philic n = 1168; for coliform n = 473) [21]. In one of the two different studies conducted 
in USA, no difference was present between organic and conventional (sum of grazing 
and not grazing) milk regarding SSC [22], and in the other study, very little difference 
was determined in terms of SSC and standard plate count [23]. Although no difference 
was found between organic and conventional milk samples concerning the diversity of 
spore forming aerobic bacteria, bacteria isolated from milk obtained from conventional 
farms were found to be more resistant to heat, and B. cereus organisms were abundant in 
organic milk, whereas Ureibacillus thermosphaericus were abundant in conventional milk. 
It has been suggested that this situation may be related to dietary strategy in the farm 
[24], and restricted silage use in organic ruminant breeding may reduce the bacterial 
contamination (Listeria monocytogenes, E. coli O157s) [24, 25].

2.2. Fungal contaminants and mycotoxins in organic animal products

Mycotoxins are toxic molecules, which are synthesized by molds growing on plants. These 
highly toxic and heat-resistant toxins are transferred to animals with plants, and to humans 
with animal products through the food chain. Among the mycotoxins, particularly aflatoxin 
(AFL), ochratoxin (OTA), fumonisins, deoxynivalenol (DON), patulin and zearalenone are the 
most important mycotoxins for public health. Mycotoxin contamination in animal products is 
lower than in those from plant origin. Studies comparing the organic and conventional animal 
products concerning mycotoxin contamination is limited [25].

In Latvia, mold strains belonging to 15 genera were identified in the raw milk samples collected 
from organic farms between December 2011 and November 2012. Among these strains, the 
most common ones were Absidia, Aspergillus, Apophysomyces, Mucor, Penicillium and Rhizopus 
spp. [26]. In a study of Ghidini et al. [6], Aflatoxin M1 levels in organic (Mean 35 ng/L; Range 
<5–93 ng/L) was found to be higher than conventional (Mean 21 ng/L; Range <5–66 ng/L) 
milk samples. The Aflatoxin M1 levels in 49% of the organic and in 10% of conventional milk 
samples were higher than the legal limit of 50 ng/L, which was set by EU Regulation 466/2001. 
However, in general, the samples were accepted as safe. In a study analyzing the organic 
and conventional milk samples for mycotoxins, OTA was detected in 6 out of 40 (11–58 ng/L) 
conventional milk samples and 5 out of 47 (15–28 ng/L) organic milk samples. OTA was not 
found in any of 20 baby food. The levels found in milk were higher than 5 ng/kg/day, which 
is the value for tolerable daily intake-TDI. It has been reported that consumption of such milk 
would be harmful for children [27]. In Greece, aflatoxin M1 (AFM1) (range 5–10 ng/L) was 
detected by ELISA in 196 different types (conventional, organic and children’s milk) of milk 
samples collected from the market between November 2009 and June 2010. However, the 
AFM1 level determined in only two of the samples were higher than the maximal limit set by 
EU [28]. In a study conducted in Italy, feed and serum of conventional and organic layers and 
broilers were analyzed, and ochratoxin A (OTA) was found in all of the feed samples (100%). 
But not above limits set by the EU. OTA rates were high especially in the sera of laying hens 
on both organic (73%) and conventional (52%) systems, but there was no statistical difference 
between the laying hens vs broiler group [29].
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An OTA contamination (mean 0.05 μg/kg) in organic pork (4/7) was determined by a study 
conducted in Denmark between 1993 and 1994 [30].

2.3. Metal residues in organic animal products

Although, mineral supplementation in organic animal husbandry is not a routine practice, 
mineral supplements can be applicable. The diet of the animals in organic farming must be 
100% organic [31]. Since organic animals depend on the mineral content in the soil, unlike the 
expectation, mineral deficiencies can occur in animals. This condition usually results in lower 
essential elements levels in organic animal products compare to conventional animal prod-
ucts. A study conducted in Spain investigating the levels of essential elements such as Cobalt 
(Co), Chromium (Cr), Copper (Cu), Ferrous (Fe2+), Iodine (I), Manganese (Mn), Molybdenum 
(Mo), Nickel (Ni), Selenium (Se) and Zinc (Zn) and toxic elements such as Arsenic (As), 
Cadmium (Cd), Mercury (Hg) and Lead (Pb) in organic and conventional milk samples has 
revealed that levels of essential elements in organic milk is lower than conventional milk 
and toxic element concentrations are lower in both without any significant difference [32]. 
The analysis of pork obtained from slaughterhouses (n: 20) has shown that As, Pb and Hg 
(excluding one sample, 0.008 mg/kg) are below the detection limit (0.1, 0.05 and 0.005 mg/kg, 
respectively). In the same samples, Cd levels were between 0.005 and 0.38 mg/kg (median: 
0.11 mg/kg), which were lower than the limits set by the EU (1 mg/kg) [13].

Heavy metals are persistent pollutants like organic chlorine and polychlorinated biphenyl 
(PCB) pesticides. Since heavy metals still exist in production processes for different purposes, 
they can be found in high levels in various environmental samples especially in pastures close 
to industrial areas [6]. Heavy metals enter the body through inhalation of their dust, drinking 
of the contaminated water or ingestion of the products grown in the contaminated regions 
(food chain) [33].

Some researchers have shown that levels of harmful elements such as Pb, As, Cd and Ni in 
organic products are not lower than those found in conventional products [6, 34, 35]. In a 
study evaluating a total of 156 organic and conventional milk and meat products (78 samples 
in each group), the mean Pb levels were detected as 1.85 and 1.68 μg/L and the mean Cd levels 
were detected as 0.09 and 0.16 μg/L in organic and conventional milk samples, respectively. 
In meat samples, the means of 5.91 and 14.81 μg/L Pb and the means of 0.49 and 1.31 μg/L 
Cd were detected in organic and conventional samples, respectively. Pb levels in organic and 
conventional milk samples were not higher than the 20 μg/L, which was set by EU Regulation 
466/2001. There is no maximum residue limit (MRL) value for Cd-concerning milk. In the case 
of meat samples, Pb and Cd levels were lower than 100 and 50 μg/kg, which were set by EU 
Regulation 466/2001, respectively [6].

In Poland, milk and hair samples obtained from Holstein cow on organic farms were ana-
lyzed for Aluminum (Al), As, Barium (Ba), Cd, Cr, Cu, Fe, Hg and Pb, and the mean values 
of these elements in milk samples were 63.64, 12.27, 26.36, 1.130, 15.76, 157.6, 785.7, 0.396 and 
6.210 μg/kg, and the mean values in hairs were 14224, 34.82, 298.7, 2.700, 75.76, 2263, 15925, 
82.78 and 32.67 μg/kg, respectively [36].
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In Turkey, in a study conducted on milk and milk products offered to consumption between 
March 2010 and February 2011, samples of conventional and organic products were collected at 
three monthly intervals and analyzed by Graphite Furnace AAS for Al, As, Cd and phosphorus 
(P), and the levels of these elements were found lower than limit of detection-LOD values, 
which were 0.02, 0.001, 0.001 and 0.02 μg/L for Al, As, Cd and Pb, respectively. Mean Pb levels 
were found as 0.001 ppm in organic milk (n:3) while 0.008 ppm in organic cheeses (n:7). There is 
not a maximal limit set by Turkish authorities for organic products, therefore, when 0.02 ppm, 
which was set as maximal acceptable value for the milk according to Turkish Food Codex 
“Communiqué on Determination of Maximum Level of Certain Contaminants” (Communiqué 
No: 2002/63) in foodstuffs, was taken as the basis, the Pb levels determined in one organic 
cheese and in one organic butter were above the maximum acceptable level [37, 38].

In a study performed in Turkey (Aegean Region) for determining the mineral content of the 
organic and conventional chicken eggs, compare to conventional chicken eggs, P and Zn lev-
els in the edible portion of organic chicken eggs were lower, whereas Mg was higher in shell, 
and there was no difference between organic and conventional eggs concerning calcium (Ca), 
Fe and Cu contents [39]. In Turkey, 0.020, 0.055 and 0.020 mg/L of Cd, Pb and Cu, respectively, 
were found below the LOD in all of the organically and conventionally produced flower 
honey and eggs by analysis, whereas Fe concentrations were found at higher levels in organic 
compared to conventional products [40].

In Greece, in a controlled study, Cu, Vanadium (V), Cr, Ni, As and Cd contents were deter-
mined in conventional, organic and free-range (in the courtyard) chicken eggs, and mean val-
ues for these elements were determined as 1357, 12.5, 66.2, 63.3, 13.9, 1.4 ng/g in conventional, 
as 1233, 13.2, 82.9, 58.4, 12.5, 1.6 ng/g in organic and as 1282, 12.6, 90.5, 59.2, 15.4 and 1.5 ng/g 
in free-range chicken eggs, respectively. The values were lower in white than those in brown 
eggs [41]. In Egypt, in the analysis of organic eggs for Cd, Pb and Al showed that Cd and Pb 
were present in 34 and 40% of the organic eggs, respectively. The Cd and Pb contents of the 
eggs were above the maximum permissible levels. It was emphasized that although, when 
calculated according to target hazard quotients (THQ) organic eggs appear to have a low 
health risk, they are not safer than conventional ones [42].

Analysis of Cd levels in liver, kidney and fecal samples as well as feed, soil and water samples 
collected from a pig farm in which organic (outdoor) and conventional (indoor) breeding 
systems implemented together showed that Cd levels in organically and conventionally pro-
duced feedstuffs were 39.9 and 51.8 μg/kg, respectively. Cadmium content in 38% of the feed 
given to conventionally reared animals was found to be associated with the Cd content of beet 
fibers, which was included in to diet at a rate of 5%. No difference was determined between 
liver samples collected from the animals on organic and conventional feeding systems con-
cerning Cd levels (15.4 ± 3.0 μg/kg). Despite the low amount of Cd in feed, more Cd was 
found in kidney of pigs fed with organic feed. In addition, Cd levels were higher in the feces 
of organic pigs, which were attributed to environmental exposures such as soil [43].

2.4. Pesticide residues in organic animal products

Organic products contain more phytochemicals, which are protective against pests, therefore, 
use of pesticides is not required, thus the risk of pesticide residues in organic products is low 
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[34]. However, from time to time, pesticides such as DDT and its degradation products, DDE 
may be found in foods such as organic-grown grain, grain products (biscuits, bread, etc.), 
meat and dairy products. Despite the use of pesticides in organic farming is not allowed, the 
reason for the existence of these substances in organic farming is attributed to the ability of 
them to remain in environment for a long time without disintegration [44]. Pesticides can be 
encountered in most of the animal products (meat, milk and fish) depending on bioaccumu-
lation. Dioxin and dioxin-like compounds (polychlorinated dibenzo-p-dioxins-PCDD, poly-
chlorinated dibenzofurans-PCDF, and polychlorinated biphenyls-PCBs), which are a general 
problem of the places in where industrialization is intense or intensely populated create simi-
lar problems for organic or conventional farming [45]. It has been stated that 4% of dioxin 
received by people per day comes from the eggs [46]. It has also been claimed that more 
dioxin was determined in eggs obtained from free-range hens compared to those obtained 
from hens grown indoors [45]. In a study conducted on honey for the evaluation of pesti-
cides, it has been emphasized that there is no significant difference between organically and 
conventionally produced honeys [47]. In northern Italy, in the analysis of conventional and 
organic animal meat and milk samples for organochlorine pesticides and PCBs, pesticides 
and PCBs have been found below legal limits in both organic and conventional samples [6]. 
In another study conducted in Italy, the residues of persistent pollutants and pesticides were 
determined by GC-MS/MS analysis in most of the 59 organic honey samples. However, levels 
were below the MRL. This result was attributed to geographical conditions [48]. According to 
the findings of the United States Department of Agriculture (USDA) pesticide data program 
(PDP), the market place surveillance program of the California Dept. of Pesticide Regulation 
(CDPR) and a Consumers Union private residue-testing program, conventional/organic pes-
ticide residue ratios have been found as 3.2, 4.8 and 2.9, respectively. These results seem to 
relieve the 70% of people who prefer the consumption of organic products to avoid from 
pesticides [49].

2.5. Veterinary drug residues in organic animal products

Outdoor rearing of animals in organic livestock production system may increase the risk of 
animals to contact with environmental pathogens that cause foot diseases (especially in pigs) 
as well as infectious diseases and helminthiasis. Lack of use of the curative and preventive 
conventional medicines (antibiotics) in organic farming leads to concerns about the treatment 
of the diseases. Mastitis is one of the most common diseases seen in dairy animals. Mastitis 
incidence is reported to be higher in organic production than in conventional production 
in England, Germany, to a lesser extent in Norway, Sweden and Denmark. However, it has 
been indicated that the difference between conventional and organic farming is decreased 
with the increasing awareness of animal production [4]. Since the use of veterinary drugs 
has not been allowed in organic livestock production, screening organic animal products for 
veterinary drug residues is at negligible levels. However, in a study conducted by Ghidini et 
al. [6], the antibiotic residues have been found at low levels, approximately 0.3%, in milk. In a 
study conducted before 1997, no difference was reported between conventional and organic 
honey in terms of veterinary drug residues [47]. In the analysis of kidney and meat samples of 
organic pigs (n = 20) taken from slaughterhouses, solely one sample showed a slight bacterial 
inhibitory effect against macrolide antibiotics. All of the organic and conventional eggs were 
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found negative by the analyses for toltrazuril aminoglycosides, sulfonamides, beta-lactam 
antibiotics, tetracyclines, quinolones and colistin residues [13].

3. Contaminants in conventional foods

Developments in medicine, industry and agriculture have caused the world’s population to 
increase and as a result of the need to feed the increasing population and urbanization, it 
became a necessity to produce more in agriculture and industry. This necessity caused widely 
use of different chemicals (pesticides, heavy metals, veterinary medicines, etc.) in various 
areas of production and this caused high amount of disposals of wastes in an uncontrolled 
manner to the environment, which results pollution. In parallel with the increase in pollution, 
the contaminants in food resources caused significant health problems in humans as a result 
of food chain [50].

3.1. Metal residues in conventional animal products

Heavy metals are the elements with an atomic weight between 63,546 and 200,590 and with 
a specific gravity more than 4.0 [51]. Metals are dispersed in the nature through geological 
and biological cycles [52] and then can penetrate to the food chain by contaminating the cere-
als from the environment, the animals and animal products from contaminated cereals and 
herbs, and fish from the polluted waters [52, 53].

Metals have harmful effects on most of our organs due to their elementary structure and their 
affination with organic ligands through biological cycles. Since metals are strongly bound to 
tissues, they are disposed very slowly and accumulated in the body. Samples of blood, urine 
and hair are usually used as indicators in evaluating the level of exposure to metals [52]. 
Although soil is the primary source of toxic metals in edible plants, the level of contamination 
increases more with metal wastes, consumption heavy metal wastes, leaded fuels and paints, 
fertilization of soil, animal fertilizers, sewage wastes, pesticides, irrigation with waste water, 
wastes of coal burning, spillage of petrochemicals, atmospheric accumulation, volcanic activi-
ties, etc. [54, 55]. It was revealed in the study of International Atomic Energy Agency (IAEA), 
which was conducted on various food samples taken from 12 countries, that Pb, Cd, Hg and 
As are important in terms of health and contamination risk, whereas antimony (Sb), Fe, Cu 
and Zn are less important [56]. International Agency for Research on Cancer (IARC) has 
specified Cd and Cd components as Group I carcinogen for human health (they induce lung 
tumors) [57]. Heavy metals, such as As, Cd, Hg, Cu, Pb, etc. that contaminate water through 
any means can accumulate within fish and then cause health problems in humans [58].

Maximum limits of Cd, Pb and Hg in some animal products are given in European Commission 
(EC) and Turkish Food Codex (TFC) [56]. There is also information about daily consumption 
amounts of metals that humans can take. Daily consumption amount of Sb is specified as 
0.25–1.25 mg for children in the USA. The USA has determined that Al consumption should 
not exceed 12–14 mg/day for young and adult men and 9 mg/day for young and adult women 
[52]. Although, Zn is an essential element for human body, according to animal experiments, 
high doses of Zn is toxic and carcinogenic [53, 59]. The amount that can be taken with food 
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is set as 0.23 mg/kg/day by the FDA [59]. Contaminated seafood with industrial wastes may 
contain high level of Zn, and entry of these products into the food chain can pose a danger 
to human health. Food and Agriculture Organization (FAO) and World Health Organization 
(WHO) and has determined that maximum amount of daily allowable consumption of as 
should be 2 μg/kg of body weight [60].

Most of the foods other than fish contain <0.25 mg/g As, but many fish species contain As between 
1 and 10 mg/g. However, the amount of As found in marine crustaceans and deep sea fish was 
found as 100 mg/g or more [51]. Although the amount of As consumed is 10–200 µg/day, this 
amount can reach to several thousand μg/day in those that consume fish a lot in their diet [58]. 
The accumulated amount of As is 3–10 ppm in oyster, 42–174 ppm in mussels and 42–174 ppm 
in shrimps. Thus, most of the As taken with food by human is originated from sea foods [51]. 
However, As poisoning due to consumption of animal products is also possible. It was seen in 
early summer of 1955 that the babies younger than 12 months in western Japan had symptoms 
of anorexia, skin pigmentation, diarrhea, vomiting and distention and more than 100 babies 
showing these symptoms died and then it was found that the case was caused by consumption 
of powdered milk (popular and brand), which contains approximately 21–34 μg As per gram 
and As was found in the babies that consumed this powdered milk. It was also found that the 
origin of As was disodium phosphate, which was added to cow milks as a stabilizer [51, 61].

Cadmium, one of 25 substances that have a certain potential of danger against human health, 
cannot be disposed from and is accumulated within the body [57]. Foods usually contain Cd 
less than 0.05 ppm. However, WHO announced that the highest level of Cd was found in crus-
taceans as well as the kidneys of various animals, such as cow, chicken, pig, sheep and turkey 
as a result of analyses. Daily tolerable amount of consumption of Cd is 1 μg/kg of body weight 
[52]. The US Environmental Protection Agency (US EPA) stated that Hg and Hg components, 
which cause kidney cancer in experimental animals, may also cause cancer in humans [53].
The amount of Hg ranges between <1 and 50 µg in many food and beverage. However, the 
most important source of Hg in diet is the fisheries, caught from contaminated waters. Since 
crustaceans, such as mussel and oyster, feed by filtering water, they accumulate Hg compo-
nents in their bodies. Mercury exists in bigger fishes in higher concentrations, compared to 
smaller ones. According to a research conducted by FDA, the amount of Hg in big tuna fishes 
was 0.25 ppm, whereas it was found as 0.13 ppm in average in smaller tuna fishes. The type 
of Hg that is found most in sea foods (>90%) is methyl mercury. FDA determined maximum 
allowable level of Hg in fish and crustaceans as 0.5 ppm [51]. Methyl mercury poisoning or 
Minamata disease, seen in Japan in 1954, is the most important example of Hg poisoning due 
to animal products. This disease was caused by consumption of fishes, living in water that 
was heavily contaminated with industrial wastewater. Similarly, serious muscle and neuro-
logical dysfunctions were seen in humans living in the city of Nigata and close to Minamata 
Bay in 1970 and 50 of 120 hospitalized persons died [51, 62].

3.2. Pesticide residues in conventional animal products

Pesticides are chemicals, most of which are highly toxic and are used against pests. These sub-
stances are toxically effective not only against pests but also other living organisms. Pesticides 
cause behavior disorders, immunosuppression, allergic reactions, estrogenic, teratogenec, 
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mutagenic and genotoxic effects on living organisms. The duration of stay of pesticides in 
the natural environment, depend on their chemical structure. Pesticides, such as chlorinated 
hydrocarbons are resistant against biological degradation and they can stay in soil for years 
and penetrate to the food chain through various means. These fat soluble pesticides can be 
accumulated in the fat tissue of humans and animals as well as in their livers, kidneys and 
neural systems. Residues in the body of lactating animals can easily penetrate to the animal’s 
milk [51, 52]. Contamination of animal products, such as meat and milk, with permanent pes-
ticide residues is a frequently encountered problem. In a study conducted in Jordan, in which 
eggs as well as meats of chicken, sheep and cow were scanned for OCP residues, it was found 
that 28% of eggs, 20% of chicken meat, and 49% of red meat were contaminated with OCP [63].

Chlorinated compounds, such as PCBs, aldrin, DDT, DDD, DDE, BHC, heptachlor, etc., which 
enter the body of fishes through various means, can accumulate within the fishes and cause 
health problems in humans that consume these fishes. There is a linear relationship between 
accumulation of chlorinated compounds, such as PCBs, within fishes and their fat contents. The 
experiments showed that half-lives of PCBs in fishes are quite long. Despite the fact that utiliza-
tion of PCBs was banned, they were still found in fish samples, analyzed in Ontario, Canada in 
1992–1993, and in fish samples collected from 15 different countries in 1994–1995 [58].

3.3. Bacterial contaminants in conventional animal products

Milk is considered sterile (free from microorganism) because of its compounds and chemi-
cal properties. But milk is a suitable medium for most microorganisms. In general, it is not 
expected that milk has microorganisms and toxins unless there is a systemic or local infec-
tion. But clinical and subclinical mastitis, which are associated with local or systemic infec-
tions are common problems for animals [64, 65]. The milk flora of dairy animals consists 
of lactic acid bacteria (LAB; Lactococcus, Lactobacillus, Leuconostoc, Streptococcus, Enterococcus 
spp.) [64]. Staphylococcus aureus, which produces toxins like Staphylococcal enterotoxins 
(SEs), SE-like toxins (SEI) and toxic shock syndrome toxin (TSST-1) and is primarily responsi-
ble for foodborne poisonings, mostly exists in milks of animals with mastitis [65]. According 
to State Agencies to Centers for Disease Control and Prevention and from the Center for 
Science in the Public Interest Database, product-based numbers of Campylobacter-based cases 
caused by consumption of raw milk, pasteurized milk and cheese that’s produced from raw 
milk between 2000 and 2006 were recorded, respectively, as 33, 1 and 3; numbers of E. coli-
based cases were recorded, respectively, as 6, 0 and 1; numbers of Salmonella-based cases 
were recorded, respectively, as 1, 3 and 3 [66]. In a study that was made in Ankara (Turkey) 
with milk collected from street mostly found S. aureus > E. coli > Klebsiella > Serratia > Proteus 
[67]. In a study conducted in Czech Republic, total amount of mesophilic bacteria-TMBC 
(×103 CFU/ml) in conventional milk was found as 19 ± 16 (as Mean ± SD; n:1168) and amount 
of coliform bacteria-CBC (×101 CFU/ml) was found as 48 ± 36 (as Mean ± SD; n: 473) [21]. 
In low input farms in Brazil, bulk milk bacteria count (BMBC) was found higher in winter 
2174 ± 958.4 (Mean ± SEM) according to other seasons. But in same season bulk tank somatic 
cell count (BTSCC × 1000 cells/ml) was found as 469 ± 113.4 (Mean ± SEM) [68]. In a study 
with raw milk in winter and summer In Slovenia, total bacteria count was found higher than 
100,000 cfu/ml [69].
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3.4. Fungal contaminants and mycotoxins in conventional animal products

Mycotoxins are very toxic compounds that are produced by fungi and yeast [70]. Diseases 
due to the consumption of contaminated food with mycotoxins and molds are known world-
wide. Grain and milk products are the most sensitive ones to contamination with mycotoxins 
among foods [71]. In mycotoxicosis cases, consumption of animal products (milk and dairy 
products, meat and meat products, egg, liver, kidney) has a major role as well as consump-
tion of grain and grain products. Mycotoxins cause respiratory and neurological disorders, 
cancer, nephrotoxicity and hepatoxicity. Diseases such as Alzheimer’s, multiple scleroses, etc. 
are considered to be related to mycotoxicosis. In pregnant women, mycotoxins that are taken 
with contaminated products can affect baby through placenta. Especially, infant and children 
are very sensitive to mycotoxins [72]. As a result of research in infant foods (rice flour, grain 
flour and milk powder) Aspergillus spp. (5%), Penicillum spp. (13%), Mucor spp. (5%) and 
unidentified species were isolated [71].

First mycotoxin (aflatoxin M1) contamination in dairy products was recorded in 1960s. 
Aflatoxin M1 (AFM1) is a metabolite of aflatoxin B1 (AFB1) and it forms in liver. 0.3–6.2% 
of AFB1 in animal feeds is metabolized, biotransformed, and secreted in milk in the form of 
AFM1. Mycotoxins such as OTA, zearalenone (ZEN), T-2 toxin and DON were also detected 
in milk. But these are not taken into account in importance as much as AFB1. One of the 
main reasons of DON and ZEN contamination is silage that is added into animal food [70]. 
Contamination with fungi and mycotoxin formation are not necessarily related to each other. 
Even when fungi contamination and variety is high mycotoxin can form less. According to 
a research in infant foods aflatoxin was detected only in 2.4% (19–70 μg/kg) of specimens 
despite of high fungus contamination [71]. In the European Union and some other countries 
accepted limits of AFM1 varies for raw milk is between 0.05 and 10 μg/kg, for dairy products 
is between 0.02 and 10 μg/kg [70].

In a study where fungal contamination variety’s being analyzed of cow, goat and sheep milk, 
turned out that cow milk samples the highest diversity, and it was recorded that identified 
species were belonged to Aspergillus, Chrysosporium, Cladosporium, Engyodontium, Fusarium, 
Penicillium and Torrubiella genera [73]. There are less yeast and mold in raw milk than LAB 
[64]. In a study conducted in Slovenia, 95.0% of raw milk that was collected during winter and 
summer contains yeast and 63.3% contains molds. Isolated mold strains were identified as 
Geotrichum (51.5%), Aspergillus (33.8%), Mucor (5.9%), Fusarium (2.9%) and Penicillium (2.9%) 
genuses [69].

Poultry meat can also be contaminated by mycotoxins. A study showed that most common 
mold genuses are Aspergillus (58%) and Penicillium. Also, many other fungus genuses had 
been found with low incidence [74].

3.5. Contaminants in conventional animal foods from packaging material

Packaging is an indispensable part of the food production process. Today lots of plastics are 
being used as packaging material. Also, antioxidants, stabilizers, lubricants, antistatic and 
antiblocker materials can be used to increase the performance of package material. Additives, 
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monomers, oligomers and contaminants can get transferred to food from packaging material. 
There are concerns about plasticizers (phthalates), thermal stabilizers, slip additives, light sta-
bilizers, antioxidants, melamine, styrene, vinyl chloride, bisphenol A diglycidyl ether, isocya-
nate, caprolactam, polyethylene terephthalate oligomer, decomposition products, benzene 
and other volatiles, environmental contaminants, processing agents and other contaminants 
getting transferred to food [75, 76]. Studies on contamination in milk products related to this 
issue are limited [76].

Especially heavy metal pollution can occur in canned milk products and this is related to stor-
age temperature and duration [77]. Also heavy metal pollution can occur during packaging 
process. As a result of a study, high amount of Pb was detected on bread packages [78]. In 
another study, high amount of Pb was detected on candy packages, which children consumed 
often, and this result was backed up by FDA [79, 80].

Because of that Cd got high dissolution in organic acids, human food chain’s Cd pollution 
is very common. Studies showed that Cd, which is used for making food packages, can 
get transferred to high-acidic foods by getting dissolved. Wrapping foods with antimony 
foil, keeping in antimony containers and cooking in them causes foods get contaminated 
with high amount of Sb [51, 52]. Zinc can get transferred through galvanized containers to 
humans [56].

3.6. Veterinary drug residues in conventional animal products

Nowadays, various veterinary drugs and food additives are being used as therapeutic and 
prophylactic in animals. Foods of animal origin that contains drug residue consumed by 
human can cause allergic reactions, drug resistant microorganisms, toxicities in organs and 
tissue, hormonal disorders, teratogenic effects, etc. Animal originated milk and dairy prod-
ucts can contain veterinary drug residues as contaminants such as antimicrobials (like antibi-
otics), hormones, anthelmintics and pesticides. Beta-lactams, tetracyclines, aminoglycosides, 
macrolides and sulfonamides are the most commonly used antibiotics [81]. The result of a 
study made by USDA showed 5.3% of 529 carcasses have antibiotic residue. In these tests, 
chlortetracyclines, oxytetracyline, tetracycline, streptomycin, neomycin and erythromycin 
antibiotics had been detected [52]. In a study conducted in Croatia, 1259 raw milk samples 
were analyzed for antibiotic residue (chloramphenicol, penicillins, cephalosporins, tetracy-
clines, sulfonamides, beta-lactams, quinolones, aminoglycosides and macrolides) and 37 posi-
tive samples were found, but because of low levels it was stated that this would not cause any 
health problems [82]. The usage of chloramphenicol, which causes bone marrow suppres-
sion and aplastic anemia, is prohibited for animals. In Brazil where its usage prohibited in 
1998, study made with ELISA showed 28.6% 84 raw milk samples were positive for chloram-
phenicol [83]. In Egypt, after antibiotic analyzes on broiler fillets, which were collected from 
markets, it turned out there were problems especially about detecting withdrawal times of 
oxytetracyline residues [84].

Steroid hormone can be in milk. Food production processes do not have any effect on milk 
and dairy products. Testosterone was detected in fresh cheese (0.1–0.5 mg/kg). Benzimidazole 
anthelmintics are being used commonly on animals thus benzimidazole anthelmintics and 

Livestock Science140



monomers, oligomers and contaminants can get transferred to food from packaging material. 
There are concerns about plasticizers (phthalates), thermal stabilizers, slip additives, light sta-
bilizers, antioxidants, melamine, styrene, vinyl chloride, bisphenol A diglycidyl ether, isocya-
nate, caprolactam, polyethylene terephthalate oligomer, decomposition products, benzene 
and other volatiles, environmental contaminants, processing agents and other contaminants 
getting transferred to food [75, 76]. Studies on contamination in milk products related to this 
issue are limited [76].

Especially heavy metal pollution can occur in canned milk products and this is related to stor-
age temperature and duration [77]. Also heavy metal pollution can occur during packaging 
process. As a result of a study, high amount of Pb was detected on bread packages [78]. In 
another study, high amount of Pb was detected on candy packages, which children consumed 
often, and this result was backed up by FDA [79, 80].

Because of that Cd got high dissolution in organic acids, human food chain’s Cd pollution 
is very common. Studies showed that Cd, which is used for making food packages, can 
get transferred to high-acidic foods by getting dissolved. Wrapping foods with antimony 
foil, keeping in antimony containers and cooking in them causes foods get contaminated 
with high amount of Sb [51, 52]. Zinc can get transferred through galvanized containers to 
humans [56].

3.6. Veterinary drug residues in conventional animal products

Nowadays, various veterinary drugs and food additives are being used as therapeutic and 
prophylactic in animals. Foods of animal origin that contains drug residue consumed by 
human can cause allergic reactions, drug resistant microorganisms, toxicities in organs and 
tissue, hormonal disorders, teratogenic effects, etc. Animal originated milk and dairy prod-
ucts can contain veterinary drug residues as contaminants such as antimicrobials (like antibi-
otics), hormones, anthelmintics and pesticides. Beta-lactams, tetracyclines, aminoglycosides, 
macrolides and sulfonamides are the most commonly used antibiotics [81]. The result of a 
study made by USDA showed 5.3% of 529 carcasses have antibiotic residue. In these tests, 
chlortetracyclines, oxytetracyline, tetracycline, streptomycin, neomycin and erythromycin 
antibiotics had been detected [52]. In a study conducted in Croatia, 1259 raw milk samples 
were analyzed for antibiotic residue (chloramphenicol, penicillins, cephalosporins, tetracy-
clines, sulfonamides, beta-lactams, quinolones, aminoglycosides and macrolides) and 37 posi-
tive samples were found, but because of low levels it was stated that this would not cause any 
health problems [82]. The usage of chloramphenicol, which causes bone marrow suppres-
sion and aplastic anemia, is prohibited for animals. In Brazil where its usage prohibited in 
1998, study made with ELISA showed 28.6% 84 raw milk samples were positive for chloram-
phenicol [83]. In Egypt, after antibiotic analyzes on broiler fillets, which were collected from 
markets, it turned out there were problems especially about detecting withdrawal times of 
oxytetracyline residues [84].

Steroid hormone can be in milk. Food production processes do not have any effect on milk 
and dairy products. Testosterone was detected in fresh cheese (0.1–0.5 mg/kg). Benzimidazole 
anthelmintics are being used commonly on animals thus benzimidazole anthelmintics and 

Livestock Science140

their metabolites (albendazole sulfoxide, albendazole sulfone, etc.) can be in dairy products 
[81]. The result of a study conducted in Macedonia analyzes showed only one of 55 bovine 
meat samples was positive for clenbuterol [85]. For preventing and curing diseases in fishes, 
veterinary drugs such as antibiotics mainly, anthelmintics and hormones are being used. 
Sometimes nonprescription or prohibited drugs can be used. In Canada, after analyzes made 
with sea, fresh water and canned fish, as ng/g level furazolidone metabolite 3-amino-2-ox-
azolidinone (AOZ), enrofloxacin, leucomalachite green, oxolinic acid and chloramphenicol 
residues were detected. In 28 eel samples, which were collected from markets in Tokyo, 
0.07 ppm oxolinic acid was detected. Again in Tokyo, in flounder sample, which was collected 
from markets, 360 μg/kg oxytetracyline was detected on the skin [86].

4. The effect of various cooking and freezing processes on contaminants 
in animal foods

In the case of therapeutic drugs, before using the product, implementation of withdrawal 
time for the drug residues has been made mandatory. The obligation of drug applications to 
sick animals requires the disposal of the products containing residues of during this period, 
which means economic losses. Withdrawal time of drug residues in animal products is usu-
ally determined on unprocessed products. However, most of the animal products are con-
sumed after certain treatments (such as cooking or storing in cooler at a certain time). Such 
processes may affect the drug residues in the products. Some previous studies have shown 
that processes applied to the product containing residue may result in changes in the level 
(quantity) of drug residues [87–90]. This suggests that, in inevitable conditions, the product 
containing residue is subjected to conditional consumption. Most of the researches on the 
subject are related to conventional animal products. The obtained results may vary depend-
ing on various factors such as quality of the animal products, the sample site on the same 
animal, the kind and duration of the applied processes. Studies have shown that tetracycline 
residues were decreased by 35–94% in muscle (cattle and sheep) and liver (cattle) through 
cooking (microwave, boiling, roasting, grilling and frying). Residues of penicillin (penicillin 
G-benzylpenicillin and cloxacillin) in milk have been reported to be decreased by the boiling 
and yogurt production (fermentation). On the other hand, since penicillinase released by 
microorganisms found in raw milk is deteriorated in the milk produced by UHT, benzyl-
penicillin is more stable (not disintegrated) in milk produced with this technique. Cooking 
cannot reduce the residues of oxolinic acid, flumequine, enrofloxacin and ciprofloxacin, 
which are belonging to Quinolone group, in fish. However, such residues can be removed 
by discarding the meat broth containing the residues, which are transferred into boiling 
water through boiling [87]. A similar situation has been observed in broilers concerning 
some drugs belonging to sulfonamides (sulfadiazine) and quinolone (danofloxacin) groups 
[88, 89]. Cooking decreases sulfamethazine residues in tissues (muscles and liver) of broiler 
at different rates. The most significant decrease occurs in boiling because during the boiling 
process drug in the tissue passes to water. Similarly, cooking (boiling and grilling, equally 
effective) may also be effective on sulfachloropyridazine-trimethoprim combinations in 
broiler tissues (muscle and liver) but these drugs cannot be transferred into boiled water 
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in contrast to sulfamethazine [89]. Concentration of levamisole residues in broiler tissues 
(muscle, liver) can be diminished by different cooking processes (through disintegration 
and passing to water), whereas the effectiveness of deep freezing is time-dependent and the 
most losses occur on day 30th [90].

Especially washing as well as applications such as chlorine, chlorine dioxide, hydrogen per-
oxide, ozone, acetic acid, peracetic acid, hydroxy, iprodione can significantly reduce the pes-
ticide residues in foods. Processes such as pasteurization, boiling, steaming and canning can 
reduce the levels of pesticide residues depending on the treatment type and time as in veteri-
nary drug residues. In contrast, the implementation of food preservation techniques such as 
drying or dehydration increases the concentration of pesticides (due to a reduction in weight 
of product resulting from drying) [91].

Except the studies investigating the effects of processing on pesticide residues mostly in veg-
etables and cereals processing have diverse effects on pesticide residues in animal products 
such as milk (pasteurization) dairy products (cheese and yoghurt production) and eggs (boil-
ing and scrambling). When reduction in pesticide residues in dairy products were compared, 
the reduction in foods made of sheep and goat’s milk may be 50% less than in those made of 
cow’s milk. Hexachlorocyclohexane (HCH) residues show a gradual decline by yoghurt pro-
duction and by keeping at refrigerator [91]. Sausage making can lead to a significant reduc-
tion in organochlorine (hexachlorobenzene-HCB, α-, β-, γ-hexachlorocyclohexane-HCH and 
p,p’-DDE) pesticide residues [92].

Accumulation of organochlorine insecticides in fish is 10–10,000 fold higher than water [52]. 
Boling process is very effective in reducing DDT and heptachlor concentrations in dried fish 
(Bombay duck-loittya, ribbon fish-chhuri, shrimp-chingri, Chinese pomfret-rupchanda and 
Indian salmon-lakhua) [93]. It has been reported that frying process is effective in reduc-
ing α-HCH, β-HCH, γ-HCH, heptachlor, aldrin, heptachlor epoxide isomer B, pp′-DDE, 
endrin and pp’-DDT residues in commonly consumed fish (Clupea harengus L., Salmo salar L., 
Cyprinus carpio L., Salmotrutta m. fario L., Platichthys flesus L. and Gadus morhua L.) in Poland, 
and the most pronounced reduction is observed in β-HCH residues [94].

5. Legal regulation for foods of animal origin

Maximum residue limit (MRL) is defined as the highest concentration of a chemical residue 
that is legally permitted or accepted in a food, and acceptable daily intake (ADI) is defined as 
the amount of a residue that can be ingested on a daily basis over a lifetime without health 
risk [52]. National/international information concerning the maximum level of contaminants 
allowed in conventional product is available. Maximum levels for contaminants in conven-
tional food of animal origin were determined by the EU. European Food Safety Authority 
(EFSA) makes risk assessment for pesticides and European Commission determines appro-
priate MRLs [95]. Food Additives FAO/WHO Joint Expert Committee (JECFA) determines the 
tolerable weekly intake levels of heavy metals in order to prevent heavy metal contamination 
in foods whereas EFSA and the Codex Alimentarius Commission (CAC) offer proposals for 
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the exposure and tolerance limits of the heavy metals [50]. The EU directive No. 1881/2006 
setting maximum levels for certain contaminants in foodstuffs entered into force following 
its publication in 2006. The MRLs in foodstuffs for nitrates, mycotoxins, metals, 3-monochlo-
ropropenes-1,2-diol (3-MCPD), dioxins and PCBs, polycyclic aromatic hydrocarbons (PAH) 
are specified in the relevant directive. The veterinary drug residue limits (MRLs) for a variety 
of foods including animal origin are determined by Committee for Medicinal Products for 
Veterinary Use (CVMP) of the European Medicines Agency (EMA) [95]. The first directive 
that concern to protect consumers from harmful substances coming from packaging materials 
was published by Commission of the European Communities (CEC) in 1976. Analysis meth-
ods for the official control of the vinyl chloride monomer levels in food packaging materials 
were identified in 1980. According to the regulations made by the EU, countries can make 
their own private arrangements at the national level [75].

The beginning of legal regulations on organic farming dates back to the 1970s. Studies con-
ducted, independently, on organic farming in different countries became organized under 
a roof with the establishment of International Federation of Organic Agriculture Movement 
(IFOAM) that was headquartered in Germany in 1972. IFOAM is the first organization that 
defines the rules for ecological production worldwide. The rules, initially developed as the 
series of Basic Principles were modified as IFOAM Basic Standards, adopted by the General 
Assembly and entered into force in 1998 [96].

The first EU directive relevant to organic products was published on June 24, 1991. This direc-
tive, No 2092/91, was established solely for organic vegetable production [97]. In 1999, EU 
directive on animal production and general standards, “Codex Alimentarius”, that was jointly 
prepared by the FAO and the WHO was published. The Codex Committee on Food Labelling, 
which was under CAC, lays down the standards pertaining to organically produced and 
labeled herbal and animal foodstuffs. Moreover, standards deal with plants and plant prod-
ucts, livestock and animal products, sources of animals, the prevention and treatment of ani-
mal diseases, such as fertilizer and pest management issues have been implemented [98]. In 
the following years, directives with different scopes and contents have been prepared and 
entered into force by the EU [97]. Directives issued by the EU are either accepted as they are 
by the countries of world or adopted according to their national conditions to create their own 
regulations.

The presence of any contaminant in organic products is normally not expected due to strict 
principles of organic farming. However, because some substances are the natural ingredients 
of the earth, they can be found naturally in organic products like happens in the elements 
(copper, iron, etc.). The levels of these substances in organic human and animal food (feed 
and feed ingredients) can vary depending on various factors such as geographical conditions 
and soil properties. On the other hand, despite the high precision of the organic farming, 
persistent environmental contaminants resulting from industrial and other activities can be 
involuntarily reflected in the organic products [99]. Legal regulations regarding the evalua-
tion of organic products for contaminants are considered to be in their early stages. Although 
this situation varies among countries of the world, the EU seeks to create long-term control 
programs, especially, on pesticide residues with the issued regulations [100].
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6. Conclusion

Food contaminants can cause consumer illness such as allergy, immunosuppression, cancer, 
teratogenicity, mutagenicity, genotoxicity. Therefore, monitoring of food contaminant is an 
important issue for the protection of public health. In order to protect public health use of 
many veterinary drugs for prophylactic purposes is prohibited by most of the countries. 
However, significant differences can arise among countries concerning the types of prohib-
ited drugs and MRL values. This situation results in problems particularly for imported/
exported products. On the other hand, there are still some veterinary drugs that have no 
MRLs for even conventional animal products. In addition, animal products may include envi-
ronmental contaminants associated with industrial and agricultural activities. This situation 
raises concerns about the presence of residues/contaminants in animal products despite strict 
policy of the legal authorities. Therefore, people, especially in developed countries, tended 
to consume organic products. However, difficulties in production of organic products thus 
their high prices result in the consumption of them by only certain populations, which leads 
to social inequality in society. On the other hand, contamination may arise due to the failure 
to provide the required standard in organic products. Therefore, the regulative arrangements 
that are launched by the EU for organic products should be expanded and put into practice at 
countries basis as in conventional products.
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6. Conclusion

Food contaminants can cause consumer illness such as allergy, immunosuppression, cancer, 
teratogenicity, mutagenicity, genotoxicity. Therefore, monitoring of food contaminant is an 
important issue for the protection of public health. In order to protect public health use of 
many veterinary drugs for prophylactic purposes is prohibited by most of the countries. 
However, significant differences can arise among countries concerning the types of prohib-
ited drugs and MRL values. This situation results in problems particularly for imported/
exported products. On the other hand, there are still some veterinary drugs that have no 
MRLs for even conventional animal products. In addition, animal products may include envi-
ronmental contaminants associated with industrial and agricultural activities. This situation 
raises concerns about the presence of residues/contaminants in animal products despite strict 
policy of the legal authorities. Therefore, people, especially in developed countries, tended 
to consume organic products. However, difficulties in production of organic products thus 
their high prices result in the consumption of them by only certain populations, which leads 
to social inequality in society. On the other hand, contamination may arise due to the failure 
to provide the required standard in organic products. Therefore, the regulative arrangements 
that are launched by the EU for organic products should be expanded and put into practice at 
countries basis as in conventional products.
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