
Intensive Animal Farming 
A Cost-Effective Tactic

Edited by Shumaila Manzoor  
and Muhammad Abubakar

Edited by Shumaila Manzoor and Muhammad 
Abubakar

Livestock farming supports livelihood and provides food security. It is the fastest-
growing sector of the agriculture economy. This book is about using modern 

technology to increase yields, income, and ultimately food security. It is organized into 
three sections on livestock and poultry farming, fish farming, and innovations and 

advances in technology.

Published in London, UK 

©  2023 IntechOpen 
©  Sergei Dolgov / iStock

ISBN 978-1-80356-101-1

Intensive A
nim

al Farm
ing - A

 C
ost-Effective Tactic





Intensive Animal Farming - 
A Cost-Effective Tactic

Edited by Shumaila Manzoor  
and Muhammad Abubakar

Published in London, United Kingdom



Intensive Animal Farming - A Cost-Effective Tactic
http://dx.doi.org/10.5772/intechopen.100887
Edited by Shumaila Manzoor and Muhammad Abubakar

Contributors
Muhammad Bilal, Ken Tasaki, Abigail N. Tasaki, Grace Opadoyin Tona, Sami Mili, Rym Ennouri, Manel 
Fatnassi, Hajer Zarrouk, Rabeb Thabet, Houcine Laouar, Rafael Alexandre Muchanga, Lopes C. César 
Mugabe, Maicon Pereira Lents, Emmanuel Emydio Gomes Pinheiro, Muhammed Nurye Gebeyehu, Douglas 
Landblom, Songul Senturklu, Gerald Stokka, Larry Cihacek, Shumaila Manzoor, Muhammad Abubakar, 
Zainab Syed

© The Editor(s) and the Author(s) 2023

The rights of the editor(s) and the author(s) have been asserted in accordance with the Copyright, 
Designs and Patents Act 1988. All rights to the book as a whole are reserved by INTECHOPEN LIMITED. 
The book as a whole (compilation) cannot be reproduced, distributed or used for commercial or 
non-commercial purposes without INTECHOPEN LIMITED’s written permission. Enquiries concerning 
the use of the book should be directed to INTECHOPEN LIMITED rights and permissions department 
(permissions@intechopen.com).

Violations are liable to prosecution under the governing Copyright Law.

Individual chapters of this publication are distributed under the terms of the Creative Commons 
Attribution 3.0 Unported License which permits commercial use, distribution and reproduction of 
the individual chapters, provided the original author(s) and source publication are appropriately 
acknowledged. If so indicated, certain images may not be included under the Creative Commons 
license. In such cases users will need to obtain permission from the license holder to reproduce 
the material. More details and guidelines concerning content reuse and adaptation can be found at 
http://www.intechopen.com/copyright-policy.html.

Notice

Statements and opinions expressed in the chapters are these of the individual contributors and not 
necessarily those of the editors or publisher. No responsibility is accepted for the accuracy of 
information contained in the published chapters. The publisher assumes no responsibility for any 
damage or injury to persons or property arising out of the use of any materials, instructions, methods 
or ideas contained in the book.

First published in London, United Kingdom, 2023 by IntechOpen
IntechOpen is the global imprint of INTECHOPEN LIMITED, registered in England and Wales, 
registration number: 11086078, 5 Princes Gate Court, London, SW7 2QJ, United Kingdom

British Library Cataloguing-in-Publication Data
A catalogue record for this book is available from the British Library

Additional hard and PDF copies can be obtained from orders@intechopen.com

Intensive Animal Farming - A Cost-Effective Tactic
Edited by Shumaila Manzoor and Muhammad Abubakar
p. cm.
Print ISBN 978-1-80356-101-1
Online ISBN 978-1-80356-102-8
eBook (PDF) ISBN 978-1-80356-103-5



Selection of our books indexed in the Book Citation Index 
in Web of Science™ Core Collection (BKCI)

Interested in publishing with us? 
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected. 
For more information visit www.intechopen.com

6,600+ 
Open access books available

156
Countries delivered to

12.2%
Contributors from top 500 universities

Our authors are among the

Top 1%
most cited scientists

180,000+
International  authors and editors

195M+ 
Downloads

We are IntechOpen,
the world’s leading publisher of 

Open Access books
Built by scientists, for scientists

BOOK
CITATION

INDEX

 

CL
AR

IVATE ANALYTICS

IN D E X E D





Meet the editors

Dr. Shumaila Manzoor, a scientist and laboratory worker from 
the National Veterinary Laboratory, Islamabad, Pakistan, has 
more than 12 years of experience in various areas of veterinary 
disease diagnosis. Her expertise on transboundary animal 
diseases (TADs) is well recognized, and she has worked with the 
Food and Agriculture Organization (FAO) control programs of 
TADs in the country. She has conducted various trainings for 

field as well as laboratory staff. She has published research papers, review articles, 
and book chapters on different areas of veterinary disease diagnosis and control. 
She has been a peer reviewer for the Research Journal for Veterinary Practitioners and 
Veterinary Sciences: Research and Reviews for more than five years.

Dr. Muhammad Abubakar, a scientist from the National Veteri-
nary Laboratory, Islamabad, Pakistan, has more than 17 years of 
experience in various areas of veterinary sciences. His exper-
tise on transboundary animal diseases (TADs) at national and 
international levels is well known. He has established various 
diagnostic laboratories for the diagnosis of TADs. He has been 
involved in organizing and conducting training for field and 

laboratory staff. He has published numerous research papers, review articles, and 
book chapters in veterinary sciences. He has also worked in academia, teaching and 
supervising research at graduate and undergraduate levels. He is currently editor 
in-chief of the Research Journal for Veterinary Practitioners and Veterinary Sciences: 
Research and Reviews.





XI

1

3

19

39

57

75

77

Contents

Preface

Section 1
Livestock and Poultry Farming 

Chapter 1 
Global Perspectives of Intensive Animal Farming and Its Applications 
by Shumaila Manzoor, Zainab Syed and Muhammad Abubabakar

Chapter 2 
Intensive Farming and Welfare Regarding Anti-Predator Behavior 
of Chukar Partridges (Alectoris chukar)
by Muhammad Bilal

Chapter 3 
A Global Overview of the Intensification of Beef and Dairy Cattle 
Production Systems
by Grace Opadoyin Tona

Chapter 4 
Alternative Animal Feeding for Intensive Livestock Farming Systems 
and Their Impact on Reproductive Performance of Ruminants
by Lopes César Mugabe, Maicon Pereira Lents,  
Emmanuel Emydio Gomes Pinheiro and Rafael Alexandre Muchanga

Section 2
Fish Farming 

Chapter 5 
Nile Tilapia “Oreochromis niloticus” Farming in Fresh and Geothermal  
Waters in Tunisia: A Comparative Study
by Sami Mili, Rym Ennouri, Manel Fatnassi, Hajer Zarrouk, Rabeb Thabet 
and Houcine Laouar



II

Section 3
Innovation and Technology 107

Chapter 6 109
Perspective Chapter: Alternative Intensive Animal Farming Tactics  
That Minimize Negative Animal Impact and Improve Profitability
by Songul Senturklu, Douglas Landblom, Gerald Stokka and Larry Cihacek

Chapter 7 127
Mitigation of Environmental Impact of Intensive Animal Farming through 
Conversion of Animal Wastes to Value-Added Products
by Abigail N. Tasaki and Ken Tasaki

Chapter 8 145
Recent Advances and Application of Biotechnology in the Dairy  
Processing Industry: A Review
by Muhammed Nurye Gebeyehu

Preface

Intensive animal farming, also known as factory farming, is an advanced technique to 
maximize production while reducing the cost of production. Intensive animal farm-
ing is a very recent development in agribusiness, which involves the high stocking of 
animals like cattle, poultry, and fish on large scales and the use of advanced biotech-
nology to enhance production.

This book consists of three main sections.

The first section is about livestock and poultry farming. Livestock, particularly 
cattle and poultry, are important contributors to total food production in the world. 
Intensive animal farming is very important from a food security perspective.

The second section discusses fish farming and different aspects of aquaculture such as 
rearing systems, nutrition, and diseases at the farm level.

The third section contains information regarding innovations and advances in 
technology. Intensive animal farming is very prevalent in developed countries and 
aims to produce large quantities of milk, meat, and eggs at low cost. Intensive farming 
involves mass production through modernized feeding systems and improved breed-
ing and health programs.

I want to express my gratitude and thanks to all the contributing authors for their 
hard work. I want to thank Sara Tikel, Lucija Tomicic, and other staff at IntechOpen 
for their efforts to bring about the final product. I want to acknowledge my col-
leagues, friends, and family, especially my son, for all their support.

Shumaila Manzoor and Muhammad Abubakar
National Veterinary Laboratory,

Islamabad, Pakistan
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Chapter 1

Global Perspectives of Intensive 
Animal Farming and Its 
Applications
Shumaila Manzoor, Zainab Syed  
and Muhammad Abubabakar

Abstract

Agricultural farming outputs are dependent upon the production type because 
different farming systems create different products. Intensive animal farming is widely 
used for the production of products that have societal importance, including meat, 
milk, wool, leather, fur, eggs, and honey. To ensure their timely production with lim-
ited cost, advanced technological processes, and chemicals (pesticides, herbicides, and 
fertilizers in large amount) are carried out in this intensive factory farming. Amongst 
animal farming, the livestock sector is the fastest-growing agricultural sector. The 
global shift toward intensive animal farming for high productivity yield has rendered 
a negative impact on the environment and biodiversity and is now an alarming sign for 
global warming. It has also resulted in soil, water, and air pollution due to the emission 
of greenhouse gases from the waste generated by these animals. Rapid use of antimi-
crobials in these farming systems has led to the emergence of drug-resistant pathogens. 
Therefore, an integrated and comprehensive approach covering the nonmarket 
outputs of the farming system is required for monitoring these global trends.

Keywords: intensive animal farming, factory farming, high production, technological 
processes, global warming

1. Introduction

Intensive animal farming [1, 2] or livestock farming is an intensive agriculture 
type that is destined to increase animal production by providing them all necessities 
and a favorable environment while reducing the rearing cost [3]. The environment 
provided to the animals here includes nutrition, shelter, water, optimum temperature 
and humidity, and veterinary management. It is also known as factory farming [4].

The term Factory farming means “any globally adopted farming system where 
flock of animals are kept under one roof in a confined setting, that is, a cage or stall” 
[5]. According to the United States Department of Agriculture (USDA), “a farm with 
1000 cattle or 125,000 chickens is referred as factory farming system” [6]. However, 
according to the European Union (EU), “farm carrying 40,000 chickens is referred 
to as factory farm or macro-farm” [7]. The products of the animal farming industry 
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are milk, meat, egg, and other animal products which are readily available for human 
consumption and are much-liked food amongst people across the globe. Feeding 
the entire world is the sustainable development challenge in the coming few years. 
Meat plays a major role in this. The demand for meat has increased rapidly over the 
past 50 years and it has tripled now [8]. According to the estimates of Food and 
Agriculture Organization of the United Nations (FAO), approximately 68.1 billion 
animals were slaughtered in 2012 for meat [9]. However, this figure increased to 
80 billion in 2018. Poultry meat is the most popular meat worldwide [8].

Based on the above estimates, every individual on Earth is provided with an average of 
42.9 kg of meat. In developed nations, average 76.2 kg of meat is consumed by individuals 
and, on the contrary, in developing nations, 33.4 kg of meat is consumed by individual on 
average basis [10]. Asia (42.1%) is the largest producer of livestock followed by America 
(31.4%), Europe (19.0%) [11], and Africa (5.5%). Besides meat, animals also provided 
us with milk (5.7 billion tons) and eggs (72 million tons) [11]. Chicken laid 1.25 billion 
eggs; other poultry laid about 87 million eggs. Much of the animals’ products discussed 
above came from those animals who were raised by someone else on our behalf and 
amongst them, the majority were reared using intensive animal farming [11]. Factory, 
intensive, industrial animal farming, and concentrated animal feeding operation (CAFO) 
all are used for a modern form of intensively rearing of fowl, fish for their various edible 
products, including their meat (i.e., flesh and fat) and other forms of animal protein (i.e., 
dairy and eggs). Intensive farming can also be defined as an economic pursuit involving 
domestic animals for human uses such as obtaining honey, fur, leather, wool, and fertil-
izer. The sole purpose of this type of farming is to ensure maximum production with 
maximum profit [12]. According to Archambeaud [13], intensive farming is a farming 
type where agricultural machinery is employed for achieving higher productivity, that is, 
the excessive usage of pesticides, fertilizer, or disease or weed-resistant chemicals. This 
high productivity yield also renders a negative impact on the environment and biodiver-
sity [13] which will be discussed later in this chapter.

2. History

Intensive animal farming is the most recent advancement in agriculture history 
which is also the result of scientific and technological developments. In the late nine-
teenth century, innovations were made in mass production. Later, in early twentieth 
century; vitamin discovery and their associated role in animal nutrition was the hall-
mark of Industrial Revolution because it allowed poultry to be raised at the domestic 
level [14]. Moving further, antibiotics and vaccines discovery have further lightened 
the livestock by reducing the number of disease-causing pathogens [15]. Chemicals 
used in World War II gave the idea of synthetic pesticide discovery [14]. The develop-
ment of transport networks and technology enabled the distribution of agricultural 
products over long distances.

The era of high-put farming began in Britain in 1947, when the new Agriculture 
Bill provided subsidies to farmers to promote more production by introducing new 
technologies to reduce Britain’s dependence on imported meat. According to United 
Nations “the intensification of livestock production” was found to ensure food 
security [16]. In 1966, the United States, Great Britain, and other developed countries 
began large-scale farming of beef and dairy cattle and domestic pigs [17]. From the 
heartland of America and Western Europe, factory farming became globalized in 
the later twentieth century and continues to expand, replacing traditional livestock 
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farming practices in an increasing number of countries. In 1990, intensive animal 
husbandry accounted for 30% of world meat production, and by 2005 this had risen 
to 40% [17]. Worldwide meat production in 2020 was 328 million tons which suggests 
that the demand for meat has reached 90% [18].

3. Global perspectives

Globally, more than 70 billion animals are slaughtered every year for food. On the 
basis of data provided by UN FAO, the five major groups of animals slaughtered are 
cows, chicken, goats, sheep, and pigs [19]. It is expected that by 2050, intensive farm-
ing production will double with the major advancement taking place in less indus-
trialized countries. This expansion has had serious consequences because only the 
livestock sector generates about 18% of greenhouse gas which is more than any kind 
of transport. Moreover, 70% of the Earth’s surface is directly or indirectly involved in 
livestock production leading to land degradation, environmental pollution, and other 
health-associated issues [20]. These problems will not go away on their own if more 
and more extensive farming systems are being shifted toward intensive animal farms 
where animals are raised in confinement at high stocking density using advanced 
machinery and biotechnology. Intensive farming production systems were the norms 
of Europe and America, but now this practice is increasingly becoming common in 
Asia and Latin America. According to UN reports, the global shift of farming systems 
and environmental problems associated with these systems has not given much 
importance which is why they now have become a serious concern [21].

There are numerous problems associated with intensive animal farming system, a 
few of which is discussed below:

3.1 Increased emission

As in intensive farming system, animals are raised indoors, therefore large amount 
of energy is required for heating, cooling, and ventilation as well as for feed produc-
tion and transportation producing more emissions of carbon dioxide and anthropo-
genic nitrous oxide (which stays in the atmosphere for up to 15 years) and has more 
global warming potential leading to depletion of ozone layer. The livestock sector 
generates 64% ammonia emissions thereby contributing to acid rain and acidification 
of biodiversity [22].

Worldwide, farm animals are also a source of methane emission. Methane has 23 
times more global warming potential than carbon dioxide. The operation of intensive 
farm animals leads to increased emission of methane because of animal diet which 
also causes diseases in animals and emits 50% more methane than animals feed on 
grasses in open lands. The only reason is that in intensive system animals are raised on 
a concentrated high-protein diet (made up of 50% corn and 80% soybean). This food 
is cheap and easy to produce and animals by eating such diets put on weight faster. 
This emission of greenhouse gases will continue to increase as the intensive farming 
system spread to more and more developing countries [22].

3.2 Climate changes

Developing countries suffer more from the impact of climate change because 
of abrupt increase in hunger and disease. This is because developing nations have 
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limited coping capacities and they are dependent upon climate-sensitive food and 
water supply chains. Climatic changes are responsible for food scarcity in developing 
sectors. Excessive flooding, storms, loss in biodiversity, land degradation, and water 
and air pollution affect developing countries mostly because of health, poverty, and 
infrastructure constraints [23].

3.3 Loss in biodiversity

Animal waste and droppings are not treated properly, as farmers often dispose 
of their waste in rivers, where they pollute the water and impend the biodiversity of 
the ecosystem. Waste products of poultry emit ammonia and nitrous oxide leading to 
nitrogen pollution of water and soil [24]. Uneven use of pesticides and fertilizers can 
also pollute soil, water, and air [25]. The continuous degradation of environment and 
loss in biodiversity is an alarming sign for global warming [25].

3.4 Land degradation

Land degradation due to deforestation is also one of the major problems. Animals 
reared for meat, milk, and eggs production are already covering one-third of the 
Earth planet surface. Cattle ranching is the primary cause of deforestation because 
forested lands are cut and cleared for making proper room for animal grazing and 
meat production [26]. The meat thus produced is exported to developed countries. 
The high meat demand in developed countries is rendering negative impact on the 
meat-producing country both due to deforestation and soil erosion. Besides grazing, 
high-quality protein feed production is also putting pressure on land. The number of 
those protein diets continues to increase as intensive farming increases. The employ-
ment of large area of land for feed production is resulting in loss of biodiversity, soil 
erosion, and increased greenhouse gases emission [27].

3.5 Antimicrobial resistance

Increasing demand for animal protein in intensive farming system has led to 
an increase in antimicrobial use (AMU) leading to the emergence and spread of 
antimicrobial resistance (AMR) [28]. Antimicrobials are mostly used in intensive 
animal farming to prevent or treat infection and are also given in animal diets 
for rapid growth [29]. Previous reported literature has shown that 73% of the 
antimicrobials available locally are given to animals raised for food. AMU in food-
producing animals can also affect humans, leading to antimicrobial resistance. The 
widespread use of antimicrobials in farms can also contaminate the environment, 
leading to the emergence of drug-resistant pathogens. Therefore, monitoring the 
global trends of antimicrobial use in intensive farming system is important to 
track progress associated with antimicrobial stewardship programs carried across 
regions [28].

4. Types of livestock farming

Based on the production processes, livestock farming is of different types which 
are described below in detail:
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4.1 Intensive animal farming

It is also known as conventional or high-put farming system [2]. In intensive 
animal farming, to ensure healthy and faster animal production, animals are housed 
with adequate nutrients, feed, and temperature. Breed selection in this system is made 
up of different production types. It is both labor and capital-intensive. The primary 
goal of intensive farming is the attainment of high production [30].

4.2 Semi-intensive animal farming

In semi-intensive farming mode, animals are housed and fed but they are allowed 
to move or graze around the farm to forage within a confined area inside the farm 
premises [31].

4.3 Extensive animal farming

It is also known as a low-intensity or low-input farming system. In extensive farming 
systems, rearing is carried out on open areas of the lands, that is, pastures, meadows, 
and mountains so that animals can get maximum benefit from the natural products. 
The farming system is applicable to the animals who are intended to be adapted to the 
field [32]. This system supports the preservation of the ecological unit. In this type of 
farming, external resources like pesticides and fertilizers are used in low quantity [33].

4.4 Organic animal farming

Organic farming is a type of animal farming system whose primary aim is to 
produce high-quality food without the use of synthetic chemicals, that is, chemical 
fertilizers or pesticides, etc. Additionally, animals are grown in open spaces and fed 
on natural resources [34].

Livestock represents all animal types like buffaloes, cattle, goats, sheep, horses, 
and pigs, etc. and they are reared primarily for milk, meat, and wool production. 
Livestock farming is associated with the production of eggs, milk, and meat from 
domesticated animals [35].

The basic purpose of these farming systems is the production of agricultural 
products such as cereal, crops, rice, sheep, fish, and fowl. These all-farming systems 
are dependent on plants as their primary food source, which in turn, rely on the soil. 
Merely, the production of farming is influenced by the type of farming system and 
agricultural action chosen. Figure 1 [36] depicts the typological classification of the 
farming system.

5. Pros and cons of intensive animal farming

Cattle farming has been an important part of society for years, ever seeing that people 
started domesticating animals to improve the quality of their life. However, as with most 
forms of farming, inclusive of agriculture, cattle farming too has strengthened, specifi-
cally in current many years. This has made livestock products more easily available and 
cheaper to buy; that is especially important in case one assumes that staples along with 
milk, honey, eggs, and meat are all merchandise in cattle farming [37].
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However, intensive livestock farming practices have on several occasions raised 
major concerns regarding food protection, animal welfare, and environmental 
effects—to the extent that cattle farming is often called “factory farming” [38].

5.1 Pros of intensive animal farming

The contribution of livestock farming to the country GPD (Gross domestic prod-
uct) is about 883 billion dollars, but this amount does not include the services availed 
from retailers, butchers, and transport units and supplied to feed producers and 
equipment producers. Besides its role in economic development, the livestock sector 
increases the life expectancy of individuals by providing food security to about 1.3 
billion people. Nowadays, it is the fastest-growing agricultural sector of the country’s 
economy [39].

Figure 1. 
Typological classification of major farming systems [36].
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Intensive animal farming has been made possible by farming management prac-
tices that have helped to increase yield and production while bringing down the cost 
at a confined place. For example, farming units employing the practice of concen-
trated animal feeding operation (CAFO) have enabled farm owners to rear more 
animals in a restricted area, thereby maximizing the land potential [39].

5.2 Cons of intensive animal farming

Though animal farming has efficiently increased the production of animal prod-
ucts at a limited cost, yet the external products (cost-saving techniques) that have 
been used for ensuring the steady production of products have negatively impacted 
health and the environment [39].

In a confined environment, where flocks of animals are kept under one roof 
has increased the chances of animals becoming more susceptible to diseases. In 
low- and middle-income countries (LMIC), livestock diseases have been trans-
mitted to about 2.4 billion humans. To reduce the burden of zoonotic diseases, 
farmers frequently administered antibiotics to their animals leading to the evolu-
tion of drug-resistant pathogens [39]. Besides this, some farmers kept animals 
to live in stressful conditions. Unfortunately, practices persist where animals are 
transported long distances to the market in inhumane conditions or slaughtered in 
painful ways.

Keeping in view the above-described pros and cons of intensive animal farming, a 
few more advantages and disadvantages are listed in the Table 1 given below:

6. Methodology

6.1 Guidelines

A meta-analysis-based study was designed to review the intensive animal farm-
ing system in Pakistan. The study was carried out according to the guidelines of 
“Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRIMA)” 
(Page et al., 2021).

Intensive animal farming

Advantages Disadvantages

Cheaper and better-quality food products Cost of external resources (pesticides and fertilizers)

Rational use of land Cost of technical equipment

Limited manual work Trained personnel are needed for technological operations

Faster production using the modern 
technology

Machinery replaces labor; hence less people are involved in 
agricultural operations

Global food safety and security Damage landscape, environment, soil, and wild-life 
biodiversity

Table 1. 
Advantages and disadvantages of intensive animal farming [40].
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6.2 Literature search

An online search of international database sources, that is, Google Scholar, 
Research Gate, and Google was carried out to identify relevant studies reported from 
Pakistan from 2015 to 2023. A total of 310 searches were carried out. The reference 
list of the searched studies was further reviewed for any relevant publication. The 
duplicate article found using the above-mentioned databases was removed using 
EndnoteX7 (Thomson Reuters, New York, NY, USA). The searched sources of 500 
articles are given in Table 2.

6.3 Keywords

The following keywords were searched: Livestock farming, intensive animal farm-
ing, and application of intensive animal farming in Pakistan.

6.4 Studies inclusion criteria

The eligible studies were selected for inclusion in this meta-analysis when the 
following criteria were met. (1). Full-text articles available in English language. 
(2). Studies reported from different regions of Pakistan. (3). Cross-sectional and 
retrospective studies. (4). Sample size provided. (5). Studies reporting the effect of 
climatic changes and antimicrobial use in livestock.

6.5 Studies exclusion criteria

Studies were excluded based on the following exclusion criteria: (1). Duplicated 
data or review articles and conference abstracts. (2). Articles without full text. (3). 
Articles with abstract only. (4). Data reported from other regions of the world. (5). 
Research articles conducted before 2015.

6.6 Comparison of intensive and extensive farming system

For better understanding of the advantages of intensive farming system, a 
comparison was undertaken for analyzing the efficiency of intensive and extensive 
farming system. Different farming practices, that is, amount of milk production and 
farming technical efficiency were measured between the two farming practices.

6.7 Statistical analysis

This meta-analysis was computed using random effects model with Open-Meta 
Analyst version 10.10. The heterogeneity of the studies was checked using Cochran’s 

Source Number of Articles

Google Scholar 300

Google 10

Total 310

Table 2. 
Number of articles obtained from searching international databases.
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Q test. The variation across studies was observed by the forest plot as well as the 
inverse variance index (I2). Values of I2 (25, 50, and 75%) were considered as low, 
medium, or high heterogeneity, respectively. In this meta-analysis, the heterogeneity 
value was >75%, therefore, the DerSimonian and Laird random effects models with 
95% CI. Funnel plot analysis was carried out if heterogeneity was of moderate to high 
level. Subgroup meta-analyses were then employed by publication year.

7. Results

7.1 Selection of studies

The aim of the present study was to determine intensive animal farming practices 
employed in Pakistan and investigate the effect of different factors on livestock 
production. Different international databases, including Google Scholar and Google, 
were searched (from 2015 to 2023) to identify studies that addressed the intensive 
animal farming activities in Pakistan.

For this meta-analysis, a total of 310 articles were identified in the initial search. 
Out of 310 searches, 254 articles were excluded because of their irrelevance and not 
being reported from Pakistan. Case reports, conference abstracts, and review articles 
were also excluded. 50 articles were also excluded for reasons of being duplicates, 
titles and not having full text. Six relevant articles were selected because they met 
the inclusion criteria, and their full texts were reviewed. The flow diagram of the 
 selection process of the included studies is shown in Figure 2.

The characteristic of the included study is shown in Table 3 given below:

Figure 2. 
Flow diagram showing selection criteria of the selected studies.
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Researcher Year Study aim Country Results Conclusion Study 
Weight

Reference

Umair et al., 2020 To determine 
trends of 
antimicrobial 
use in dairy 
farm.

Punjab, 
Pakistan

Defined daily 
dose was 47.71 
out of 1000 cows 
tested.

Increased 
antimicrobial 
usage in dairy 
sector.

16.87% [41]

Abid et al., 2016 Impact of 
climate 
change on 450 
farms.

Punjab, 
Pakistan

55% were 
vulnerable 
to extreme 
temperature, and 
insect attack, 
and 35% are 
vulnerable to soil 
problems.

Limited 
resources 
and lack of 
infrastructure 
are 
contributing 
toward climate 
changes.

16.82% [42]

Mohsin 
et al.,

2019 Use of 
medically 
important 
antimicrobial 
in food-
producing 
animals.

Punjab, 
Pakistan

High consumption 
of antimicrobials 
was seen in 30 
flocks. The annual 
use of medically 
important 
antimicrobials was 
250.84 mg/kg.

The frequent 
antibiotics 
used were 
colistin, 
tylosin, 
doxycycline, 
and 
enrofloxacin.

16.13% [43]

Habib et al., 2016 Analysis of 
food supply in 
livestock.

Pakistan Crop residues 
(58.8%) were 
the predominant 
food source 
for livestock 
followed by 
crude protein 
(37.2%).

Indigenous 
food sources 
were rarely 
available for 
livestock.

16.65% [44]

Shahzad & 
Abdulai

2020 Impact of 
extreme 
climatic 
conditions on 
crop.

Punjab, 
Pakistan

540 farmers 
were 
interviewed. 
It was found 
that climate-
related risks 
had (Extreme 
temperature and 
rainfall) severely 
impacted soil, 
crop rotation, 
and farmers’ 
income.

Mitigation 
strategies 
should be 
adopted to 
cope with the 
situation.

16.84% [45]

M. Riaz 2022 Livestock-
integrated 
farming 
practices.

Faisalabad, 
Pakistan

105 responses 
were collected 
from farm 
owners. 
Livestock sector 
is dynamic 
for Pakistan’s 
agriculture, 
contributing 
17% to energy 
and 33% 
to protein 
consumption.

Farmers in 
integrated 
system 
were using 
traditional 
methods 
for milk 
production. 
Modern 
practices and 
procedures 
were not 
common in 
integrated 
rural systems.

16.67% [46]

Table 3. 
Traits of the studies included in the meta-analysis.
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7.2 Forest plot

Significant heterogeneity values were observed in the forest plot built for intensive 
animal farming activities carried out in Pakistan. included studies The heterogene-
ity values of the included studies was (Tau^2 = 0.178, P = <0.001, I^2 of 99.17%), as 
shown in Figure 3.

For analyzing trends in intensive animal farming practices being overtaken in 
Pakistan, a subgroup analysis was performed based on year. As depicted in Figure 4, 
substantial heterogeneity was seen during the study period.

7.3 Comparison between intensive and extensive animal farming

The animal feeding pattern and milk production system were compared in a 
study carried out in Sri Lanka where the author concluded that animals reared in the 
intensive farming system had highest herd size (3.7 animal unit) with better feeding 
level when compared with extensive farming system (2.7 animal unit). The aver-
age milk production under extensive systems was significantly lower (P < 0.01) at 
3.9 animal units per day compared to 5.41 animal units per day under the intensive 
farming system. Livestock farming is an important source of income for peoples of Sri 

Figure 3. 
Forest plot of intensive animal farming and its 95% confidence interval (CI). The pooled prevalence was 
calculated using a random-effect model. Ev/Trt = No. of VRSA positive isolates/Total no. of samples.

Figure 4. 
Subgroup analysis of intensive animal farming carried out in Pakistan in different time periods.
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Lanka and dairying under an intensive farming system is proven more profitable than 
an extensive farming system [47].

In Bangladesh, performance traits of buffalo selected randomly from 14 farms under 
both intensive and extensive systems were evaluated and it was found that dry milk yield 
and live weight were considerably higher in the intensive farming system. Reproductive 
traits were moderately higher under the intensive farming system. Intensive farming 
system is currently under application in Bangladesh for better milk production [48].

8. Conclusions

Intensive animal farming has both positive and negative impact on the environ-
ment and biodiversity depending upon the agricultural production. Intensive animal 
farming has provided society with marketable goods which can also be exported to 
foreign countries. The farming output uses market values which are limited because 
positive and negative outwardness are created along with the product goods and ser-
vices in the agricultural activities. Therefore, the integrated/comprehensive approach 
covering market and nonmarket farming system output is required.
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Chapter 2

Intensive Farming and Welfare
Regarding Anti-Predator
Behavior of Chukar Partridges
(Alectoris chukar)
Muhammad Bilal

Abstract

Gamebird farming is an emerging industry in Pakistan. Nowadays, the production
of large amounts of gamebirds used for restocking purposes is an inescapable prereq-
uisite to compensate for the harvest of wild stocks. The present study aims to delineate
the welfare of one of the popular gamebirds Chukar partridge (Alectoris chukar,
Phasianidae) during intensive farming at the two local game farms. The welfare in
terms of anti-predator (AP) behavior was assessed. I analyzed the behavior by
arranging AP behavioral assays with a flight initiation test, flight initiation distance,
predator test, novel object test, escape test, and flight angles. Specifically, the birds of
prey and mammalian predators stimulated the AP behavior in the Chukar partridges.
The behavioral assays showed that the Chukar partridge had a clear inclination to
escape from predators and can survive if they are to be released into the wild. The
initiation of flight was triggered by both avian and mammalian predators indicative of
likely good survival chances of these birds. However, it is inferred that restocking and
reintroduction of Chukar populations cannot be separated from the adoption of sound
welfare programs during intensive rearing.

Keywords: anti-predator behavior, chukar partridge, gamebirds, hunting, intensive
farming, reintroduction, welfare

1. Introduction

The hunting of gamebirds for both recreational and food items dates back to
ancient times. In some cases, this practice ended up depleting the wild stocks to a
considerable extent [1], especially over the last century [2]. To counterbalance this
phenomenon, captive breeding for restocking purposes has spread throughout the
world. Farming practices to produce, rear, and release game birds improved thanks
to the provision of human interventions and care. In this context, the viability of
captive-raised birds in the wild is an essential prerequisite.
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When released, captive birds face a sudden change in their habitat [3]. They are
first provided intense human interventional care, and then, once released, exposed to
no or minimal human interventions. Nevertheless, intensively reared birds are of
compromised quality in terms of wild behavior and instincts, flight distances and
flight speeds, which progressively increase their mortality after release [4–7].
However, less stressed and better-raised birds with stimulated wild instincts for
environmental pressures can overcome the associated challenges.

The intensively farmed birds are released for restocking or reintroduction [8–10],
but those released for hunting purposes, numbering several million per year, largely
exceed the others [9, 11]. Galliformes (especially partridges) account for about 70% of
all hunted species [12]. These gallinaceous gamebirds include socioeconomically rele-
vant species such as the Chukar partridge (Alectoris chukar), the Red-legged partridge
(A. rufa), and the Rock partridge (A. graeca). These species are appreciated not only
for their meat but also for the beauty of their ornamentation.

The Chukar partridge is a medium-sized, diurnal, gregarious, aggressive, and
one of the most commonly introduced gamebirds worldwide [13]. It is distributed
from southeastern Europe eastwards across the Middle East and Central Asia to
Manchuria in the north and Nepal in the south. In Pakistan, it is found from 400 m
above sea level (asl) in the Salt Range of Pakistan to 4000 m asl in the Western
Himalayas. It is regarded as the national bird of Pakistan, where is vernacularly
known as “Chakoor” or Chakor”, as well as “Chand Chakor” or “Chan Chakor”, due
to the appearance of the black line as a crescent on the lateral sides of the face. Now
in Pakistan, chukar is widely reared for recreational hunting and reintroduction
purposes. However, it is still poorly studied in captivity [14]. It can be reared
efficiently for meat production and the food, once curated, is distributed to
consumers [15].

The species is indeed exposed to several threats like habitat degradation, and
reduction due to human encroachment, hunting, poaching of eggs, chicks, and adults
that are used for fighting [16]. The correlation between the success of breeding and
weather patterns largely determines its population size [17]. Although the local chukar
population in Pakistan seems unaffected by anthropogenic pressures, actually its
consistency is dwindling [14]. This chapter is of prime importance due to the focus on
the welfare of chukar partridge during intensive farming for reintroduction, meat,
and game purposes.

2. Concept of anti-predator behavior

Captive breeding has a prominent effect on the well-being of gamebirds that are
exposed to major alterations in their behaviors [18]. Fear of birds, run-down fostering,
and motherly care was found to be associated with poor survival skills in the wild.
Thereby, there is an increasing concern about natural and semi-natural rearing
methods that may guarantee more successful releasing programs [19]. The altered
behaviors are partially attributed to the absence of parental care during rearing and
lack exposure to predators [20]. Accommodating these drawbacks is costly in terms of
both labor and capital [7].

Predators can impact the costs associated with gamebird production in both direct
(i.e., predation) and indirect (i.e., disturbance of reproductive birds) ways [8]. The
economic losses suffered by the game industry due to predators may reach the order
of millions of dollars to the game industry. The anti-predator (AP) training is an
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economical treatment for developing an early fear practice in chicks that sequel in
improved predator avoidance [21]. If AP training is provided during an early age, it
can be beneficial in terms of survival in the wild [11].

Many empirical approaches for stimulating and shaping AP behavior can be
found in the literature [22–24] and are generally grouped in the following broad
categories: (1) The flight initiation (FI) test aims at stimulating a flight response
against a human intruder and is quantified by the distance, defined as the mini-
mum distance for eliciting the flight response in birds; (2) The novel object (NO)
tests simulate a happenstance with a novel item, usually associated with a food
resource [25]; (3) The emergence/escape tests (ET) estimate the propensity of
wandering into an unfamiliar or potentially dangerous environment from an
instinctively harmless location [26]; Finally, (4) the predator exposure tests pre-
sent the predator in a controlled manner to elicit its scrutiny or alarm calls under
predation danger [27].

On the other hand, boldness - the exploration of the intimate habitat for food or
other resources [24]—is usually assessed in conjunction with the threatening stimuli
associated with the resources being utilized [24, 28]. In pheasants, boldness is
described in terms of their exploration of food and novel objects. Training and appli-
cation of the aforementioned AP tests can produce near-to-wild behavior in game
birds. The early life of chicks in captivity is crucial for the development of such
behaviors. Some training can induce stress in birds, but in the long term, these are
beneficial [3], assuring the bird’s survival in the wild once released.

As validated for other wild species, the AP training should be an essential part and
parcel of the captive management of the species’ restocking or reintroduction process
[29]. Several authors called for the need of carrying out more AP behavior assessments
for game birds in captivity (e.g., [2]). Exposure to predators can be potentially bene-
ficial to captive-reared game birds destined to be released. However, the feasibility of
providing AP training stimuli should be evaluated carefully. In fact, the consequences
of exposure to living predators are still unknown.

When game birds are reared either for conservation, reintroduction, hunting, or
meat purposes, it is mandatory to ensure the overall welfare of the birds. This study
will ensure welfare through getting insights on the building-up of appropriate wild
instincts and behavior in intensively reared Chukars and exploring the potential of
captive breeding for future release programs to restock wild Chukar populations. This
chapter also aimed to provide guidelines to produce gamebird still maintaining wild
behavior through ethological experiments.

3. Study design and pheasantries

This prospective, explanatory and descriptive study aimed to explore current
trends in the welfare and management of avian game farming in Pakistan was carried
out from May 2020 to August 2021. Two avian game breeding farms, namely Sazgar
Wildlife Breeding Farm (SWBF), district Lahore and Padhri Game Farm (PGF) under
Padhri Private Game Reserve (PGR), district Jhelum, were chosen as study areas. PGR
area is characterized by a subtropical humid climate. SWBF was established under the
Punjab Wildlife Act 1973 in 2018. The rearing facility is shown in Figure 1. SWBF is
located in tehsil Raiwind, district Lahore. Lahore is the capital of the Punjab province
and the second-most populous city of Pakistan. It has an altitude range from 200 m to
220 m asl [30].
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3.1 Experimental birds & ethical consideration

A total of 754 chicks of Chukar partridge were reared intensively at both of the
aforementioned breeding facilities. These chicks were reared as per the conservative
rearing system for poultry following [31]. The evenness in the management of the
birds was ensured. The chicks were offered the typical starter poultry feed, which
changed into the grower crumble feed after 4 weeks. Both feed and potable water
were provided ad libitum. Adequate light was provided during the study periods.
Overall, the well-being of both husbandry and management was upheld. At the age of
5–8 weeks, the transportation of birds to the flying pens was started. All the birds were
transported in batches of 100 individuals per double case poultry transporting mod-
ules. The birds were captured randomly with the aid of a hand net and manumitted in
the flying pens for various observations and tests. The welfare of birds during captur-
ing and handling was ensured.

During the present study, no bird was exposed to undue harm or stress. The ethical
guidelines for the use of animals in the research studies by the International Society
for Applied Ethology [32] were followed. Exposure to natural predators is considered
normal and part of the natural niche. The AP training with the live predators can
induce temporary stress in the birds [3], but in the long term, it is beneficial. All the
birds were captured by hand-net and at the twilight time during the cool. The
transporting modules were of proper size and dimensions for the birds under study.
Due consideration was given to the time of retention in the modules to keep stress
minimum. After the tests, birds were replenished with feed and water (with appro-
priate anti-stress medicines and Vitamin C) to keep the effect of the tests minimal.
All of the birds were observed for any abnormal post-test behavior.

Figure 1.
Flying pen at SWBF with the characteristic vegetation.
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4. Behavioral assessment during intensive rearing

To our knowledge, this is the first comprehensive work providing results of all
AP behavioral assays in gallinaceous birds to natural predators in non-contrived
settings. For assessing AP behavior, I used the flight initiation test, predator test,
novel object test, emergence test, and restraint test [10, 24, 31, 33, 34]. The tests
were modified as per the requirements and nature of the Chukars. No birds were
exposed to predators during breeding and farming as usually done in intensive
farming. In this way, I aimed to assess the significant AP behavior in coveys exposed
to the predators in the release pens. Different sample sizes reduced the chances of
bias in behavioral monitoring.

4.1 Flight initiation test

The FI test was carried out to find the flight initiation distance (FID) for human
intrusion in captivity. The flight initiation behavior was assessed individually by an
observer walking toward the flying pen. Firstly, two observers (a volunteer and the
author) started walking toward the pen while observing the birds. The recording of
observations was started from a distance of 20 meters. Secondly, the observer walked
along all sides of the pen. The minimum distance between the enclosure and the
observer was 1.5 feet. Meanwhile, the different behaviors of Chukars during the
intrusion and stimulation were also assessed and recorded. The FI response was
characterized in three cohorts, namely, (1) Weak response: birds slightly changed
their position or just walked; (2) Moderate response: Chukars took a short flight from
the observer and disturbances; (3) High response: birds flew from one side of the
flying pen to the other to escape the disturbance.

A total of 20 observations were carried out on 230 subjects to obtain results on the
FI of the Chukar partridges (see Appendix 1). During data collection for the FI test,
the sample size was kept at a minimum of n = 5 to a maximum of n = 21. The mean
sample size was 11.5 � 1.18. These samples were collected from the birds found very
near to the mesh wire. I categorized flight initiation responses into weak, medium,
and high responses. The maximum number of birds showed high responses (n = 89),
followed by medium (n = 71) and weak (n = 70) responses. The results showed that
weak and high FI responses are associated with higher variance in the response. The
Kruskal-Wallis test showed no significant differences (p = 0.1817) between the
medians of all three behaviors. High responses were normally distributed as opposed
to the weak and medium responses, while medium responses were more skewed (i.e.,
more abnormally distributed).

4.2 Flight initiation distance FID

Flight Initiation Distance (FID) data collection was carried out independently of
the FI test. During the observations for FID, the intrusion distance for Chukars was
noted. It is the distance between the human and bird right before the initiation of
flight. The bird perceives an intruder (human) as a danger. The bird takes flight
when the minimum distance is approached. An observer approached the birds of the
flying pens from 10 m outside. When the bird took flight, the distance between
the observer and the bird was measured using a measuring tape. A total of 278
observations were recorded. The response categories were divided into 5 cohorts.
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The observation was discarded if the bird being intruded did not take flight but just
changed its position.

For finding the flight initiation distance of Chukar partridge, a total of 278 observa-
tions were recorded. The frequencies of these observations were divided into 5 cohorts
(Table 1). I found a mean distance of 5.34 � 0.4 and a variance of 4.55. The minimum
and maximum FID recorded were 1.6 m and 9.93 m, respectively. Most of the birds
showed FID between 2 m to 4 m (38.85%) followed by 4 m to 6 m (23.38%). The
maximum FID was shown by 16 birds (5.76%). Results also indicate that experimental
birds have a high FI response in the case of humans. This is beneficial as the trained birds
cannot be approached, trapped, or captured after release to the wild. Zaccaroni [21] used
the human stimuli for eliciting fights in Rock partridge. That study found more distant
escape responses as compared to the non-human intervened birds. Fernández-Juricic
et al. [35] described longer FIDs in the species with larger groups or living in flocks,
which makes sense based on the more conscious and sensitive birds at the edges or near
the disturbances. Hingee and Magrath [36] further elaborated the phenomenon, finding
that flight in some birds can cause other less-evoked birds to fly away.

4.3 Predator test (PT)

For Predator Test (PT), the ex-post-facto design in a semi-contrived manner was
followed. The natural prevalence and exposure of both avian and mammalian pred-
ators were the stimulus for the PT. The AP behavior against raptors was studied
during the daytime. Mammalian predators were active at night. The effect of their
presence on the birds was assessed. The same types of variables or parameters were
used for both types of predators. The behaviors of the birds were also filmed for
strengthening the field observations. I noted the behavior of birds until the resuming
of the normal activities (feeding or resting) of half of the birds being observed after
the predator’s appearance. I observed and recorded typical AP behaviors for the
birds viz, vigilance, crouching, TI and escape. These parameters were characterized
as (1) Vigilance: if the birds showed any sign of activeness i.e., outstretched neck
with support on front toes, slow staggering gait and actively searching intimate
environment; (2) Crouching: this freezing behavior was demarcated by the reduc-
tion in the movement or just squatting frequently; (3) Tonic immobility (TI): the
persistent hunker position for >30s; and (4) Escape: walking and running, also
including flying attempts.

Distance cohorts (m) Frequency

Number (n) Percentage (%)

0–2 30 10.79

2–4 108 38.85

4–6 65 23.38

6–8 59 21.22

8–10 16 5.76

Total 278 100

Table 1.
Showing the distance cohorts and frequencies (numbers and percentages) of FID in those distance cohorts.
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4.3.1 For avian predators

For assessing AP behavior against avian predators, a total of 29 observations were
recorded in 515 birds. I noted observations for no more than n = 30 birds. On the other
hand, the least sample size was n = 5 birds. Descriptive statistics (see Appendix 2) shows
that the mean sample size is 17.75� 1.4. The maximum number of birds were found
vigilant (n = 18) followed by crouching (n = 15), TI (n = 8), and Escape (n = 6). It can be
depicted that crouching and vigilant responses were abundant among the birds. The
Mann–Whitney pairwise test shows that there are significant differences in the means of
all the behaviors except crouching and vigilance; TI and escape responses. The data also
show that 6.65� 0.8, 6.75� 0.7, 2.44� 0.4, and 1.89� 0.3 are the means for vigilance,
crouching, TI, and escape behaviors for the avian predators, respectively. The highest
responses are observed the crouching and vigilance (Figure 2). This study evidenced that
aerial predators can causemore crouching than vigilance, TI, and escape responses. There
were slight differences between crouching and vigilance behaviors. Previous research
supported the same results in free-living [37] and captive-reared game birds [38]. Both
studies presented those partridges mainly crouched in response to aerial predators. The
AP responses are usually accompanied by species-specific alarm calls [39].

4.3.2 For mammalian predators

To assess the behavior of the Chukar partridge upon the encounter with terrestrial
predators, I carried out a total of 14 observations on 168 birds. The exposure was non-
contrived; in other words, I did not have any impact on their encounter with preda-
tors. The results show that escape response was the most frequently recorded
(n = 118) in the terrestrial predator case, followed by vigilance (n = 26) and
crouching and TI (n = 8 each) (Appendix 3). These results are represented graphically
(Figure 3). The means for all of the categories of behavior are significantly different
(p < 0.05). Moreover, Mann–Whitney pairwise test showed significant differences in
the means of escape and vigilance, TI and escape. Moreover, there are no significant
differences in the means of TI and crouching; TI and vigilance.

Undoubtedly, this study also cleared that escape reaction was the most prevalent
behavior in the case of terrestrial predators (see Appendix 3). The least prevalent
responses were vigilance, crouching, and TI. By contrast, [38] argued that vigilance
was the most common reaction for the exposure to terrestrial predators. It indicated

Figure 2.
Graph showing bar chart with standard error (SD) and deviations in the plots at 95% confidence interval for PT
against the avian/aerial predators.
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the good response to the terrestrial predator by the present birds. Partridges respond
differently to different predators [39]. For example, common behavior against terres-
trial predators is vigilance, for easy detection and to avoid attack on them. Alterna-
tively, against avian predators the combination of camouflage, TI and crouching can
be effective. Interestingly, it was also observed that birds resumed their normal
maintenance activities promptly after the exposure to the predators.

The present study had strengths over previous ones for exposure of living preda-
tors in de facto design and vast space use. The limitations of the previous results can
be attributed to their small-sized experimental cages as compared to those used in our
study. Earlier studies by [33, 38, 39], were conducted in cages or pens of very small
sizes as compared to the present study. As stated by [40], the experimental cages can
disrupt normal physiology and illicit the stress response during the initial transference
in the cages. The conducting of experiments in smaller enclosures might have affected
the results of the previous studies. Furthermore, the use of dummy predators can be
beneficial due to: (1) The experiments and exposure can be presented at one’s dis-
posal, (2) Birds cannot be attacked by the dummy predators, and (3) The AP
responses of Chukar are stronger for the live predators than dummy predators [41].
Even in captivity, the living predators may cause the deaths of birds in captivity.
Meanwhile, the exposure can also stimulate short-term AP behavior in conspecifics in
the same pen and the long-run survival in the wild. This behavior can be AP calls,
alertness, or flying rigorously. In previous studies, the proper wild behavior would not
have been shown by the experimental birds.

4.4 Novel object test (NOT)

For the novel object (NO), test birds were not isolated from the flock. A camera
was placed both in and alongside the mesh wire to test the neophobia i.e., the fear of
new things. The camera was kept on for recording video. When placing the camera,
the disturbance to the birds was kept minimal. If more than three birds were disturbed
during the placement of the camera, the observation was discarded for analysis. An
observer also carried out a behavioral assay from 40 feet away. A pair of Russian
Sehfeld Military binoculars was also used to see birds clearly. The test was continued
for 5 minutes or until the birds showed the sign of acclimatization to the object. The
NO test was dissolved in the following parameters: (1) Alert and Gazing: birds only
gazed at the novel object (camera) and stood alert with no motion, (2) Approach: they

Figure 3.
Graph showing a bar chart with SD and deviations in the plots at 95% confidence interval for PT against the
mammalian/terrestrial predators.
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approached the camera, and (3) Escape: they were fearful of the object and flew away.
All three categories of the responses were kept mutually exhaustive.

For NOT, a camera was introduced in the pen and different responses to that novel
object were observed (Figure 4). The NOT was done on a total of 291 birds. The NOT
showed that alertness and gazing was the most frequently observed behavior
(n = 166). The approach to the introduced novel object and escape responses were on
second (n = 90) and third (n = 35) numbers in frequency. The mean value for the alert
and the gazing response was 6.64 � 0.58, for approach 3.6 � 0.49. The median value
for escape was 1. The ANOVA and Mann–Whitney pairwise test showed that there are
statistically significant differences (p < 0.05) present in the means of all the behaviors
associated with NOT. The descriptive results have been tabulated in Appendix 4.

The briskness in the NOT shows that birds were aware of the danger associated
with the introduced object. Very low number of birds perceived the NO as a real
danger and escaped, while others approached the object to explore it. Such exploration
in the wild would result in the death or trapping of the birds. Furthermore, the birds
were not isolated from the covey, so definitely proper behavior against NO is crucial.
When birds were in a group, they approached the NO massively (Appendix 4). This
finding is in contrast with a study by [42], who found that ravens show neophobia
(phobia of new objects) when they are in groups. In other words, they approached the
NO more quickly when alone as compared with when they are with conspecifics.
Here, partridges preferred to escape when they were alone or in a small covey.

4.5 Escape/emergence test (ET)

ET was done during the transportation of birds into the flying or releasing pens.
Transporting modules (80 cm length x 60 cm width x 40 cm height) made of wood
were used. A single module has two compartments, each 20 cm in height. All other
sides of the module had meshed wire, except the roof and floor sides. Birds could see
outside from the sides of the modules. Birds were captured from the training pen

Figure 4.
Experimental settings of the NOT with a covey of 7 Chukars (one behind the pillar) standing vigilant against the
novel object (camera).
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using a hand net and kept in the poultry module for 5 minutes for acclimatization.
Then birds were carried to the flying pen for liberation. The doors of the modules
were opened without disturbance and observers stood as far as possible. The emer-
gence observations were carried out on all birds for 3 minutes. After 3 minutes the test
was terminated, and the remaining birds were deemed to show no escape reaction.
The escape behavior was divided into three categories: (1) Immobile: after opening the
door of transporting module, birds remain inactive or not tried to escape within
3 minutes of the test; (2) Walking: it was an escape response of relatively lower
intensity, birds just walked out of the module briskly; and (3) Flying: birds emerged
under 3 minutes and took a flight to escape of the module.

ET was performed during releasing of birds to the releasing pen. The escaping
pattern of birds from the transporting modules was noted. Results showed that the
maximum number of birds (n = 360) did not bother to escape out of the module and
remained immobile (24.0 � 2.9) m (see Appendix 5). The second most frequent
response (n = 278) was the flying response (18.53 � 2.4). It is followed by the least
frequent (n = 112) walking response (7.46 � 1.0). A minimum of 5 birds were found
immobile in contrast to 0 and 2 for walking and flying in a single batch. Tukey’s
pairwise test confirmed the significant comparison between walking and immobile
and flying and walking categories. I found no statistically significant differences
between the means of immobile and flying categories (p = 0.2123). It is also clear that
most of the birds (n = 270) did not try to escape from the boxes at all. The escape from
the boxes simulates the potential danger in the intimate environment or attack on the
conspecifics. Rather, the majority of the birds preferred to stay motionless in the
boxes, while a few others preferred to take flight in a possible perilous situation. The
birds flew with a short sound of “keer” [39]. The calls by the escaped birds might elicit
stimuli in the birds in boxes for the potential perilous situation outside. Despite this, a
work by [43] also found that Chukars did not struggle to escape during the experi-
ment since they showed habituation to the study apparatus.

4.6 Flight angles (FA) test

The birds which showed the flight escape reaction were also subjected to the flight
angles test. Flight angles are a proxy of the flight intensity during the escape. The
intensity of the flight taken was observed and noted by two independent observers. For
this purpose, flight reaction was categorized into three cohorts: (1) Strong flight: the
bird took a flight of nearly ≤90° angle, (2) Medium flight: an escape flight of ≤45° angle,
(3) Weak flight: the flight of ≤30°. An angle meter was used to measure the angles of
the flights. During the flying escape of n = 278 birds, I noted the flight angles. I found
that medium flights were the most common mode of escape from the boxes. The mean
number of birds for strong flights, medium and weak were 6.26 � 1.0, 9.2 � 1.8, and
3.06 � 0.8, respectively. Out of every batch of maximum strong flights, medium, and
weak flights were 15, 24, and 9. Strong flights indicate good escape behavior. The
maximum number of birds that took a flight was recorded as n = 38. On the other hand,
two were the minimum birds that took flight from any batch. Tukey’s pairwise test
showed that there was a significant difference between weak and medium flights
(p = 0.005). Nevertheless, Mann–Whitney pairwise test showed no statistically signifi-
cant differences between strong and weak flights, or between medium and strong
flights. The descriptive collected data is shown in Appendix 6. Without training, most
flights of the birds were in the category of medium ≤45° flight, which is enough to
escape a terrestrial predator, but not for avoiding an aerial predator.
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Nevertheless, in this study all the birds were naïve to the AP behavior; no AP
trainings were provided [38] showed that if red-legged partridge were trained for AP
behaviors, they showed a stronger and prolonged response as compared to the inept
birds. Present results are not in compliance with this statement, as no AP training was
provided before the collection of data. The observed AP behavior cannot be expected to
closely overlap with that of the wild conspecifics [33]. If birds were sourced from the
wild, there would be different results for AP response. On the other hand, the present
study clearly showed that even if early-life trainings were not provided to the game birds,
they can still showmore than good AP behavior. The differences in the behaviors of birds
by simulating the predators (previous studies) and using real natural predators (present
study) have significant differences in the intensities and types of shown behaviors.

5. Conclusions

The comprehensive work for AP behavioral assays of Chukar partridge reared inten-
sively was divided into flight initiation test, flight initiation distance, predator test for
both avian and mammalian predators, novel object test, escape test, and flight angles.
The behavioral assays showed that the Chukar partridge were having the instinct to be
released in the wild for restocking and reintroduction purposes. The predators found in
the areas have shaped the AP behavior of the birds. The predator tests in the non-
contrived settings for the avian species showed that crouching and vigilant responses
were the most abundant among the birds. However, the escape response was the highest
against the mammalian predators. This study confirms the positive results of the AP
tracings via exposure to natural predators in an uncontrolled environment.

For finding the flight initiation distance of Chukar partridge the frequencies of the
observations were divided into 5 cohorts. I found a mean distance of 5.34 � 0.4, while
the variance was 4.55. The minimum and maximum FID recorded were 1.6 m and
9.93 m, respectively. Most of the birds showed FID between 2 and 4 m (38.85%). The
NOT on 291 subjects showed that alertness and gazing were the most frequently
shown behavior. It was observed that the maximum number of birds did not escape
from the module and remained immobile. During the flying escape of birds, the flight
angles were also noted. The most common intensity of escape from the boxes was
medium flight. The FI test showed that the maximum number of birds has high
responses followed by medium and weak responses. Both weak and high FI responses
showed more variance in the response.

The present study focused on the main issues of the management of the gamebird
species in Pakistan, also making a contribution to the improvement of AP behavior
primarily in the Chukar partridge reared intensively for both restocking and
reintroduction purposes. This study can be replicated on Ring-necked pheasants,
commonly reared for shooting. Future works should focus on the following recom-
mendations.

1.The cost-effective training for the improvement of AP behavior should be a priority
for game breeders. The pre-release assessment of AP behavior should be upheld.

2.The natural predators of gamebirds should be present at farm locations to elicit
predator-specific responses. The new breeders and game bird-providing
companies should keep this point in consideration when preparing for the
breeding.
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Appendix 1. Sample sizes of birds and their FI responses against the
human disturbances

No. Sample size Weak % Medium % High %

1 18 12 66.67 4 22.22 2 11.11

2 7 4 57.14 1 14.29 2 28.57

3 21 16 76.19 3 14.29 2 9.52

4 9 4 44.44 3 33.33 2 22.22

5 5 2 40.00 2 40.00 1 20.00

6 14 3 21.43 6 42.86 5 35.71

7 11 6 54.55 3 27.27 2 18.18

8 7 2 28.57 3 42.86 2 28.57

9 19 2 10.53 5 26.32 12 63.16

10 13 6 46.15 2 15.38 5 38.46

11 5 1 20.00 3 60.00 1 20.00

12 9 1 11.11 5 55.56 3 33.33

13 16 3 18.75 7 43.75 6 37.50

14 6 1 16.67 2 33.33 3 50.00

15 18 2 11.11 5 27.78 11 61.11

16 5 1 20.00 1 20.00 3 60.00

17 17 1 5.88 4 23.53 12 70.59

18 13 1 7.69 5 38.46 7 53.85

19 11 1 9.09 4 36.36 6 54.55

20 6 1 16.67 3 22.22 2 33.33

Total 230 70 71 89

Variance 15.84 2.57 12.68

Appendix 2. Four categories of responses namely vigilance, crouching, TI
and escape for predator test against the avian predators

No. Sample Vigilance Crouching Tonic immobility Escape

n % n % n % n %

1 22 3 13.64 11 50.00 4 18.18 4 18.18

2 20 4 20.00 8 40.00 5 25.00 3 15.00
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No. Sample Vigilance Crouching Tonic immobility Escape

n % n % n % n %

3 27 18 66.67 3 11.11 0 0.00 6 22.22

4 7 3 42.86 3 42.86 0 0.00 1 14.29

5 29 9 31.03 11 37.93 5 17.24 4 13.79

6 22 2 9.09 13 59.09 7 31.82 0 0.00

7 17 5 29.41 12 70.59 0 0.00 0 0.00

8 16 7 43.75 7 43.75 2 12.50 0 0.00

9 29 15 51.72 4 13.79 4 13.79 6 20.69

10 12 4 33.33 3 25.00 3 25.00 2 16.67

11 24 9 37.50 12 50.00 1 4.17 2 8.33

12 27 7 25.93 15 55.56 0 0.00 5 18.52

13 6 1 16.67 3 50.00 0 0.00 2 33.33

14 25 14 56.00 0 0.00 8 32.00 3 12.00

15 23 10 43.48 5 21.74 7 30.43 1 4.35

16 5 2 40.00 1 20.00 1 20.00 1 20.00

17 17 11 64.71 4 23.53 0 0.00 2 11.76

18 22 4 18.18 11 50.00 7 31.82 0 0.00

19 19 9 47.37 5 26.32 2 10.53 3 15.79

20 5 2 40.00 3 60.00 0 0.00 0 0.00

21 15 3 20.00 9 60.00 3 20.00 0 0.00

22 25 9 36.00 9 36.00 3 12.00 4 16.00

23 13 2 15.38 9 69.23 2 15.38 0 0.00

24 8 7 87.50 1 12.50 0 0.00 0 0.00

25 24 10 41.67 13 54.17 0 0.00 1 4.17

26 16 10 62.50 6 37.50 0 0.00 0 0.00

27 6 2 33.33 3 50.00 1 16.67 0 0.00

28 20 6 30.00 3 15.00 6 30.00 5 25.00

29 14 5 35.71 9 64.29 0 0.00 0 0.00

Total 515 193 196 71 55

Appendix 3. Comparison of four categories of the AP responses namely
vigilance, crouching, TI and escape for predator test against the
mammalian predators

No. Sample Vigilance Crouching Tonic Immobility Escape

n % N % N % N %

1 14 7 50.00 0 0.00 5 35.71 2 14.29
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No. Sample Vigilance Crouching Tonic Immobility Escape

n % N % N % N %

2 4 0 0.00 0 0.00 0 0.00 4 100.00

3 14 5 35.71 2 14.29 0 0.00 5 35.71

4 15 3 20.00 0 0.00 0 0.00 12 80.00

5 4 0 0.00 0 0.00 0 0.00 4 100.00

6 6 1 16.67 0 0.00 1 16.67 4 66.67

7 22 0 0.00 3 13.64 0 0.00 16 72.73

8 11 3 27.27 0 0.00 1 9.09 7 63.64

9 15 0 0.00 0 0.00 0 0.00 15 100.00

10 7 2 28.57 0 0.00 0 0.00 5 71.43

11 22 0 0.00 3 13.64 0 0.00 16 72.73

12 7 3 42.86 0 0.00 0 0.00 4 57.14

13 18 0 0.00 0 0.00 0 0.00 18 100.00

14 9 2 22.22 0 0.00 1 11.11 6 66.67

Total 168 26 8 8 118

Appendix 4. Results of NOT for the three responses namely alert
& gazing, approaching and escape for the introduced novel object in
the pen

No. Samples Alert & Gazing Approach Escape

n % n % n %

1 16 10 62.5 4 25 2 12.5

2 11 5 45.45 5 45.45 1 9.09

3 7 3 42.86 3 42.86 1 14.29

4 13 8 61.54 4 30.77 1 7.69

5 15 6 40 5 33.33 4 26.67

6 6 5 83.33 1 16.67 0 0

7 4 1 25 2 50 1 25

8 9 9 100 0 0 0 0

9 13 6 46.15 5 38.46 2 15.38

10 12 9 75 3 25 0 0

11 20 10 50 7 35 3 15

12 7 3 42.86 3 42.86 1 14.29

13 10 6 60 3 30 1 10

14 18 9 50 7 38.89 2 11.11

32

Intensive Animal Farming – A Cost-Effective Tactic



No. Samples Alert & Gazing Approach Escape

n % n % n %

15 13 10 76.92 2 15.38 1 7.69

16 8 7 87.5 1 12.5 0 0

17 18 12 66.67 5 27.78 1 5.56

18 12 9 75 3 25 0 0

19 18 10 55.56 4 22.22 4 22.22

20 10 7 70 2 20 1 10

21 17 6 35.29 9 52.94 2 11.76

22 3 3 100 0 0 0 0

23 6 5 83.33 1 16.67 0 0

24 20 5 25 9 45 6 30

25 5 2 40 2 40 1 20

Total 291 166 90 35

Appendix 5. Data for the ET and different categories of responses namely
immobile, walking and flying for the escaping behavior out of the
transporting module

No. Samples Immobile Walking Flying

n % N % n %

1 50 28 56 5 10 17 34

2 50 32 64 7 14 11 22

3 50 8 16 13 26 29 58

4 50 30 60 14 28 6 12

5 50 16 32 13 26 21 42

6 50 25 50 9 18 16 32

7 50 48 96 0 0 2 4

8 50 22 44 8 16 20 40

9 50 42 84 2 4 6 12

10 50 25 50 3 6 22 44

11 50 16 32 9 18 25 50

12 50 22 44 5 10 23 46

13 50 5 10 7 14 38 76

14 50 20 40 5 10 25 50

15 50 21 42 12 24 17 34

Total 750 360 112 278
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Appendix 6. Results of the flight angles data and associated flight
intensity angles namely, strong ≤90°, medium ≤45° and weak ≤30° when
took flight out of the transporting modules

No. Samples Strong ≤90° Medium ≤45° Weak ≤30°

n % N % n %

1 17 11 64.71 5 29.41 1 5.88

2 11 3 27.27 7 63.64 1 9.09

3 29 12 41.38 16 55.17 1 3.45

4 6 2 33.33 3 50.00 1 16.67

5 21 4 19.05 9 42.86 8 38.10

6 16 7 43.75 5 31.25 4 25.00

7 2 1 50.00 1 50.00 0 0.00

8 20 7 35.00 8 40.00 5 25.00

9 6 3 50.00 3 50.00 0 0.00

10 22 9 40.91 11 50.00 2 9.09

11 25 1 4.00 24 96.00 0 0.00

12 23 8 34.78 10 43.48 5 21.74

13 38 6 15.79 23 60.53 9 23.68

14 25 15 60.00 2 8.00 8 32.00

15 17 5 29.41 11 64.71 1 5.88

Total 278 94 138 46
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Chapter 3

A Global Overview of the 
Intensification of Beef and Dairy 
Cattle Production Systems
Grace Opadoyin Tona

Abstract

The global livestock agriculture, including the beef and dairy cattle production 
systems, has undergone several transformations from traditionally less productive into 
more productive intensive systems. This research work reviews the various tools and 
techniques that have enhanced the development of more intensive beef and dairy cattle 
production worldwide. There is advancement from the extensive grazing on rangelands, 
into the more intensive systems of production under confined housing in the semi-
intensive and intensive systems. Several investments would be required in the form 
of housing, feeding, breeding and genetic improvement, health and animal welfare 
and policy designs by the low-income livestock farmers, commercial livestock farmers 
and the larger livestock industries and governmental agencies. The increasing global 
population made it imperative to seek for more intensive and sustainable systems of 
beef and dairy cattle production in order to meet the human need for the production of 
cost-effective animal protein sources in the form of beef and bovine milk.

Keywords: beef and dairy cattle, intensified management systems, genetic improvement, 
sustainability, production systems

1. Introduction

Beef and dairy cattle play the unique role of providing high quality protein for 
human consumption from forage and other concentrated feed resources. Globally the 
cattle sourced protein is the most common, popular, most available, acceptable and 
affordable by most people in terms of cost per unit weight. The intensive production 
of beef and milk sourced from cattle through the use of new technologies in livestock 
agriculture could lead to increased number of animals with greater yield in livestock 
products such as beef and milk [1]. The enhancing technologies could be in the form 
of mechanical, biological and chemical tools. The use of larger and faster imple-
ments would enable the need for lesser human power to operate and achieve larger 
land cultivation, leading to higher beef and milk yield. Thereafter, the application of 
chemical fertilizers and herbicides would increase the rate of forage cultivation and 
feed production. The authors [1] further outlined that animal drugs and antibiotics 
use would result to increased animal health, reduction in mortality accompanied by 
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increased beef and milk production under the lower levels of input application. These 
could thus result into higher profit margin due to lowered cost of production.

The growing human food needs of an expanding human population, the challenges 
of global climate change have resulted in the need for the development of sustainable 
ruminant production systems [2]. It has been projected by FAO [3] that the world 
population would become 9.73 billion by 2050 and 11.2 billion by 2100. Globally, most 
young people are expected to live in the Sub-Saharan Africa and Asia, and particularly 
in the rural areas where higher rate of unemployment exist. Thus, there could arise the 
situation whereby there would be a world population increases, there would be high 
rate of urbanization by the youth, with the aged people left in the rural agricultural 
cultivation and production areas. These could make it difficult to meet the require-
ment for agricultural labour force and socioeconomic structure needed by the rural 
community to achieve sustainable development goals [3]. A group of researchers [4], 
reported for beef cattle production while another group [5], reported for dairy cattle 
production that through the intensification of beef and dairy cattle production systems, 
genetic selection for either beef or dairy cattle, and the use of modern technologies such 
as artificial insemination and genomic selection, the beef and dairy cattle industries 
have more than doubled in their production over past decades. However, there had 
been the contrasting dramatic reduction in the total number of pure-bred cattle being 
raised globally either for beef or for milk. There were also observed few unfavour-
able responses in relation to fertility, health challenges, longevity and environmental 
sensitivity. Again, as earlier mentioned, large numbers of offsprings from pure-bred 
dairy cows do enter beef fattening systems as milk-fed veal producing beef cattle [6]. 
Thus, this article reviews the intensified systems of beef and dairy cattle production 
worldwide.

2. Beef and dairy cattle production systems

2.1 Beef production systems

It was outlined [7] that the system of commercial beef production may be clas-
sified into three general categories namely: (i) A cow-calf division wherein weaned 
feeder calves were raised for further grazing mainly on pastureland and/or feeding 
with other concentrate diets. (ii) The back-grounding or stocker phase of production 
wherein body weight was gained by the recently weaned calves, resulting into feedlot-
ready yearlings which also took place mainly on pastureland. (iii) The finishing phase 
of beef production wherein cattle were fattened for slaughter was carried out mainly 
intensively under confinement.

The intensive beef production occurs during the finishing stage and also there 
was the dairy veal production in which beef was produced as a by-product of dairy 
cows, and these mostly occurred in the developed countries [4]. The researcher [4] 
reported that in the USA and Europe, there were specialized production, whereby 
there were mainly beef only, and dairy beef and veal were meant for domestic 
consumption. In the New Zealand, beef obtained from the dairy industry were 
produced mainly for export. In the UK, cows raised in the dairying system were 
increasingly being mated with beef breed sires to upgrade the quantity and qual-
ity of beef and veal produced through the use of sexed semen for a particular sex 
offspring.
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2.1.1 Cow-calf (beef) system

The cows and calves were raised under the grazing and rangeland production 
with strategic nutritional supplementation with concentrate rations and by-products. 
Their reproductive efficiency could be defined as the weight of calves weaned per 
cows mated successfully per year. The reproductive rate was thus measured as the per-
centage of calves weaned relative to the cows mated successfully. It was explained [4] 
that the maternal genotype was very important and when combined with nutritional 
and other environmental factors, these go a long way to enhance good reproductive 
efficiency in beef cattle. Weaned and growing cattle need adequate feed intake from 
pasture as well as supplements, to ensure rapid growth and improved productivity.

2.1.2 Back-grounding or stocker system

These involved the practice of grazing and foraging of beef cattle in rangelands 
over large land areas under harsh environmental conditions of rain and sunshine. The 
grazing and foraging types included continuous, set-stocked, rotational, strip, strate-
gic, cell or time controlled and planned systems [4]. Genotypes that were reported as 
used under these beef production systems included the Bos taurus breeds and crosses, 
and the Wagyu and Wagyu crosses.

2.1.3 Feedlot and other intensive beef production systems

Feedlots were described as the systems of raising cattle to finishing stage, from an 
initial liveweight of 280 kg until about 400 kg liveweight. Feedlots were used mainly 
to fatten cattle when the available pasture was inadequate to meet the nutritional 
requirement of the animals during the period of drought. In two research outcomes 
[8, 9], it was observed that feedlot diets in the USA and Australia were usually of high 
protein levels in excess of the requirement for cattle that had reached the fattening or 
finisher stage. Feedlot diets were used to maximize feed: gain ratio in order to obtain 
maximum growth rate. In two groups of researches, [10] for Japanese Wagyu and 
another group [11] for South Korean Hanwoo cattle, it was mentioned that beef under 
beef production systems were raised to produce beef animals with optimum levels 
of intramuscular fat development to achieve highly marbled beef. The Wagyu breed 
cattle kept on feedlots were fed in groups with high energy diets, which were offered 
twice or thrice daily, from about 11 months of age until 28–30 months at slaughter 
with water, mineral salt blocks, salt and diuretic provided ad libitum [10].

2.2 Dairy cattle production systems

Dairy cattle could be raised under intensive, semi-intensive or extensive housing 
systems.

2.2.1 Intensive or confinement system

Most cattle in the USA and Europe were kept in confinement free-stall, tie-stall and 
dry-lot or bedded pack systems. In these two countries, only few dairy animals were kept 
on pastureland. Under the intensive system were the tie-stall and the free-stall systems. 
Various milking parlour types existed, and the free-stall system gave cows more freedom 
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of movement as compared to the tie-stall [12]. In the intensive management, cows that 
were raised under confinement generally produced more milk than those raised on 
pasture. These exotic cow breeds produced milk in the range of 7,000–14,000 kg per cow 
per lactation of around 305 days. They were milked twice or at most thrice daily. Cows 
were usually fed total mixed ration made up of forages and concentrates separately. The 
concentrate diets usually consisted of grains, protein sources, minerals and vitamins. All 
the lactating cows could be grouped and taken orderly into the milking parlour through 
holding areas and clean cool water was provided ad-libitum. Milking parlour types 
included the low-cost step-up, herringbone, parallel or rotary [12].

2.2.2 The semi-intensive and extensive systems

In South America, Australia, New Zealand and India, dairy cattle were raised 
under semi-intensive and extensive systems, which were the pasture-intensive 
systems. These were more commonly used rather than the intensive system.

2.3 Housing of dairy calves

Calves were usually separated from their dams soon after birth and bottle fed with 
milk or milk replacer (about 4–5 litres/day) twice or thrice daily. Calves were housed 
in small groups and should have access to clean water ad-libitum. Culled calves were 
usually raised for beef.

2.4 Breeding of dairy cows

Dairy cows were usually bred at 12–16 months of age. They could calve at around 
24 months old, and could be milked as heifers for an average of 305 days in lactation. 
They could then be made to have a dry period of 50–60 days whereby they were not 
milked (during the third trimester pregnancy period) before they calved, and there-
after to start another reproductive cycle for another lactation period.

3. Genetic improvement programs

In the dairy cattle industry, particularly with the raising of exotic breeds, there had 
been doubled amounts in milk production globally over the past 50 years (5 decades), 
while there were declining rates in the dairy cows’ population [5]. These were achieved 
through the intensification of the milk production systems and direct genetic selec-
tion for milk yield and other related traits. There were developed the application of 
modern technologies such as artificial insemination and genomic selection [5]. There 
had been intensified inbreeding among few well known breeds for high milk produc-
tion. The positive results of the intensive selection for milk yield however also brought 
about unfavourable genetic responses such as fertility reduction, adverse effect on the 
health, longevity and environmental responses sensitivity in the dairy cows. Despite 
these drawbacks, breeding goals needed to be continued with the focus towards animal 
welfare, health and longevity, without sacrificing the need to maintain the traits for 
high milk yield. Achievements were also directed towards breeding for traits that were 
heritable in terms of their phenotypic expressions. There were also the attainment of 
long term sustainability goals geared towards organic farming cultures, and pasture-
based and mountain-grazing farming systems.
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3.1 Breeding for high milk production

3.1.1 Some unfavourable outcomes of breeding for high milk production

Intense selection for high milk production was observed to result in unfavourably 
correlated responses on other important traits [13] such as conception rate, health 
(SCC), less control over environmental temperatures, relative humidity and wind 
speed. There were also more dependence on human feed inputs such as cereals, 
protein sources and high quality forages. Thus, the observation pointed to the fact 
that genetic improvement might require more sophisticated approaches.

Some of the developed solutions to these included the incorporation of female 
fertility traits into breeding programs, improvement in nutrition, health and cows’ 
comfort. Also, dairy farmers on becoming aware of the negative results and the con-
sequences of continuous practice of inbreeding were still seeking mitigation alterna-
tives such as the use of mating software and assistance from extension specialists [13].

3.1.2  Cost effective ways to genetically improve milk production in local dairy cattle breeds

In the developing countries where there were mainly low milk producing local dairy 
cattle breeds, the cows could continually be upgraded through the application of con-
trolled cross-breeding programs. Local dairy cattle breeds could be crossbred with exotic 
breeds with the aim of developing new composite breeds. Different selection indices 
would need to be developed to select animals with higher milk production and that could 
perform well in terms of animal welfare or fitness, health and longevity under an eco-
nomically sustainable production system. The cross-breeding of local dairy cattle breeds 
with exotic dairy cattle breeds such as the Holstein Friesian and Jersey could be improved 
upon to lead to high milk production, while at the same time there could result improved 
adaptation to the environment, and the animals also retaining their fitness [5].

In all these research efforts much care need be taken to avoid losses in the achieved 
genetic diversity traits among the dairy cattle populations [5]. Some other group of 
researchers [14] pointed out that the refinement of breeding programs to incorporate 
novel breeding objectives required the development of high-throughput phenotyp-
ing technologies such as structural and continuous data recording streams and the 
investigation of the genetic relationship between novel traits and those that were 
commonly observed. There could be large scale genome studies, especially genomic 
predictions and genome-wide association studies, refinement of selection indices to 
reflect improved knowledge of Biology, new resources of data and changing condi-
tions in the environment. Some of the novel traits in dairy production included health 
(udder health, hoof health and metabolic disorders), fertility, feed efficiency, meth-
ane emissions efficiency, longevity and overall resilience [14].

3.1.3  Innovations and technological breakthroughs in the development of intensive 
dairy cattle production selection systems

These could be outlined as follows:

i. Conventional genetic selection [15]

 The conventional selection was primarily geared towards genetic selection for 
high-producing dairy cows where milk yield was seen as the main objective 
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towards dairy farming intensification and its sustainability from a single perspec-
tive of genetics. Thus milk yield and composition were the main focus for selec-
tion in dairy cattle breeding programs and these were achieved in all the leading 
milk producing dairy cows globally, which included the Ayrshire, Brown Swiss, 
Guernsey, Holstein, Jersey and Milking Shorthorn [4].

 Therefore, high milk yield was often seen as the major solution to address the 
global challenges of ensuring food security, reducing greenhouse gas (GHG)  
emissions, reduced cost of milk production, and all these could result into better 
feed efficiency [16].

ii. Use of conceptual framework with application of standardized environments 
which employ the equation: P = G + E, where P = phenotype/performance, G = 
additive genetic merit and E = environmental effect.

iii. Use of advances in nutritional practices and precision management.

iv. Adoption of reproductive techniques such as artificial insemination, embryo 
transfer and sexed semen.

v. Use of precision health and care management.

vi. The focus on animal health and welfare, and environmental efficiency for 
management of large waste produced by the cows.

In a practical application in the use of selection indices, some researchers [5] 
reported that in the USA for example, their selection indices in the dairy cattle indus-
tries included such traits as health, SCC (somatic cell counts), live-ability, productive 
life, feet and legs traits, calving ability and lower usage of antibiotics.

3.2 The intensification of global beef production

Beef provides the largest proportion of ruminant protein meat source world-wide 
in both the developed and developing countries.

3.2.1 In the USA

Beef production in the USA [17], was reported to be majorly pastoral based particu-
larly under the national cow-calf herd system of production. There were also the use of 
eighty different beef cattle breeds with the British breeds and their crosses most preva-
lent. A high income was obtained through beef sales in the U.S.A. These same authors [17] 
stated that in 2015, about 29 million head of beef were slaughtered in the production of 
10.7 million tonnes of beef and the total farm cash receipts total about US$ 88 billion.

The various factors considered during the quality grading of beef by consumers in 
the USA included the following: colour, marbling level, subcutaneous fat trim and cut 
thickness. Beef palatability grading by consumers was usually carried out based on 
the criteria of tenderness, juiciness and flavour [17].

Technological improvements made in the beef industry in the USA included roles 
in reproduction, feeding and feed processing, animal health, animal productivity 
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including the use of acceptable growth promotants and genomically-enhanced 
genetic selection and food safety.

The sustainable intensification of beef production in the USA was considered of great 
importance in order to help meet the rising global demand for lower cost beef protein 
resource, needed to meet the increasing yearly world-wide population growth rate [17].

3.2.2 Australia beef production

In Australia there were reported to be about 47,000 cattle ranch owners who 
contributed about 20% of the total value of farm production ($A 12.7billion Gross 
Value of Production) [17]. The country was one of the world’s most efficient pro-
ducers of cattle, and ranked as the third largest exporter of beef. In 2016–2017 the 
Australian beef industry had about 25 million heads of cattle. They were identified to 
produce high quality beef under environmentally sustainable systems of disease-free 
cattle that followed strict livestock and meat quality regulations and quality assurance 
systems. Australia was reported to operate under the national beef genetic improve-
ment program called BREEDPLAN which consisted of many temperate and tropically 
adapted breeds of cattle [17]. These beef cattle breeds were found suitable for differ-
ent types of agro-climate conditions and were genetically selected based on produc-
tivity and market related traits [17]. Australia was known to export beef to various 
Asian countries including Japan, Korea, China and Indonesia in 1987 to 2009.

4. Sustainable development

4.1 Manure handling and management

Some researchers [1] reported that industrialized beef and dairy cattle production 
concentrated manure on limited land areas. A small proportion of the cost of produc-
tion (about 3 %) was usually spent as cost of manure removal in large farms. Manure 
was usually applied as fertilizer on crop land and most of the manure needed to be 
well managed so as not to pollute the land surface water and the atmosphere through 
the volatilization of gases (GHG) and odours.

4.2 Greenhouse gas (GHG) emissions

It was mentioned in a previous study [18] that livestock production such as the 
production of beef and bovine milk contributed 14.5 % of global GHG emissions. 
However, since the human population is expected to be increased from 7.2 to 9.6 
billion by 2050, there could be increased demand for livestock products. Therefore, 
the raising of beef and dairy cattle could be found to contribute less in the mitigation 
(making less severe) of GHG emissions. Another researcher [19] stated that the rais-
ing of fewer numbers of more genetically productive breeds of cattle under an inten-
sive system could have positive impact on the mitigation of GHG emissions. Other 
previous researchers [20] also predicted that methane emissions from domesticated 
ruminants such as beef and dairy cattle in sub-Saharan Africa could have increased by 
40% between 2008 and 2030 due to an increased livestock population. It was however 
explained [21] that probably the only effective way of methane mitigation in pastoral 
systems could be through reducing livestock numbers by promoting the intensive 
livestock production systems.
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Another research finding [22], outlined that substantial amounts of carbon could 
be sequestrated through improvement in the management of grasslands. This would 
involve the conversion of low degraded cropland or woodland into grasslands. These 
processes of grazing lands transformation into grasslands could also be enhanced by 
ensuring reduction in grazing intensities, reduced biomass burning, improvement in 
the degraded lands, thereby bringing about reduced land erosion. Thus, there could 
be improved growth in the grass species mixture and these could contribute to GHG 
mitigation [22].

4.3 The use of decision support tools in beef and dairy cattle management

The measurement of various variables needed in taking decision on cattle perfor-
mance, health and welfare parameters were carried out by making use of automated 
devices as outlined by Gonzalez et al. and Greenwood et al. [23, 24]. Parameters such 
as cattle liveweight, muscling or body composition could be measured. On-animal 
sensor devices were also developed to estimate behavioural variables in cattle such as 
time spent grazing or feeding, ruminating, walking, lying, drinking water and other 
cattle performance related to health and general animal welfare. Greenwood et al. 
[25] also reported that there were decision support tools for measuring traits in graz-
ing cattle which could be used in genomic and quantitative genetic selection in cattle.

This information could be made available to consumers and policy makers who 
have influenced in the way that beef and dairy cattle production industries globally 
were operated for profitable management and to improve productivity, efficiency and 
sustainability.

4.4 Antibiotic use and health related impacts

The use of antibiotics in the beef and dairy cattle industry as growth promoters 
needs to be carried out with caution due to anxiety globally over microbial antibiotic 
resistance [26]. Tona [26] mentioned that the use of antibiotics such as bacitracin, 
spiramycin and tylosin phosphate as animal feed additives was banned in the 
European Union (EU) in 1998 and in 2006.

Gott [27] explained that antimicrobial resistance (AMR) occurred when microor-
ganisms, like bacteria were no longer affected by antimicrobial substances (antibiot-
ics) that had previously worked to inhibit their growth or killed them completely.

However, since different organizations world-wide had established rules and 
regulations to control the use, or to totally ban the application of antimicrobial 
treatment in livestock in order to reduce the risk of AMR, there were other alterna-
tives suggested as hereby outlined. Cattle should be fed adequate amounts and well 
balanced feed to support production and to promote good health. The feeding of 
mycotoxin contaminated feed or feed ingredient, that could hamper the immune 
function and impair health of the animal should be avoided. It was also suggested that 
education could be given to livestock farmers or animal health extension agents on the 
need to practice improved hygiene and good sanitation. The provision of clean water 
and the observation of farm bio-security practices might also minimize the need 
for antimicrobial use in livestock. There should also be improved infectious disease 
control through preventive vaccination. Other researchers [28] stated that in dairy 
cows, a four layered strategy to reduce antimicrobial use included the following: (i) 
Appropriate management of animals, farm and soils. (ii) The strategic use of local 
breeds for cross-breeding with the appropriate exotic breeds. (iii) The conduct of 
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research on the use of herbal and other natural products for the treatment of infected 
cows. (iv) The feed quality improvement and control.

Beef and dairy cattle health could also be influenced by climatic condition such 
as temperature related illnesses and deaths [29]. Das et al. [30] explained that such 
temperature related effects could be caused by changes in the immune and endocrine 
systems. Testa et al. [31] also mentioned that seasonal influence on milk somatic cell 
counts (SCC) could occur in milking cows with increasing SCC values during the 
summer months. There could also be indirect climatic effects on health due to changes 
in the intake of concentrate feeds and a decreased forage intake in cattle. These could 
enhance the development of acidosis which could lead to the development of lame-
ness in cattle. Additionally, the reduction in feed intake in high milk producing cows 
could increase the risk of experiencing sub clinical ketosis during the summer months 
[32]. These could be attributed to the fact that high milk yielding cows have high 
energy requirements for body maintenance and performance that could be frequently 
mobilized from body nutrients and thus these could lead to lowered level of glucose in 
the blood and general body weakness in the lactating cows.

4.5 Production cost and returns

McDonald and McBride [1] reported the observation that most of the large dairy 
enterprises had gross returns that exceeded total cost as compared to mid-sized and 
small sized farms. These authors [1] further outlined that there were strong incen-
tives for existing large dairies to expand and for producers entering the dairy business 
to enter in at a large size level. Therefore, it could be deduced that larger farms had 
substantial cost advantages on the average over smaller operations.

4.6 Governmental policy issues

Some earlier researchers [33] had explained that genomics alone might not bring 
solutions to genetic improvement needs on the short-term to the developing sectors. 
However, national strategies such as putting in place adequate livestock extension 
support services could first of all be required to address the socio-economic issues 
existing in the various countries.

5.  The application of genomics in the practice of beef and dairy cattle 
production

5.1  Current status of the application of genomics in the practice of dairy cattle 
production in Ethiopia

Ethiopia was reported to have the largest population (59.5 million heads) of 
cattle in Africa [34]. This researcher [34] also mentioned in his review article that in 
Ethiopia, the livestock sector was mainly of smallholder farming system which con-
tributed about 15% of export earnings, 16.5% of the national GDP, 30% of agricul-
tural employment and 35.6% of the agricultural GDP. According to the report of the 
Central Statistic Agency (CSA) of Ethiopia [35], most of the cattle that were reared 
by the agrarian community were mostly native breeds which formed about 98.2%; 
1.62% of the cattle were crossbreed while the rest 0.18% were of exotic breeds. This 
author [34] stated that cattle in the country were kept mainly for milk production, 
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draught power, breeding and beef purposes. Most of the milking cows were indig-
enous animals with low milk yield, 1.37 litres/day, and with an average of 6 months 
lactation length. Also, the lactating cows had average of age of about 4 ½ years at 
first calving and about 25 months calving interval. The cattle were mainly grazed 
on native pasture and given crop residue supplemental feeding. The dairy cattle 
production systems in Ethiopia included the rural small holder (crop-livestock) dairy 
production system, the agro pastoral and pastoral dairy cattle production system, 
the urban and peri-urban smallholder dairy production system and the commercial 
dairy cattle production system. The commercial dairy farms mostly kept exotic dairy 
stock. Though Ethiopia was reported [34] to possess the largest livestock (cattle in 
particular) population in Africa, the animals had low productivity. There had been 
lack of improvement in the breeding program, uncontrolled mating/breeding prac-
tice, feed shortages, prevalence of diseases, and there was generally poor reproductive 
performance.

There was thus the need to upgrade the reproductive and productive traits in the 
dairy cattle. Therefore there had been no report of the application of genomics except 
for the practice of artificial insemination which however, was also faced with the inef-
ficiency of AI technicians and an ineffective animal breeding practice [34].

5.2  Current status of the application of genomics in the practices of beef cattle 
production in Indonesia

The human population in Indonesia was about 250 million in 2018 while the cattle 
population was about 16.6m [36]. The country had smallholder cattle production 
system which formed about 90% of the cattle population and the remaining 10% of 
cattle were raised by commercial farmers and large beef cattle companies which were 
usually importing beef from Australia. The large beef cattle companies target market 
was situated in the Java Island.

Since Indonesia consists of Islands, there was a limited available land space for live-
stock production and thus there existed a higher demand for cattle meat than the level 
of production [36]. Agus and Widi [36] pointed out that the government of Indonesia 
made efforts since the 1980’s for the intensive beef cattle production in the country. 
There had been the promotion of cross-breeding of the local Ongole cattle in Java with 
high producing Bos taurus (Simmental and Limousine) and other European breeds 
through the use of artificial insemination (AI). However the efforts made through the 
process of cross-breeding were not successful. In Addition, there had been the issue of 
unstable government policies on livestock production practices as were also very com-
monly found to exist in many other developing countries world-wide [36].

Thus there had not been the application of genomics in the breeding practices 
of beef cattle production in Indonesia. The increasing demand for meat did not 
match the domestic beef production and the country had no self-sufficiency in meat 
production [36].

5.3  The application of genomics in South African beef and dairy cattle production 
sectors to narrow the gap between the developed and developing sectors

In South Africa, the beef and dairy cattle industry had been developed based on 
the well-developed sector versus the developing sector. The developed sector was 
made up of the commercial cattle farmers and feedlot companies while the developing 
sector consisted of the smallholder farmers [33].
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Van Marle-Koster and Visser [33] reported that the South African government 
funded genomic programs were established in the beef and dairy cattle industries 
in 2015 and 2016. The aim was to set up technological advancement towards mov-
ing forward into the application of genomic selection (GS) and a technology driven 
commercial livestock sector. Blasco and Toro [37] outlined that the phenotyping of 
some important reproductive and productive traits such as fertility in dairy cows and 
carcass quality traits in beef cattle for use in genomic selection applications could be 
of great benefit since these had posed major challenges in the past. The aim of the 
previous researchers [33] was to bridge the gap in disseminating genetic materials and 
information to both the farmers in the developed sector and the smallholder farmers 
in the developing sector in the beef and dairy cattle industry. These could have gone 
a long way to help lead to an advancement in the application of genomics for sustain-
able long-term genetic advancement and progress.

South Africa had more than 30 registered beef breeds such as the locally devel-
oped Bonsmara composite breed, Nguni, Tuli, Brangus and Simbra breeds [38]. 
These researchers [38] mentioned that it was only from the locally developed SA 
Bonsmara breed that the recording of a number of traits such as fertility, growth 
rate and feed efficiency measuring traits were made. Van Marle-Koster et al. [38] 
stated that for most commonly-measured traits of economic importance, there had 
been the application of modern selection tools such as the use of estimated breeding 
value (EBV) by livestock producers. Also under beef production, intensive feedlot 
testing program results were made available for use in some beef breeds, with data 
generated for growth rate, feed efficiency and carcass quality measurement traits 
[38]. In South Africa, the most common exotic dairy cattle breeds were the Holstein 
and Jersey cattle breeds with average herd sizes of about 400 cow herds and auto-
matic milking system and recording were most commonly used especially in the 
large dairy herds. Van Marle-Koster and Visser [33] explained that for the emerging 
and smallholder sectors, genetic tools such as EBVs could not be provided due to 
small number of animals, incomplete recordings for small number of traits, low 
percentage recordings and insufficient contemporary groups of animals of similar 
age groups.

5.4 The application of genomics in beef and dairy cattle breeding in South Africa

Several applications of genomics had become available for beef and dairy cattle 
farmers [33] in South Africa. Single nucleotide polymorphisms (SNP) arrays of 
genomics of cattle were widely used in routine genotyping for genomic selection in 
beef and dairy cattle. These provided added advantage information for using these 
genotypes for the detection and prediction of carriers of genetic defects [39]. Also the 
provision of beef and dairy cattle genotypic information could provide the potential 
for the identification of beneficial genes such as the celtic variant of the polled gene 
for homozygous polled animals [40].

Some research workers [33] reported that a number of test facilities were available 
in South Africa for carrying out diagnostic test in ruminants in South African labora-
tory as shown in Table 1. This information however could be useful for the developed 
commercial industry farmers in particular.

The application of DNA technology could thus serve as a tool for livestock 
breeders for detecting and removing or culling defective animals from their herds. 
These could also be used for solving some basic problems while carrying out genetic 
improvement in the breeding herds [33].
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The DNA-based percentage verification was however costly and was mainly 
employed or used in the developed livestock sector. The genomic technology applica-
tion programs were started in 2015 for beef genomic program (BGP) and in 2016 for 
the dairy genomic program (DGP) (http://www.livestockgenomics.co.za). These were 
designed to be funded through the commercial livestock farm industries. Also in the 
South African livestock sector, DNA marker technology was employed for use under 
the indigenous farm animal resources conservation [33]. The DNA marker technology 
was found useful during livestock genetic diversity selection which involved cross-
breeding, inbreeding and population structure ecotypes [33].

5.5  Novel traits phenotypes that were used in beef and dairy cattle selection 
strategies in the smaller developing sectors in South Africa

Genomic selection (GS) was stated to have started in the dairy cattle industry 
world-wide as phenotypic data and DNA information were made available alongside 
the use of artificial insemination [41]. The recognition of important or the novel traits 
associated with sustainability in the dairy industry led to novel traits identification 
such as feed efficiency (FE), methane emission percentage (%) reduction, heat stress 
tolerance, claw health, disease resistance and udder health heritability evaluations as 
shown in the Table 2 [33].

Novel traits to be used in selection strategies need to be heritable, be of economic 
importance and should be practically measurable at a cost-efficient level [33].

5.6  Suitable genetic improvement strategies that could be adopted in the 
developing sector

i. Good quality male and female genetic stock which must be supplied by the seed 
stock breeders are required. The suitable animals should already be found to 
contribute to genetic progress [33].

ii. Use of reproductive technology such as AI.

iii. The application of proper recording of individual breeding animal performance.

iv. The formation of farmer co-operative societies where sires such as bulls are shared 
and AI technicians are employed could be used and disease transmission should be 
put in check.

Diagnostic test Species South African laboratory

DNA profile Cattle Unistel

DNA percentage Cattle Unistel

Cytogenetics:1/29 translocation Cattle Unistel

Curly calf syndrome Cattle Unistel

Polled, horned Cattle Unistel

Free-martin Cattle Unistel

Unistel, www.unistelmedical.co.za ; source: [33].

Table 1. 
Diagnostic tests available for ruminants in South African laboratory.
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v. Care should be taken against indiscriminate crossbreeding between the local and 
exotic cattle breeds.

vi. Genetic improvement in beef and dairy cattle production in the developing 
countries need to be backed up by governmental policy strategies which address 
socio-economic issues such as national livestock extension services support.

vii. In order to reap the benefits of genomics, commercial breeders would need to 
invest in recording of novel phenotypes and engage in routine genotyping.

6. Future prospects

There is need for effort to be geared globally at bridging the gap between food and 
nutrition security in the developed and developing beef and dairy cattle production 
sectors. At the same time, effort could continue to be made towards achieving sus-
tainability goals such as the maintenance of climate change mitigation issues such as 
GHG emission from the beef and dairy cattle production sectors.

7. Conclusion and recommendations

This review has discussed the semi-intensive and intensive systems of beef and 
dairy cattle production practiced in the developed countries such as USA, Australia, 

Trait Heritability Source/References

Feed efficiency

Residual feed intake (RFI) 0.00–0.40 Egger-Danner et al. [42]

0.01–0.40 Miglor et al. [15]

Methane (CH4) emission reduction 0.09–0.35 Egger-Danner et al. [42]

0.21–0.35 Miglor et al. [15]

Claw health

Hoof lesions 0.02–0.12 Heringstad et al. [43]

0.01–0.13 Miglor et al. [15]

Lameness 0.02–0.04 Egger-Danner et al. [42]

0.07–0.15 Heringstad et al. [43]

Laminitis 0.06–0.20 Heringstad et al. [43]

Disease resistance

Tick counts 0.03–0.17 Miglor et al. [15]

Tick resistance 0.15–0.44 Miglor et al. [15]

Heat stress tolerance 0.17–0.33 Miglor et al. [15]

Udder health

Clinical mastitis 0.02–0.09 Egger-Danner et al. [42]

Improved somatic cells counts (SCC) 0.01–0.17 Egger-Danner et al. [42]

Table 2. 
Proposed novel traits for inclusion in selection strategies; source: [33].
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Europe, Canada, Mexico, China, Japan and South Korea. In the developing countries 
of Africa and some parts of Asia, however, beef and dairy cattle production was 
mostly carried out by smallholder farmers under the extensive system.

The low beef and bovine milk production in the developing sectors could be 
up-graded through controlled crossbreeding of local cattle breeds with the exotic 
cattle breeds. There should be the use of exotic cattle breeds which have been known 
to already contribute to genetic progress. These would involve the use of reproductive 
technologies such as artificial insemination (AI), through farmer co-operatives and 
where bulls are shared and AI technicians employed.

The application of routine genotyping involving genetic evaluations for most traits 
of economic importance that could be adopted by breeders in developing countries 
could be carried out in the breeding laboratory such as found in South Africa. The use 
of available genetic tools such as estimated breeding values (EBVs), diagnostic tests 
and DNA percentage testing in selection programs for genetic improvement could be 
set up in national breeding program laboratories in the developing countries.

More governmental funded programs for genetic development and up-grading 
of local beef and dairy cattle breeds into more productive animals could be carried 
out through government extension service support programs. Thus, the continued 
pursuit of these developmental programs could go a long way in helping to narrow the 
gap in the developed and undeveloped sectors of the beef and dairy cattle production 
sectors. Thereby these could lead to the attainment of more intensive, cost effective 
and sustainable farming systems.

Global agricultural organizations such as the Food and Agricultural Organization 
(FAO) could continue to make suggestions to the International Livestock Research 
Institutes world-wide; to keep encouraging research grants to be sought for and moni-
tored to be used for the conduct of local beef and dairy cattle up-grading, through 
crossbreeding programs in the national agricultural institutions in the developing 
countries world-wide.
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Abstract

Intensive livestock farming systems are vital for sustaining the growing world 
population by providing several goods and services. However, the increased livestock 
operations cost, particularly related to animal feeding, compromises the expansion of 
this industry, especially in developing countries. One way to reduce the feeding costs 
without compromising the nutritional quality would be the use of protein-rich food 
waste discarded by the industries that otherwise would pollute the environment. This 
chapter presents an overview of the intensive livestock farming systems in developed 
and developing countries and discusses the use of agro-industrial by-products as 
alternative sources of nutrients to improve livestock productivity, as well as the key 
nutritional components that are likely involved to improve the reproductive perfor-
mance of animals. Our results showed that diets containing 30 to 45% of coconut 
meal, rich in ether extract and protein, may improve sperm progressive motility, 
sperm concentration per mL, total sperm per ejaculate, and total viable sperm per 
ejaculate of beef goats, compared with diets with no or lower coconut meal content. 
Diets with coconut meals may also enhance the semen quality of sheep.

Keywords: goats, lipid and protein resources, semen quality, sheep, testicular parameters

1. Introduction

Livestock farming is a vital component of agriculture with the potential to promote 
the economic growth of both developing and developed countries, more so in develop-
ing countries. Livestock sustains the world population by providing various services 
and goods such as meat, milk, eggs, skin, and by-products [1].
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Intensive farming refers to a method of food production that relies on intensification 
techniques. This farming system involves management practices and operations such 
as concentrated animal feeding, a large number of livestock raised in confinement at 
high stocking density, and use of selectively bred animals that grow more quickly than 
naturally occurring breeds and get large enough for slaughter in a shorter period [2]. The 
intensive livestock farming industry provides employment opportunities for millions of 
rural households, thereby helping reduce poverty in rural areas, especially in developing 
countries [2, 3].

By 2050, global livestock production is expected to double-growing faster 
than any other agricultural subsector, with most of this increase taking place in 
developing countries [4]. The expansion of the livestock industry may help meet 
the increasing demand for livestock products, especially in developing countries, 
which is adding additional pressure on the worldwide livestock farming systems 
[3]. However, the overall viability of the industrial livestock farming systems 
depends largely on animal performance and production efficiency, which are 
negatively affected by the scarcity and fluctuation in the quality and quantity of 
the animal feed supply. At a certain period of the year, the quality of grazing and 
browse deteriorates due to seasonal influences, resulting in a decline in animal 
productivity, unless supplements are provided for the animals [5]. Nonetheless, the 
conventional feeds commonly used to supplement ruminants are either not avail-
able or are available at a high cost, which means that strategies to make livestock 
farming more efficient to respond to the increasing demand for beef, milk, eggs, 
and other products are needed. One way to reduce the feeding costs without com-
promising the nutritional quality would be to use nonconventional feed resources 
such as by-products from agro-industrial processing and vegetable wastes that are 
locally available [6]. Many by-products used as alternative feeds are rich in fatty 
acids such as lauric, myristic, and linoleic, which may enhance productive animal 
performance [7].

During the dry season in tropical countries, especially in Africa, when only mature 
senescent material is available, both intake and digestibility are low. As a result, 
available nutrients do not meet the requirements of the animal, which compromise 
the animal’s ability to reach its genetic potential, unless the nutrient status is increased 
through supplementation using concentrates that supply primary nutrients such as 
protein, carbohydrate, and fat [8]. Thus, a better understanding of the quality of 
by-products and their use in animal feed may probably make livestock farming more 
efficient, especially in developing countries [9].

This chapter presents an overview of the intensive livestock farming systems in 
developed and developing countries and discusses the use of agro-industrial by-
products as alternative sources of nutrients to improve livestock productivity, as well 
as the key nutritional components that are likely involved to improve the reproductive 
efficiency of animals.

2. Global overview of intensive livestock farming systems

Livestock farming throughout the world is becoming increasingly intensive as 
a result of the increased demand for beef, milk, eggs, and dairy by-products. The 
estimated population whose livelihood depends on agriculture makes up 42% of the 
total world population [10]. Therefore, this sector plays a vital role in the process of 
economic development of any country by ensuring a flow of essential food products, 
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which contribute to food security. Also, livestock farming contributes draught energy 
and manure for crop production and appears to be the key food and cash security 
available to many people living in developing countries [4, 11].

It has been reported that the world’s population is expected to increase by 2% annu-
ally reaching 9.1 billion by 2050, while food demand is projected to increase by 59% 
in the coming decades. These projections challenge farmers to use proper methods, 
systems, and technologies to maximize productivity so that they can respond effec-
tively to human consumption needs [12]. Since a majority of rural households live in 
areas where poverty and deprivation are the most severe and depend on agriculture for 
their survival, it might seem obvious that livestock needs to be intensive, modern, effi-
cient, and competitive so that its contribution can reduce poverty and transform the 
economies of the countries [13]. Therefore, efficient and sustainable livestock farming 
systems in the whole world seem to be a priority for both small and large farmers [14].

Livestock farming worldwide is practiced in three different systems: extensive, 
semi-intensive, and intensive systems. In extensive livestock farming, mostly prac-
ticed in developing countries, the land is individually owned and the animals are 
heavily dependent on vegetation composed of wild plant species for grazing, which 
compromises the faster growth of animals and reduces their productive performance 
[12]. In this system, the animals are only brought indoors and fed meals during lamb-
ing and calving seasons or the winter. Although it is a less efficient system, it presents 
some advantages in terms of sustainability as it returns most of the animal manure 
directly to the soil, thereby contributing to increased crop production and nutrient 
cycling [11]. Also, animals can be raised in the semi-intensive systems, where they 
graze for some period during the day and in the evening, they feed on supplements. 
Both extensive and semi-intensive systems are practiced by smallholder farmers, and 
they are more suitable for ruminants such as cattle, goats, and sheep [15].

Currently, in the whole world, more so in developed countries, farmers are 
practicing intensive system-based management so that they can provide beef, milk, 
and eggs throughout the year. In this system, also described as factory farming, 
animals are enclosed in zero-grazing units where are fed and provided water to yield 
high productivity (beef, dairy produce, and poultry) from limited land available by 
raising large numbers of animals indoors. Under this system, diet, breeding, and dis-
ease are managed precisely and in consequence, meat, milk, and other products are 
produced in large quantities [16]. However, confined animals are usually fed based 
on concentrates composed of very expensive feedstuffs which makes this system the 
most expensive, requiring high initial costs to develop the activity [17]. One of the 
key strategies to make intensive livestock farming cheaper would be the adoption of 
food alternatives based on locally available and low-cost by-products such as coconut 
meal, palm kernel cake (PKC), palm fiber, cottonseed meal, and other vegetable and 
fruit wastes [18].

3. Alternative animal feeding for intensive livestock farming

One of the major constraints to livestock farming is the scarcity and fluctuation of 
the quantity and quality of the feed supply. However, it has been estimated that about 
one-third of the food produced globally for human consumption is wasted, represent-
ing a significant loss of the resources spent making and processing food and a threat 
to food security. The reduction of food waste is, therefore, a potential strategy for 
closing the gap between the supply and demand for food [19]. Moreover, competition 
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between humans and animals for grains such as corn, wheat, bean, soybean, and 
others is increasing. Thus, it has become imperative to consider the use of food waste 
rich in protein, lipids, and some essential nutrients for animal health as feedstock in 
the animal feed industry [20].

Food waste is also referred to as a nonconventional feed resource, which is defined 
as feeds that have not been traditionally used in animal feeding and/or are not nor-
mally used in commercially produced rations for livestock. Some of such nonconven-
tional feeds are agro-industrial by-products, which contain little economical value 
as foods for human consumption. In recent years, agro-industrial by-products have 
become major sources of dietary nutrients and energy in support of beef and milk 
production because they are available for use as livestock feeds at competitive prices 
relative to other commodities [21, 22]. Thus, the use of food waste for livestock feed-
ing can help farmers reduce feed costs and help food waste generators reduce disposal 
costs while minimizing the environmental impacts of this waste [20].

In developing countries, the productivity of ruminant livestock has been con-
strained by the low quality of feed supply, since the basal diet of most cattle, sheep, 
and goats almost totally consists of roughage. Farmers often use high amounts of 
cereal grain-based concentrates for meat and milk production; however, this practice 
has introduced competition since grain is used for human consumption [23, 24]. 
Thus, providing adequate good quality feed to livestock to raise and maintain their 
productivity may be a major challenge to farmers all over the world. Future hopes 
of feeding millions of people worldwide and safeguarding their food security will 
directly depend on a high level of productivity, animal performance, and efficiency of 
the livestock farming, which may be reached through intensive animal farming that 
includes supplementary feeding plans based on by-products feeds [1].

In some developing countries in Africa, the farmers can neither spare land for 
feed production nor can they afford to buy expensive concentrates to feed animals. 
Therefore, efficient utilization of nonconventional feed for ruminants is a priority. 
For goats and sheep, supplementary feeding could be performed using crop residues, 
hay or silage for energy, protein concentrates, and agro-industrial by-products for 
additional protein [18]. So, it is important to support farmers with knowledge and 
technologies related to alternative feed resources that are easy to adopt and economi-
cally viable. To that end, studies were performed in Brazil to assess the nutritional 
composition of coconut meals and their impact on the reproductive performance of 
goats under the grazing system, and the results are discussed in the next section.

3.1  Nutritional composition of by-products used as alternative feeding for 
ruminants

The limited supply of nutritious feed is one of the main limiting factors to efficient 
animal production and reproduction. An intensive feeding system based on locally 
available by-product feeds may be an alternative promising feeding system to rear 
ruminants economically. However, the chemical composition of agro-industrial by-
products may vary largely depending on the feedstock type (Table 1).

Some nonconventional feeds such as coconut meal contain a crude protein ranging 
from 20 to 25% dry matter (DM) with relatively high quantities of cell wall constitu-
ents [neutral detergent fiber (NDF) more than 50% DM, and acid detergent fiber 
(ADF) of about 30% DM] [49]. Coconut meal obtained from mechanical extraction 
has generally high oil content (about 5 to 15% DM). This quantity of oil content makes 
it a valuable energy source for ruminants. An increase in the energy content of the 
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Agro-industrial 
by-products

Nutritional compositionz (%) Reference

DM Ash CP EE ADF CF NDF

Palm fiber 97.60 7.50 7.40 7.70 40.0 37.50 66.80 Padilla et al. [25]

91.00 5.30 ND 2.69 54.80 ND 76.80 Obese et al. [26]

95.30 5.30 15.12 3.98 25.30 ND 46.30 Chanjula et al. 
[27]

Chickpea 89.60 6.80 6.50 1.20 51.60 39.00 69.40 Bampidis et al. 
[28]

89.30 3.30 21.90 4.00 4.80 ND 27.70 Serrapica et al. 
[29]

91.10 2.85 22.50 5.09 ND 1.64 ND Majewska et al. 
[30]

Soybean meal 93.85 5.70 44.56 5.69 7.35 5.60 13.84 NRC [31]

88.87 6.39 51.41 3.45 10.13 6.18 12.22 Zambom et al. 
[32]

87.9 7.21 54.30 1.32 7.00 ND 9.10 Harper et al. [33]

Orange pulp 22.10 ND 15.10 19.10 17.20 7.70 26.50 Minguez et al. 
[34]

90.00 6.00 11.00 12.00 14.00 7.86 41.00 Watanabe [35]

Rapeseed meal 93.11 6.39 35.19 9.97 17.57 9.77 23.77 NRC [31]

88.0 7.30 38.60 1.40 16.80 11.80 20.70 Feng and Zuo 
[36]

88.70 ND 33.70 2.30 19.60 12.40 28.30 Maison [37]

Palm kernel cake 95.8 3.06 10.05 8.21 13.48 19.30 71.37 Mugabe et al. 
[38]; Suhaimi 

et al. [39]

91.87 3.53 13.97 10.78 56.02 ND 64.09 Bringel et al. [40]

95.29 3.33 16.64 7.78 45.71 ND 70.04 Oliveira et al. [41]

Cottonseed meal 90.69 6.39 39.22 5.50 17.92 13.96 25.15 NRC [31]

94.50 7.51 24.28 7.94 31.80 ND 43.56 Tavares-Samay 
et al. [42]

92.00 5.00 23.00 17.50 20.00 20.80 40.00 Blasi and 
Drouillard [43]

Apple pomace 92.35 ND 6.62 5.53 20.78 14.48 39.03 Xiong et al. [44]

95.20 2.30 9.02 3.70 46.70 ND 61.20 Mirzaei-
Aghsaghali et al. 

[45]

88.84 6.10 7.70 6.18 43.20 51.10 68.50 Beigh et al. [46]

Coffee pulp 94.30 5.80 12.90 2.40 ND 14.60 37.20 Padilla et al. [25]

69.16 16.6 18.12 5.71 ND 33.63 ND Daniel et al. [47]

88.69 8.42 12.58 2.65 77.84 ND 54.39 Barcelos et al. 
[48]

zDM, dry matter; CP, crude protein; EE, ether extract; NFE, nitrogen-free extract; CF, crude fiber; ADF, acid detergent 
fiber; NDF, neutral detergent fiber. ND, not determined. The values are presented as a percentage of the dry mater 
content.

Table 1. 
Chemical composition of different by-products from agro-industrial processing.
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diets through supplementary concentrate can potentially enhance milk production and 
improve growth rate, body weight gain, and reproductive performance [50, 51].

There are further feedstuffs also valuable as an alternative feed for ruminants, 
such as palm fiber, chickpea, orange pulp, rapeseed meal, cottonseed meal, and palm 
kernel cake (PKC), which because of its nutritional content may be described as an 
energy food. In addition, palm kernel cake supplies protein and energy but is usually 
classified as a source of protein, which may vary from 10.1 to 16.6% (Table 1). This 
protein content of PKC is regarded as sufficient to meet the needs of most ruminants 
[52, 53]. Proteins are the principal constituents of the organs and muscles and are 
required by ruminants for metabolic functions [38, 54]. Palm kernel cake also contains 
a large amount of crude fiber (CF; 19.3%), dry matter ranging from 91.9 to 95.8%, 
ether extract (EE; 7.8 to 10.8%), ash (3.1 to 3.5%), neutral detergent fiber (NDF; 
64.1 to 71.4%), acid detergent fiber (13.5 to 56.0%) (Table 1), nitrogen-free extract 
(NFE; 46.7 to 58.8%), total carbohydrates (78.7%), nonfibrous carbohydrates (NFCs) 
(7.31%), hemicellulose (HEM) (25.98%), and lignin (4.28%) [38, 55]. The metaboliz-
able energy (ME) of palm kernel cake for ruminants is 2.5 to 2.6 Mcal kg−1, which is 
considered suitable for most ruminants [55].

Animals must be fed diets containing the earlier-mentioned essential nutrients 
for healthy growth and increased production. The ether extract is the main source 
of lipids which constitutes the principal component of sperm cells. It also stimulates 
cholesterol biosynthesis and testosterone secretion to sustain semen production in 
males [56]. Other fibrous components are sources of carbohydrates which are con-
verted to acetic acids and used by the cows for energy and precursor of fat in milk 
[57]. It is also essential for animal health, since it is required by ruminants to support 
an appropriate rumen function and physiology [58].

3.2 Dietary effects on reproductive performance of ruminant livestock

The process of reproduction is aligned closely with the food supply. It is a coordi-
nated function of many tissues, cell types, and regulatory systems which is possible 
only when animals are provided with sufficient quantities of dietary nutrients [59]. In 
tropical regions such as Africa, ruminants raised on smallholder farms face constraints 
of improper nutritional management, which may negatively affect their growth, health, 
and reproductive performance [60, 61]. For instance, puberty is usually delayed in 
grazing ruminants because grasslands in semiarid zones in the tropics do not provide 
enough protein and other nutrients, which leads to insufficient production of rumen 
microbial protein to support optimum growth rate [60]. Thus, nutrition plays a pivotal 
role in maintaining the body condition and reproductive efficiency of animals.

Nutrition consists of different nutrients such as protein, fat, carbohydrates, and 
micro-elements. Carbohydrates and proteins provide substrates for rumen fermenta-
tion, which results in the production of volatile fatty acids (VFAs). Ruminants utilize 
these VFAs as their main source of energy for maintenance, milk production, and 
reproductive performance. Malnutrition resulting from inadequate, excess, or imbal-
anced nutrient intake may lead to the loss of body weight. Low body condition delays 
the onset of puberty (up to 1 year in sheep and goats), reduces ovulation and lower 
conception rates, compromises embryonic and fetal survival, increases the postpar-
tum interval to conception, interferes with normal ovarian cyclicity by decreasing 
gonadotropin secretion, increases the chances of infertility, and influences the rate of 
genetic progress [62, 63]. So, it seems to be clear that the initial reproductive events 
are sensitive to fluctuations in nutrient availability [61].
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An inverse relationship between growth rate and age at puberty also exists in 
males. Low-quality feeding has been shown to delay puberty by about 5 months in 
bulls. The animals had poor testicular development and smaller ejaculates as com-
pared to their normal counterparts. On the other hand, bulls kept on grazing plus 
concentrate feed showed a better growth rate than those on grazing only, with an 
earlier age at puberty and a greater scrotal circumference [60]. Even at maturity, the 
size of the testicles of underfed animals can be smaller [59] resulting in a lower sperm 
concentration in the semen. It has also been reported that the seminal vesicles contain 
less fructose and citric acid as well as smaller Leydig cells and seminiferous tubules 
and decreased testosterone levels under protein stress conditions [64]. Restriction of 
both protein and energy also prevented Merino lambs from reaching puberty in their 
first potential breeding season, with reduced testicular size and sperm quality in the 
ejaculate. Feed restriction also reduces libido in rams [60].

3.2.1 Effect of coconut meal on goat reproductive performance

To assess the effectiveness of coconut meal as an alternative feed and its effect on 
beef goats’ reproductive performance, a study was conducted in Brazil in 2016. Forty-
eight males with initial body weight ranging from 26.04 to 28.54 kg were assigned 
in a completely randomized design into four groups with 12 replicates each under a 
semi-intensive system. The animals were kept indoors during the night and moved 
to graze in the morning on a pasture composed of Brachiaria decumbens (nonlegume 
forage plant). In the afternoon, the animals were supplemented with a concentrate 
containing 0% of coconut meal (group 1), 15% of coconut meal (group 2), 30% 
of coconut meal (group 3), and 45% of coconut meal (group 4) (Table 2). Before 
feeding the animals, the nutritional composition of coconut meal, soybean bagasse, 
corn meal, and pasture was assessed for dry matter, ash, ether extract, crude protein, 
neutral detergent fiber, total carbohydrates, hemicellulose, and lignin, and the results 
are shown in Table 3. In our study, coconut meal was included in four different levels 
(0%, 15%, 30%, and 45% of coconut meal) as a source of fatty acids and protein as 
well as a substitute for soybean meal, which is one of the most expensive feedstuffs 
in animal feed. In addition, the levels of cornmeal were also reduced while increasing 
the level of coconut meal. The animals’ body weight and testicular parameters were 
recorded every 15 days, and the semen was collected and assessed for volume, wave 
motion, progressive motility, sperm concentration, and sperm vigor according to the 
methodology suggested by CBRA [65]. In addition, the total number of sperm and 
the total number of viable spermatozoa were estimated according to the methodology 
described by Martin-Rillo [66].

Our results showed an increase in the scrotal circumference and testicular volume 
of goats fed with concentrates containing 30% and 45% of coconut meal (Table 4). 
This result suggests that concentrates with high amounts of coconut meal may be 
more effective than those with lower amounts in improving goat’s testis. Also, the data 
in Table 4 suggest that scrotal circumference and testicular volume may increase as 
the body weight of goat increases, indicating a positive relationship between nutri-
tion and goats’ testis size or reproductive efficiency. Males with a larger testis tend 
to produce more semen and offspring that reach puberty at an earlier age and release 
more ovules during each estrous period [68]. Oldham et al. [69] found that a 25% 
increase in testicular size led to an 81% increase in the production of spermatozoa. 
Also, Cameron et al. [70] found that an 86% increase in testicular size led to a 250% 
increase in the production of spermatozoa. The positive relation between testicular 
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biometric parameters and body weight concerning nutrition effects was also reported 
by Martinez et al. [71].

The diets with 30% and 45% of coconut meal showed higher levels of ether extract 
(Table 5) which is a saturated fatty acids source, such as lauric (C12:0), myristic 
(C14:0), palmitic (C16:0), and stearic (C18:0) acids and unsaturated fatty acids such 
as myristoleic (C14:1), palmitoleic (16,1), oleic (C18:1), and polyunsaturated fatty 
acids (PUFA) that include linoleic (C18:2) and linolenic (C18:3) acids, compared 
with other diets. So, it may be possible that the fatty acids in coconut meal may have 
increased the concentration of serum cholesterol which may lead to improved testos-
terone levels in goats. However, changing nutrition in small ruminants alters not only 
the total mass of testicular tissue but also the efficiency with which the spermatozoa 
are produced by that tissue [77].

It has been classically admitted that in both the mid and the long terms, variations 
in growth, testicle parameters, and fluctuations in live weight as a result of nutritional 
status affect also semen quality of ruminants, as nutrition appears to be the major 
modulator of sexual efficiency in small ruminants [71]. In our previous study with sheep 
managed under extensive range grazing conditions and fed with palm kernel cake as an 

Nutrients Ingredients Brachiaria decumbens

Coconut meal Soybean bagasse Corn meal

%

Dry matter 90.45 87.71 86.45 41.60

Ash 3.76 7.05 3.76 6.31

Ether extract 13.79 3.11 4.95 2.38

Neutral detergent fiber 58.46 57.60 30.69 52.01

Crude protein 23.57 46.38 6.74 7.48

Total carbohydrates 4.89 42.95 86.40 76.13

Hemicellulose 24.95 49.31 28.71 18.55

Lignin 16.21 2.96 1.47 3.09

Source: Mugabe et al. (unpublished).

Table 3. 
Chemical composition of forage and feedstuffs used in concentrated feed for goats in 2016.

Ingredients Level of coconut meal (%)

0 15 30 45

g kg−1 as fed

Coconut meal 0 150 300 450

Soybean meal 350 320 290 250

Cornmeal 600 450 350 250

Mineral salt 20 20 20 20

Urea 30 30 30 30

Table 2. 
Level of coconut meal (treatments) in diet supplied to the goats.



65

Alternative Animal Feeding for Intensive Livestock Farming Systems and Their Impact…
DOI: http://dx.doi.org/10.5772/intechopen.106061

Parameters Levels of coconut meal (%)

0 15 30 45

Initial body weight (kg) 27.38 ± 0.49 26.04 ± 57 27.50 ± 1.20 28.54 ± 2.41

Final body weight (kg) 35.10 ± 2.4b 37.01 ± 1.1b 45.02 ± 1.3a 47.08 ± 2.6a

DM intakeZ 113.49 ± 4b 127.03 ± 4b 159.10 ± 3a 157.39 ± 8a

Body score 3.20 ± 0.45 3.15 ± 0.20 3.70 ± 0.95 3.85 ± 0.65

Scrotal circumferenceY (cm) 25.29 ± 2.8b 24.33 ± 3.9b 36.40 ± 1.7a 38.05 ± 1.2a

Length of right testis (cm) 7.43 ± 1.39 7.81 ± 1.80 8.40 ± 1.53 8.11 ± 1.04

Width of right testis (cm) 4.89 ± 0.33 4.68 ± 0.81 5.20 ± 0.92 5.48 ± 0.99

Length of left testis (cm) 7.11 ± 1.43 7.90 ± 1.56 8.31 ± 1.00 8.05 ± 1.29

Width of left testis (cm) 4.19 ± 0.02 4.50 ± 0.63 5.10 ± 0.7 5.30 ± 0.42

Testicular volumeX (cm) 223 ± 109b 249 ± 128b 310 ± 104a 342 ± 101a

Testis shapeV 0.55 ± 0.0 0.58 ± 0.0 0.60 ± 0.0 0.59±0.0
ZDry matter intake (g/day).
YScrotal circumference was recorded using a measuring tape around the widest point of the testicles.
XTesticular volume (cm3) was estimated using the formula for a cylinder, where V=2× r2 ×Π ×h; r = testis width/2; Π 
(Pi) = 3.14; h, testis length.
VThe testis shape was recorded by the ratio between the width and length of the right and left testicles according to the 
methodology described by [67], which classifies testicles from long (ratio 0.5), long moderate (ratio 0.51 up to 0.625), 
long oval (ratio 0.626 up to 0.750), oval-spherical (ratio from 0.751 up to 0.875) to spherical shape (ratio equal or 
greater than 0.876).
Means followed by the same letters in each row are not significantly different at 5% by the Tukey test.
Source: Mugabe et al. (unpublished)

Table 4. 
Testicular parameters and initial and final body weight of goats fed coconut meal in 2016.

NutrientsZ Levels of coconut meal (%)

0 15 30 45

g kg−1

Dry matter 710.38 718.40 739.02 741.38

Ether extract 42.50 43.28 51.39 56.19

Mineral matter 34.20 36.47 37.18 37.04

Crude protein 212.40 195.03 200.41 190.47

Neutral detergent fiber 240.60 320.31 345.02 380.58

Non-fiber carbohydrates 482.49 436.07 395.72 329.36

Total digestible nutrients 825.40 810.42 790.05 722.48

Cellulose 22.39 26.10 68.55 94.05

Hemicellulose 320.31 354.04 349.58 337.04

Lignin 52.30 67.54 86.22 92.30
ZChemical analysis for dry matter (DM), mineral matter (MM), crude protein (CP), and ether extract (EE) was 
performed according to the procedure suggested by AOAC [72]. Neutral detergent fiber (NDF) was determined using 
the method recommended by Van Soest et al. [73]. Non-fiber carbohydrates (NFCs) were estimated using the following 
equation, as suggested by Hall [74]: NFC = 1000-(NDF+CP+EE+MM). Hemicellulose (HEM) and cellulose (CEL) 
were obtained by the sequential method, according to the methodologies recommended by Silva and Queiroz [75] 
using the following equations: HEM=NDF-ADF and CELL=ADF-Lig. (lignin), respectively. Total digestible nutrients 
(TDNs) were determined using an equation according to NRC [76]: TDN=87.84-(ADF × 0.70).
Source: Mugabe (unpublished)

Table 5. 
Nutritional composition of the concentrates fed to goats in 2016.
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alternative fatty acids source, it was observed that the diets affected sperm concentration 
of animals, more so diets containing 45% of palm kernel cake (Figure 1). Our results 
suggested positive relation between sperm concentration and nutrition, which means 
that animal feed supplementation is a key strategy to raise the reproductive performance 
of ruminants, as larger scrotal circumference, greater ejaculate volume, higher sperm 
concentration, higher daily sperm production as well as better seminal quality are 
strongly associated with nutritional management [38].

In the current study, diets containing 30% and 45% of coconut meal improved 
sperm concentration per mL, total sperm number per ejaculate as well as sperm 
progressive motility when compared to the non-supplemented group (Table 6). Our 
results agreed with those of Santos et al. [78] who found that palm kernel cake and 
coconut meal affected positively the sperm concentration. Moreover, Rege et al. [79] 
found a strong influence of diets containing fatty acids source on sperm concentra-
tion. Depending on the age, genetics, and nutritional status, sperm concentration 
may vary from 1 to 3 × 109 spermatozoa mL−1 [80]. These results are similar to those 
observed in our study in which the sperm concentration ranged from 1.45 × 109 to 
3.55 × 109 spermatozoa mL−1.

It has become apparent that reproductive efficiency depends on an adequate 
nutritional plan. However, other physical parameters of the semen of goats such as 

Seminal parameters Level of coconut meal (%)

0 15 30 45

Volume (mL) 1.92 ± 0.45 1.87 ± 0.59 1.90 ± 0.3 1.96 ± 0.36

Mass motility (0–5) 3.00 ± 2.0 3.50 ± 1.0 3.00 ± 1.35 3.00 ± 1.00

Progressive motility (%) 60.4 ± 3.0b 65.0 ± 4.0b 80.5 ± 2.0a 85.0 ± 0.0a

Spermatic vigor (0–5) 3.00 ± 2.0 3.00 ± 1.00 3.00 ± 2.00 3.00 ± 0.00

Concentration (×109 mL−1) 1.45 ± 1.0b 1.75 ± 1.82b 3.91 ± 2.47a 3.55 ± 1.90a

Total sperm/ejac. (×109)z 1.39 ± 1.0b 1.55 ± 1.93b 2.90 ± 1.44a 2.87 ± 1.47a

Viable spermat./ejac. (109)z 1.15 ± 0.5b 1.20 ± 0.08b 1.83 ± 0.37a 1.95 ± 0.21a

Zejac., ejaculate.
Means followed by the same letters in each row are not significantly different at 5% by the Tukey test.
Source: Mugabe (unpublished)

Table 6. 
Physical parameters of the semen of goats fed with coconut meal under grazing in 2016.

Figure 1. 
Sperm concentration (×109 mL−1) of lambs fed diets containing levels of palm kernel cake. Source: Mugabe et al. [38].
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semen volume, mass motility, and spermatic vigor did not vary significantly with 
diets. Nonetheless, the findings from other researchers [81, 82] showed greater semen 
volume from lambs supplemented with a concentrate containing wheat bran, crushed 
maize, soybean meal, fish meal, salt, and vitamin-mineral premix than the control. 
These opposed results may possibly be related to the differences in the crude protein 
content of the concentrates used in the studies.

4. Conclusion

Intensive livestock farming may be a great strategy to ensure global food security 
and meet the increased global demand for meat, eggs, and dairy products. However, 
high operations cost, particularly related to animal feeding, compromises the expan-
sion of this vital industry, especially in developing countries. The use of agro-indus-
trial by-products may help reduce feeding costs without compromising the nutritional 
quality while reducing the risk of environmental pollution. However, by-products 
feeds vary largely in nutritional composition, with some containing high levels of 
crude protein, ether extract, and carbohydrates which have a significant influence on 
the growth and reproductive performance of ruminants. Diets containing 30 to 45% 
of coconut meal, rich in lipids and protein, may improve sperm progressive motility, 
sperm concentration per mL, total sperm per ejaculate, and total viable sperm per 
ejaculate of beef goats, compared with diets with no or lower coconut meal content. 
Diets with coconut meals may also enhance the semen quality of sheep. Thus, the use 
of coconut meal for animal feeding can make intensive farming systems more effi-
cient by improving animal production and reducing feeding costs.
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Chapter 5

Nile Tilapia “Oreochromis
niloticus” Farming in Fresh and
Geothermal Waters in Tunisia:
A Comparative Study
Sami Mili, Rym Ennouri, Manel Fatnassi, Hajer Zarrouk,
Rabeb Thabet and Houcine Laouar

Abstract

This work aims to compare the farming of Nile Tilapia Oreochromis niloticus in
fresh and geothermal waters through monitoring the specie’s zootechnical parameters:
growth, mortality and feed conversion rate. For geothermal water rearing, fish was
placed in cages in Bechima Station, in southern Tunisia, while Smati Reservoir, in the
center of the country was used for fresh water. The spawners were first adapted to
geothermal waters in Bechima experimental station. Then, the broodstock phase
lasted 60 days and allowed the obtainment of 1–2 g larvae. Fertility was important and
varied between 451 and 1589 larvae/female, which is associated with the females’ total
weight (F = 1.6 W2.1). In the pre-growing phase, the comparison of fry growth rates
(weight 1.3 g) in the geothermal and freshwaters showed a small variation with
recorded rates slightly in favor of fish bred in fresh water. During 50 days within the
breeding phase, fish weight achieved in freshwater was more important reaching
12.7 g (TCJ = 0.228 g /day compared to 10.51 g (TCJ = 0.184 g/day) recorded in
geothermal waters. Similarly, during the fattening phase, the weights gained after
30days demonstrated better growth rates for tilapia cultured in freshwater (up to
60 g) in contrast to that bred in geothermal water (35–40 g).

Keywords: Oreochromis niloticus, farming, freshwater, geothermal waters, Tunisia

1. Introduction

Across the ages, Man has been harnessing water resources to suit his needs
whether for power generation or for food, fishing and aquaculture. The first aquacul-
ture tryouts started more than 4000 years ago in Egypt with the production of the
famous fish: Tilapia [1]. Till to date, tilapia has remained an important food resource,
in the family Cichlidae, with two species being predominantly cultivated: Mozam-
bique Tilapia (Oreochromis mosambicus) and Nile Tilapia (O. niloticus), which alone
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accounts for more than 1/5 of the total global aquaculture production; and 85% of
tilapia production [1–4]. Nile tilapia, a species native to the Nile River, also inhabits
the Niger, Volta, and Senegal River Basins [1, 5, 6]. Thanks to its suitability for
aquaculture and given its quick adjustment to extreme and varied environments, its
ease of reproduction in captivity and its wide ecological valence, this fish has been the
subject of various breeding attempts and has been widely spread in all continents since
the 1960s [7, 8].

Around the world, several methods have been used to breed tilapia, including
extensive (mostly in ponds), semi-intensive, intensive and mostly hyper-intensive
systems. These methods are characterized by the use of selected strains and a high-
performance compound feed [4, 9]. Nile Tilapia is widely known for its adaptability to
different farming systems linked to its spawning period which spreads over the whole
year. Likewise, this species is known for its resistance to pathogens as well as its ability
to withstand stressful environments and the different manipulations associated with
aquaculture [10].

In addition to the afore-mentioned advantages, O. niloticus has an intriguing
growth rate, unique when compared to other species of the cichlid family. On top of a
good food conversion ratio associated with an excellent ability to accept artificial feed
[11–13], its diet corresponds to the lowest levels of the food chain (phytoplankton,
detritus...). All these attributes make the production costs of this species relatively
moderate and adequate. In Tunisia, in addition to mullet, pikeperch and carp, the
rearing of O. niloticus could prove to be an interesting future alternative for the partial
replacement of the production of other freshwater fish, given its very remarkable
biological characteristics in inland fish farming.

Tilapia was first introduced in 1966 in Kebilli Oases, where aquaculture is
often connected with agricultural practices, taking advantage of the warm
climate and the abundant geothermal water resources in southern Tunisia.
However, despite the unerring documentation of Tilipia’s survival and reproduction
[14], it was not until 1999, that the idea of breeding this species was pursued. This
took place after the experimental research station in geothermal pisciculture of
Bechima in the governorate of Gabes was founded by the National Institute of Sci-
ences and Technologies of the Sea (NISTS). Since then, several experiments have
reported effective management and success of the different rearing cycles of this
species, from spawning to grow-out [15]. In parallel, various acclimatization experi-
ments of tilapia have been conducted in the southern oases, as well as in the reservoirs
in the north and center of Tunisia, where the low winter temperature hinders the
growth and survival of this species. These experiments have shown encouraging
results and breeding success especially at the reservoirs of Lebna, Lahma, Ghezala and
Sidi Saâd [16, 17].

The present study was commissioned by the Technical Center of Aquaculture
(TCA) and the Higher Institute of Fishery and Aquaculture of Bizerte (HIFAB),
within the framework of a convention signed in 2015 between the TCA and the NISTS
which aims to ensure the annual production of 300,000 single-sex male Nile tilapia
fry. In other respects, the researchers sought to identify the most suitable environ-
ment for the rearing of this species in Tunisia through pinpointing the strengths and
weaknesses associated with this species’ farming in two quite different environments
(fresh and geothermal waters). To achieve this goal, the physicochemical parameters
of the study areas, zootechnical parameters of the fish and pathologies were consid-
ered on top of the monitoring and evaluation of the different rearing phases (hatch-
ing, larval rearing, and grow-out) and the economic study.
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2. General overview of the hydric and aquaculture potentials in Tunisia

2.1 Aquaculture in Tunisia

In Tunisia, according to the General Directorate of the Environment and Quality of
Life [18], 5 types of aquatic livestock farming activities currently exist: marine fish
farming, inland fish farming, fish farming in geothermal waters, shellfish farming and
tuna grow-out. These aquaculture activities date back to the 1960s and they started
with the rearing of sea bass Disentrarchus labrax and sea bream Sparus aurata in
marine waters. At that time, the competent authorities set up a strategy for the
exploitation of the dams’ reservoirs as a significant hydro-ichthyic support. However,
the first attempts to introduce freshwater species into the reservoirs have proven that
only carp (Cyprinus carpio communis, Cyprinus carpio specularis, C. carpio coriaceus),
roach (Rutilus rubilio) rudd (Scardinius erythrophtalmus), pikeperch (Sander
lucioperca), black-bass (Micropterus salmoides), mullets (Chelon ramada, Mugil
cephalus) and Nile Tilapia (O. niloticus) were able to acclimatize [14, 17, 19]. That said,
inland fish farming in water reservoirs and hill lakes in Tunisia remains of paramount
importance and contributes with 1000 tons/year in the total fishery production [20].

2.2 Water potential and aquaculture sector in Tunisia

According to the GDDLHW [21], the Tunisian water network extends over a total
area estimated at 20,000 ha, retaining more than 4.2 billion m3 of water. This network
consists mainly of dams, hill reservoirs and hill lakes generally located in the north and
center of Tunisia. Eventually, the possibilities of development of the aquaculture sector
are quite considerable. Indeed, Tunisia has significant natural potentials from north to
south, distinguished by the presence of about 30 reservoirs and hill lakes, spread over 13
governorates between the north and center of the country. In addition, the south offers
the opportunity to integrate fish farming with agriculture, where groundwater can
efficiently contribute to the diversification and production of certain species in geother-
mal waters including Nile Tilapia. In fact, a great variety of hot water resources exists in
southern Tunisia including the geothermal waters whose exploitable quantity is esti-
mated at 737.8 Mm3/year [13]. This potential consists of deep resources mainly distrib-
uted among three aquifers: Intercalary Continental, terminal complex aquifers and
Jefarra Basin [15]. This prospect helped initiate endeavors for both tilapia farming and
agriculture. Indeed, the idea has converged towards the diversification of breeding
species with respect to those introduced in the reservoirs (mullet, pike perch, catfish).
Thus, a twofold exploitation and valorization of geothermal water has been achieved as
the same water is used for both agriculture and fish farming enriching the agricultural
areas with nutrients and fish organic elements [15]. However, the type, accessibility and
quantity of the water available, can constitute significant limiting factors for the initia-
tion of tilapia production in the south [16].

3. Overview on Tilapia production

3.1 World production

In 2015, Tilapia group ranked third in terms of production worldwide after
Cyprinidae and Salmonidae. Global tilapia production has increased rapidly since the
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1980s and reached 3,670,259 tons in 2014 [22]. This production is mainly destined to
the U.S. market, the main importer of this fish. In terms of geographical location, Asia
accounts for more than 80% of tilapia production in the world, with China as the
largest producer with 1 M tons. On the other hand, while Africa is the native environ-
ment of tilapia, its production remains extremely limited (apart from Egypt and
Zimbabwe) [22, 23].

3.2 Tilapia production in Tunisia

Nile tilapia (O. niloticus) was the first exotic species reared in Tunisian geothermal
waters, particularly due to its rapid growth and tolerance to high temperatures. In
addition, the remarkable adaptation of this species and the highly motivating results
of its breeding have attracted the private sector to invest in this activity since 2009 in
the governorate of Medenine [20]. However, the production of tilapia has remained
low compared to other groups of freshwater fish (5428 Tons against 1,034,035 com-
pared to the rest of the species). Most of this production is realized in the reservoirs of
Lakhmés (Siliana), Lebna (Nabeul) and Sidi Saâd (Kairouan) [20]. The average mar-
ket price is also low (3–4 TD/kg; which corresponds to 1.2–1.7 €) and remains
uncompetitive compared to other farmed fish. The reason is that tilapia, like most
freshwater fish, is not in the dietary habits of Tunisians and its market is quite small.

4. Presentation of the species O. niloticus (Linneaus, 1758)

Like all tilapias, O. niloticus is a member of the family Cichlidae (Figure 1). The
systematic position adopted for this species is the following [1, 9] Phylum: Verte-
brates; Subphylum: Gnathostomes; Superclass: Fishes; Class: Osteichthyes; Subclass:
Teleosts; Order: Perciformes; Suborder: Percoids; Family: Cichlidae; Subfamily:
Tilapinae; Genus: Oreochromis; Species: niloticus.

4.1 Morphological characteristics of the species

Nile tilapia is a Cichlid belonging to the group of maternal mouth-brooder fish. It is
characterized by a grayish coloration with pinkish breast and flanks, alternating light,
black vertical stripes clearly visible especially on the caudal fin and the posterior part
of the dorsal fin, a high number of long and thin gill rakers (18–28 on the lower part of
the first gill arch and 4–7 on the upper part), a long dorsal fin with a spiny anterior

Figure 1.
Nile tilapia (present work).
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part (17–18 spines) and a soft posterior part (12–14 rays), and a black border on the
dorsal and caudal fin in males [24–26]. Oreochromis niloticus can be easily distin-
guished from any other species of tilapia that has more or less the same characteristics
mentioned above, i.e., O. aureus, but which shows in males an additional red border
along the edge of the dorsal and caudal fins [27, 28].

4.2 Ecological requirements

Thanks to its high adaptability to biotic and abiotic ecological factors, Tilapia
rearing can be carried out in fresh and warm waters, as well as in well-controlled
conditions after acclimation [17]. O. niloticus is a eurylecious species that adapts to
large variations of ecological factors as it is able to adjust to extremely different
environments [29, 30].

Table 1, below, summarizes the various average values of the physicochemical
parameters that this fish tolerates for its survival.

4.2.1 Temperature

Temperature represents a main factor that conditions either way the properties of
the water required for rearing and the different growth phases of tilapia. In natural
environment, tilapia is a eurythermic fish that can withstand important temperature
disparities [32]. Thus, it is possible to find this fish at temperatures ranging between
14 and 33°C. Within breeding conditions, the lower and upper lethal temperatures
recorded are 7.4 and 40.73°C respectively [33, 34]. Above 16–17°C, the fish stops
feeding and becomes increasingly susceptible to a series of diseases [35–38]. For
reproduction, the appropriate temperature ranges between 22 and 30°C [39–41]. In
Tunisia, the optimal average temperature for tilapia breeding is between 9 and 28°C in
the reservoirs. Moreover, Derouiche et al. [17] reported that this species can adopt a
hibernation strategy to survive and grow when the winter temperature is around 9°C
(Lebna Reservoir). On the other hand, conducted experiments of the species farming
in southern geothermal groundwater show a tolerance of 36 and 40°C [42, 43].

4.2.2 Salinity

Although most tilapia are freshwater species, their ability to adapt to different
salinities is clearly remarkable [44, 45]. For example, O. niloticus can adjust to waters
with salinity between 0.015 and 30 PSU [46]. Similarly, in Tunisian geothermal
waters, tilapias show their ability to withstand high salinities up to 28 g/l [43]. How-
ever, with regard to reproduction, this fish would be unable to reproduce in a salinity
that exceeds 15–18‰ [47, 48].

Parameter T
(°C)

Salinity
(PSU)

Alkalinity
(mg/L)

Hardness
(mg/L)

Ammonia
(mg/L)

Dissolved
oxygen
(mg/L)

pH

Interval 26–32 0–20 > 20 < 50 < 0.1 3–5 6.5–8.5

Table 1.
Water quality requirements for Nile Tilapia culture [31].
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4.2.3 Dissolved oxygen

Tilapia are capable of surviving in conditions where the dissolved oxygen concen-
tration is very low [49]. Indeed, they can even withstand levels below 0.5 mg/l, which
is considered to be below the threshold level tolerated by most aquaculture species
[50, 51]. However, a minimum level of 2 to 3 mg/l is recommended in rearing,
otherwise, a depression of the metabolic rate and growth can affect the production.

4.2.4 The hydrogen potential (pH)

Nile Tilapia presents a capacity of survival in environments of extreme pH. How-
ever, the optimal pH advised for its survival and its breeding oscillates between 7 and
8 [39, 45, 49].

4.2.5 Nitrogenous compounds

In fish farming, ammonia poisoning is closely related to pH. When this substance
increases, it leads to the transformation of a significant amount of total ammonia into
its toxic form (NH3) [16, 52]. The concentration of nitrogenous metabolic waste
excreted through the gills, urine depends mainly on the temperature, the size of the
individuals, and the quantity and amount of food distributed. This concentration must
be kept below the critical threshold of O. niloticus, not exceeding 5 mg/l for nitrate,
500 mg/l for nitrite, and 15 mg/l for total ammonia [53].

4.2.6 Photoperiod

The action of light, although closely related to temperature, acts on the species’
growth via the endocrine system. Mélard [54] explain that an optimal photoperiod
stimulates the secretion of growth hormone (GH) in O. niloticus. Moreover, larvae are
more sensitive to photoperiod than fry and juveniles [48, 55]. Experimentally, larvae
that are exposed to a long period of light (18-24 h) have a better growth and a
significantly higher food efficiency than those exposed to a short or intermediate
period between 6 and 12 h [55].

4.3 Reproductive biology

4.3.1 Reproductive behavior

In the wild, when abiotic conditions are appropriate, adults migrate to a shallow
area with a loose substrate (gravel, sand, clay). After choosing the site for their own
nest, each male aggressively defends its territory and digs a plate-shaped nest with its
mouth. The females living in a school near the breeding grounds move between the
males and each one tries to acquire a partner [15, 56].

4.3.2 Sexual maturity

The size of the first sexual maturity of O. niloticus varies between 14 and 20 cm.
However, under stressful conditions, this species can reproduce as early as 3 months
of age, at a weight of less than 50 g [57]. Moreover, the reproduction period of this
species is exponentially continuous during the whole year when the water
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temperature is higher than 22°C [52]. Thus, in Tunisia, the study conducted by Azaza
et al. [58] on the reproduction of Nile tilapia in captivity in the geothermal waters in
southern Tunisia, showed that this fish reaches its first sexual maturity during the first
year of rearing, with an Lm50 equal to 11.3 cm for females and 12.3 cm for males.

4.3.3 Fertility

Absolute fecundity is defined as the number of eggs freshly recovered from the
oral cavity of a female. In tilapia, as in other fish, this fecundity increases with the size
of the females. As reported by Mélard [54], the minimum absolute observed fecundity
for a 26 g female is 340 ovules and the maximum fecundity for a 550 g female is 3500
ovules. In addition, Dhraief et al. [8] proved that this parameter increases with the
length of the females. On the other hand, Mélard [54] demonstrated that relative
fecundity (expressed as the number of fertilized eggs or fry produced/kg of female)
varies inversely with the average weight of tilapia females.

4.4 Growth

It is commonly accepted that Fish have a predetermined typical growing course
dependent on genetic factors which interact with other environmental aspects. Thus,
the growth rate is extremely alterable depending on the controlling factors, such as
temperature and limiting factors including food, oxygen, and ammonia which affect
the amount of energy available for growth. Similarly, other secondary factors such as
stocking density and photoperiod, can certainly affect the growth of the species [59].
Moreover, in O. niloticus there is a phenomenon of sexual dimorphism of growth
which appears very quickly in rearing: the males have better growth performances
than females, due to the particularity of the reproductive process in females (oral
incubation) and social behavior (territoriality, etc.) [24].

4.5 Production of single-sex male population

In order to optimize O. niloticus production systems, rearing of single-sex male
populations is sought more and more in tilapia farming for many reasons. First, males
grow twice as fast as females [35, 60]. Another reason is to avoid reproduction which
would result in an overpopulation of small individuals in the rearing environment
[61], and eventually ensure a homogeneous population at the time of harvest, with an
interesting individual size and good commercial value.

4.6 Pathological risks

Like all aquatic species, Nile tilapia can be prone to a range of diseases resulting
from the proliferation of certain pathogenic organisms. Generally, bacteriological
diseases remain the most prevalent, namely Mobile Aeromonas septicemia and Vibrio-
sis, resulting primarily from stress and poor water quality. Affected fish show signs of
burns on the skin and fins and a loss of balance associated with abnormal behavior
[9, 52]. Results obtained from a study done in tilapia farms in Ghana, revealed three
types of ectoparasites: Trichodina sp, Monogenes and Tetrahymena sp, of which the first
two were common in most farms, but did not pose real problems.
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4.7 Diet

In the wild, tilapia is an omnivorous fish. In aquaculture, however, it shows an
ability to consume various products, co-products and waste products that are consid-
ered valuable, such as palm nuts, soybean or cotton cakes, rice flour, rapeseed, alfalfa
and animal excrements [51, 62]. In Tunisia, a study conducted on the development of
dry feeds for O. niloticus by Derouiche et al. [17] showed that the best growth and feed
conversion rates were obtained by feeds containing 20% and 30% of fish meal, with
conversion rates of 1.71 and 1.49.

5. Materials and methods

5.1 Presentation of the study areas and breeding structures

The aim of this work is to identify the most suitable environment for the rearing of
O. niloticus in Tunisia. To achieve this goal, this study was held investigating two areas
with different types of waters: the experimental station of Bechima (geothermal
water) and Smati Reservoir (fresh water). In addition to the main infrastructure
intended for the preparation of broodstock for reproduction, spawning and the pro-
duction of larvae, the production of juveniles and young individuals requires appro-
priate infrastructure, such as cages and enclosures which are efficient and resistant to
environmental factors.

5.1.1 Bechima experimental station

Bechima experimental station is a research unit created in 1999 by the NISTS in Al-
Hamma region in the governorate of Gabes in southern Tunisia. It is located in the
vicinity of a cooler on a slope of 3% to ensure a continuous circulation of water by
simple gravity. Two artesian wells supply the station with geothermal water at a
temperature of 70°C. This water is cooled by the atmosphere to reach an average
temperature of about 30–40°C. In terms of infrastructure, the station is equipped with
3 greenhouses containing breeding, larval rearing, hatching and rearing tanks [15].

5.1.2 Smati reservoir

Smati Reservoir covers an area of 121 km2 and is located in the region of Al-Ala in
the governorate of Kairouan, central Tunisia on Smati Wadi. The average salinity and
depth are estimated at 2.3 PSU and 1.5–2 m respectively. In addition, according to the
General Directorate of Fisheries and Aquaculture [20], this reservoir offers ichthyic
habitat for two species namely the mullet M. cephalus and the Barbel Barbus callensis,
with a total production estimated at 17.3 tons in 2015.

5.1.3 Design and assembly of breeding structures

In order to facilitate handling and transport and to minimize costs, the used cages
and enclosures were built with respective volumes of 3 m3 (with Length = 1.5 m,
Width = 1.3 m and Height = 1.5 m), and 2 m3 (with Length = 1.3 m, Width = 1 m and
Height = 1.5 m), using a mesh size of 6 mm of polyamide nets. In total, 31 cages were
constructed, of which only five were initially installed in the large tank for the phases
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of pre-growing and grow-out in Bechima Station. In addition, six enclosures
were built for the rearing of individuals in a semi-extensive system in Smati
Reservoir, of which two were used for hatching and two others for rearing at a depth
of 1.5-2 m [63].

5.2 Biological material and breeding procedure

5.2.1 Biological materials

O. niloticus, in particular the strain “Maryout”, subject of this zootechnical study
was introduced in 1999 from Libya within the framework of research cooperation
between the NISTS and the Marine Science Center of Tajoura [64].

The experiments started with the collection of more than 6000 larvae (average
weight = 0.01 g) from 13 broodstock (weight between 99 and 190 g) which were well
adapted to life in captivity in the geothermal waters of Bechima. These larvae were
subdivided into 2 batches, to be prepared for an initial pre-growing phase of 60 days
in two larval tanks, located in the larval rearing greenhouse of the station, with the
aim to obtain fry of 1 to 2 g. The latter were then transferred to two cages and two
enclosures which were installed respectively in Bechima Basin and in Smati Reservoir
in order to obtain juveniles of 15–20 g (50 days). Finally, a sorting was ensured based
on average weight and sex to produce neo males and to start the last phase of produc-
tion: the grow-out.

5.2.2 Breeding procedure

5.2.2.1 Collection of eggs and larvae

During this study, the broodstocks were maintained under optimal abiotic rearing
conditions. In fact, several signs allow the identification of incubating females, such as
the appearance of a dark band on the forehead and black spots on the flanks, as well as
a fast and discontinuous swimming with a rather aggressive behavior towards other
specimens in the tank.

5.2.2.2 Females reproductive parameters

Once the female identified and isolated, they are weighed and measured. This
procedure allows the evaluation of two important parameters: relative and absolute
fecundity, which describe the productivity of the females per day according to weight
and length. The absolute fecundity refers to the total number of eggs present in a
female before fertilization. Relative productivity represents the total number of larvae
produced per day in relation to the total biomass of females in g.

5.2.2.3 The broodstock phase

Larvae were obtained by spitting technique. The handling of the larvae as a count
is a delicate operation, requiring a particular follow-up not to stress the unhatched
eggs and larvae. The latter were reared for 60 days in cubic tanks with a unit volume
of 1m3, a density of 800 larvae/m3, and a flow rate of 4 to 6 l/min. As for nutrition,
larvae were fed 40% of protein levels in order to obtain fry with an average weight of
1 to 2 g.
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5.2.2.4 The breeding phase

The breeding/pre-growing phase started on May 11th, 2017, in the floating cages
installed in the rearing tank at Bechima experimental station (average weight: 1 to
2.03 g). One day later, 3009 larvae (average weight of 1.35 g) were transferred to the
enclosures. At the end of this phase, a sexual sorting of the fry was required to start
the rearing of the mono-sex populations. The density adopted for each structure is 500
individuals/m3. Moreover, beyond a size of 20 g, sexual dimorphism can be observed
and the distinction between males and females is possible. Indeed, in males, the
genital papilla is protuberant in the shape of a cone and carries a urogenital pore at the
end. On the other hand, in females, it is small and round, found in the middle of a
transverse slit (oviduct) which is located between the anus and the urethral orifice
(urinary pore) located at the end.

5.2.2.5 The fattening phase

From mid-July onwards, we started the fattening/grow-out phase of the reared fry.
In general, the sorting was first based on size that allowed the retainment of individ-
uals with an average weight greater than or equal to 20 g. Towards the end of August,
males and females were reared separately to later evaluate growth rates for both sexes.
Regarding nutrition, the supplemented food for tilapia was the same in both environ-
ments with 30% of protein level and was distributed at a rate of 10% on a daily basis.

5.2.2.6 Watching out for pathology

In order to ensure the success of the different rearing stages, a certain level of
cleanliness and hygiene in the experimental tanks had to be maintained on a daily
basis. The bottom was siphoned off before feeding, in order to eliminate feces and any
kind of deposit of food, thus avoiding the development of pathogenic organisms. In
addition, specific measures related to the health of the group, were taken while
monitoring the condition of individuals and their behavior.

5.2.3 Nutrition

The added food was composed of raw materials available on local market and
prepared in Bechima pilot station, with variable proportions according to the fish
stage development and following the formulas provided by the research of the NISTS
(Table 2).

Ingredient (%) Broodstock Larvae Fry Adults

Soybean cake 41 45 50 43

Fishmeal 14 25 20 14

Corn 35 20 20 935

Vegetable oil 8 8 8 6

VMS 2 2 2 2

Table 2.
Composition of tilapia food according to rearing phases [13].
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This food is rich in protein with a level up to 40%. In addition, vitamins and
minerals from the Mineral Vitamin Supplement (MVC) were provided in the
food to meet the dietary requirements of the species. The rationing rate, the
granulometry and the quantity of the food supplied vary according to the develop-
ment stages, size and age of the individuals, the energetic value of the food and the
variation of the physicochemical properties. The adopted rationing rate ranges from
20 to 10% (from the first day until pre-growth). The amount of food for broodstock
(Qg) and for larval rearing (Ql) was determined in accordance with the following
formulas:

Qg ¼ Nm ∗MmþNf ∗Mfð Þ ∗TC (1)

Ql ¼ Bf � Bið Þ ∗TC (2)

With: Nm and Nf: numbers of male and female spawners; Mm and Mf: average
weights of male and female spawners; TC: conversion rate; Fb and Bi: final and initial
biomass during the larval stage.

Additionally, the remaining, not ingested, amount of food was monitored
and estimated in order to fully adjust the supplemented amount to the needs of
the fish.

5.2.4 Zootechnical parameters

To estimate the growth of fish during the different rearing phases, a number of
indices and zootechnical parameters should be calculated.

5.2.4.1 Body weight gain

This index is used to evaluate the weight growth of fish during a given time. It is
calculated according to the following formula:

Gain in average weight ðgÞ ¼ final weight ðgÞ � initial weight ðgÞ (3)

5.2.4.2 Daily growth rate (DGR)

This parameter is determined for a short period of time from a fish sample during
all rearing phases and is estimated according to the formula:

DGR ¼ Final Mass� Initial Mass
Time

∗ 100 (4)

5.2.4.3 Mortality

This zootechnical parameter is of crucial importance when evaluating the rearing
performance. It is therefore vital to monitor the cumulative mortality rate in the
larval, fry and juvenile fish stock. This is the ratio of the number of dead individuals to
the total population during a given timespan.

Mortality rate ¼ Nomber of dead organisms
Total Nombr

� �
∗ 100 (5)
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5.2.4.4 Survival rate

The survival rate is well correlated to the mortality rate. It is calculated from the
total number of fish at the end of the experiment and the number of fish at the
beginning of the rearing, according to the following relationship:

Survival Rate ¼ Final specimens number
Initial specimens number

� �
∗ 100 (6)

5.2.4.5 Food conversion rate (FCR)

It is a food conversion index that measures the efficiency of the transformation of
nutrition into fish flesh. It represents the ratio between the total amount of the
supplied food to the fish and the gain obtained in fish weight.

FCR ¼ Dry weight of the supplied food
Gain in fish weight

(7)

5.2.4.6 Daily feeding ration (DFR)

It is the ration supplied per day of rearing, and it depends closely on the feeding
rate.

DFR ¼ Average weight ∗ Feeding rateð Þ=100Þð Þ ∗Nombr of larvae (8)

5.2.4.7 Length-weight relationship

In order to properly control the growth parameters of broodstock, pre-grown fry
and grown individuals in both environments, it is necessary to establish the relation-
ship between the size and weight of the fish, which is defined according to Le Cren
[65] by the following equation:

W ¼ aLb (9)

with W: the weight of the fish in grams; L: the length of the fish (Tl, Fl or Sl) in
centimeters; a: slope; b: coefficient of allometry defined as the coefficient of relative
growth in weight.

Three cases can be distinguished: if b = b theoretical, there is an isometric allome-
try between the two characters, if b < b theoretical there is a negative allometry, and
if b > b theoretical, the allometry is positive [66].

5.2.5 Monitoring of physico-chemical parameters

Throughout the whole experiment and during all the rearing phases, monitoring
the physicochemical parameters was of primary concern. The different parameters,
notably temperature, salinity, pH, and dissolved oxygen were measured with a Multi
350i/SET. Nitrites, nitrates and ammonium were also kept track of, because of their
impact on water quality. The various physicochemical analyses were made in situ and
in the laboratory.
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5.2.6 Data analyses

The study of growth is a very delicate approach in fisheries and it requires a
method which best suits the basic data, and the choice of the model that effectively
describes the relationship between the variables. For this reason, and in order to have
solid understanding of the prior effects of physicochemical and zootechnical parame-
ters on the success of the rearing, it is necessary to carry out some statistical tests
based on R, in order to determine the most suitable environment for tilapia farming.
Thus, tests were conducted to determine the effect of different physicochemical
parameters on larval rearing, pre-growth and grow-out.

6. Results and discussion

6.1 Evaluation of the rearing parameters of O. niloticus

6.1.1 Evaluation of broodstock fecundity

In this study, broodstocks were maintained under optimal abiotic conditions, thus
13 females ranging in size from 99 to 183 g were collected in the post-spawning phase.
We established relationships linking the number of larvae obtained to the size and
females body weight in order to study the absolute fecundity. In addition, the data
were fitted with power curves, whose equation is y = aXb.

The absolute fecundity observed during the first cycle varied between 451 and
1598 larvae/female (L/F), for respective weights of 113.4 and 183 g. However, the
calculated average fecundity (806 L/F) was highly significant compared to research
made by NISTS (600 L/F) and TCA (510 L/F) [30, 67]. The study of different
parameters that can have a direct effect on fertility allowed us to establish the follow-
ing relationships: height/weight, height/fertility and weight/fertility.

The analysis between the studied parameters shows a strong correlation between
the size or total weight and the number of larvae produced by a female (R2 = 0.6 and
0.645) (Figure 2).

The relationship between total tilapia broodstock weight and total length can be
expressed as follows: Pt = 0.0324 Lt2.7504 (R2 = 0.88) (Figure 3).

With regard to the allometry coefficient, for all the broodstock exploited during the
first rearing phase, it was below 3 (b = 2.75 < 3) indicating that allometry is negative for
this species. This result affirm thatO. noloticus gains in lengthmore than it does in weight.
Our results are concordant with those found by Coulibaly [68] at Lake Volta in Burkina
Faso, but different from those obtained by Derouiche et al. [17] at Lebna Tunisian Reser-
voir (isometric allometry), andDuFeu [69] at Lake Kainji in Nigeria (positive allometry).

Mélard [54] observed variability in fecundity for the same size. The fecundity
increases significantly as a consequence of the length of the females. These findings are
similar to other results achieved by authors who studied Nile tilapia in Tunisia and
demonstrated that b oscillates around 1.96 [8]. Despite the small size range in our sample
(between 18.8 and 23.5), it was shown that absolute fecundity evolves proportionally
with size, which is congruent with results obtained by other authors [15, 54, 70]. Gener-
ally, this is largely attributed to a genetic difference, and a possible complex interaction
between fecundity, egg size obtained and the staggered periodicity of egg laying.

In contrast, for the same size range, fecundity was much lower in the Oreochromis
niloticus buccal incubator compared to substrate-laying tilapia. These species fecundity
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ranged from 2314 to 5178 eggs in Tilapia zillii [71]. On the other hand, the results
obtained on absolute and relative productivity are in close agreement with the research
results achieved by Dhraief et al. [8]. In addition, the estimated relative productivity,
which evolves significantly as a function of total female weight (2.43 to 10.08 larvae/g
female), remains significant compared to that found in 2015 by TCA [30] (between 0.5
and 4.02) and Dhraief et al. [8] and which ranges between 1.4 and 6.8 larvae/g female.

6.1.2 Growth during broodstock phase

6.1.2.1 Evaluation of zootechnical parameters

Monitoring the evolution of the average weight of larvae, from the first phase, for
60 days allowed an estimation of pre-growth rates. A total of 6138 O. niloticus larvae,
with an average weight of 0.01 g, were collected from 13 broodstocks on April 5th, 2017.

Figure 3.
Growth curve of female Tilapia.

Figure 2.
Relative growth and fecundity curves for Oreochromis niloticus broodstock.
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After 36 days, all the 0.2–0.4 g larvae were distributed to two tanks with a volume of
1m3. The average weight of the larvae in the first batch increased from 0.4 g (initial
weight: day of collection) to 2.55 g at the end of the experiment, which corresponds to a
growth rate of 0.059 g/day. For the second batch, the larvae monitoring showed a
growth rate about 0.023 g/day. This rate is considerably lower than that of batch 1
whose average weight evolved from 0.01 g to 0.85 g. The evolution of the larvae weight
from the first phase of rearing which lasted 60 days allowed to estimate the growth
rates. These are shown in Figure 4.

During this period, larvae were fed manually at a rate of 2 to 3 meals per day with
ground powdered food consisting of fish meal, soybean, corn, vegetable oil and a
mineral-vitamin complex. The product is fed slightly in excess with a feeding rate of
20% of the total larval biomass. The initial daily intake is 7 g of food/day. Regarding
the mortality, we noted that at the end of the larval rearing cycle, the survival rate was
about 70%. This rate is comparable with that obtained by the NISTS (in geothermal
waters) and the TCA (in fresh waters). Table 3 summarizes the different parameters,
estimated during the larval rearing phase, obtained in previous studies.

Towards the end of larval rearing, the average recorded weight of larvae ranged
from 0.85 to 2.55 g between the tail and head in the batches, respectively. Our results
are slightly above the individual weights estimated by NISTS and TCA [30, 67].

Figure 4.
Evolution of the average weight of Nile Tilapia larvae.

Breeding parameters Bechima
(Present work)

Boumhel station (CTA)
[30]

INSTM
[67]

Survival rate (%) 70 49.64 68–84

Duration of breeding (days) 60 40 30

Average initial weight (g) 0.01 0,012 0.012

Average final weight(g) 0.85–2.55 0.73–2.12 2.5

FCR 2.25–2.51 1.32 1.97

Average temperature 28 27 30

Table 3.
Comparative zootechnical parameters during larval rearing in Oreochromis niloticus.
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The conversion index obtained in this study is 2.25 and 2.51 for batches 1 and 2
respectively. These values are higher than those attained by Philippart et al. [72]
(IC = 1.1), TCA in 2015 (CI = 1.32) [30] and NISTS in 2009 (IC = 1.97) [67].

The comparison of our results with those achieved by other authors shows poor
growth performance at the larval stage especially with the weight larvae heterogeneity
(0.02-5 g) (size: 0.8-7 cm). This poor growth is firstly due to the: Quality and physi-
ological state of the spawners; Egg and larval quality; Alterations during the manual
counting of the larvae and during the cleaning operations of the larval rearing tanks
(siphoning); Disturbance of water quality especially during the night and at dawn
when oxygen is lacking; Quality of the dry food produced in the station; Low fre-
quency of food distribution during the day (2–3 times/day), which seems to be lower
than recommended (up to 8 times/day); Cannibalism phenomenon (this prompted us
to make regular sorting, based on size, by separating the larvae into two batches); and
High density of larvae placed in the larval rearing tanks.

6.1.2.2 Evaluation of water physicochemical parameters

The physicochemical parameters recorded in the two larval rearing tanks are
relatively similar. The figure below (Figure 5) shows the variation of these parameters
during 24 hours.

During larval rearing, the recorded temperature varied between 27.5 and 30.38
(average 28.84) during May and June 2017, respectively. To highlight the prior effect
of abiotic factors on larval growth during larval rearing, statistical tests performed
showed that temperature, followed by dissolved oxygen, control largely larval growth.
We reported a decrease in oxygen level during the first hours of the day, which led us
to install 1.5 hp. aerators to improve the performance of this parameter. On the other
hand, salinity and pH seem to have a non-significant effect on larval growth.

6.1.3 Monitoring tilapia growth during rearing phase

6.1.3.1 Zootechnical parameters

As previously indicated, the fry obtained after 60 days of larval rearing was
transferred to the two study areas, where the rearing and grow-out phases were
initiated. The zootechnical parameters obtained in the pre-grown fry in the cages

Figure 5.
Average evolution of the water physicochemical parameters.
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placed in the large rearing pond in Bechima Station (geothermal water) and the
enclosures set in Smati Reservoir (freshwater) are reported in Table 4.

Growth performance expressed by the daily growth rate, the survival rate, and the
conversion rate are in favor of the fish reared in the freshwater reservoir. Indeed, the
growth rates recorded after 50 days of rearing are around 10.51 and 12.7 respectively
for fish in geothermal water and in fresh water. Similarly, the conversion rates are of
the order of 1.36 for fry reared in geothermal water and 1.05 for those reared in fresh
water. For the fry length-weight relationship, we recorded a variation in O. niloticus
growth. Table 5 summarizes the different results obtained as well as the type of
allometry.

In the freshwater pens we found that the relationship between total weight of
O. niloticus fry and total length can be expressed as follows Pt = 0.0096Lt3.1041

Zootechnical parameters of breeding Geothermal water Fresh water

Rearing time (days) 50 50

Initial staffing 3000 3000

Final headcount 1803 1761

Mortality rate (%) 39.9 41.3

Survival rate (%) 60.1 58.7

Initial weight average (g) 1.52 1.3

Final weight average (g) 10.51 12.7

Initial biomass (g) 4545 3900

Final biomass (g) 18949.53 22364.7

Amount of supplied food (g) 25,196 24,403

Daily growth rate (g/day) 0.179 0.224

Specific growth rate (%/day) 5.98 7.13

Feed conversion ratio (FCR) 1.36 1.05

Table 4.
Zootechnical performances recorded in pre-grown tilapia in fresh and geothermal waters.

Month Zone Slope comparison tests Position comparison tests Allometry

Tpe (+/-) Interpretation Tpo (+/-) Interpretation

May ED 0.87 � equivalents 0.235 � Confounded �
EG 0.95 � equivalents 0.89 � Confounded �

June ED 1.42 � equivalents 1.014 � Confounded �
EG 1.07 � equivalents 0.973 � Confounded �

July ED 1.66 � equivalents 1.20 � Confounded +

EG 1.43 � equivalents 1.031 � Confounded +

Table 5.
Tests of slopes and allometry positions of the weight-total length relationship per month in fresh and geothermal
waters. (FW: fresh water; GW: geothermal water).
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(n = 41, R2 = 0.6962). On the other hand, it is expressed as Pt = 0.0075Lt3.256 for cages
placed in geothermal water. Moreover, the allometry coefficient is greater than three for
the fry raised in both areas. Thus, this species exhibits a positive allometry between total
weight and size. This asserts that this fish gains in weight more than in length. This
result is congruent with the findings achieved at Lake Kainji in Nigeria [69] but it
differs from the results found by Coulibaly [68] at Lake Volta in Burkina Faso (Minority
allometry) and Derouiche et al. [17] in Lebna Reservoir (isometric allometry).

The monthly analysis of growth performance shows a slight difference in growth
between the two zones over the study period. The value of the t-test is inferior to 1.96
at the 5% threshold. The month of July is characterized by a positive allometry in the
reservoir and in Bechima station where the individual weight grows faster than the
length.

Comparing the results of zootechnical performance between geothermal and fresh
waters, it can be noted that the growth of pre-grown fry in pens at Smati Reservoir is
superior to the fry raised in cages at Bechima fish farm. This may be due to the water
quality at the rearing pond where the turnover rate is low. This is caused by the low
flow of used water to maintain the temperature around 28–30°C. On the other hand,
the water in Smati Reservoir seems to have physico-chemical parameters that are
favorable to rearing.

Comparing our results with other studies, we note that at the Blonbey fish farm,
fry of 1660 mg stocked in ponds at a density of 500 ind/m3 reach an average weight of
5980 mg. The daily growth rate is 210 mg/day, while the specific growth rate is about
5.98% per day. Our results are consistent with those found by Azaza et al. [58]. These
authors indicate that they were able to achieve a daily weight gain of 0.4666 g/day
during 15 days of hatching from fry of 2 g to an average weight of 9 g. The rearing
adopted by these authors was conducted on a feed with the same composition as used
in our experiment.

On the other hand, FAO states that a good daily growth rate can be obtained
during 30 days and under intensive conditions (0.5 g/d daily gain) [73]. In Côte
d’Ivoire, conducted hatching experiments have shown that growth rates are much
better in 1m3 cages with a density of 1500 fry/m3. These experiments produced a fry
weight of 25 g during 1 month with an estimated daily growth rate of 0.22 g.

The results from the pen rearing in Smati Reservoir are similar to those achieved
by Azaza et al. [58] who obtained a daily growth rate of 0.43 g/day during 45 days.
However, our results differ from those found by Lazard and Legendre [59] who got an
average individual weight of 5 g after 2 months of pond rearing. This experiment was
based on a dry feed composed of 20% of fishmeal, for fry with an average weight of
0.9 g, which corresponds to a daily weight gain equal to 68.33 mg/day. On the other
hand, the good zootechnical performance observed during our experiment in fry pre-
grown in fresh and geothermal waters is comparable to that of H. longifilis pre-grown
made during 4 weeks in 4 m2 tanks and whose average weight evolved from 4.5 g to
50 g [74].

6.1.3.2 Evaluation of physicochemical parameters during pre-growth phase

Tilapia farming is relatively difficult because it depends on the environmental
factors of the water used. Indeed, the good management of a better water quality is
the key to produce fry and fish in good conditions. The average values of the physi-
cochemical parameters recorded at the two sites during the pre-growth phase are
shown in Table 6.

94

Intensive Animal Farming – A Cost-Effective Tactic



6.1.3.3 Temperature

During the pre-growth phase, the monitoring of physico-chemical parameters in
the freshwater and the geothermal water areas show that the maximum temperature
values were recorded in July. The average temperature recorded in Smati Reservoir is
estimated at 26.3°C against 30°C at the level of Bechima station. Eer et al. [75] have
shown that a temperature between 20 and 30 °C is optimal for fish farming.

6.1.3.4 PH

Monitoring this parameter is momentous in farm management since inadequate
pH values can influence the physiological fish state and their growth. Furthermore, it
can lead to fish mortality, especially during the early developmental stages [53].
Throughout our study, pH values in the larval tanks, cages and pens showed small
variations through time, but were still within the optimal tolerance range of the
species (6.5–8.5) [53]. The average pH values recorded in the cages and pens are close
and show a basic character of the rearing water (7.3–8.23). This species is tolerance to
pH variations and it is found in waters with pH values ranging from 5 to 11; the ideal
being located between 6.5 and 8.5 [53].

6.1.3.5 Dissolved oxygen

The dissolved oxygen levels measured in the two areas are within the scale of
values recommended for fish farming [50]. The average oxygen level recorded varies
between 6.94 and 8.28 mg/l in fresh water and geothermal water.

6.1.3.6 Salinity

Salinity monitoring showed that this parameter was almost constant during the
3 months of the experiment in both study sites. The values recorded are 2.03 g/l and
0.2 g/l respectively in the geothermal water and freshwater.

The analysis of the evolution of the physico-chemical parameters in the two areas
showed that the values are well within the ranges recommended for Nile Tilapia
farming. Indeed, this species is found in natural environment between 13.5–33°C
[47, 76] and does not feed below 15°C [53].

In addition,O. niloticus tolerates both high oxygen deficits and saturations. Thus, up to
3mg/l of dissolved oxygen, this species does not present any particular metabolic

Period 05/2017 06/2017 07/2017

Cages EG Enclosure ED Cages EG Enclosure ED Cages EG Enclosure ED

Temperature 27 25.85 27.5 24.55 35.2 28.5

Salinity (g/l) 2 0.15 2.1 0.25 2 0.2

Dissolved Oxygen 6.78 8.875 8.38 5.755 9.7 6.21

PH 8.29 7.635 8.4 7.24 8 7.32

Average weight(g) 1.3 1.51 5.17 8.2 10.5 12.7

Table 6.
Evolution of physicochemical parameters in fresh and geothermal waters.
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difficulty. However, below this value, respiratory stress occurs, althoughmortality only
occurs after 6 hours of exposure to 3mg/l. Nevertheless, this species can withstand low
concentrations of dissolved oxygen for short periods. The optimumrequired is 5mg/l [53].

6.1.3.7 Effect of water on tilapia growth

To test the prior effect of abiotic factors on the zootechnical performance of fish
during the pre-growth phase, we established statistical tests based on general linear
models (GLM), by means of quantitative variables. These tests allow the complex
parametric relationships between response variable and explanatory variables to be
modeled; as well as to look for the most parsimonious relationship including only the
relevant variables (using the AIC selection criterion). In addition, they make it possi-
ble to test the effects of explanatory variables and their interactions.

We followed the effect of physicochemical water parameters on the evolution of
the total biomass of tilapia. We found that only temperature and dissolved oxygen
govern the growth of individuals reared in freshwater and geothermal waters alike.
Besides, the predictive study allowed to retain the variables mentioned above, show-
ing the lowest value of AIC.

6.1.4 Growth parameters of tilapia during the grow-out phase

6.1.4.1 Physicochemical parameters

The table below (Table 7) illustrates the average values recorded of the water
physicochemical parameters during the fattening phase. The study made during the
grow-out stage allowed us to point out a clear difference in temperature between the
two study areas. For the other parameters (dissolved oxygen and pH) remained very
close and did not show significant variations.

6.1.4.2 Nitrogenous elements during breeding phase

Nitrogen is an essential compound in living structures, depending on the degree of
oxidation; it exists in three forms in water: nitrites (NO2-), ammonium (NH4+) and

Parameters of Study area Temperature (°C) Dissolved oxygen (mg/l) Salinity (PSU) PH

EG Bechima 33.2 7.9 2 8.25

ED Smati Reservoir 27.6 7.64 0.2 7.8

Table 7.
Variation of physicochemical parameters between Bechima Station and Smati reservoir.

Parameter
Environment

Hatching Grow-out

NO2�

(mg/l)
NH4+

(mg/l)
NO3�

(mg/l)
P

(mg/l)
NO2�

(mg/l)
NH4+

(mg/l)
NO3�

(mg/l)
P

(mg/l)

EG Bechima 0.05 0.27 1.4 0.11 0.07 2.13 1.19 0.32

ED Smati Reservoir 0.06 0.12 1.7 0.25 0.38 0.34 3.4 2.43

Table 8.
Evolution of nitrogenous elements for pre-growth and grow-out in the two environments.
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nitrates (NO3-). The latter must be well controlled throughout the rearing period due
to their toxic nature. The results of these analyses on the quality of the rearing water
are reported in the following table (Table 8).

During the pre-growth phase, the analyses obtained in the two study areas are
within the recommended ranges for rearing O. niloticus. In fact, the concentration of
nitrogenous waste excreted by the gills and urine depends on various factors, namely
temperature, fish size, ammonia concentration in the environment and the quality of
the feed which must be kept below the critical threshold for survival of O. niloticus.
Concentrations should not exceed 15 mg/l nitrate, 2 mg/l nitrite, 0.95 mg/l ammonium
ions and 0.3 mg/l orthophosphate in any case [53].

However, at the grow-out phase, we recorded an increase in nitrite, nitrate and
orthophosphate levels (at the reservoir). A high concentration of ammonia may have
altered the taste and odor of the water. This may be explained by the increase in
temperature during the summer season, and the phytoplankton bloom at the reservoir
impoundment caused by the discharge of agricultural wastes and nitrogenous prod-
ucts. However, the majority of the waters of Tunisian reservoirs are classified as
eutrophic to hypertrophic. These values remain below those recorded in the reservoir
of Bir M’chergua whose nitrate concentration is estimated at 16.9 mg/l [77].

6.1.4.3 Growth parameters of Tilapia during fattening phase

The grow-out phase started in mid-July, so the monitoring period was quite
restricted (30 days), and the young individuals were fed 3 times a day. Therefore, we
will base our results on the daily growth rate. The following table (Table 9) summa-
rizes the different zootechnical parameters recorded after 1 month of rearing.

The comparison of the growth performances between fresh and geothermal waters
has shown high potentialities in favor of fish placed in the reservoir. Indeed, after
30 days, the total masses obtained varied between 30 and 59 g respectively in geo-
thermal water and fresh water. Moreover, the highest growth rate is recorded in the

Zootechnical parameters of breeding Grow-out in geothermal water Grow-out in fresh water

Rearing time (days) 30 30

Initial staffing 1801 1761

Final headcount 1780 1749

Mortality rate (%) 1.17 0.69

Survival rate (%) 98.83 99.31

Average of initial weight (g) 10.4 12.7

Average of final weight (g) 30 29–59

Initial biomass (g) 18730.4 22634.7

Final biomass (g) 53,400 69,960

Amount of feed distributed (g) 16389.1 24,654

Daily growth rate (g/day) 0.65 0.54–1.54

FCR 0.47 0.2

Table 9.
Zootechnical parameters of tilapia grown in Bechima Station and Smati reservoir.
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pens placed in Smati Reservoir (ICJ = 0.4–1.54 g/d) against 0.65 g/d in the cages of
Bechima Station.

On the other hand, we recorded very important survival rates compared to those
obtained by other authors. This shows that Tunisian fresh waters and geothermal
waters allow the growth and survival of this species. However, we recommend the
maintenance of favorable conditions for the growth and survival of individuals
including fish sorting which must be conducted in the future into 3 enclosures and 3
cages in order to homogenize the stock.

To highlight the results found in this study, we compared them with other authors’
findings (Table 10).

The results show that the growth values found during this study are slightly below
those attained by other researchers. On the other hand, fish grown in freshwater show
daily growth rates close to those estimated by other authors who have worked in
Tunisian reservoirs. In China, reported growth rates are high due to the use of large
fry at the beginning of the grow-out phase and the good quality of the supplemented
feed.

7. Conclusion

The present work contributes to the literature on Nile Tilapia farming “O. niloticus”
in fresh waters (using enclosures placed in Smati Reservoir) and in geothermal waters
(deploying cages installed in the large basin of Bechima experimental station) in
Tunisia. This study was made March and August 2017, a period with abiotic condi-
tions which are optimal for the rearing of this species. Larval rearing monitoring in the
nursery located at the level of the greenhouse in Bechima Station has shown that the
earliest larval stages are much more vulnerable than the most advanced stages. This
vulnerability can be explained by the physical and physiological weakness associated
to the fragility of larvae during their early stages of development, as well as their
sensitivity to the manipulations associated to the rearing procedure. The larvae used in
this study were collected from 13 broodstock in March 2017. During the 60 days of
larval rearing, the average final weight increased from 0.01 to 0.85–2.55 g, and the
survival rate recorded (70%) was within the range of values found by other authors.

Study area Storage
density
(ind/m3)

Rearing
time
(days)

Initialize
(g)

Finalize
(g)

Daily growth
rate

Sidi Saad Reservoir (Tunisia)
[42]

75 75 20.42 169.62 1.98

Lahma Reservoir [77] 177 131 16.28 238 1.69

Ghezala Reservoir [29] 61 118 27.42 204.49 1.5

Tall Lake (Philippines) [78] 71–76 150–180 14–17 250–300 1.57

China [79] 100–150 120–150 >50 600–800 4.625–5.06

Southern United States [80] 50 112 30 250 1.96

Table 10.
Comparative growth performance of Nile Tilapia in different environments.
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The analysis of the evolution of the physico-chemical parameters measured in situ
(temperature, dissolved oxygen, salinity and pH) as well as nutrients (nitrates,
nitrites, ammonium and orthophosphates) shows that the values are well within the
range recommended for Nile Tilapia rearing.

The preliminary results of the breeding phase in cages placed in the grow-out basin
in Bechima station and in pens set in Smati Reservoir are quite encouraging. The
comparison of the results obtained in cages placed in geothermal waters and in pens
placed in the reservoir, has demonstrated that the breeding of frays in fresh waters
shows a much better growth performance than in geothermal waters. The conversion
rate obtained in fry, with body weights ranging from 3 to 19 g, reared in pens (0.87) is
lower than that obtained in cages (1.62 and 1.58). In the grow-out phase, the results
obtained after 30 days show that the fish reared in freshwater maintain the best
growth performance compared to that reared in geothermal water. The preliminary
results of the grow-out phase in Smati Reservoir are very encouraging compared to
those achieved in Bechima Station. This observation highlights the great potential of
this species’ breeding and seeding in Tunisian reservoirs. The mortalities recorded in
the two study areas are essentially due to cannibalism associated with the heterogene-
ity of the sizes and masses of the reared fish.

The in-depth diagnosis of this activity as well as the global evaluation of the results
reveal the presence of anomalies and problems that must be addressed for the next
reproduction and larval rearing campaigns in order to better manage this process and
improve the production in the hatchery.

The results obtained shows that this type of fish farming has significant production
potential. However, it presents two problems that must be solved, namely the massive
production of calibrated fry of O. niloticus and the elaboration of a quality feed to meet
the nutritional needs of fish. Thus, important improvements remain to be made in
feeding and nutrition in order to specify and determine the standards of manufactur-
ing and distribution of fish feed. This would ensure increased production and eco-
nomic profitability along with a better coverage of the feed requirements of tilapia
taking into account the economic context and the locally available compounds.
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Perspective Chapter: Alternative 
Intensive Animal Farming Tactics 
That Minimize Negative Animal 
Impact and Improve Profitability
Songul Senturklu, Douglas Landblom, Gerald Stokka  
and Larry Cihacek

Abstract

Animal agricultural businesses strive to improve efficiencies, reduce input costs, 
and maintain healthy animals with minimal disease control intervention. Bovine 
respiratory disease is a disease complex that increases when cattle are reared in 
confinement costing the North American beef cattle industry three-billion dollars 
or more annually. Principles of soil health define the need to reduce tillage, keep the 
soil surface covered, rotate crops and plant cover crops for greater plant diversity, 
maintain living roots in the soil for as long as possible, and integrate livestock grazing 
into cropping systems. As beef calves age they experience more viral and microbial 
challenges which stimulate an immune system response resulting in greater disease 
resilience and well-being when commingled with unfamiliar cattle for confinement 
feedlot finishing. Wintering calves after weaning in November for modest growth of 
0.59 kg/day (1.30 lbs./day) combined with integrated grazing of a sequence of native 
range and annual forages grown in a diverse multi-crop rotation is a management 
mechanism that increases calf age (200+ days), promotes structural growth, and 
delays feedlot entry. Retaining ownership using a vertically integrated business model 
from birth to slaughter accounting for all business inputs and outputs has resulted in 
improved environmental balance and business profitability.

Keywords: beef cattle, bovine respiratory disease, sequential grazing,  
reduced concentrated feeding, integrated crop-livestock system, regenerative agriculture, 
animal welfare, reduced production cost, net return, profitability

1. Introduction

In animal agriculture, well managed businesses are structured around important 
intricacies that maintain and improve efficiencies, and managers of beef cattle 
enterprises continually strive to reduce production cost. The cow-calf business 
generates calves from which the entire remaining cattle industry relies upon and as 
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such initial management weighs heavily on how feeder cattle perform from weaning 
to final harvest. Sound management is key to animal wellbeing and the methods used 
to minimize stress. Bovine respiratory disease (BRD) in North America is the most 
studied beef cattle illness costing the beef cattle industry in excess of three billion 
dollars annually due to reduced animal performance and depressed carcass quality, 
death loss, pharmaceuticals, and expenses related to treatment [1]. Due to stressors 
such as commingling, transportation and dehydration a number of calves will experi-
ence BRD after feedlot arrival. To reduce the risk of early onset BRD, feedlot operators 
will administer antimicrobials to animals during processing. This process known as 
metaphylaxis or prophylactic use is applied to all animals in the high-risk group [2]. 
Abrupt weaning is a stressful event, when coupled with commingling on the ranch of 
origin adds further stress that increases the risk of BRD. Therefore, stepwise pre-
weaning management strategies to reduce stress prior to weaning that includes spe-
cific vaccination protocols, and commingling prior to weaning will reduce the impact 
of separating calves from their dams. In addition to calf hood vaccination protocols at 
one to two months of age, a 42-day pre-weaning vaccination preconditioning pro-
gram beginning six and three (booster) weeks before weaning that includes introduc-
tion to dry feed (self-fed creep feed supplement) reduces stress and results in a greater 
number of animals developing a protective immune response before weaning. An 
extensive BRD metanalysis review conducted by Taylor et al. [3] revealed inconsisten-
cies that made across study evaluations difficult when evaluating processing methods, 
vaccination, preconditioning, nutritional factors, and prophylactic methods that 
include administration of antimicrobial metaphylaxis. The authors concluded that 
BRD can be best managed using preconditioning techniques coupled with weaning 
before selling and that calf age is important. Calves that experience more viral and 
microbial challenges develop immune defenses with aging and are more resilient to 
viral and microbial insults after feedlot arrival.

The beef cattle industry is segmented into geographical regions based on available 
feed, water, labor supply, environment, and ease of ground transport. Confinement 
cattle feeding businesses cannot operate without a supply of feeder cattle from cow-
calf producers. For the most part, cows that produce a supply of calves for the cattle 
feeding industry are managed in geographical regions unsuitable for crop production 
and from mixed crop and livestock farms. As such, cow-calf producers selling calves 
as the first point of sale is the time that new wealth is generated. All future purchases 
and sales are based on a buy/sell margin plus interest expense culminating in either 
profit or loss. Based on market conditions and the potential for future profit (loss), 
cow-calf producers can decide to sell 6–8-month-old calves after weaning and repeat 
the cycle annually, or retain ownership through a growing period (backgrounding) 
and sell their calves after approximately 100 days on feed. Thus, producers are subject 
to a series of keep/sell marketing management decisions occurring from weaning 
through finishing and final harvest. Keep/sell decisions parallel seasonal manage-
ment and availability of sufficient winter feed supply, spring-summer-fall pasture, 
and market projections that either do, or do not, support retained ownership. With 
respect to BRD morbidity and mortality, weaning prior to sale is the largest contribu-
tor to the reduction in BRD morbidity. Therefore, when calves have been weaned, 
processed (viral and clostridial pathogen vaccinations, castration, and dehorned) and 
fed post-weaning diets for at least six weeks (preconditioned), the incidence of BRD 
morbidity and mortality is reduced 4.5 times, but not eliminated [4].

Retaining ownership in a vertically integrated business model from birth to final 
harvest has been shown to result in enhanced compensatory gain and efficiency, 
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reduced days on feed and breakeven expense, and profitability increase, when feedlot 
entry was delayed until after extended grazing of forages [5–7]. Research involv-
ing the integration of a diverse multi-crop farming system coupled with beef cattle 
grazing was designed to evaluate the impact of combining the two enterprises on 
extensive rearing and animal health, soil health, crop production, grazing animal 
performance and economics, and the effect of delayed feedlot entry on system 
profitability.

2. Beef cattle management in the United States

To better understand the manner in which alternative intensive animal farming 
tactics can minimize negative effects on animal health, it is important to understand 
the multiple ways beef cattle and calves are managed and marketed after weaning.

Initially, beef cattle producers are faced with the marketing decision of when 
to sell calves. The decision comes down to whether calves will be sold immediately 
after weaning, preconditioned for a period of 42-days before selling, or ownership 
retained for a longer period of time. Before the backgrounding period begins, the 
producer must determine that there is sufficient feed available to feed the calves and 
when the projected backgrounding period will end. The next questions the producer 
must answer are: 1) do I sell the calves at the end of the backgrounding period, or 2) 
keep the calves and put them on spring and summer pasture for summer grazing. The 
market timing decision is important, because dietary energy level during the growing 
period effects future performance, especially cattle destined for summer grazing. 
Steers and heifers destined to go to the feedlot after the growing period can be fed 
dietary energy levels that support average daily gain (ADG) of 1.14 to 1.36 kg/hd/day 
(2.5 to 3.0 lb/hd/day). However, if steers and/or heifers are destined for summer graz-
ing of perennial and annual forages, then (ADG) of 0.59 kg/hd/day (1.30 lb/hd/day) 
is a more appropriate confinement pre-grazing growth rate, because although early 
spring vegetative pasture grasses are highly nutritious, high water content (≥80%) 
of early spring vegetative grasses and the quantity of available forage can restrict the 
animals’ ability to consume a sufficient quantity of dry matter for maintenance and 
growth [8–10]. Steers and heifers fed higher energy diets for more rapid growth dur-
ing the drylot wintering period, in the Northern Great Plains, will have greater body 
fat that cannot be maintained when transitioned to a grazing environment. Therefore, 
a high energy pre-grazing dietary regimen is inappropriate for animals destined for 
a grazing environment, because body condition will decline until a grazing growth 
equilibrium is attained. The amount of time for equilibrium to occur depends on 
the degree of fatness and forage quality. In addition to appropriate pre-grazing body 
condition, beef cattle heifers placed on grass that are not intended for breeding 
purposes will experience reduced ADG due to physical activity associated with estrus 
activity. Estrus activity is easily alleviated with ovariectomy conducted by a licensed 
veterinarian. At the end of the summer/fall grazing period, the producer determines 
whether to continue grazing late into the fall period, sell, or retain ownership and 
place the yearlings in the feedlot. Grazing late into the fall and early winter period in 
the Northern Great Plains region of the United States results in slower than desired 
ADG due to declining forage quality. When retaining ownership late into the fall/
early winter period, an alternative to grazing low quality pastures is to feed harvested 
round baled hay in a free-ranging environment using a technique referred to as 
“bale grazing”. In this situation, the animals are not confined to feedlot pens, but are 
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allowed to range freely while being fed high quality baled hay. For intensified animal 
agriculture, feeding areas might range from 65.0 to 135.0 ha in size; however, the 
feeding areas can be sized to fit a given number of feeder cattle. Upon completion of 
the bale grazing period, the producer decides whether to continue retaining owner-
ship by placing the feeder cattle in a feedlot or to sell. Assuming the decision is to 
retain ownership, another decision needs to be made that will affect how the animals 
are to be fed. That decision is whether the cattle will be forage finished using a forage-
based diet and non-starch finishing supplement [11] or fed a high-caloric grain-based 
feedlot energy diet designed for 2.15 to 2.27 kg/hd/day (4.75 to 5.0 lb/hd/day).

3.  Climate, crops and regenerative agriculture, diversified cropping 
system

3.1 Climate

The semi-arid region of the Northern Great Plains is known for wind, cold 
winters, and warm summers; however, relatively low humidity. Growing season 
(April – October) precipitation averages 311.9 mm. Maximum and minimum mean 
temperatures range from a high of 23.8 °C to a low of 8.5 °C [12].

3.2 Crops and regenerative agriculture

A wide range of crops are grown in the region for grain, oilseed, and forage 
including numerous varieties of, but are not limited to: cereal grains (spring wheat, 
winter wheat, corn, barley, oats, rye, flax, triticale, lentil, chickpea, grain sorghum, 
dry beans, dry pea), oilseeds (soybean, sunflower, canola, safflower, crambe), and 
forages (alfalfa, clover, millet, hairy vetch).

Alternative approaches to minimizing animal health issues focuses on methods 
whereby cattle are managed to spend upwards of 85% of their lives outside of feedlot 
confinement. Initially, pasture stocking rate for cows and calves that will be grazing a 
given range resource is determined. Secondly, the number of cow-calf stocking spaces 
that retained ownership yearlings will replace needs to be determined. For crop and 
livestock farms, an integrated diversified multi-crop rotation system can provide 
additional grazing without a large reduction in the ranch’s cow-calf carrying capacity.

When designing the annual cropping system, complementary attributes were 
considered from the perspective of the following: minimum soil disturbance using 
no-till seeding and planting, suitability for cattle grazing, water conservation, crops 
that form associations with arbuscular mycorrhizal fungi (AMF), improving soil 
quality through soil nutrient cycling, including legume crops or mixes with a high 
percentage of legumes in the mix, crops that have high root mass, deep cycling crops, 
and crops that maintain a living root in the soil long after freezing conditions set 
in. More recently, coalescing these non-traditional practices and applying them to 
farming and ranching has become referred to as regenerative agriculture. This is not a 
term often heard around traditional farming circles. However, among holistic farmers 
and ranchers, regenerative agricultural practices focus on melding this wide range 
of practices together in ways that are good for the land and the people who farm the 
land. Soil is a living organism and must be managed carefully, because soil coupled 
with water, solar radiation, and microbial derived nutrient cycling sustains all plants 
and living creatures. Regenerative agriculture has a foundation in the five principles 
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of soil health: Soil Armor, Minimizing Soil Disturbance, Plant Diversity, Maintaining 
a Continual Live Root in the Soil as Long as Possible, and Livestock Integration [13].

The soil surface is fragile and subject to wind and water erosion as well as impact 
from insults such as hail and solar heat that kills soil surface microbes. Protection 
for soils comes from plant cover of pastures, farmed land with domestic no-till or 
reduced-till crop production and residues, cover crop mixes that help keep the land 
covered and provide forage for haying and grazing, and reduced weed infestation.

3.3 Diversified cropping system

Considering the wide array of crops that could be grown and demonstrate comple-
mentarity, the diversified multi-crop rotation consisted of spring wheat, dual winter 
and summer cover crop, forage corn, field pea-forage barley mix, and sunflower. 
Within these crops, cool- and warm-season grass and broadleaf crops are represented 
that are adapted to the semi-arid region. Crop characteristics associated with crops 
selected for inclusion in the diverse crop rotation are shown in Table 1. The charac-
teristics listed include Crop Type (Cool- or Warm-season Grass and Broadleaf types), 
crop water use requirement (Low, Medium, High), Grain Crude Protein %, Residue 
C:N Ratio, Nitrogen Scavenging Ability, and whether the crop forms an association 
with Arbuscular Mycorrhizal Fungi. Some excellent crops were excluded that did not 
meet the requirement for livestock grazing or did not form relationships with AMF. 
For example, canola is an excellent oilseed crop; however, the crop is not suitable for 
grazing and does not form a relationship with AMF. Nonetheless, within a wider rota-
tion of six to seven crops canola and soybean would be logical crop rotation additions.

Cover crops were initially promoted by USDA/NRCS for purpose of controlling 
water and wind erosion prescribed by Practice Code: 340: Growing a crop of grass, 
small grain or legumes primarily for seasonal protection and soil improvement [14]. 
Ancient alternatives to fertilizers were the use of green manure crops that were used 
by farmers in Chinese, Greek, and Roman societies [15]. In the infancy of cover crop 
use the recommendation was that the crop would be seeded following a primary cash 

Crop Spring wheat Multi-specie 
cover crop

Corn Field pea/
barley mix

Sunflower

Crop Type Cool-Grass All Crop 
Types

Warm-Grass Cool- Grass 
& Broadleaf

Warm-
Broadleaf

Water Use Medium Medium High Low/Low High

Crude Protein % 
(Grain)

12-16 Mixed 8-9 24/13 20-28

Crop Residue C:N 
Ratio

90 30-45 57 27/80 68

N Scavenging 
Ability

Very Good Very Good 
Varies with 

mix

Deep soil 
mining

Fixation/
Very Good

Deep soil 
profile 
mining

Forms Arbuscular 
Mycorrhizal Fungi 
Association

Yes-Medium Yes-High Yes-High Yes-Medium Yes-Medium

Table 1. 
Multi-crop rotation crop characteristics.
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crop, which has not been very successful in the semi-arid regions. This is because 
dry soil conditions are common after a primary crop is harvested and germination 
is impeded reducing biomass production. Mixed-specie cover crops are gaining 
popularity among crop and livestock producers for their aid in not only controlling 
wind and water erosion, but also as full-season annual forage crops used for haying or 
grazing that provide for both above and below ground biomass. Cover crops provide 
numerous soil system services beyond protecting the soil surface from erosion. Soil 
system services also include increasing fertility from soil organic matter and sub-
sequent nitrogen supplied from decaying roots and surface residue, symbiotic and 
asymbiotic nitrogen fixation, increased soil aggregation and decreased compaction, 
increased soil water infiltration through the use of tillage-type radish and turnips 
that create tunnels for soil water infiltration, weed control to some extent, grazing 
season extension, and protective cover for wildlife. To accomplish these many soil 
system services within the research investigation, the diverse crop rotation employed 
a dual winter and summer cover crop planting. The winter cover crop was seeded 
during the first two weeks of September each year and consisted of a winter triticale/
hairy vetch mix. The crop was harvested mid-June each year for hay. Following hay 
harvest, the fields were burned down with Glyphosate and seeded to a 7-way cover 
crop mix (Table 2) that was harvested with yearling beef cattle steers. Plant root 
diversity as well as plants that form association with AMF are important for inclusion 
in cover crop seed blends. Sunflower, oat, pea, and hairy vetch are crops with roots 
that develop associations with AMF. Whereas rape, cabbage, and turnip are included 
in the 7-way mix to provide diversity, nitrogen scavenging, and aid in reducing 
compaction; however, do not form AMF associations. Fifty percent of the crop species 
included in the cover crop blend were legumes. The importance of legumes in cover 
crop mixes cannot be over emphasized, because their nitrogen fixing characteristics 
provide a nitrogen source for the subsequent crop through microbial nutrient cycling.

The cropping system consisted of crops with small seed size (spring wheat, cover 
crop, pea, barley) that were seeded using a John Deere 1590 No-Till drill (row spacing: 
19.1 cm) and crops with large seed size (corn and sunflower) that were planted using a 
John Deere 7000 No-Till planter (row spacing: 0.762 m) (Deere & Company, Moline, 
IL USA). Spring wheat was planted to achieve 3.09 million plants per ha and the corn 
and sunflower crops were planted to achieve plant populations of 7,692 plants per ha. 
The mixed crop of field pea (Arvika, var.) was seeded at 67.2 kg/ha and the forage 
barley (Stockford, var.;) was seeded at 44.8 kg/ha, i.e., 60.0% pea – 40% barley.

Crop kg/ha Percent

Sunflower 10.9 4.01

Oat (var. Everleaf) 108.7 40.01

Winter Pea (var. Flex) 108.7 40.01

Hairy Vetch 27.2 10.01

Forage Rape (var. Winfred) 5.4 1.99

Ethiopian Cabbage 5.4 1.99

Hunter Leaf Turnip 5.4 1.99

Table 2. 
Seven-Way cover crop mix.
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The order in which crops occurred in the rotation was based on plant season of 
growth (cool- or warm-season), water use, and residue C:N ratio. Starting with 
spring wheat as the first crop in the rotation, the crop is rated as medium for water 
use and was followed by the multi-specie cover crop that contained a high level of 
legume plants with low C:N ratios. Under normal precipitation in the region the cover 
crop would be expected to breakdown due to microbial nutrient cycling making plant 
nutrients available to the subsequent corn crop. Corn is a warm-season grass crop and 
sunflower is a warm-season broadleaf crop, and both crops are rated as high water use 
crops; therefore, a cool-season mixed grass and broadleaf intercrop mix (field pea-
forage barley) suitable for grazing was placed between corn and sunflower, because 
both crops in the mix are rated as being low water use crops and the mix was 60% 
legume. The high concentration of legume in the crop mix with a low C:N ratio was 
expected to provide nitrogen and other nutrients for the following sunflower crop.

4. Forage grazing sequence and steers

4.1 Forage grazing sequence

Spring seeded annual forages require adequate growing time before graz-
ing suitability is reached; therefore, yearling steers grazed native range pasture 
until annual forages were ready for grazing. On average, the steers grazed native 
range for approximately 108 days between the first week of May and mid-August. 
Western North Dakota native range pasture grass specie composition consists of 
both cool- and warm-season grasses: cool-season: western wheatgrass (Pascopynum 
smithi), slender wheatgrass (Elymus trachycaulus), prairie junegrass (Koeleria 
macrantha), bluebunch wheatgrass (Pseudorognerta spiacata), green needlegrass 
(Nassella viridula), slender wheatgrass (Elymus trachycaulus), warm-season: prairie 
sandreed (Calamovilfa longifolia), indiangrass (sorghastrum nutans), blue grama 
(Bouteloua gracilis), sideoats grama (Bouteloua curtipendula), and little bluestem 
(Schizachyrium scoparium). For the research, control groups grazed native range for 
the full grazing season; however, grazing groups that were assigned to graze annual 
forages began grazing field pea-barley (Pisum sativum, var. Arvika; Hordeum vulgare, 
var. Stockford) as the first annual forage in the grazing sequence followed by corn 
and cover crop grazing. Crop grazing readiness for pea-barley was determined when 
the barley grain was in the early milk stage and peas were small and soft (2–3 mm).

4.2 Steers, stocking density, and grazing management

Over the course of multiple experiments steers of differing frame score have been 
used as grazing animals and described as small frame (SF: Frame Score Range: 3.77–3.82) 
and large frame (LF; Frame Score Range: 5.53–5.63). Frame score determination is com-
puted according to the formula: −11.548+(0.4878 * Ht) – (0.0289 * Age) + (0.00001947 
* Age2) +(0.0000334 *Ht * Age), where age = days, and height = inches [16]. For one 
research evaluation [17] only one steer frame score type was used (LF), and in other 
studies [18, 19] steers of both SF and LF types were used. Grazing equivalents for steers 
used in these research investigations were computed from a reference cow (454 kg) nurs-
ing a six-month old calf [20]. Grazing equivalents for each steer type were calculated 
by conversion of reference animal cow weight and SF and LF steer weights to metabolic 
weight, which resulted in grazing steer equivalents of 0.840 and 0.934 for steers 
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categorized as being of SF and LF. Each of the pastures in the grazing sequence were 1.74 
ha in size, replicated three times and each pen replicate stocking rate was 0.2138 ha per 
steer. The field pea-forage barley intercrop mix was grazed for 27–32 days and varied 
by year. The mixed intercrop maturity progresses rapidly from seeding to full maturity 
and it was determined that extending the grazing period beyond 27–28 days resulted 
in a decline in steer gain performance. For some of the studies, the intercrop mix was 
windrowed to capture forage quality before the onset of grazing and in other studies the 
crop was grazed as standing crop. Windrowing was not always successful. Above average 
precipitation one year resulted in moldy feed in the windrows, which was undesirable. 
Therefore, windrowing was suspended for subsequent research projects. Corn grown for 
sequence grazing was unharvested (not combined residue) vegetative actively growing 
plant of a forage-type categorized as being later maturing and used for silage due to the 
plant’s stalk to leaf ratio and soluble sugar content. Days of forage corn grazing ranged 
from 52 to as much as 71 days and was largely dependent on the amount of rain received. 
Cover crop mix was the last crop grazed in the sequence and the amount of above ground 
biomass available for grazing was more variable than the preceding pea-barley and corn 
crops. The observed variability is directly related to available soil moisture and precipita-
tion following harvest of the winter triticale-hairy vetch cover crop mix. Insufficient soil 
moisture delayed germination for as much as four to five weeks before precipitation was 
received, which negatively impacted total above ground biomass for grazing.

Upon completion of sequence crop grazing, bale grazing was initiated. For bale 
grazing, cover crop hay is produced using a full-season cover crop consisting of oats, 
peas, sorghum-sudan, and clover (crimson var. and berseem var.). Nutrient analysis 
of the cover crop bales and the starting and ending forage analysis for the other 
sequence crops that were grazed are shown in Table 3. Native range, field pea-barley, 
corn, cover crop mix, and cover crop baled hay were analyzed for crude protein (CP), 
neutral detergent fiber (NDF), acid detergent fiber (ADF), invitro organic matter 

CP, % NDF, % ADF, % IVOMD, % IVDMD, % Ca/Phos, % TDN, %

Native Range

 Start 9.7 64.7 35.4 57.5 58.7 0.27/0.13 55.5

 End 6.9 58.8 38.9 47.4 48.6 0.31/0.11 52.6

Field Pea-Barley

 Start 11.0 55.0 30.2 69.6 68.5 0.50/0.23 59.7

 End 8.2 67.0 37.9 54.8 54.1 0.37/0.25 53.5

Corn (Whole 
Plant)

 Start 7.7 56.6 29.5 78.0 77.6 0.32/0.24 60.1

 End 4.6 69.2 38.2 64.7 63.6 0.17/0.20 53.2

Cover Crop

 Start 11.8 50.5 31.5 43.0 69.3 0.75/0.34 58.7

 End 12.3 52.8 34.5 64.3 61.9 0.83/0.31 56.4

Cover Crop Bale 12.8 54.4 31.4 72.5 72.3 0.48/0.22 59.0

Table 3. 
Forage nutrient analysis for grazing sequence crops and cover crop bales.
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disappearance (IVOMD), invitro dry matter disappearance (IVDMD), calcium and 
phosphorus (Ca/Phos), and total digestible nutrients (TDN).

5. Alternative integrated systems research

Integrated systems research has focused on three primary areas of interest: crop 
production, beef production, and soil health within the systems’ evaluation. The 
ensuing discussion will look into each area of interest and the complementary aspects 
of the holistic regenerative approach to the systems’ integration.

5.1 Crop production and soil health

The cropping system [21] consisted of hard red spring wheat grown continuously 
on the same replicated fields for the entire investigation and is designated as HRSW-C. 
The spring wheat control is compared to hard red spring wheat grown in the five-crop 
rotation and has been designated as HRSW-R. The continuous spring wheat control is 
a very important part of the research, because wheat farmers in the region have grown 
spring wheat on the same land for decades (30 to 50 years). Under these conditions, 
the only possible way to raise a good crop of spring wheat is to apply fertilizer based 
on soil test results for a given yield goal (44.8–56 kg/ha). The alternative is to employ 
a holistic approach that considers the principles of soil health that includes multi-crop 
diversity and integration of beef cattle grazing. The crop rotation of spring wheat, cover 
crop, corn, field pea-barley mix and sunflower with three of the rotation crops being 
harvested by grazing has the potential to reduce the cost of production and enhance 
profitability. At the start of the research, urea nitrogen fertilizer was applied according 
to soil test results to both the control and rotation spring wheat fields. The HRSW-R fer-
tilizer application was discontinued after two years and after three years fertilization of 
the HRSW-C was discontinued. Soil fertility was evaluated by creating root restriction 
zones in the replicated spring wheat fields using aluminum irrigation pipes (20.3 × 61.0 
cm) pressed into the soil with an industrial type construction front-end loader. Soil 
samples were collected from inside and outside the irrigation pipe restriction zones. 
Economic analysis was carried out with the assistance of the ND Farm and Ranch 
Business Management Education program budgets in which actual incurred expenses 
that include fertilizer, chemicals, seed, and crop insurance premiums were entered into 
the budgets. From the budgets, calculations for individual crop expense, gross return, 
and net return were determined. Improving soil health through integration of comple-
menting crop types and cattle grazing reduced reliance on mechanical harvesting while 
aiding in the enhancement of soil nutrient cycling consuming less fuel and fertilizer, 
and adding value to yearling steers prior to feedlot entry.

Control and rotation HRSW yield did not differ for the five-year cropping system 
period between 2011 and 2015. Although there was no difference in grain yield, pro-
tein percent or test weight, mean grain yield does not fully explain soil health changes 
that occurred due to the effect soil microbial nutrient cycling had on nutrient supply 
without the addition of exogenous N fertilizer.

Corresponding to soil nutrient cycling after N fertilizer (urea) was discontinued 
resulted in a yield transformation whereby spring wheat-control yield was greater 
initially (Figure 1) followed by a continual decline whereas the soil derived nutrient 
supply supported continued yield increases (Figure 2) years 4 (8.4%) and 5 (32.6%) 
as depicted by chart trendlines.
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Economics for the crop production (Table 4) suggest an advantage for the holistic 
production such that rotation spring wheat had a $6.00/ha greater net return at the 
time the analysis was performed. The combined net return economic advantage for 
crops grown in the integrated system was $2,036 compared to $1,514 for the control 
indicating that although growing spring wheat continuously on the same land year 
after year requires less intensive management profitability is reduced 34.5%.

Plant diversity within the multi-crop rotation that included spring wheat as well 
as the other rotation crops (cover crop, corn, pea-barley, sunflower) contributed to 

Figure 1. 
Spring wheat – control.

Figure 2. 
Spring wheat – Rotation.
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an increase in soil organic matter (Figure 3.) in the experimental fields that ranged 
from 2.8 to 6.8% by the end of the five-year period. Contrasting percent SOM with 
potential N mineralization using regression analysis identified that as the percent 
of SOM increased there is approximately 8.4 mg N mineralized for each 1.0% SOM 
increase per kg of soil [22].

Paralleling the systems evaluation were soil properties of interest (water infiltra-
tion, wind erodibility, and water stable aggregates). Following five years of cropping 
history the crop rotation system has numerically greater water stable soil aggregates, 
reduced potential wind erodibility, and water infiltration rate levels increased (27.1 
mm/hr. vs. 19.1 mm/hr.) in the crop rotation indicating that the multi-crop system has 
a positive effect on soil health.

5.2 Beef production and delayed feedlot entry

The stressors of commingling, transportation, change of feed, new location and 
dehydration coupled with less developed immune defenses make young cattle less 

Yield HRSW-C1

(kg/ha)
HRSW-R1

(kg/ha)
WT-HV
& CC 1

(T/ha)

CORN
SILAGE2

(T/ha)

PEA
BARLEY

(T/ha)

SUN-
FLOWER

(T/ha)

5-yr Avg, 
(P = 0.30)

2,829 2,856 3.7/6.2 8.6 8.4 1.6

5-yr Average Economic Analysis

Net Return/
ha, $

78.8 95.2 69.22 86.58 110.32 169.12

System Net 
Return, $3

$1,696 $2,279

1HRSW-CON: Hard Red Spring Wheat – Control; HRSW- ROT: Hard Red Spring Wheat – Rotation; WT-HV&CC; 
Winter Triticale – Hairy Vetch & 7-Specie Cover Crop
2Corn silage grain content 2011-2015: 941, 3468, 5519, 2822, 4930 kg/ha (Avg. 3536 kg/ha)
3Average total 5-year net return for HRSW-C and rotation crops (HRSW- ROT, WT-HV&CC, Corn Silage, Pea Barley, 
and Sunflower)

Table 4. 
Five-year crop yields and system net return (2011–2015).

Figure 3. 
2014 and 2016 potential mineralizable nitrogen.
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resilient to respiratory pathogen challenges from BRD than older animals with more 
developed immune systems when challenged by viral and microbial pathogen inva-
sion. Feedlot BRD disease occurrences have been categorized into cohort groupings 
as being either early-, mid-, or late-feeding stage occurrences that coincide with the 
first 42-days on feed (DOF), 43–71 DOF, and 72–100 DOF in a mid-western feedlot 
where mid- and late-stage risk for BRD incidence was evaluated. Incidence for BRD 
was determined to be greater during the second quarter of the year which coincides 
with wide temperature fluctuations, summer heat, and humidity [23]. This data 
set can be contrasted with economist’s evaluation [24] using pen-level data (5,773 
pens, 636,042 head received) from a Southern Great Plains feedlot where a 2.28% 
death loss was identified. Sixty percent of the cattle were sourced from auction sale 
barns. Risk factors for sickness and death loss include sourced from sale barns, travel 
distance and animal shrink greater than 5.5%, and larger pen size. Customer owned 
cattle sourced directly from ranches had lower death loss of 1.97% compared to 2.35% 
among feedlot company owned sale barn sourced cattle. The data also identified 
that pens of cattle with lighter feedlot arrival in-weights have higher death loss such 
that for each in-weight increase of 45.4 kg death loss was reduced by 0.2%. Using 
this percent death loss age reduction statistic, delaying feedlot entry until steers and 
heifers enter the feedlot weighing 454 to 499 kg (1,000 to 1,100 lbs.) could potentially 
reduce death loss by 1.1 to 1.3%. Yearling steers involved in integrated crop-beef cattle 
extended grazing delayed feedlot entry systems research discussed herein are seven 
to eight months older and 188 to 210 kg heavier upon feedlot arrival than cattle in 
the Southern Great Plains feedlot data set. Due to greater feedlot arrival weight in the 
delayed feedlot entry research, the steers reach harvest target condition after 82 DOF, 
but are not immune from BRD and digestive health death loss. However, death loss is 
substantially reduced. During the 8-year period (2013–2021), death loss for delayed 
feedlot entry steers was: BRD 0.86%, bloat 0.35%, and unknown 0.17% for a com-
bined 8-year total of 1.38%. In addition, non-performing “realizer” steers were sold at 
auction for a net revenue loss.

In addition to managing animal health and death loss by withholding steers and 
heifers from feedlot confinement in retained ownership extended grazing growing 
systems, the extended grazing program must be profitable. Integrating yearling 
steers into perennial and annual forage grazing protocols have been studied among 
differing steer groups with different research objectives [17, 18]. For the initial inves-
tigation [17] a control group of randomly assigned steer pen replicates were delivered 
to the feedlot (FLT: 367 kg In-Weight) and were compared to randomly assigned 
steers that grazed perennial pasture only (PST) and a third group that grazed peren-
nial pasture and annual forages grown in the diverse multi-crop rotation (ANN). The 
initial integrated systems investigation objectives were designed to determine 1) the 
number of days grazed and steer performance, 2) the effect of grazing system on 
live animal muscle area, fat depth, and intramuscular fat change, and 3) the effect 
of system on delayed feedlot entry growth performance, carcass measurements, and 
long-term risk analysis. All steers were grown during the fall-winter-early spring 
period for modest gain ≤ 0.454 kg per steer per day. Grazing start weights for the 
PST and ANN steers was 369 and 375 kg and ending weights were 509 and 558 kg, 
respectively. PST and ANN steers gained 140 and 183 kg costing $1.12 and $1.30 per 
kg of gain. The cost per steer was greater for the ANN steers due to farming costs 
($157.31 vs $238.46). Grazing live animal muscle and fat measurements for longis-
simus dorsi muscle area (Ribeye Area; cm2), backfat depth (cm), and intramuscular 
fat percentage were monitored as the steers grew grazing perennial and annual 
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forages. Ribeye area for ANN system steers was greater (P = 0.04), fat depth did 
not differ (P = 0.33), and percent intramuscular fat was 0.70% greater (P = 0.001) 
(Aloka SSD-500V Portable Ultrasound Machine affixed with Aloka UST-5044–3.5 
Linear Array Transducer and Standoff, Sentinel Imaging Group Inc.). The PST and 
ANN grazing groups grazed for a period of 181 days before transfer to the feedlot for 
finishing. Feedlot days on feed were longest for the FLT control group (142 days), 91 
days for the PST group, and 66 days for the ANN integrated system steers. Compared 
to the FLT control steers starting and ending weight for the PST and ANN steers was 
naturally greater due to grazing weight gain. Comparing the three treatment groups 
in the feedlot, there were no differences measured for ADG, dry matter feed intake 
(DMI), gain to feed ratio (G:F), and feed cost per kg of gain. Control FLT steer cost 
was $578.30 compared to $276.12 and $381.18 for the ANN and PST, respectively. 
Carcass measurements were unremarkable for hot carcass weight (HCW), fat depth 
(FD), marbling score (MS), USDA yield grade (YG), and quality grade (QG). Upon 
conclusion of this study the cattle market experienced a down turn in commodity 
price resulting in undesirable net return values for the FLT control that lost −$298 
per steer, PST group that lost −$30.10 per steer, and the ANN grazing system steers 
that netted $9.09 per steer; a margin of $307.09 between the FLT control and the 
ANN grazing system steers. A ten-year feedlot sensitivity analysis for the period 
between 2003 and 2012, and hedging against catastrophic loss was conducted. The 
sensitivity valuation determined that within the ten-year period the FLT control 
treatment underperformed seven out of the ten years evaluated. Considering the 
three treatments FLT, PST and ANN, hedging loss protection was rewarding forty, 
thirty, and twenty percent of the time. This initial investigation evaluating delayed 
feedlot entry provided positive direction for future investigations into the potential 
for managing annual forage crop-grazing systems simultaneously.

Sustaining profitability in the cattle business is not easy. Cow-calf producers gener-
ate new wealth when calves are born and subsequently marketed, and the entire beef 
cattle industry in one way or another receives its livelihood from calves born and reared 
on ranches across the United States. The rancher, therefore, has direct control over miti-
gating risk by creating greater beef value before the first point of sale. Resource man-
agement and retaining ownership coupled with a vertically integrated business model 
are powerful tools for creating added beef value. Extracting as much beef value from 
the cow herd that is practically possible begins with matching cow size and yearling 
steers of differing skeletal frame-size to the range and annual forage resource.

For the second research project in the series of integrated systems investigations 
[18], the relationship between cow and steer frame-size, performance, market timing, 
and economics was evaluated. Rearing environment has a profound effect on cow effi-
ciencies. Brood cow biological efficiency is a complex balance of environmental impact 
resulting from available feed resources, and interaction between cow frame-size, 
reproductive efficiency, milking ability, and growth performance [25, 26]. The under-
lying research premise was that a marketing bias towards calves from small-framed 
cows exists and profitability at the first point of sale is diminished. Our research team 
hypothesized that in lieu of selling small-framed calves at weaning using a vertically 
integrated business model, extended grazing of annual forages, and delayed feedlot 
entry would eliminate market bias and increase profitability. Yearling crossbred steers 
(n = 288) from small-framed cows (Aberdeen Angus (Lowline) × Red Angus × Angus 
× Angus) and moderate to large framed cows (Red Angus × Angus × Simmental × 
Gelbvieh) were randomly assigned to frame-size groups identified as small-frame 
(SF) and large-frame (LF) treatment groups. One-half of the frame-size groups were 
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identified as feedlot control groups (FLT) and the remaining one-half were identified 
as extended grazing groups (GRZ). The mean frame sizes for the FLT control groups 
were SF: 3.82 and LF: 5.63, and for the GRZ groups, mean frame sizes were SF: 3.77 
and LF: 5.53. The FLT control steers were on feed for 218 days compared to 212 days of 
grazing and 82 DOF in the feedlot for the GRZ treatment steers. When assessing SF 
steers under grazing conditions compared to their larger framed counterparts, growth 
was less pronounced; however, the cost per kg of gain was 7.8% less. Beef cattle genet-
ics are constantly improving growth performance and efficiency, and are based on 
gain test evaluations in which high energy grain-based diets are fed. Therefore, grazing 
steers consuming forage-based diets are unable to express their full genetic potential 
for growth. Nonetheless, steers grazing perennial and annual forages grow structurally 
prior to feedlot entry followed by a compensatory growth and efficiency response in 
the feedlot when high energy grain-based diets are fed. The SF and LF grazing steers 
grew at the fastest rate of gain in the feedlot (SF: 1.74, LF 2.10 kg/day) compared to 
feedlot control SF and LF steers (SF: 1.33, LF: 1.56 kg/day) (P = <0.01) and there was 
no difference in gain to feed efficiency (P = 0.59). Total feedlot cost per kg of gain was 
markedly lower for the grazing steers (SF: $1.53, LF: $1.44/kg of gain) compared to 
the feedlot control steers (SF: $1.97, LF $1.99/kg of gain). Hot carcass weights for the 
LF graze and FLT control were 423 and 398 kg, respectively, and hot carcass weights 
for the SF graze and FLT control were 374, and 350 kg, respectively. Systems economic 
analysis using a vertically integrated business model from birth to slaughter is shown 
in Table 5 that summarizes annual cow cost and steer expenses returns for winter 
growing and extended grazing, feedlot expenses, and carcass value for the compara-
tive frame score groups in the FLT and GRZ systems’ treatments.

Item FLT2

(LF)3
FLT2

(SF)3
GRZ2

(LF)3
GRZ2

(SF)3
SEM P-Value

Trt

Cow, calf wintering, & 
grazing cost, $

755.51 630.64 1040.67 868.75

End steer market value, $ 1570.45a 1553.35b 7.37 0.01

Net return/steer, $ 529.78 684.60

Net return/ha, $4 26.03 36.71

System Expenses:

Cow, calf wintering, 
grazing, & feedlot 
finishing /steer, $

1452.74 1222.74 1312.09 1107.56

Income

Carcass value/
steer, $

2042.47 1753.88 2243.61 2017.51 91.81 0.79

System net return/steer, $ 589.73 531.14 931.52 909.95
a−bMeans with different superscripts within a line are significantly different, (P ≤ 0.05).
13-Year mean
2FLT: control steers moved directly to the feedlot for growing and finishing; and GRZ: steers grazed a sequence of native 
range, field pea-barley, and unharvested corn before transfer to the feedlot at the University of Wyoming
3SF: Small Frame, LF: Large Frame
4Net return/ha based on sum of native range and annual forage hectares grazed per steer

Table 5. 
Effect of grazing and retained ownership vertical integration on net return1.
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At the end of the 212-day grazing period, the yearling steers were valued, but not 
sold to establish an end grazing steer value and calculate net return per ha values 
before transfer to the finishing feedlot. Small-frame steers cost less to produce and 
had greater grazing net return per ha. Due to lower placement cost and total system 
expense, the SF grazing steers cost less to produce and compared to the LF grazing 
steers that had the highest net return the SF grazing steer net return was a mere 2.32% 
less. Upon further inspection, comparing the SF grazing steer net return to the SF 
feedlot steer net return, the SF grazing steer net return was 41.63% greater illustrat-
ing the effect that extended pre-feedlot grazing and compensating feedlot gain can 
have on system net return.

Frame-size evaluation shown here clearly identifies that beef cattle producers in 
semi-arid regions can maintain cows with smaller frame-size taking advantage of 
increased stocking rate and greater net return per ha per cow exposed and eliminate 
calf market bias through retained ownership in a vertically integrated business model 
from birth to final harvest.

For the third study in the series of investigations into to evaluating extended 
grazing and delayed feedlot entry [18], the question was asked, “Will withholding 
yearling steers from feedlot confinement through grazing above average quality cover 
crop hay after integrated systems grazing has been completed be more profitable than 
grazing native range only?” Feeding large round hay bales weighing 499 to 635 kg 
(1,100 to 1,400 lbs.) in spacious non-confined areas was previously described as “bale 
grazing”. Using the same integrated systems research infrastructure protocol and 
economic analysis previously defined, replicated groups (3 reps) of yearling steers 
grazing native range only were compared to replicated groups grazing a sequence of 
native range and annual forages (pea-barley, corn, and cover crop) was the founda-
tion for the 3-year project. As such, when NR and the sequence of NR and ANN 
forage grazing was completed bale grazing started. The seasonlong cover crop fed was 
seeded in May each year consisting of Pea, barley, sorghum-sudan hybrid, crimson 
clover, and berseem clover and harvested to obtain hay with crude protein value rang-
ing from 12–14% CP. Table 3, shows the nutrient analysis of the cover crop hay that 
had a crude protein value of 12.8% and Total Digestible Nutrient value of 59.0%. Bale 
grazing withheld the steers from feedlot confinement for an additional 43.7 days. The 
combination of sequence forage grazing and the additional time steers spent graz-
ing bales resulted in a 43.0 kg weight advantage compared to the NR control steers, 
which carried through to the end of the finishing period. Gross carcass value over the 
three-year period of the study was $92 greater (P = 0.031) than the NR steers ($1,922 
vs $2,014). During the three-year study and economic analysis, ANN forage sequence 
steers were consistently heavier entering the feedlot and the grazing weight margin 
gained between the NR control steers and the ANN forage sequence steers did not 
change appreciably during feedlot finishing resulting in ANN forage system steers fed 
harvested baled hay before feedlot entry being consistently more profitable.

6. Conclusion

Confining cattle in close proximity to each other greatly increases social stress and 
animal-to-animal disease transmission. Reducing the use of antibiotics in growing 
and finishing beef cattle is impossible without significant modification in beef cattle 
management before confinement feedyard placement. Non-confinement investiga-
tions incorporating crop production and beef cattle grazing reported herein have 
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defined successful protocols that reduce the need for using antimicrobials for animal 
well-being from minimal at weaning to nearly non-existent during grazing. Non-
confinement protocols have increased utilization of home-grown crops through crop 
and beef cattle grazing integration and by employing the five principles of soil health. 
Employing a diverse multi-crop rotation with beef cattle grazing increased water 
infiltration and soil water holding capacity as well as improved and reduced reliance 
on commercial fertilizer application. Additional merits of the systems’ integration 
are found in improved wildlife habitat for birds, small animals, and large game. Beef 
cattle grazing a sequence of perennial and annual forages improved grazing animal 
performance, carcass weight and net return. Reducing agronomic inputs that can 
be replaced with naturally occurring nutrient cycling has the potential to increased 
profitability for the farm-ranch enterprise and improve revenue for local economies. 
Moreover, systems analysis has shown that significant modifications to cattle manage-
ment before the first point of sale using retained ownership and an annual forage 
grazing integration protocol from birth to slaughter can be profitable for the cow-calf 
producer. Well in advance of any business model transition to an integrated crop-
livestock system from birth to slaughter, ranch managers considering a business model 
shift are encouraged to conduct an in-depth through feasibility analysis of the pro-
posed change and cash flow that will support the enterprise modification to include 
infrastructure additions for cropland fencing and water installation as well as estab-
lishing bank operating loan repayment schedule during the business model transition.
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Chapter 7

Mitigation of Environmental
Impact of Intensive Animal
Farming through Conversion of
Animal Wastes to Value-Added
Products
Abigail N. Tasaki and Ken Tasaki

Abstract

The environmental impact of concentrated animal farming operations has become
serious social issues, with the livestock wastes contaminating waterways and ground-
waters and generating greenhouse gas (GHG) emissions that are responsible for more
than half the total GHG emissions in agricultural activities in the U.S. These impacts are
mostly due to the current practice of spraying manure or manure digestate on croplands.
We have recently developed two novel processes not only to mitigate the impacts stem-
ming from the current manure management practice but also to bring in extra revenues
to livestock farmers, which should provide an incentive to the farmers, by recovering
value-added products from livestock manure or manure digestate. In this review, we
discuss the effectiveness of the processes to produce two products: protein hydrolysate
feed additives from the manure-digestate solid by one process and renewable ammonia
from the manure-digestate liquid by another. One process uses thermal hydrolysis to
extract protein from manure-digestate solid at a moderate recovery rate of more than
60%. Another employs acid-base reactions to strip NH3 frommanure-digestate liquid and
dissolve the stripped NH3 gas into the water at a high recovery rate of 90%. By repeating
this stripping process, the nitrogen concentration in the water can reach as high as 18%.

Keywords: dairy digestate, greenhouse gas, renewable ammonia, protein hydrolysate,
thermal hydrolysis

1. Introduction

According to Food Agriculture Organization, the world’s meat consumption in
2020 was estimated to be 328 Mt and is expected to reach 374 Mt by 2030 [1]. As
the meat consumption increases worldwide, the environmental impacts of livestock
agricultural wastes are becoming serious issues. Insufficient disposal or management
of the wastes can not only result in environmental contaminations, but also create
human health hazards. Inadequate manure management has been causing
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eutrophication in rivers, lakes, and bays through runoff of excess nutrients as well as
groundwater contamination by leaching of manure through the soil. As a result,
livestock manure alone is responsible for about 100 TgNy�1 of the nitrogen (N) input
on the earth in 2005, twice as much as the N input of roughly 50 TgNy�1 in 1950 [2].

Anaerobic digestion of livestock manure is becoming popular, driven by an
incentive to receive the renewable identification number by selling biomethane. An
anaerobic digester (AD) generates the digestate as the discharge which is often treated
by a solid-liquid separation. The solid is often used as low-valued solid fertilizers, while
the liquid is sprayed on croplands. This N-rich liquid needs to be sprayed over a wide
area to keep the nitrogen level in the soil at a certain level, currently regulated at the
state levels. As the consolidation of livestock operations progresses, the livestock
headcount/farm grows rapidly, generating ever more manure per ft2. As a result, regu-
lations as to how much N can be sprayed per ft2 of croplands are also being tightened.
As a consequence, it is becoming increasingly difficult for livestock farmers to apply
manure liquid economically without exceeding the N nutrient required for growing
crops in the nearby lands in order to avoid the build-up of excess N in the soil.

The current practice of applying the digestate (to be referred to as digestate) solid and
liquid can cause another problem: greenhouse gas (GHG) emissions. Nitrous oxide
(N2O), almost 300 times as potent as the global warming potential of CO2, is generated
by anaerobic denitrifying bacteria in the soil from ammonia after fertilizer applications.
More than half (54.8%) of the total GHG emissions from agricultural activities in the U.S.
are due to the N2O emissions from fertilizer applications to the soil. Of those N2O
emissions, 30–50% originate from applications of animal manure, which includes organic
nitrogen [3, 4]. Application of liquidmanure or digestate to the soil provides the available
N and carbon, which in turn promote heterotrophic activity, depleting the oxygen
availability in the soil, and thus favor the creation of anaerobic microbes that release N2O
via denitrification [5, 6]. The current manure management practice causes the disruption
of the N cycle on Earth. However, there is potentially a considerable opportunity to
reduce the N2O emissions from the soil without spraying manure as is, but instead by
applying clean inorganic nitrogen recovered from animal manure without creating
anaerobic conditions in the soil. This approach will be the first focus of our report.

Table 1 lists the average concentrations of various nitrogen sources determined by
daily samplings by one of the authors over a week from the digestate liquid after a
solid-liquid separation on a dairy farm with 5000 heads in a Midwestern state. As
Table 1 indicates, the concentration of NH4

+ is the highest among nitrogen sources.
Since NH4

+ can be easily converted to NH3, depending on the temperature and pH, a
significant volume of NH3 can be lost through emissions into the atmosphere during
the storage in a lagoon, though some go through the natural transformation of

Nitrogen Concentration

TNa 1900

NH4
+ 1800

NO3 9

Norg
b 91

aThe total nitrogen.
bThe organic nitrogen.

Table 1.
Nitrogen concentrations in dairy digestate liquid (mg/L).
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nitrification or denitrification during the storage as well. Therefore, it is preferable to
recover NH4

+ before storage in a lagoon.
The nutrient runoff or leaching of nutrients in manure into the soil is also a waste

of agricultural resources. Livestock manure is an important source of nutrients for
crops and grains. For example, the U.S. annual consumption of N for crop production
was 13 Mt in 2015 [7]. On the other hand, the estimated N produced from livestock
animal manure in 2007 in the U.S. was 6.2 Mt [8]. Almost half the N fertilizer
consumption for crop productions could be replaced by N recovered from animal
manure. Accordingly, the recycling of N from manure is a key to the efficient
utilization of agricultural resources and the protection of the environment.

Stripping/scrubbing processes are common for the NH3 recovery. There are many
NH3 stripping and scrubbing processes such as AMFER [9], Dorset LGL [10], and
BIOCAST Process [11]. AMFER can have a relatively high NH3 recovery rate of 80%; yet
it uses heat for the NH3 stripping which increases the operation cost. What is common
among these ammonia stripping processes is that the initial and operational costs of
ammonia recovery using a stripping tower and a scrubber tower are high in general. The
CAPEX has been estimated to be up to $17.5 million for 800 m3 day�1 of flow rate with
2500 NH4-Nmg L�1 of the NH4

+ concentration [9]. Further, to be cost-competitive with
other recovery technologies, the NH4

+ concentration in the influent must be higher than
2000 mg L�1 which limits the application of these processes. In addition, when the
digestate liquid is used as the feed, it always contains CO2 which needs to be removed by
a CO2 stripper prior to the NH3 stripping, since CO2 is acidic, raising the caustic soda
consumption to increase the pH for the NH3 stripping. Moreover, the NH4

+ concentra-
tion in the recovered solution is determined by the initial concentration of NH4

+ in the
feed which limits how high the N concentration in the recovered solution can go. As we
will explain later, our process can produce high N-concentration fertilizers.

Membranes are often used for NH3 recovery from manure. Membrane filtrations
include ultrafiltration, nanofiltration, reverse osmosis (RO), electrodialysis, and
membrane distillation [9]. For example, Riaño et al. have developed a gas permeable
membrane to recover NH3 from manure in a lagoon, controlling the pH gradient
between inside and outside of the membrane as the mass transfer driving force [12].
Though high total ammonia removal rates, 79–99%, were obtained, the NH4

+ concen-
tration in the recovered tank was low, below 2% [12]. Furthermore, all membrane
technologies have a fundamental problem of membrane fouling, especially treating
manure which has a large content of organic matters, a main cause of fouling.

A challenge of recovering ammonia from manure/digestate liquid is removing
undesirable materials in manure slurries without serious membrane fouling or high
energy costs and then concentrating ammonia without using high-energy processes
such as RO. On the other hand, once NH4

+ in the manure liquid is transferred to the
NH3 gas, the NH3 recovery becomes less problematic, leaving behind undesirable
materials in the liquid phase. We have developed a simple process to recover NH3

from manure/digestate liquid by applying acid-base reactions for the NH3 stripping
and dissolving the stripped NH3 gas into the water.

As to the digestate solid, it contains a considerable amount of protein, from 12 to
48 wt.%, depending on the animal and the growth period, according to the report by
Pacific Northwest National Laboratories [13]. There is a substantially large volume of
protein in livestock manure that could be potentially recovered, as is shown in Table 2.

Currently, such a protein is often being wasted. When the digestate solid is sprayed
on croplands, protein in manure tends to stay in the soil longer since protein is not
available to plants immediately as a nutrient; hence, it can be subject to environmental
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contamination before the complete breakdown of protein, if not properly treated.
From a point of view of biological wastewater treatments, protein belongs to what is
called biologically non-degradable organic nitrogen compounds which are difficult to
treat by conventional treatment processes [16]. It would be beneficial if the protein is
recovered from manure before it causes environmental problems. The recovered
protein can be converted to various value-added products. We propose one applica-
tion using the recovered protein: an antioxidant feed additive. The protein recovery
from manure will be the second focus of this review.

A process of protein extraction from manure solid has been patented, using solvent
extraction [17]. Their approach applies a high concentration, 1 M, of an alkali to the
extraction. Such an approach not only requires separation of the alkali after the extrac-
tion, but recycling or disposal of the spent alkali as well. We have developed alternative
extraction process, using the thermal hydrolysis process (THP) without the use of any
chemical. THP has been applied to the extraction of bioactive compounds from plants
successfully [18, 19]. Very few reports have been published on the application of THP
for protein recovery from manure/digestate solid in the literature. We will examine the
efficacy of the protein recovered from the digestate solid for its antioxidant activity.

Our objective is to discuss the two novel processes to recover value-added products
from both digestate solid and liquid not only to mitigate eutrophication and GHG
emissions associated with livestock manure, but also to bring in extra revenues from
the products, some of which can be a renewable N fertilizer or non-carbon renewable
energy, bioammonia, and an antioxidant feed additive.

2. Materials and methods

2.1 Materials

2.1.1 NH3 recovery

For the NH3 recovery, we used a formulated dairy digestate liquid sample by
preparing an NH4

+ solution with the NH4
+ concentration of 2100 mg/L and alkalinity

Proteina

%
Manureb

kg/day/head
Solidc

%
Dry manured

kg/day/head
Proteine

kg/y/head
Head countsf

million
Proteing

MMt/y

Dairy 18.1 25.8 12.7 3.3 216.7 144 31.2

Cattle 12.1 22.5 11.6 2.6 138.6 987 136.8

Hog 25.1 4.7 9.2 0.4 36.4 654 23.7

Poultry 39.8 0.1 25.2 0.0 2.1 68,566 146.8

Total 338.7
aThe protein content in manure on a dry matter basis [13].
bThe weight of manure discharged a day per head of an animal [14].
cThe solid content in manure [14].
dThe weight of dry manure discharged a day per head of an animal [14].
eThe weight of protein discharged a day per head of an animal.
fThe global head counts of each livestock animal [15].
gThe annual weight of protein discharged by livestock animals globally in million.

Table 2.
The estimated global volume of protein generated by livestock manure.
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of 8800 mg/L by mixing NH4OH and NaHCO3, respectively, with 1 L of distilled
water. This was to simplify numerous experiments anticipated to be performed to
optimize the recovery conditions. Once optimized, the real digestate liquid will be
used for validation of our results. The above concentrations were obtained by
analyzing samples of the digestate liquid taken from a centrifuge effluent of the dairy
digestate on a dairy farm with 5000 Holstein cows. The chemicals used were ammo-
nium hydroxide (28% NH3 in H2O, Sigma Aldrich), sodium bicarbonate ((≧99.7%,
Sigma Aldrich), sodium carbonate (≧99.5%, Sigma Aldrich), and sulfuric acid
(≧99.99%, Sigma Aldrich), all without further purification.

2.1.2 Protein recovery

The manure digestate solid (DS) sample was collected from the solid separated by
a screw separator from the digestate effluent of AD using as the feed the dairy manure
from a dairy farm in California Central Valley. The DS sample had a 50% water
content. 24.8 g of DS sample was mixed in 1 L of distilled water and treated by THP
without any pretreatment. The chemical composition of the dried DS sample is listed
in Section 3.

2.2 Methods

2.2.1 NH3 recovery

Our process design principle is to keep the process as simple as possible: our NH3

recovery system consists of two columns: the NH3 stripping by aeration in one column
and the NH3 dissolution into the water in another.

Figure 1 illustrates the experimental setup for the NH3 recovery. Namely, our
process strips the NH3 gas from manure/digestate liquid by aeration, using a low-cost
chemical, specifically a BrØnsted base, in Column a and then dissolves the NH3 gas into
an acidic aqueous solution in Column b to produce a highly concentrated N solution.

Figure 1.
Experimental setup for the NH3 recovery: (a) the NH3 stripping column, (b) the NH3 recovery column, (c) an air
pump, (d) an air diffuser, (e) a pipe, and (f) discharge of the NH3 solution.
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Our process is based on the following reactions for the NH3 stripping, eq. 1, and the NH3

dissolving into the water for recovery, eq. 2:

NH4
þ þ B� ! NH3 þ BH (1)

NH3 þ AH ! NH4
þ þ A� (2)

where B� and AH refer to an anion of a BrØnsted base and acid, respectively. There is
no membrane and no evaporator involved in our process. Our process can produce
highly concentrated N solutions from which liquefied NH3 can be obtained. Liquefied
NH3 has an energy density twice as much as liquefied H2 and is receiving increasing
attention as the next generation of zero-carbon energy storage or fuel [20].

The formulated sample was first introduced into Column a, the stripping column,
while an acid solution was poured into Column b, the recovery column. The acid
solution was prepared by mixing 550 g of 99.99% sulfuric acid with 1 L of distilled
water. Stone air diffusers were located at the bottom of each column for aeration.
Before aeration of the formulated sample, 7 g of Na2CO3 was added to Column a
which triggered the following reaction:

2NH4
þ þNa2CO3 ! 2Na2þ þ 2NH3 þ CO2 þH2O (3)

The stoichiometric amount of Na2CO3, given 2100 mg/L of NH4
+, was 6.18 g.

The excess amount of Na2CO3 was added to ensure the completion of eq. 3. According
to eq. 3, one mole of Na2CO3 produces two moles of ammonia, and CO2 is produced as
a by-product. The subsequent aeration stripped ammonia produced by eq. 3. The
NH4

+ concentration was monitored by a UV-vis photo spectrometer (DR 6000 by
Hach) over time. The NH4

+ removal rate, ηNH4
remove, was defined by the following

equation:

ηNH4
remove ¼ 100� 1� NH4

þ½ �i � NH4
þ½ �f strip

� �
= NH4

þ½ �i
n o

(4)

where [NH4
+]i and [NH4

+]f
strip refer to the initial and the final NH4

+ concentration in
Column a, respectively.

The NH3 gas stripped in the stripping column was sent to Column b, along with
other gases, N2, O2, and CO2, through a pipe and dissolved into the acid solution
through a stone diffuser. When the NH3 gas contacts the acid solution, the following
reaction occurred:

2NH3 þH2SO4 ! NH4ð Þ2SO4 (5)

This is an acid-base reaction continuing until all sulfuric acid is consumed. The NH4
+

concentration in the recovery column was monitored over time. The NH4
+ recovery

rate, ηNH4
recovery, was defined by the following equation:

ηNH4
recovery ¼ 100� 1� NH4

þ½ �i � NH4
þ½ �f rec

� �
= NH4

þ½ �i
� �

(6)

where [NH4
+]f

rec represents the final NH4
+ concentration in Column b.

The above operation was continued by replacing the spent formulated sample in
Column a with a new one and adding the same amount of Na2CO3 into the Column a
after each batch aeration until the NH4

+ concentration no longer increased in the
Column b. No additional H2SO4 was added to Column b. The original amount of
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H2SO4 added to Column b, 550 g, was determined by the maximum solubility of
(NH4)2SO4 in water, 744 g/L. When all H2SO4 was consumed in Column b, the
operation was stopped.

2.2.2 Protein recovery

We have developed a two-heating step process for the extraction of protein from
DS by THP. The detailed description of the THP treatment followed by ultrafiltration
(UF) for the recovery of protein from DS has been described elsewhere [21]. We have
utilized a series of instrumental characterizations of the recovered protein hydroly-
sates (PHs): sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE),
matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) mass spec-
troscopy, and amino acid analysis (AAA). Then, we evaluated the efficacy of PHs as
an antioxidant by the in-vitro oxygen radical absorbance capacity (ORAC) measure-
ments. All methods were described in our previous work [21].

3. Results and discussion

3.1 NH3 recovery

3.1.1 NH3 removal and recovery rates

Figure 2 shows the NH4
+ concentrations in the stripping column as a function of

time: (a) without and (b) with Na2CO3. When Na2CO3 was not used, the concentra-
tion decreased about by half and then became a plateau. Since the formulated sample
had a pH of 8, NH3 was stripped in the beginning; hence, the NH4

+ concentration was
reduced. As NH3 was stripped, H+ was released by NH4

+, raising the pH of the
formulated sample which slowed down the NH3 stripping which eventually came to

Figure 2.
The NH4

+ concentrations in the stripping column as a function of time: (a) without Na2CO3 and (b) with
Na2CO3.

133

Mitigation of Environmental Impact of Intensive Animal Farming through Conversion…
DOI: http://dx.doi.org/10.5772/intechopen.105131



an end. When Na2CO3 was added, however, the aeration kept stripping NH3,
decreasing the NH4

+ concentration to nearly zero, driven by eq. 3.
The values of ηNH4

remove were 96 and 61% with and without Na2CO3, respectively. How
fast the NH4

+ concentration decreases depends on the reaction kinetics and the diffu-
sion of the NH3 gas through the formulated solution to reach air bubbles for the initial
NH4

+ concentration and the volume of the formulated sample.
Figure 3 displays the NH4

+ concentrations in the recovery column (a) with and (b)
without sulfuric acid. A significant difference between the two cases was observed.
Without sulfuric acid, the NH4

+ concentration quickly reached a plateau and did not
increase much. CO2 generated by eq. 3 decreased the pH of water in the recovery
column somewhat, dissolving the NH3 gas into the water to a point; however, the NH3

dissolution is limited, determined by thermodynamics through pH and the tempera-
ture. With sulfuric acid added, the NH4

+ concentration kept increasing, driven by
eq. 5, NH3 stripped by aeration in the stripping column was mostly recovered in the
recovery column. The values of ηNH4

recovery were 90 and 26.9% with and without sulfuric
acid, respectively. The efficiency of using chemicals for the NH3 recovery is clear.

While it took about 2 hours to remove most of NH4
+ in the stripping column, it

took almost 8 hours to dissolve the same amount of NH4
+ in the recovery column

when the volume of water was 1 L for both columns. The reason for the slow process
of the NH3 recovery, relative to the rate of NH3 removal, is due to the limited amount
of the NH3 gas going into the recovery column available for eq. 3. That is, the flow
rate of the NH3 gas going into the recovery column is smaller than the rate of the NH3

gas generated in the stripping column through eq. 3. Eq. 3 occurs almost instantly,
while eq. 5 only undergoes as the stripped NH3 gas has a contact with the acidic
solution in the recovery column. The rate of eq. 5 is determined by the airflow rate of
the air pump, the air flux associated with the air diffusers used, the size of air bubbles,
and others. Namely, the faster the rate of the NH3 gas flow into the recovery column
becomes, the more rapidly the dissolving process gets. For example, employing mul-
tiple pipes going from the stripping column to the recovery column can speed up the

Figure 3.
The NH4

+ concentrations in the recovery column (a) with and (b) without sulfuric acid.
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NH3 dissolution process. An earlier study has reported that the shape and the behavior
of air bubbles also affect the gas solubility in water [22].

As Figures 2 and 3 show, our process ensures a high recovery of NH3 from manure
digestate liquid by taking advantage of efficient chemical reactions, eqs. 3 and 5. The
chemicals used are abundant and affordable. Still, the results shown in Figures 2 and 3
are simply a proof of concept. The process can be improved by adjusting the kinetic
parameters such as the mass transfer and the retention time of the air bubbles inside
the columns. It should be noted, however, that eq. 3 produces sodium as a by-product
which should be removed before spraying on croplands.

3.1.2 Highly concentrated NH4 solution

The above operation was repeated by replacing the spent formulated sample a new
one in the stripping column and dissolving the stripped NH3 gas by reaction with
sulfuric acid in the recovery column until the NH4

+ concentration in the recovery
column no longer increased. The NH4

+ concentration in the recovery column is
determined by the solubility of the product, (NH4)2SO4, which is 744 g/L at ambient
temperature. With this concentration, the concentration of NH4

+ is 19%, a theoretical
number. We reached 18% in our experiment. If nitric acid is used, the NH4

+ concen-
tration would be more than 33%, given the solubility of NH4NO3 in water, 1500 g/L.

To demonstrate the liquefaction of the highly concentrated NH4
+ solution we pre-

pared, we set up an experiment to produce liquefied NH3. We heated 100 mL of the 18%
NH4

+ solution at 90°C, vaporizing NH3, and sent the NH3 gas, through a glass condenser
into a metal cylinder half-submerged in iso-propanol which was cooled to�60°C by dry
ice. The moisture generated by heating the N solution at 90°C was captured by a desic-
cant inside the condenser. At �60°C, the NH3 gas is liquefied, while the other gases N2

and O2 stay as gas, being released to the atmosphere. About 50 mL of liquefied NH3 was
collected. The volume of the recovered liquid NH3 was limited by the volume of the metal
cylinder. Hence, no quantitative recovery rate was assessed. Yet, this demonstrates a
possibility of NH3 liquefaction from an 18% NH4

+ solution. The technology for NH3

liquefaction and the liquid NH3 transportation infrastructure already exist. The same
experiments should be repeated by using a real DS sample for validation.

Very few studies have been published to report the nitrogen concentration as high
as 18% in recovering nitrogen from manure liquid. The high nitrogen concentration
was made possible by dissolving the NH3 gas into the water with a highly soluble acid.
The other gases such as N2, O2, and CO2 gases inside the air bubble can interfere with
the NH3 gas dissolving into the water. When the rising velocity of the bubbles is high,
the NH3 gas can be carried away by the other gases which are not water soluble except
for CO2 which dissolves somewhat. Using plastic packing materials inside the recov-
ery column can help slow down the rising velocity.

As to the economic benefit, it is difficult to estimate since there is no market for
renewable ammonia at this moment. Still, the price of N fertilizers has been going up
significantly, due to the increase in the price of natural gas (NG), and can be
unpredictable, given geopolitical reasons such as the economic sanction against
Russia, a large exporter of N fertilizers. Using the recycled ammonia can help farmers
save money. In addition, many large companies are investing in what is called Green
Ammonia which uses water electrolysis followed by the Haber-Bosch process without
using NG [23]. It is known that the production of Green Ammonia can cost four to
five times as much as the conventional ammonia due to the high cost of water
electrolysis [23]. Our process does not use electrolysis, nor does it produce NH3.
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It simply recovers NH3 from the wastewater. Though a comprehensive cost-benefit
comparison is not straightforward for Green Ammonia and our renewable NH3, it
should be clear that recovering NH3 is much cheaper than producing it, given the
extreme chemical stability of water and N2, both of which are the raw materials for
Green Ammonia. Both our renewable NH3 and Green Ammonia should be qualified as
non-fossil-based ammonia, and the demand for such ammonia is expected to grow
massively high in the future [24].

3.2 Protein recovery

3.2.1 Composition of DS

Table 3 summarizes the compositions of the original DS sample and the leftover
solid after the extraction of protein by THP on a dry matter basis. The condition for
THP was the following: heating the DS sample at T1 = 100°C for 1 hour followed by
heating it further at T2 = 160°C for 1 hour.

Almost 60% of the original protein was extracted by THP. Phosphorous mostly
stayed in the leftover solid, while potassium dissolved in the solution after THP.

3.2.2 Protein recovery yield

We analyzed the protein recovery yield, ηproteinrecovery, defined by the following equation:

ηproteinrecovery ¼ 100� Whydrolysate
� �

Wprotein
� � (7)

where [Whydrolysate] and [Wprotein] refer to the weights of the protein hydrolysates
(PHs) in the reaction solution after THP and the weight of the protein in the original
sample prior to THP, respectively. The THP condition was the following: heating the
DS sample at T1 = 100°C for 1 hour followed by heating it further at T2 = 160°C for
1 hour. Table 4 summarizes the recovery yield under this condition, showing a
reasonably high yield.

The numbers listed in Table 4 were determined by AAA. The experiments were
performed in triplicate and an error of ηproteinrecovery was within 3%. Vanotti et al. did not
include the recovery yield in their patent [17].

The protein in manure digestate solid may be embedded in a complex solid matrix or
trapped in a web of lignocellulosic components such as cellulose, hemicellulose, and

Solid sample Proteinb P K Hemicellulose Cellulose Lignin Othersc

Before THP 37.2 2.1 1.5 9.3 18.2 30.2 1.5

After THPd 14.8 3.5 0.1 12.7 24.9 41.5 2.5
aDry matter basis.
bObtained by multiplying the Kjeldahl nitrogen by 6.25. For the analytical method, refer to our earlier publication [20].
cAlkali metals such as Na, Ca, and Mg.
dThe leftover solid after THP recovered by filtration by a screen with 90 μmmesh, dried in an oven overnight, and ground
by a pestle for analysis.

Table 3.
Compositions of DS samples before and the leftover solid after THP (wt.%)a.
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lignin. The interactions between the protein and the rest of the components in the solid
may be hydrophobic in nature or electrostatic in nature associated with the functional
groups of constituent amino acid residues of the protein. It is known that the dielectric
constant of water decreases at high temperatures [25]. This creates two unusual char-
acteristics for water: water favoring hydrophobic interactions and obstructing electro-
static interactions [25]. Hence, the first heating step of THP may interfere with the
hydrophobic or the electrostatic interactions which may keep the protein trapped inside
the solid matrix. It is also known that the pH of water goes down at high temperatures
from around 7 [25]. Once the protein is released from the solid phase and dissolved into
the solution phase, it should experience an acidic environment created by a low pH
which may cause hydrolysis of the extracted protein. Accordingly, the dissolved protein
may undergo hydrolysis, yielding short-chain peptides or individual amino acids.
Although this is only speculation, the results show that protein can be extracted at a
reasonably high yield by the two-step THP and what was extracted from DS was a
mixture of oligopeptides and amino acids, as is shown below.

3.2.3 Molecular weight (MW) distributions

Figure 4 displays the SDS-PAGE band images for the PH prepared under the THP
condition described above. The PH exhibited very few lines, indicating very few
fractions within the range analyzed.

Figure 5 exhibits the MALDI-TOF mass spectra for the PH. The reference peptide,
shown at 1046.79 m/z, was added to the sample prior to the measurements for the
concentration of PH relative to the reference below the MW of 1000 Da. Contrary to
the SDS-PAGE images, there are a number of peaks below 1000 Da. Peptides in this
region were low-MW peptides such as oligopeptides or free amino acids. The concen-
tration of the PH in Figure 5 can be calculated from the peak positions and the
intensities of each signal relative to the reference. It was about 3.9 g/L which is about
70% of Whydrolysate in Table 4.

Based on the results from SDS-PAGE and MALDI-TOF mass spectroscopy, we
conclude that our PH had more low MW fractions than the higher MW fractions.
Earlier studies reported low MW peptides exhibited antioxidant activities [26–28].

Next, we will subject our PH to antioxidant activities.

3.2.4 ORAC against the peroxyl and hydroxyl radicals

Figure 6a and b show the inhibition of the peroxyl radical attack against fluores-
cein protein by Trolox and PH, respectively, as a function of the logarithm of the
sample concentration, C. This assay is important since lipid molecules constituting cell
membranes are prone to become peroxyl radicals that attack DNA, protein, and other
molecules in a cell [29]. The curve profile shown in Figure 6b is very similar to that in
Figure 6a. In fact, the values of IC50 for PH and Trolox were very close: 7.67 and

Wprotein, ga Whydrolysate, ga ηproteinrecovery, %

9.21 5.55 60.26
aDry matter basis.

Table 4.
Protein recovery yields by THP.
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8.08 mg/L, respectively. This observation demonstrates that the antioxidant activity
of PH was as strong as Trolox against the peroxyl radicals. IC50 refers to the concen-
tration of the sample at which the inhibition is 50%. The experimental error for IC50

was within 1 mg/L which was estimated over triplicate experiments.
Figure 7a and b display the inhibition of the hydroxyl radical attack against

fluorescein protein by Trolox and our PH, respectively, as a function of the logarithm
of C. Hydroxyl radicals are often generated inside a cell in the presence of metal ions
such as Fe(II), Cu(I), and Co(II) and attack organic molecules involved in metabolic
reaction pathways [30]. We observed a significant difference between the two sam-
ples: the inhibition by our PH reached 100% when log C was 1.5, while Trolox did not
reach 100% inhibition even when log C was 2. IC50 of 107.6 mg/L for our PH was less
than 1/7 of that of Trolox, 741 mg/L. The values of IC50 imply that the antioxidant
activity of our PH was more than seven times as strong as Trolox. The strong
antioxidant activities of our PH are consistent with the previous studies on peptides

Figure 4.
SDS-PAGE image of PH extracted from DS. The measurements were performed in triplicate. The numbers on the
right side are the MW markers in kDa.
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[26–28, 31–40]. A theoretical study on the antioxidant activity of peptides has been
published [41].

The DS sample included some non-protein nitrogen compounds which were not
removed from the PH sample prior to the ORAC assay; therefore, their contributions
to the inhibition of the radicals cannot be ignored. Our data only demonstrates that
the extracted compounds from the DS sample by our THP and recovered by UF with a
150 kDa membrane inhibited both peroxyl and hydroxyl radicals to the extent that the
ability to inhibit the former radical was comparable to that of Trolox and the ability to
inhibit the latter was seven times stronger than Trolox.

Our assay is an in-vitro test, and the results should be considered preliminary.
Further study is warranted to confirm the antioxidant activity of our PH. If con-
firmed, the recovered protein hydrolysate could be sold as antioxidant feed additives.
Currently, a 50% feed-grade vitamin E is sold at �$13.5/kg [42]. Using the numbers in
Table 2, the volume of the recovered protein from manure digestate solid generated

Figure 5.
MALDI-TOF-mass spectrum of PH. A signal for a peptide with a known MW is included as a reference at
1046.79 m/z.

Figure 6.
The inhibition of the peroxyl radical attack against fluorescein protein by (a) Trolox and (b) PH, respectively, as
a function of the logarithm of the sample concentration, C.
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on a dairy farm would be about 5000 tons/year at the recovery yield of 60%. This
would provide an annual revenue of $137 million/year which could potentially over-
shadow the revenue from selling the milk. It should be noted that this is only a rough
estimate under a hypothetical scenario.

The GHG emissions from agricultural activities in the U.S. were 641 Mt of CO2eq in
2019 [43]. Of that volume, 58% was due to the N2O emission caused by spraying
nitrogen fertilizers including manure/digestate liquids through the mechanism men-
tioned earlier, and 13% was primarily due to the N2O emissions by manure manage-
ment mostly from manure storage such as lagoons. N2O generated by manure
management is mainly produced from organic nitrogen, mostly protein, in manure.
By recovering protein from manure before manure management through the protein
recovery process described in this chapter, we could potentially reduce about 83 Mt of
CO2eq emissions, assuming the above 13% was generated by decomposition of protein
in manure. 30 to 50% of the N2O emissions caused by spraying N fertilizers and
manure/digestate liquids originate from applications of animal manure which includes
organic nitrogen [3, 4]. Hence, practicing a combination of the protein and NH3

recovery processes described in this chapter could potentially reduce about 109–
186 Mt of CO2eq emissions. Altogether, up to 269 Mt of CO2eq emissions could be
removed by the combination of the two processes. This number is about 42% of the
total GHG emissions from agricultural activities in the U.S. To evaluate these esti-
mates, we assumed 100% protein and NH3 recovery rates by both recovery processes.
Though the actual number will be lower, a significant volume of GHG emissions can
be still reduced by the two processes. The potential reduction of eutrophication caused
by nitrogen runoff cannot be ignored through our processes.

4. Conclusion

The two processes described here, the NH3 and the protein recovery process from
manure digestate, have shown the high recovery rates. Our processes can be directly
applied to the current practice of the solid-liquid separation of manure digestate from
which both solid and liquid are otherwise sprayed on lands. The protein recovery
process can be applied to the solid, while the NH3 recovery process can recover NH3

from the liquid, with the solid and liquid coming from ADs which are rapidly being

Figure 7.
The inhibition of the hydroxyl radical attack against fluorescein protein by (a) Trolox and (b) PH, respectively, as
a function of the logarithm of C.
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adopted by livestock farmers. Using the two processes can significantly limit the
leakage of N from the digestate into the environment.

Furthermore, our two processes can produce value-added products including
protein-based antioxidant feed additives and concentrated N solutions from which
renewable nitrogen fertilizers or non-zero carbon renewable energy source can be
recovered. These products can help close the nitrogen loop in the livestock operation
that is currently broken, given abundant applications of synthetic fertilizers and
frequent use of protein-based feeds. The nitrogen in the recovered protein from
manure/digestate solids can go back to animals as feed, while the nitrogen recovered
from manure/digestate liquids can grow crops, and the nitrogen in the crops can be
recycled back to animals as feed as well. Additionally, our recovered NH3 is renewable
NH3 produced without fossil fuels and highly energy-intensive processes such as the
Haber-Bosch process or water electrolysis.

Intense animal operations (IAO) are expected to grow, given the increasing
demand for meats and dairy products worldwide. Accordingly, regulations on manure
management will be likely tightened to keep the environmental consequences by IAO
under control. Yet, regulations can go only so far as to mitigate the environmental
consequences. Our processes add economic incentives to livestock farmers by bring-
ing extra revenue streams which will help livestock farmers, some of whom may be
under financial stress due to increasingly higher costs for the operations.
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Chapter 8

Recent Advances and Application 
of Biotechnology in the Dairy 
Processing Industry: A Review
Muhammed Nurye Gebeyehu

Abstract

Worldwide continuous demand for milk and milk products triggers different 
stakeholders in the dairy sector, which leads to the establishment of modern dairy 
farms, processing companies, and the invention of artificial intelligence. This 
dramatic change in the sector boosted milk production and reduce the impact of 
dairying on the environment. There has been a tremendous improvement in all unit 
activities such as separation, standardization, pasteurization, homogenization, and 
packing due to modern innovations in the fluid milk processing business. Advanced 
technologies in milk processing are applied to extend the shelf life, enhance the 
nutritional quality and safety of dairy products and health advantages without 
altering its physicochemical characteristics. Generally, the use of recent technologies 
in milk production has a significant impact to address the demand for milk and milk 
products, poverty alleviation, reducing GHG emissions, and other global challenges. 
The dairy industry can benefit greatly from new advancements and innovations in 
modern biotechnology, such as rDNA technology, transgenics, probiotics, bio preser-
vatives, recombinant enzymes, starter culture, and improved bioprocess engineering 
tools by producing novel foods customized for specific consumers. While biotechnol-
ogy brings incredible benefits, it also persuades a potential impact on health and the 
environment. Therefore, its application needs great intention.

Keywords: biotechnology, dairy product, milk, technology, processing

1. Introduction

While milk production per cow has risen dramatically in the last three decades 
through research that emphasizes efficient and sustainable milk production alongside 
productivity improvement, farmers still seek the wisdom of attempting to increase 
milk production with long production years in order to alleviate their fear of dairy 
cows’ short productive lifespan. Moreover, achieving maximum productivity using 
scarce natural resources is the greatest challenge for dairy farmers, which can be 
addressed by implementing dairy farming innovations on every farmer’s farm. The 
application of innovations at all stages of production, from fodder cultivation to milk 
marketing, is a critical need in today’s world [1]. As a result, scientists and researchers 
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devise a variety of innovations to increase resource efficiency and/or provide infor-
mation to farmers. In the last two decades computerized or automated technologies, 
such as computerized feed delivery and milking systems, on-farm computers to 
manage dairy records, automatic take-offs for milking units, and a holding pen with 
an udder washer that uses computer hardware and software, have been discovered. 
Moreover, Pulsed electric fields, high hydrostatic pressure, high-pressure homog-
enization, ohmic and microwave heating, microfiltration, pulsed light, UV light 
processing, and carbon dioxide processing are some of the emerging dairy processing 
technologies that could reduce energy consumption and greenhouse gas emissions 
[2]. The efficiency of processing technologies is also enhanced by using bacteriocins. 
Furthermore, milk processing has a significant impact on small-scale dairy producers 
to generate higher cash incomes than selling raw milk and offers better opportuni-
ties to reach regional and urban markets. Milk processing can also help to deal with 
seasonal fluctuations in milk supply [3].

Despite the fact that achieving expected animal productivity at a lower cost for 
greater economic returns is dependent on the ability to transfer these innovations 
from the lab to the field in the dairy farming system, innovations have a significant 
impact in overcoming the sector’s current challenges. Consequently, to raise milk 
production with minimal GHG emissions, improved animal husbandry techniques 
should be adopted in smallholder household dairy farms [1] along with technological 
innovations.

Biotechnology’s application in the dairy industry has a substantial role that 
improve milk production, animal health, and food processing. Genetically modi-
fied microorganisms such as bacteriocins and probiotics have been associated with 
lowering the risks of type 2 diabetes, metabolic syndrome, and heart disease, as well 
as better weight management [4]. Besides, probiotic products contain microorgan-
isms that are viable, specific, and effective in critical nutritional physiology systems. 
Lactobacillus, Bifidobacteria, Saccharomyces, and Streptococcus are some of the bacteria 
found in fermented dairy products [5, 6]. Bio-preservation with natural preservatives 
has a positive effect on consumer health promotion in addition to improving food 
safety and shelf-life as a technological effect [4].

Furthermore, the application of technology has had a significant impact on 
addressing several challenges faced by the food industry on food safety, preservation, 
nutrition, and allergies, food security, changing consumer needs, environmental 
concerns, economic viability, and policy reforms. Dairy processing companies around 
the world need efficient, low-cost, and automated innovations to increase profits and 
meet the demand of a wide range of products. Therefore the aim of this paper is to 
recapitulate and combine the different information on current development in milk 
production and processing.

2. Overview of the global dairy industry

Global milk production trends increases dramatically in the last 30 years from 
530 million tonnes in 1988 to 843 million tonnes in 2018 [3]. Over the next ten years, 
global milk production is expected to increase at a rate of 1.6 percent each year (to 997 
Mt. by 2029), outpacing most other major agricultural commodities [7], however, the 
expected growth remains tight in 2022, with only a 0.6 percent increase projected and 
EU countries produced below the expectation, especially New Zealand and Australia 
[8]. Moreover, the global milk production reported in January 2022 was lower by 1.6% 
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than the previous year’s counterpart [9]. USDA is estimating just a 0.7% rise in milk 
production in 2022, which is bullish for milk prices.

On the other hand, milk production growth is predicted to decline by 0.5 percent 
per year in the European Union (EU) and reach 162 million tonnes by 2031. However, 
organic milk production in this region is predicted to increase (to 8% by 2031), result-
ing in economic gains, environmental benefits, and improved animal welfare [10]. 
The growth of average global milk production is achieved by improving the dairy cow 
production performance than the number of herds. Besides the large volume of milk 
consumed in the form of fresh dairy products, including pasteurized and fermented 
products, due to a significant increase in milk product demand in developing nations, 
the proportion of worldwide fresh dairy products consumption is predicted to rise 
over the next decade OECD [11]. In developed countries, processed dairy products 
are preferred, whereas, in underdeveloped countries, fresh dairy products account for 
more than 75% of the average per capita daily intake of milk solids. In underdeveloped 
countries, regional differences are enormous, with fresh dairy product consumption 
ranging from 99% in Ethiopia to 5.8% in the Philippines OECD [11].

Furthermore, according to Minj et al. [12], the production, storage, and distribu-
tion of various types of dairy products, as well as the management of dairy-related 
data, are significantly influenced by global milk production and processing. 
According to literature evidence, various processing technologies have been used to 
produce several types of milk and milk products. Market milk, flavored milk, cream, 
butter, butter oil/ghee, condensed and evaporated milk, milk powder, fermented 
milk, yogurt, cheese, ice cream, and indigenous dairy products are among the most 
common processed dairy products. The major processing technologies necessitate a 
robust setup for continuous production and maintaining final product quality [12].

2.1 Revolutions in milk production and milking

Manual or hand milking is a time-consuming, labor-intensive process and the 
milk preserving process is also unsanitary, moreover, a bacterial infection in milk can 
occur as a result of a manual process. Wondatir [13] proposed a novel robotic milk-
ing technology that can grab the milking claws of cows. Introducing auto-milking 
has solved this problem more efficiently through lowering costs and manpower, 
automatically preserving the milk by using various smart cooling tanks. Few models 
of low-cost, nonelectric milking machines are also developed considering the locality 
and need of dairy farms. Milk that did not fit for human consumption is diverted to 
a separate container. The sensors in the automatic milking machine play important 
role in detecting the readiness of teats for milking and also identify impurities, color, 
and quality of milk. The majority of auto-milking systems rely on two components: 
a computer and specialized herd management software. This material can perform 
activities such as collecting the animal, cleaning the animal before milking, attaching 
the milking equipment, extracting milk, removing the equipment, and routing the 
animal out of the special area Muhammad Osama [14]. The robotic feeding system 
can calculate the effectiveness of feed for milk production as well as a cow’s nutri-
tional requirements.

The invention and introduction of highly efficient automatic milk meters that 
built into robotic milking systems of cows are extremely important to control the 
main technological parameters in the process of milking (live weight, temperature, 
electrical conductivity, and so on) [15, 16]. Additionally, it is also a remarkable role 
to determine different stages of lactation, heat periods, somatic cell count, motor 
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activity, and other zootechnical registration parameters. Viguier et al. [17] revealed 
the use of SCC as an alternative method of detecting mastitis. Hereafter numerous 
sensors are used in the production of high-quality milk and the use of microchip tech-
nologies has resulted in faster results. Furthermore, with these technologies, you will 
be able to diagnose mastitis more successfully with more effective tests and results 
with a wider angle and more accurate results. Milk conductivity and milk appearance 
are commonly used on farms. Other methods, on the other hand, provide another 
early mastitis detection for a quick and accurate decision to cure the disease.

Moreover, an automatic milking system has a priceless impact not only on milk-
ing but also on management systems including feeding, cow traffic, cow behavior, 
grazing, milk quality, and animal health by using electronic devices or sensors. A 
large number of research studies have reported analyses of AMS impact on specific 
aspects such as milk yield/quality [18, 19], animal behavior/health/welfare herd 
management [20] performance, and labor efficiency [21, 22]. Some studies reported 
a 2 to 12 percent increase in milk production in cows milked 2+ times per day in AMS 
compared to cows milked twice per day in traditional milking parlors. However, the 
result of Hansen et al. [23] revealed that the use of AMS did not show an increase in 
milk production, especially for prim parous cows [24–26].

The machine can monitor the state of herd productivity and express milk analysis 
is a critical condition for effective milk production and industry competitiveness. 
Express analysis of each animal’s milk allows you to assess the animal’s health and 
productivity with confidence. The data obtained from the automated machine will 
be processed and used to control the level of productivity and identify problems for 
immediate corrective action [27].

The first commercial AMS in dairy farms was introduced in the Netherlands in the 
1990s, and about 50,000 units were adopted worldwide by 2020 [28]. AMS is mainly 
concentrated in Europe (90%), Canada (9%), and other countries (1%). However, 
it is expected that by 2025, 50% of dairy cows in North-Western Europe will be 
equipped with AMS [29].

To recapitulate, the innovation of robotic milking machines is useful in eliminating 
the pressure on human labor and maintaining a hygienic milking process with remark-
able improvement in milk production, as well as managing every aspect of manage-
ment and reproduction in the farm by incorporating an automated milk meter on it.

2.2 Recent advances in milk processing or dairy industry

In the last two decades, major technological advances in the fluid milk processing 
industry have been observed, with a significant improvement in all unit operations 
such as separation, standardization, pasteurization, homogenization, and packaging. 
Besides, many advances have been made in terms of production capacity, automation, 
and sanitary operation [30]. Traditionally, milk is processed by heating it to a specific 
temperature for a fixed period of time, which results in a significant reduction in 
the microbial population [31]. However, recently developed nonthermal processing 
methods are ideal for milk and other food staff with higher performance of eliminat-
ing microorganisms or any other biological entities without causing a significant 
temperature rise, thereby preventing a chain of undesirable reactions in foods [31]. 
High-pressure processing (HPP), microfiltration, centrifugation, pulsed electric 
field (PEF), ultraviolet light (UV), and cold plasma processing are among the widely 
used nonthermal processing. Moreover, automated technologies have also been 
developed to reduce labor costs and losses during processing, including automated 
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clean-in-place (CIP) system, inclined film scraped surface heat exchanger (ISSHE), 
automated spray dryer, membrane processing (ultra filtration (UF), reverse osmosis 
(RO), micro-filtration (MF), nano filtration (NF), and electrodialysis). Ultrasonic 
processing or sonication is a promising alternative technology in the food industry as 
it has the potential to improve the technological and functional properties of milk and 
dairy products. Furthermore, High-intensity ultrasound (HIU) is a promising emerg-
ing technology, specially designed for economy, simplicity, and energy efficiency. 
HIU has multiple benefits either in the processing or evaluation of products [32]. 
It also offers a great potential to control, improve, and accelerate processes without 
damaging the quality of food and other products.

2.2.1 High-pressure processing (HPP)

A nonthermal method of food and dairy product preservation and sterilization in 
which a product is subjected to extremely high pressure, causing some microbes and 
enzymes in the food to be inactivated [33]. Research on raw milk treated with high 
pressure has shown that HPP treatment produces raw milk of comparable quality 
to pasteurized milk, as it is equally successful in eradicating pathogenic and spoil-
age microorganisms. When compared to foods with a higher pH, such as milk, HPP 
proved effective at inactivating bacteria in both high- and low-acid food systems. It 
may influence the qualities of treated milk by modifying the fundamental features 
of milk ingredients [34]. In the food and dairy sector, high-pressure processing is a 
unique alternative to thermal processing [33] that includes a treatment chamber, a 
pressure generating system, a pressure transmission medium, and a pressure intensi-
fier [34]. HPP was performed at 680 MPa for 10 minutes at room temperature and the 
number of microorganisms was reduced by 5–6 log cycles.

2.2.2 Pulsed electric fields (PEF)

The fundamental principle of PEF technology is the use of short pulses of high 
electric fields with durations ranging from microseconds to milliseconds and intensi-
ties ranging from 10 to 80 kV/cm. Short pulses (1–10 μs) generated by a high voltage 
(5–20 kV) pulse generator have been used to treat biological material or food placed 
between two electrodes installed 0.1–1.0 cm apart in a treatment chamber separated 
by an insulator [35].

The processing time is calculated by multiplying the number of pulse times with 
effective pulse duration. The applied high voltage results in an electric field that 
causes microbial inactivation. When an electrical field is applied, electrical current 
flows into the liquid food and is transferred to each point in the liquid because of 
the charged molecules present ([36]; as cited by [33]). PEF treatment has achieved a 
reduction in the microflora of milk with a shelf life similar to that of high tempera-
ture, short time (HTST) pasteurized milk.

The ability to control the amount of ohmic heating in food preservation (low-
temperature processing) is the main benefit of PEF technology in liquid food pas-
teurization. This avoids the Maillard reaction, which affects the functional properties 
of food such as color, taste, and smell [37]. PEF is also effective in the inactivation of 
microorganisms such as Salmonella typhimurium, Listeria innocua, and E. coli up to 5.0 
log cycles [38].

The method is highly scalable and can be incorporated into existing food process-
ing lines. In comparison to traditional heat pasteurization technology, it is more 
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energy-efficient [39]. Furthermore, PEF treatment chambers can be easily adapted to 
existing continuous-flow production lines for liquid food pasteurization [40]; how-
ever, achieving a homogeneous treatment may be an issue [41]. The main disadvan-
tage of PEF technology is its effectiveness and efficiency, which are largely dependent 
on the liquid conductivity and viscosity [42].

2.2.3 Ultra-sonication

It refers to the application of sound waves at the frequency (˃ 16 kHz) greater 
than the upper limit of human hearing through liquid, solid, or gases, which 
causes the formation of small bubbles (known as cavitation). While droplets reach 
the required size range, they collapse under near-adiabatic conditions, resulting 
in significant conditions both within the droplets and in the surrounding liquid 
that include intense shear forces, turbulence, and micro streaming effects. These 
ultrasound-induced physical effects are increasingly being used in food and dairy 
processing industries, its application is used to enhance whey ultrafiltration, 
extraction of functional foods, reduction of product viscosity, homogenization 
of milk fat globules, crystallization of ice and lactose, and the cutting of cheese 
blocks [33].

The use of ultrasound in traditional dairy processes has the potential to bring sig-
nificant cost savings and improved product qualities to the dairy sector. Furthermore, 
as compared to other new technologies, the use of ultrasound as a processing tech-
nique has been deemed safe [43]. These technologies include low- and high-intensity 
ultrasounds. Low-intensity ultrasounds have been used to determine, evaluate, and 
define the physical features of foods, whilst high-intensity ultrasounds have been 
utilized to speed up specific biological, physical, and chemical processes during the 
handling and transformation of food products [44].

2.2.4 Cold plasma (CP)

Cold Plasma is an electrically powered gaseous state consisting of charged par-
ticles, free radicals, and some radiation that is known as the fourth state of matter. 
An electrical discharge [45] produces a partially or totally ionized plasma made up of 
photons (basically), ions, free electrons, and atoms in their fundamental or excited 
states. These species are classified as either “light” (photons and electrons) or “heavy” 
(remaining constituents) [46, 47].

Currently, CP undergoing extensive testing for the preservation of perishable 
commodities such as milk and milk products. The use of cold plasma (CP) techniques 
to preserve milk and milk products has been pushed as a revolutionary nonthermal 
technology. CP not only preserves the nutritional value of the food but also inactivates 
germs, eliminating the risk of resistance. Cold plasma was also discovered to disrupt 
enzymes involved in browning (color change) processes and the production of an 
off-flavor [48].

2.3 Membrane separation technology

It is a method of separating a liquid into two streams using a semipermeable 
membrane. The two streams are called retentate and permeate, respectively. 
Specific components of milk and whey can be separated using membranes with 
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different pore sizes. Membrane filtering technology offers a variety of applica-
tions in the cheese industry, including boosting nutritional quality, improving 
compositional control and production by increasing total solid content, using 
whey during cheese manufacturing, and minimizing the need for rennet and 
starter culture. Concentrating milk before manufacturing cheese opens up a new 
market for the cheese industry, lowering costs and speeding up the entire process 
[49]. Membranes in the cheese industry concentrate the cheese milk, increasing 
yield and quality while controlling whey volume. It is now possible to recover 
growth factors from whey because of advancements in membrane technology [50]. 
Membrane filtration can basically be divided into four main technologies, which 
are as follows:

2.3.1 Microfiltration (MF)

Microfiltration is a membrane filtration technique that uses a membrane with 
an open structure and is powered by low pressure. The membrane allows dissolved 
components to pass while rejecting the majority of non-dissolved components. 
Microfiltration is widely used in the dairy industry to reduce bacteria and spores, 
remove fat from milk and whey, and standardize protein and casein.

2.3.2 Ultrafiltration (UF)

Ultrafiltration is a membrane filtration process that operates at medium pres-
sure. Ultrafiltration works by passing most dissolved and non-dissolved components 
through a membrane with a medium open structure while rejecting larger compo-
nents. UF is widely used in the dairy industry for whey protein concentration and 
milk protein concentration as well as standardization.

2.3.3 Nano-filtration (NF)

Nano-filtration is an intermediate step in the high-pressure membrane filtra-
tion process. In general, nano-filtration is a type of reverse osmosis in which the 
membrane has a slightly more open structure that allows primarily monovalent 
ions to pass through. The membrane rejects divalent ions to a large extent. Nano-
filtration is primarily used in the dairy industry for specialized applications 
such as partial demineralization of whey, lactose-free milk, and whey volume 
reduction.

2.3.4 Reverse osmosis (RO)

Reverse osmosis is a high-pressure, membrane-based filtration process that uses 
a very dense membrane. In theory, only water passes through the membrane layer. 
Reverse osmosis is commonly used in the dairy industry for milk and whey concentra-
tion or volume reduction, milk solids recovery, and water reclamation.

2.4 Application of biotechnology in dairy processing

Recent biotechnological breakthroughs have emerged as a significant tool for 
developing quality features in livestock products, such as dairy and dairy-based 
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products. In most developing nations, biotechnology has been used to improve food 
processing by using microbial inoculants to improve qualities such as flavor, scent, 
shelf life, consistency, and nutritional content of meals and dairy products. Probiotic 
food products are a rapidly expanding segment of functional food that has been well 
received by consumers. The food sector, on the other hand, is striving to offer a vari-
ety of probiotic foods other than dairy products with potential health benefits [51].

Moreover, modern biotechnology has brought up new and exciting opportunities 
in the dairy industry, making milk and milk products more accessible to the poor 
and meeting the demands of a larger population. Since the dairy industry’s primary 
responsibility is to provide consumers with high-quality, nutritional, and affordable 
dairy meals, biotechnological intervention at various stages of milk production and 
processing has become a foregone conclusion [52]. It has provided us with delicious, 
nutritious, wholesome, handy, shelf-stable, and safe foods. As long as research and 
development efforts continue, biotechnology will inevitably have a greater impact 
on the food we eat. It has enormous potential for expanding the variety and quality 
of food available to humans, especially more healthy and appealing foods. It also 
appears likely that it will continue to provide benefits to food processing and safety 
monitoring as new technologies develop at a faster rate. Furthermore, the biotechno-
logical application has a remarkable role in dairy product bio-preservation, probiotics 
manipulation, and production; enzyme production; milk derived bioactive peptides 
and other functional ingredients; and starter cultures technology and genetic 
manipulation.

2.4.1 Bio-preservation

Although recent advances in innovative modern technologies implemented in food 
processing and more stringent microbiological food-safety standards have reduced 
the incidences of foodborne illnesses and product spoilage, they do not completely 
eliminate the possibility of health risks associated with such foods. As a result, the 
food industry is always exploring novel techniques and methods to produce mini-
mally processed, ready-to-eat food that retains its nutritional value, taste, and flavor. 
Bio-preservation like bacteriocin is an ideal choice to preserve ready-to-eat processed 
foods without altering their nutritional and chemical properties.

Bacteriocins are antimicrobial peptides that are deemed harmless since they are 
easily destroyed by mammalian gastrointestinal proteolytic enzymes. Furthermore, 
the majority of bacteriocin producers belong to lactic acid bacteria (LAB). 
Bacteriocins, whether purified or secreted by bacteriocin-producing bacteria, are a 
wonderful alternative to chemical preservatives in dairy products because they pose 
no health risks. Bacteriocins can be added to dairy products in purified/raw form, as 
a bacteriocin-producing LAB in the fermentation process, or as an adjuvant culture. 
Bacteriocins and bacteriocin-producing LAB have been used to control pathogens 
successfully in milk, yogurt, and cheeses in a number of cases. One of the most recent 
development is the inclusion of bacteriocins, whether directly as purified or semipu-
rified form, or as bacteriocin-producing LAB, into bioactive films and coatings that 
are directly applied to food surfaces and packaging [53].

2.4.2 Probiotics

Probiotic is a relatively recent term that means “for life,” and it refers to bacteria 
that have been connected to beneficial effects in humans and animals. The probiotic 
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microorganisms are primarily Lactobacillus and Bifidobacterium strains, but Bacillus, 
Pediococcus, and several yeast strains have also been identified as suitable possibili-
ties [54]. Sour/fermented milk, yogurt, cheese, butter/cream, ice cream, and infant 
formula all contain probiotic bacteria. These probiotics are either used as a starter 
culture alone or in combination with traditional starters, or incorporated into dairy 
products after fermentation, where their presence confers many functional character-
istics to the product (such as improved aroma, taste, and textural characteristics), as 
well as many health-promoting properties [55].

Milk and milk products, particularly fermented dairy foods, are thought to be 
excellent carriers of probiotic strains, which allows to express their health-promoting 
functions to the greatest extent possible. Probiotic microorganisms can be concen-
trated and added in small amounts directly to food or a milk product, where they 
can grow. Yogurt is a well-known example of probiotic-rich functional dairy food. 
Probiotic yogurt, also known as bio-yogurt, should contain living bacterial cultures. 
Probiotics have been used to treat intestinal disorders as dietary supplements and oral 
agents. Probiotics have appeared recently as among the most precious bugs due to 
their ability to express a plethora of novel health-promoting functions that are strain-
specific. Immunomodulation, restoring the balance of disturbed gut flora, strength-
ening the mucosal barrier function, and preventing lactose intolerance are the most 
notable probiotic functions. However, the focus at the moment is on researching 
probiotics as potential biotherapeutics for chronic inflammatory metabolic disorders 
such as diabetes, CVD, obesity, irritable bowel disease (IBD) and syndrome (IBS), 
Ulcerative Colitis (UC), Crohn’s disease (CD), acute diarrhea, serum cholesterol 
reduction, shortening the duration of respiratory infections, blood pressure control, 
colon cancer, and urinary tract infection (UTI), among others.

2.4.3 Biotechnology and enzyme production

Enzyme production is a new field that answers the needs of the food processing 
industry by drastically lowering investment and processing costs. Enzymes are a 
biotechnological processing tool whose action in the food matrix may be manipulated 
to produce high-quality products. Moreover, the application of biotechnology has a 
significant role to produce enzymes used in the food and dairy industries, microbial 
protease, lipase, and galactosidase are enzymes that come from beneficial micro-
organisms. Their thermoresistance, thermostability, and thermoacidophilic qualities 
brought a particular interest to food producers [56].

The industrial production of enzymes for use in food processing dates back to 1874 
when Danish scientist Christian Hansen extracted rennin (chymosin) from calves’ 
stomachs for use in cheese manufacturing. Bovine chymosin was the first enzyme 
to be produced through biotechnological approaches in E. coli. Since then, genetic 
manipulation has been used to make tailor-made enzymes for specific consumer 
requirements. Now enzymes can be produced through recombinant DNA technology 
in large quantities for their subsequent application in the food industry (Table 1).

Some microorganism strains have been genetically modified to boost their capacity 
for enzyme synthesis under ideal conditions. In most situations, changed genes from 
other kingdoms of microorganisms can be found in GM microorganisms that generate 
enzymes. Bio-based compounds such as glucoamylase, lipase, −amylase, pectinase, 
antibiotics, amino acids, lactic acid, nucleic acid, and polysaccharides are created 
utilizing GM starting cultures. For example, one of the DNA codes for chymosin, 
which causes milk to curdle or coagulate during cheese fermentation, was cloned 
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into bacteria (Escherichia coli), yeast (Kluyveromyces lactis), and mold (Bacillus niger) 
(Aspergillus niger). In Thailand, modified E. coli is being utilized to produce lysine, 
with the goal of increasing yield in less time [58].

2.5 Future application of biotechnology in the dairy industry

In the past, biotechnology has made substantial contributions to the dairy sector 
from animal genetic improvement to milk product processing. Thus, the follow-
ing areas are some examples of possible applications of biotechnologies in future 
scenarios.

Dairy production

• Recombinant bovine

• Recombinant vaccines

• DNA fingerprinting

• Embryo transfer technology

• Animal cloning

• Gene forming and transgenic

Dairy processing

• Food grade bio-preservatives

• Dairy enzymes/proteins

• Probiotics

Enzymes Microorganisms Application

Phytase Aspergillus niger Dair

Lipase Baking, cheese flavor development

Lipase Aspergillus oryzae Cheddar cheese production

Chymosin Escherichia coli K-12 Cheese

Chymosin Kluyveromyces marxianus 
var. lactis

Cheese production

Microbial rennet Mucor miehei Baking, starch, cheese

Protease Starch, Aspergillus usamii brewing, meat tenderizer, milk coagulation, 
improvement of bread quality

β-Galactosidase 
(lactase)

LAB Lactose intolerance reduction in people Prebiotic 
food ingredients

Source: Ghoshal [57].

Table 1. 
Enzymes produced from genetically modified microorganisms using gene technology used in the dairy industry.
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• Functional foods and nutraceuticals

• Dairy waste organization and pollution control

3. Conclusion

World dairy production and consumption were significantly increased in the last 
three decades, researchers and trend analysts claim that this growth will continue for 
the next few decades. However, in some countries especially in the EU, the number 
of cows is decreasing in recent years due to environmental, animal welfare, and other 
reasons. On the other hand, a number of technologies are invented and introduced 
to support the intensification of dairy farms. Recent technologies such as automatic 
milking machines, sensors, blockchain, and automatic feeders can provide significant 
improvements to milk production, environmental sustainability, and animal welfare 
in livestock agriculture. Similarly, sophisticated milk processing technologies have 
also been developed, which will have a remarkable role to produce dairy products that 
are wholesome and fit for human consumption. As well most recent processing tech-
nologies have a great potential for reducing GHG emissions during production, pro-
cessing, and storage. Recently new biotechnological products are being developed for 
use in both animal production and food processing, dairy product bio-preservation, 
probiotics manipulation and synthesis, enzyme manufacturing, milk-derived bioac-
tive peptides, other functional components production, and starter cultures tech-
nology and genetic manipulation are all examples of biotechnological applications. 
Conversely, the invention and application of these mysterious technologies were 
restricted in developed countries. Therefore, these advanced technologies should be 
more accessible to farmers around the world particularly to farmers in developing 
countries to improve milk production per cow, reduce higher GHG  emissions, and 
feed growing populations.

© 2023 The Author(s). Licensee IntechOpen. 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. 
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