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Foreword

As a result of various human activities, such as increase in human population, decrease
in arable land due to soil degradation, urbanization, industrialization and associated
increase in the demand for livestock products, dramatic changes are occurring in the
global ruminant livestock sector. These changes include shift in the size of regional
livestock populations and in the types of management and feeding systems under
which ruminant livestock are held, and increased demand of a wider range of quality
w
attributes from animal agriculture, not just of the products themselves but also of
the methods used in their production. The livestock sector will need to respond to
new challenges of increasing livestock productivity while protecting environment and
human health and conserving biodiversity and natural resources.
The micro-organisms in the digestive tracts of ruminant livestock have a profound
inﬂuence on the conversion of feed into end products, which can impact on the animal and the environment. As the livestock sector grows particularly in developing
countries, there will be an increasing need to understand these processes for better management and use of both feed and other natural resources that underpin the
development of sustainable feeding systems.
Until recently, knowledge of ruminant gut microbiology was primarily obtained using classical culture-based techniques, such as isolation, enumeration and nutritional
characterization, which probably only account for 10–20% of the rumen microbial
population. New gene-based technologies can now be employed to examine microbial
diversity through the use of small sub-unit ribosomal DNA analysis (e.g. 16S rDNA)
and to understand the function of complex microbial ecosystems in the rumen through
metagenomic analysis. These technologies have the potential to revolutionize the understanding of rumen function and will overcome the limitations of classical-based
techniques, including isolation and taxonomic identiﬁcation of strains important to
efﬁcient rumen function and better understanding of the roles of micro-organisms in
relation to achieving high productivity and decreasing environmental pollutants.
This book has been produced by the Joint FAO/IAEA Division of Nuclear Technique in Food and Agriculture, IAEA Vienna, Austria in collaboration with the CSIRO
Livestock Industries, Brisbane, Australia. It gives a comprehensive up-to-date account of the methodologies and the protocols for conventional and modern molecular
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Foreword

techniques that are currently in use for studying the gut microbial ecology of ruminants. Each chapter has been contributed by experts in the ﬁeld. The techniques
and procedures described are also relevant and adaptable to other gastrointestinal
ecosystems and the microbiology of anaerobic environments in general. The future of ruminant gut microbiology research is dependent upon the adoption of these
molecular-based research technologies, and the challenge at present is the use of
these technologies to improve ruminant production and decrease environment pollutants through a better understanding of microbial function and ecology. It is hoped that
this book will equip the readers better in order to meet this unprecedented challenge.
James D. Dargie
Director, Joint FAO/IAEA Division
of Nuclear Techniques in Food and Agriculture
Vienna, Austria
V

Shaun G. Coffey
Chief, CSIRO Livestock Industries
Brisbane, Australia

Introduction

Current approaches to the evaluation of digestibility and the nutritive value of feed
resources using conventional in vitro feed evaluation and animal studies have resulted
in a large body of information about nutrient composition, digestion kinetics and
digestibility. However, these techniques are unable to describe the microbial mechanisms involved in digestion by ruminants and other herbivores, and are unlikely
to result in the development of new feeding strategies. Conventional culture-based
methods of enumerating and identifying rumen bacteria are being rapidly replaced
by the development of nucleic acid-based techniques that can be used to characterise
complex microbial communities. Ruminant nutritionists and microbiologists have
recognized the importance of molecular microbial ecology, but many have found it
difﬁcult to employ the most appropriate techniques because they are not familiar with
the methods. In addition, this ﬁeld is developing very rapidly and even researchers
with experience in molecular microbial ecology ﬁnd it difﬁcult to keep abreast with
the increasing number of techniques and alternatives.
This manual is written by an expert group of scientists interested in ruminant
digestion and gut microbiology. The most recent and up-to-date methods in molecular
microbial ecology with special emphasis on ruminants are collated and interpreted in
this book. The methods will provide the readers an easy access to molecular techniques
that are most relevant and useful to their area of interest. The authors have attempted
to write in a recipe-like format designed for direct practical use in the laboratory and
also to provide insight into the most appropriate techniques, their applications and
the type of information that could be expected. These aspects have been supported
by inclusion of the relevant literature.
The contents of the manual are presented in a sequence that recognizes the key
elements in studying gut microbial ecology. The ﬁrst chapter provides a perspective
on how to design animal trials in which microbial ecology is studied. Often the power
of the new molecular techniques is diminished by an inappropriate design in terms
of animal number, sampling frequency, location and replication. The second chapter describes the classical culture-based methods for studying rumen microbes, as
these methods are often a pre-requisite to employing molecular techniques. Chapters
3–6 provide information on the basic underpinning techniques and the protocols in
ix
H.P.S. Makkar and C.S. McSweeney (eds.), Methods in Gut Microbial Ecology for Ruminants, ix–x.
© 2005 IAEA. Printed in the Netherlands.

x

Introduction

molecular ecology, such as DNA extraction from environmental samples, the polymerase chain reaction (PCR), oligonucleotide probe and primer design and DNA ﬁngerprinting amongst others. The application of these techniques to microbial detection
and identiﬁcation are discussed. Specialized techniques such as denaturing gradient
gel electrophoresis (DGGE) and 16S/18S ribosomal DNA libraries for studying complex communities that contain unculturable organisms are also described. Many of
these techniques are used to identify and enumerate the population of organisms that
are present in a sample. However, the ﬁeld is rapidly moving to a functional analysis
of the microbes in an ecosystem, and some of the methods being employed to measure
genes expression are described in Chapter 3. In Chapter 6, knowledge about location
and spatial relationships of micro-organisms in their natural environment that are
often essential for understanding the function of these organisms are discussed. The
ﬁnal chapter deals with metagenomic technologies, which provide the potential to
capture and study the entire microbiome (the predominant genomes) from a complex
microbial community, such as the rumen. The rapid high-throughput technologies
developed in mapping the human genome are now being deployed to study microbial ecosystems. An explosion of knowledge in the ﬁeld of microbial ecology is now
expected.
The editors wish to acknowledge the contributions made by all the authors who
participated in the publication of this manual. They have spent considerable time
gathering information from many sources into a focussed document that enables
the reader to understand how techniques have evolved and the context in which the
methods should be applied to address speciﬁc issues relating to gut microbial ecology.
We believe that this manual will ‘demystify’ the methods in molecular microbial
ecology for readers, who are novice in the ﬁeld but are excited by the prospects of the
technology. It would also be invaluable for the experienced workers striving for giving
new dimension to their research – expanding the work in other ﬁelds and initiating
cross-cutting activities. This manual is seen as the ﬁrst step towards understanding
and manipulating gut micro-organisms as it is expected that the techniques and the
methodologies associated with the study of molecular microbial ecology will continue
to grow and evolve. A key challenge for the future will be the simpliﬁcation of these
techniques, so that these become tools of routine use in nutritional, environmental
and ecological laboratories.
Harinder P.S. Makkar
Animal Production and Health Section
JJoint FAO/IAEA Division
International Atomic Energy Agency
Vienna, Austria
V

Christopher S. McSweeney
CSIRO Livestock Industries
Queensland Bioscience Precinct
St Lucia, Queensland, Australia

Editorial Note

The use of particular designations of countries or territories does not imply any
judgement by the publisher, and the IAEA, as to the legal status of such countries or
territories, of their authorities and institutions or of the delimitation of their boundaries.
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