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Disclaimer

The information presented in this book is for advisory use only. Readers who formulate diets based on
the information presented should verify the nutrient contents of the feedstuffs to be used prior to the
diet being formulated and fed to cattle.
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Foreword

It is with great pleasure that I write this foreword to Professor Robert Blair’s Nutrition and Feeding
of Organic Cattle (2nd Edition). I first met Professor Blair during my undergraduate degree about
30 years ago when he arrived at The University of British Columbia to take up the Head position of
what was then the Department of Animal Science. He was then, and is continuing to be, an advocate
for incorporating the latest available science into the field of farm animal nutrition. I clearly remember
sitting in his classroom where he encouraged us to think about animal nutrition as an evolving
science and that we should never be satisfied with the status quo.

My own education started out in the field of animal nutrition beginning with my undergraduate
degree completed in Professor Blair's department. After completing a Master’s degree and then a
PhD in ruminant nutrition I worked in the animal feed industry for 7 years before returning to UBC
to focus on animal welfare. It is through both lenses — animal nutrition and welfare — that I encourage
readers to take the time to read Professor Blair's most recent textbook on the nutrition and feeding of
organic cattle. As the public increasingly questions where our food comes from, we see a growing
number of citizens turning to organic products. For example, sales of organic goods, including food
animal products, doubled in the European Union (EU) between 2012 and 2016. This increase has
resulted in a corresponding increase in animals designated as organic; for instance, the number of
dairy cows in the EU rose from approximately 100,000 in 2000 to just under a million in 2015, now
representing about 4% of the European herd. We see similar trends in North America: according to
the latest (2017/2019) data from the US Census of Agriculture the total number of beef cows was
31,722,039 of which 39,412 were certified organic. Although small in comparison with European
figures, both organic milk and organic beef production in the US increased by about 20% between
2016 and 2019.

Increases in the number of beef and dairy cattle designated organic has resulted in more inter-
est and arguably need in how best to feed them. Professor Blair’s book is a wide-ranging collection of
the available peer-reviewed literature that provides a platform for those interested in feeding organic
cattle to see where the latest research sits in this important area of science but also where the gaps in
knowledge remain. Equally important to the consumer is the latest evidence regarding the health of
organic cattle products, a topic that Professor Blair integrates into the narrative.

Those who take the time to sit and read this interesting and well researched book will not be
disappointed. Indeed, I strongly encourage all individuals working in the animal feed industry who
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X Foreword

are faced with the daily challenge of formulating rations for organic dairy and beef cattle, students

interested in organic cattle farming and researchers who are interested in pursuing future studies in

this area to read this comprehensive review of the latest science on feeding organic dairy and beef
cattle.

Marina (Nina) von Keyserlingk, PhD

Professor, NSERC Industrial Research Chair in Animal Welfare

Faculty of Land and Food Systems, The University of British Columbia

and

Associate, Peter Wall Institute for Advanced Studies, The University of British Columbia,

Vancouver, Canada

1 December 2020
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1

Introduction and Background

This book completes a trilogy of books dealing
with the nutrition and feeding of farm animals
that are produced organically; Nutrition and Feed-
ing of Organic Pigs (Blair, 2007, 2009 (Chinese
version), 2018a), Nutrition and Feeding of Organic
Poultry (Blair, 2008, 2018b) and Nutrition and
Feeding of Organic Cattle (Blair, 2012). This update
on Nutrition and Feeding of Organic Cattle deals
with both dairy and beef cattle and, like the pre-
vious books in the series, presents information on
how to feed these animals so that the milk and
meat produced meet organic standards.

The available data confirm that there is an
increasing market for organic products, if they
can be delivered at a price acceptable to the con-
sumer. As a result organic animal production
has increased in many countries. This develop-
ment is a response to an increased consumer
demand for food that is perceived to be fresh,
wholesome and flavoursome, free of hormones,
antibiotics and harmful chemicals and produced
in a way that is sustainable environmentally and
preferably locally, and without the use of genet-
ically modified (GM) crops.

Organic farming can be defined as an ap-
proach to agriculture in which the aim is to
create integrated, humane, environmentally and
economically sustainable agricultural produc-
tion systems. Thus maximum reliance is placed
on locally or farm-derived renewable resources. In
many European countries, organic agriculture is
known as ecological agriculture, reflecting this

emphasis on ecosystem management. The term
for organic production and products differs
within the European Union (EU). In English the
term is organic; but in Danish, Swedish and
Spanish it is ecological; in German ecological
or biological; and in French, Italian, Dutch and
Portuguese it is biological. In Australia the term
used is organic, biodynamic or ecological.

The organic standards relating to feeding of
animals share a commonality internationally
and continue to be refined to deal with practical
issues, such as a recurring shortage of organic
feedstuffs. As a result some exceptions to the
regulations are permitted in some countries. For
instance, the Australian Standard is similar to
European standards in relation to permitted feed
ingredients; feed supplements of agricultural
origin having to be of certified organic or of bio-
dynamic origin. A derogation allows that, if this
requirement cannot be met, the approved certi-
fying organization may allow the use of product
that does not comply with the Standard provided
that it is free from prohibited substances or con-
taminants and it constitutes no more than 5% of
the animal’s diet on an annual basis. Permitted
feed supplements of non-agricultural origin in
Australia include minerals, vitamins or provita-
mins only if from natural sources. Treatment of
animals for trace mineral and vitamin deficien-
cies is subject to the same provision of natural
origin. Animal nutritionists will regard with
some scepticism the requirement that ‘The use

© R. Blair 2021. Nutrition and Feeding of Organic Cattle, 2nd Edition (R. Blair)
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of trace elements must be on the basis of a dem-
onstrated deficiency’ since this could lead to ani-
mal suffering. The US regulations exemplify a
different approach to the use of trace minerals
and vitamins. The standards in that country
contain a National List, which includes feed in-
gredients. It allows all non-synthetic (natural)
materials unless specifically prohibited and pro-
hibits all synthetic materials unless specifically
allowed. A difference between US and EU regula-
tions affecting feedstuffs is that no derogations
are sanctioned under the US National Organic
Program. Trace minerals and vitamins that are
approved for feed supplementation by the Food
and Drug Administration can be used for enrich-
ment or fortification of organic feed. These ex-
amples illustrate the point that organic farmers
need to be very familiar with the details of the
standards applicable to their region.

In many ways organic farming appears to
be a turning back of the clock, but it should be
practised using modern knowledge. Ration
balancing programmes have been used for many
years in conventional cattle production to allow
feedstuffs to be used efficiently and this book ad-
vocates their use in organic production, includ-
ing the use of computers to formulate diets and
feeding programmes tailored to the type of cattle
and the particular environment in question.

Application of the appropriate technical
knowledge will allow the organic industry to
thrive and produce the type of product sought
by the public, at a competitive price. In addition,
application of this knowledge will weaken the
accusation that organic cattle farming contrib-
utes more to greenhouse gas production than
conventional cattle farming.

This book provides an important source of
peer-reviewed references on the organic feeding of
cattle, drawn from the international scientific lit-
erature. The organic industry needs to have access
to a compilation of unbiased, documented refer-
ences such as this, and not available elsewhere.

One interesting aspect of the available sci-
entific literature — as pointed out by Manuelian
et al. (2020) —is that countries which started the
organic farming movement still account for
most of the published papers. These authors
made that conclusion after reviewing selected
documents from 44 countries worldwide.
Germany was the country with the most scientific
papers published on organic livestock farming
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(56 documents), followed by France (31) and
Denmark (30). This was a reflection of the fact
that countries with a long tradition in organic
farming (German-speaking countries, English-
speaking countries and France) are still the
predominant countries in organic livestock re-
search. The most cited countries of authorship,
within the 320 selected documents, were
Germany (751 citations), the United Kingdom
(728 citations) and Denmark (596 citations).
Manuelian et al. (2020) commented also on the
fact that the number of citations of the publica-
tions appeared to be related to the language in
which the documents were written (supporting
the hypothesis that the language of the docu-
ments influences their chance to be cited). The
choice of journal for publication was another
factor, since most of the peer-reviewed journals
in question were published in English.

Support for the better application of tech-
nical information was provided by Sundrum
(2010). His review of the organic meat industry
concluded that, although defined by specific and
basic guidelines, organic livestock production is
characterized by largely heterogeneous farming
conditions that allow for huge differences in the
availability of nutrient resources, the implemen-
tation of feeding regimes and the use of geno-
types, etc. All of these have an effect on meat
production. Correspondingly, there is substantial
variation in the quality of organic meat entering
the marketplace. The quality of organic beef is
inconsistent and often falls short of expectation.
In addition, it is often similar in quality to con-
ventionally produced meat. He concluded that,
in some cases, the organic guidelines play only a
minor role with respect to meat quality.

This publication sets out guidance on nutri-
tion and feeding practices that relate to the
standards for certification of organic cattle. Al-
though aspects of the various topics addressed
in the book have been presented at conferences
and in trade and scientific publications, no com-
prehensive text has yet been published. Details
on permitted feed ingredients, with an emphasis
on those grown or available locally, and on suitable
dietary formulations are included in the book. The
book will be of interest to the advisory personnel
that service the organic milk and beef indus-
tries and also researchers, university and college
teachers, students, veterinarians, regulatory
agencies, feed manufacturers and feed supply
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forage plants, silages, grains, protein and
micronutrient supplements. In addition, it
provides information on the effects of feed-
stuffs on milk and beef production, quality
and safety.

companies. Organic producers with some tech-
nical knowledge of animal nutrition will also
benefit from the information provided.

The book addresses the topic in several chap-
ters, as follows.

Chapter 1 Introduction and Background
sets out a description and background to
the topic.

Chapter 2 Aims and Principles of Organic
Cattle Production outlines the inter-
national standards relating to organic pro-
duction of milk and beef and the roles of
international organic agencies.

Chapter 3 Elements of Cattle Nutrition
provides a description of the fundamentals
of the digestive processes in ruminant ani-
mals, required nutrients, deficiency signs
and factors affecting feed intake.

Chapter 4 Ingredients for Organic Diets
is a large chapter that provides a nutrient
profile and feeding value of a complete range
of feeds for ruminant feeding, including

Chapter 5 Breeds for Organic Produc-
tion provides data relating to the choice of
the right breeds for specific environments
and on effects of breed type on productivity.
Dual-purpose breeds are in general recom-
mended for organic production systems.
Chapter 6 Integrating Feeding Pro-
grammes into Organic Production
Systems deals with the effects of feeding
programmes on productivity, health and
welfare of organic cattle and on the quality
and safety of organic milk and beef.
Chapter 7 Conclusions and Recom-
mendations for the Future summarizes
the aspects covered in the book and recom-
mends approaches that should be taken to
fill gaps in existing knowledge, consumer
aspects and research needs.

References

Blair, R. (2007) Nutrition and Feeding of Organic Pigs. CAB International, Wallingford, Oxford, UK, 322 pp.

Blair, R. (2008) Nutrition and Feeding of Organic Poultry. CAB International, Wallingford, Oxford, UK, 314 pp.

Blair, R. (2009) Nutrition and Feeding of Organic Pigs [In Chinese]. CAB International-China Agricultural
Publishing House, Beijing, 260 pp.

Blair, R. (2012) Nutrition and Feeding of Organic Cattle. CAB International, Wallingford, Oxford, UK, 304 pp.

Blair, R. (2018a) Nutrition and Feeding of Organic Pigs, 2nd edn. CAB International, Wallingford, Oxford,
UK, 258 pp.

Blair, R. (2018b) Nutrition and Feeding of Organic Poultry, 2nd edn. CAB International, Wallingford, Oxford, UK,
268 pp.

Manuelian, C.L., Penasa, M., da Costa., L., Burbi, S., Righi, F. and De Marchi, M. (2020) Organic Livestock
Production: A Bibliometric Review. Animals 10, 618—633.

Sundrum, A. (2010) Assessing impacts of organic production on pork and beef quality. CAB Reviews: Perspectives in
Agriculture, Veterinary Science, Nutrition and Natural Resources 5, 1-13.
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Aims and Principles of Organic Cattle
Production

According to the Codex Alimentarius Commission
(1999) and the Joint FAO/WHO Food Standards
Programme, organic agriculture is:

a holistic production management system which
promotes and enhances agroecosystem health,
including biodiversity, biological cycles, and soil
biological activity. It emphasizes the use of
management practices in preference to the use of
off-farm inputs as opposed to using synthetic
materials. The primary goal is to optimize the
health and productivity of interdependent
communities of soil life, plants, animals and people
... the systems are based on specific and precise
standards of production which aim at achieving
optimal agroecosystems which are socially,
ecologically and economically sustainable.

Thus organic cattle production differs from con-
ventional production, and in many ways is close
to the agriculture of Asia. It aims to fully integrate
animal and crop production and develop a symbi-
otic relationship of recyclable and renewable
resources within the farm system. Livestock pro-
duction then becomes one component of a wider,
more inclusive organic production system.
Organic cattle producers must take into
consideration several factors other than the pro-
duction of livestock. These factors include the
use of organic feedstuffs (including limited use
of feed additives); use of pasture-based systems;
and minimizing environmental impact. Organic
cattle production also requires certification and
verification of the production system. Thisrequires
that the organic producer must maintain records

sufficient to preserve the identity of all organically
managed animals, all inputs and all edible and
non-edible organic livestock products produced.
The result is that organic food has a very strong
brand image in the eyes of consumers and thus
should command a higher price in the market-
place than conventionally produced food.

The whole organic process involves four
stages:

1. Application of organic principles (standards
and regulations).

2. Adherence to local organic regulations.

3. Certification by local organic regulators.

4. Verification by local certifying agencies.

Restrictions on the use of ingredients in organic
diets include:

e  No genetically modified (GM) grain or grain
by-products.

e  No antibiotics, hormones or drugs. Enzymes
are prohibited as feed ingredients used to
increase feed conversion efficiency (they may
be used under derogation where necessary
for the health and welfare of the animal).

e No animal by-products, except that milk
products are permitted.

e  No grain by-products unless produced from
certified organic crops.

e No chemically extracted feeds (such as
solvent-extracted soybean meal).

e  No pure amino acids, either synthetic or from
fermentation sources.

© R. Blair 2021. Nutrition and Feeding of Organic Cattle, 2nd Edition (R. Blair)
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Organic Standards

The standards of organic farming are based on
the principles of enhancement and utilization of
the natural biological cycles in soils, crops and
livestock. According to these regulations or-
ganic livestock production must maintain or im-
prove the natural resources of the farm system,
including soil and water quality. Producers must
keep livestock and manage animal waste in such
a way that supports instinctive, natural living
conditions of the animal, yet does not contribute
to contamination of soil or water with excessive
nutrients, heavy metals or pathogenic organisms,
and optimizes nutrient recycling. Livestock liv-
ing conditions must accommodate the health
and natural behaviour of the animal, providing
access to shade, shelter, exercise areas, fresh air
and direct sunlight suitable to the animal’s stage
of production or environmental conditions, while
complying with the other organic production
regulations. The organic standards require that
any livestock or edible livestock product to be sold
as organic must be maintained under continu-
ous organic management from birth to market.
Feed, including pasture and forage, must be pro-
duced organically and health care treatments
must fall within the range of accepted organic
practices. Animal health and performance are
optimized by careful attention to the basic prin-
ciples of husbandry, such as selection of appro-
priate breeds and strains, appropriate manage-
ment practices and nutrition and avoidance of
overstocking.

Stress should be minimized at all times.
Rather than being aimed at maximizing animal
performance, dietary policy should be aimed at
minimizing metabolic and physiological disorders,
hence the requirement for a high content of
forage in the diet. Grazing management should
be designed to minimize pasture contamination
with parasitic larvae. Housing conditions should
be such that disease risk is minimized.

Nearly all synthetic animal drugs used to
control parasites, prevent disease, promote growth
or act as feed additives in amounts above those
needed for adequate growth and health are pro-
hibited in organic production. Dietary supple-
ments containing animal by-products such as
meat meal are also prohibited. No hormones can
be used. When preventive practices and approved

veterinary biologicals are inadequate to prevent
sickness, the producer must administer conven-
tional medications. However, cattle that are
treated with prohibited materials must be clearly
identified and they (or their milk or meat) can-
not be sold as organic.

International standards

The aim of organic standards is to ensure that
animals produced and sold as organic are raised
and marketed according to defined principles.
Standards and state regulations in conjunction
with accreditation and certification are therefore
very important as guarantees for the consumer.
Currently, there is no universal standard for
organic food production worldwide. As a result
many countries have now established national
standards for the production and feeding of
organic animals. They have been derived from
those developed originally in Europe by the
Standards Committee of IFOAM (International
Federation of Organic Agriculture Movements)
and the guidelines for organically produced food
developed within the framework of the Codex Al-
imentarius, a programme created in 1963 by the
UN Food and Agriculture Organization (FAO)
and the World Health Organization (WHO) to de-
velop food standards, guidelines and codes of
practice under the Joint FAO/WHO Food Stand-
ards Programme. Within the Codex, the Organic
Guidelines include Organic Livestock production.
IFOAM Basic Standards were issued in 1998
and updated most recently in 2014. [FOAM
works closely with certifying bodies around the
world to ensure that they operate to the same
standards. The main purpose of the Codex is to
protect the health of consumers and ensure fair
trade practices in the food trade, and also to pro-
mote coordination of all food standards work
undertaken by international governmental and
non-governmental organizations. The Codex is a
worldwide guideline for states and other agen-
cies to develop their own standards and regula-
tions, but it does not certify products directly.
The Codex Alimentarius Commission (CAC)
is an international standards-setting body for
food and food products jointly run by the UN FAO
and the WHO. As such, it is recognized as a
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standardizing body by the World Trade Organiza-
tion’s (WTO) Agreement on the Application of
Sanitary and Phytosanitary Measures. WTO
member governments are required by the Agree-
ment to base their standards on international
standards, including those of the Codex Alimen-
tarius (available at: www.codexalimentarius.net/
web/index_en.jsp, accessed 1 December 2020).

The standards set out in the Codex and by
IFOAM are quite general, outlining principles
and criteria that have to be fulfilled. They are less
detailed than the regulations developed specific-
ally for regions such as Europe.

The sections of the Codex regulations rele-
vant to the coverage of this book include the
following.

Nutrition

13. Livestock systems should provide the opti-
mum level of 100% of the diet from feedstuffs
(including ‘in conversion’ feedstuffs) produced
to the requirements of these Guidelines.
14. For an implementation period to be set by
the competent authority, livestock products will
maintain their organic status provided feed, con-
sisting of at least 85% for ruminants and 80%
for non-ruminants and calculated on a dry mat-
ter basis, is from organic sources produced in
compliance with these Guidelines.
15. Notwithstanding the above, where an oper-
ator can demonstrate to the satisfaction of the
official or officially recognized inspection/certifi-
cation body that feedstuffs satisfying the require-
ment outlined in paragraph 13 above are not
available, as a result of, for example, unforeseen
severe natural or manmade events or extreme
climatic weather conditions, the inspection/cer-
tification body may allow a restricted percentage
of feedstuffs not produced according to these
guidelines to be fed for a limited time, provided it
does not contain genetically engineered/modi-
fied organisms or products thereof. The compe-
tent authority shall set both the maximum
percentage of non-organic feed allowed and any
conditions relating to this derogation.
16. Specific livestock rations should take into
account:

e the need of young mammals for nat-

ural, preferably maternal, milk;
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e that a substantial proportion of dry
matter in the daily rations of herbi-
vores needs to consist of roughage,
fresh or dried fodder, or silage;

e that ‘polygastric’ [ruminant, R. Blair| ani-
mals should be not fed silage exclusively.

18. If substances are used as feedstuffs, nutritional
elements, feed additives or processing aids in the
preparation of feedstuffs, the competent author-
ity shall establish a positive list/s of substances in
compliance with the following criteria:

General criteria

a) substances are permitted according to national
legislation on animal feeding;

b) substances are necessary/essential to maintain
animal health, animal welfare and vitality; and

¢) such substances:

e contribute to an appropriate diet fulfill-
ing the physiological and behavioural
needs of the species concerned,;

e do not contain genetically engineered/
modified organisms and products thereof;
and

e are primarily of plant, mineral or ani-
mal origin.

Specific criteria for feedstuffs
and nutritional elements

a) Feedstuffs of plant origin from non-organic
sources can only be used, under the conditions
of paragraphs 14 and 15, if they are produced
or prepared without the use of chemical solvents
or chemical treatment;

b) feedstuffs of mineral origin, trace elements, vita-
mins, or provitamins can only be used if they are of
natural origin. In case of shortage of these sub-
stances, or in exceptional circumstances, chemically
well-defined analogic substances may be used;

c) feedstuffs of animal origin, with the exception
of milk and milk products, fish, other marine
animals and products derived therefrom should
generally not be used or, as provided by national
legislation. In any case, the feeding of mamma-
lian material to ruminants is not permitted with
the exception of milk and milk products;
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d) synthetic nitrogen or non-protein nitrogen
compounds shall not be used;

e) probiotics, enzymes and microorganisms are
allowed;

f) antibiotics, coccidiostats, medicinal substances,
growth promoters or any other substance intended
to stimulate growth or production shall not be
used in animal feeding.

19. Silage additives and processing aids may not
be derived from genetically engineered/modified
organisms or products thereof, and may comprise
only:

sea salt; coarse rock salt; yeasts; enzymes; whey;
sugar or sugar products such as molasses;
honey; lactic, acetic, formic and propionic
bacteria, or their natural acid product when the
weather conditions do not allow for adequate
fermentation, and with the approval of the com-
petent authority.

Specific Criteria for Additives and Process-
ing Aids state that:

a) binders, anti-caking agents, emulsifiers,
stabilizers, thickeners, surfactants, coagulants:
only natural sources are allowed,;

b) antioxidants: only natural sources are
allowed;

c) preservatives:
allowed;

d) colouring agents (including pigments), flavours
and appetite stimulants: only natural sources
are allowed;

e) probiotics, enzymes and microorganisms are
allowed.

only natural acids are

Organic Legislation

Although there is as yet no international accepted
regulation on organic standards, the WTO and
the global trading community are increasingly
relying on the Codex, [IFOAM and the International
Organization of Standardization (ISO) to provide
the basis for international organic production
standards, as well as certification and accreditation
of production systems. The ISO, which was estab-
lished in 1947, is a worldwide federation of
national standards for nearly 130 countries. The
most important guide for organic certification is
ISO Guide 65:1996, General Requirements for
Bodies Operating Product Certification Systems,

which establishes basic operating principles for
certification bodies. The IFOAM Basic Standards
and Criteria are registered with the ISO as inter-
national standards.

It is likely that exporting countries introdu-
cing organic legislation will target the require-
ments of the three large markets, i.e. the EU, the
USA and Japan. Harmonization will promote
world trade in organic produce. Discussions in a
number of forums, including FAO, IFOAM and
UNCTAD (the United Nations Conference on
Trade and Development), have indicated that
the plethora of certification requirements and
regulations are considered to be a major obs-
tacle for a continuous and rapid development of
the organic sector, especially for producers in
developing countries. In 2001, IFOAM, FAO and
UNCTAD decided to join forces to search for solu-
tions to this problem. Together they organized
the Conference on International Harmonization
and Equivalence in Organic Agriculture, in
Nuremberg, Germany, in 2002. One of the key
recommendations of the Conference was that a
multi-stakeholder Task Force, including repre-
sentatives of governments, FAO, UNCTAD and
IFOAM, should be established in order to elaborate
practical proposals and solutions. In response,
the International Task Force on Harmonization
and Equivalence in Organic Agriculture (ITF)
was established in 2003. Its agreed aim was to
act as an open-ended platform for dialogue be-
tween private and public institutions involved in
trade and regulatory activities in the organic
agriculture sector. Following its activities, the
Task Force at its final meeting in 2008 reported
on a guide for judging equivalence between organic
standards for organic production and process-
ing; and on a set of performance requirements
for organic certification.

The Task Force documented the world
situation in 2003 (UNCTAD, 2004), listing 37
countries with fully implemented regulations
for organic agriculture and processing. The
most recent statistics indicate that 181 coun-
tries now have organic activities, of which 93
have organic regulations (Willer and Lernoud,
2019).

The following is a brief description of the le-
gislation in the main regions of organic dairy
and beef production. Also included are coun-
tries that are important importers of organic
beef or milk.
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Regional legislation

Europe

This region was the first to introduce rules and
regulations relating to organic food production
and it is now the most important in terms of the
size and growth of the organic livestock sector.
Under the regulations, each Member State in
the European Union is required to establish a
National Competent Authority to ensure adher-
ence to the legislation. The various European
governments have taken quite different approaches
to how organic livestock production should be
regulated and this difference persists to the pre-
sent. In addition, within each European country
the different certifying bodies adopted different
positions. The end result is a wide variety of
standards on organic livestock across Europe.
However, every certifying body in Europe must
adhere to standards that at a minimum meet the
EU organic legislation (a legal requirement).

Legislation to govern the production and
marketing of food as organic within the EU was
introduced in 1991 (European Commission,1991:
EU Regulation 2092/91). This regulation defined
organic farming, set out the minimum standards
of production and defined how certification
procedures must operate. Regulation 2092/91
was supplemented by various amendments, and
in 1999 by a further Regulation (European
Commission, 1999: No. 1804/1999) covering
livestock production. An important feature of the
new regulations was a list of approved feedstuffs
(detailed in Chapter 4). In addition to organic
production and processing within the EU, the
Regulation also covered certification of produce
imported from outside the EU.

Regulation EC 1804/1999 allowed the
range of products for livestock production to be
extended and it harmonized the rules of produc-
tion, labelling and inspection. It reiterated the
principle that livestock must be fed on grass, fod-
der and feedstuffs produced in accordance with
the rules of organic farming. The regulation set
out a detailed listing of approved feedstuffs. How-
ever, it recognized that under the prevailing cir-
cumstances, organic producers might experience
difficulty in obtaining sufficient quantities of
feedstuffs for organically reared livestock. Accord-
ingly, a modification to the regulation allowed for
authorization to be granted provisionally for the
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use of limited quantities of conventional (non-
organically produced) feedstuffs where necessary.
For cattle this modification was allowed only up
to 2007.

In addition, an important provision of these
regulations was to permit the use of trace minerals
and vitamins as feed additives to avoid deficiency
situations. The approved products were of nat-
ural origin or synthetic in the same form as nat-
ural products. Other products listed in Annex II,
Part D, sections 1.3 (enzymes), 1.4 (microorgan-
isms) and 1.6 (binders, anti-caking agents and
coagulants) were also approved for feed use.
Roughage, fresh or dried fodder, or silage was re-
quired to be included in the daily ration but the
proportion was unspecified in EC 1804/1999.

EU regulation 2092/91 was revised in 2007
and anew organicregulation (ECNo. 834/2007)
was introduced for implementation on 1 January
2009 (European Commission, 2007). The new
regulation did not change the list of authorized
substances for organic farming. This revision
followed from a review intended to define more
explicitly the objectives, principles and rules
applicable to organic production, in order to
contribute to transparency and consumer confi-
dence as well as to a harmonized perception of
the concept of organic production. It recognized
that livestock production was fundamental to
the organization of agricultural production on
organic holdings in that it provided the neces-
sary organic matter and nutrients for cultivated
land and accordingly contributed towards soil
improvement and the development of sustain-
able agriculture. A provision of the legislation
was that at least 50% of the feed should come
from the farm unit itself or from other organic
farms primarily in the same region.

Specific principles applicable to the pro-
cessing of organic feed were also set out, in
addition to the overall principles set out in
Article 4. They specified that the production of
organic feed was to be from organic feed mater-
ials, except where a feed material was not
available on the market in organic form. They
also placed a restriction on the use of feed addi-
tives and processing aids to a minimum extent
and only in case of essential technological or
zootechnical needs or for particular nutri-
tional purposes. In addition, they specified that
organic livestock had to be born and raised on
organic holdings.
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In regard to feed, the principles stated that
feed for livestock should primarily be obtained
from the holding where the animals were kept or
from other organic holdings in the same region,
and that livestock should be fed on organic feed
that met the animal’s nutritional requirements
at the various stages of its development. With
the exception of bees, livestock were to have
permanent access to pasture or roughage.
Non-organic feed materials from plant origin,
feed materials from animal and mineral origin,
feed additives, certain products used in animal
nutrition and processing aids could be used only
if they had been authorized for use in organic
production under Article 16. Growth promoters
and synthetic amino acids could not be used,
and suckling mammals were to be fed on nat-
ural, preferably maternal, milk. It was recog-
nized that certain feed additives and processing
aids were necessary to maintain animal health,
animal welfare and vitality and contribute to
an appropriate diet fulfilling the physiological
and behavioural needs of the species concerned
or to produce or preserve such feed. In prin-
ciple, feed of mineral origin, trace elements,
vitamins or provitamins should be of natural
origin. However, in the event that such substances
were unavailable, chemically well-defined ana-
logical substances could be authorized for use
in organic production. Only products composed
of substanceslisted in Annex I or Annex IT were
authorized as feedstuffs, feed materials, com-
pound feeds, feed additives or other substances
used in animal nutrition. No genetically modi-
fied organisms and/or any product derived
from such organisms could be used, with the
exception of veterinary medicinal products.

The revised regulations specified that feed
was intended to ensure quality production rather
than maximizing production, while meeting
the nutritional requirements of the livestock at
various stages of their development. Fattening
practices were authorized in so far as they were
reversible at any stage of the rearing process.
Force-feeding was forbidden.

The feeding of young mammals had to be
based on natural milk, preferably maternal milk.
All mammals had to be fed on natural milk for a
minimum period, depending on the species con-
cerned, which was 3 months for bovines.

Rearing systems for herbivores were to be
based on maximum use of pasturage according

to the availability of pastures in the different
periods of the year. The revised regulations spe-
cified that at least 60% of the dry matter in the
daily ration was to consist of roughage, fresh or
dried fodder, or silage. However, the inspection
authority or body could permit a reduction to
50% for dairy cows for a maximum period of
3 months in early lactation.

By way of derogation from paragraph
8.3.1, the final fattening phase of cattle (and
pigs and sheep) for meat production could take
place indoors, provided that this indoor period
did not exceed one-fifth of their lifetime and in
any case for a maximum period of 3 months.

In 2018 the Council adopted new EU rules
on organic production and the labelling of
organic products, to encourage the sustainable
development of organic production in the
EU (Regulation (EU) 2018/ of the European
Parliament and of the Council of 30 May 2018
on organic production and labelling of organic
products and repealing Council Regulation (EC)
No. 834/2007). The new rules were also aimed
at guaranteeing fair competition for farmers and
operators, preventing fraud and unfair practices
and improving consumer confidence in organic
products. Effective from 1 January 2021 some of
the relevant changes are as follows.

e  Production rules will be simplified and fur-
ther harmonized through the phasing out of
anumber of exceptions and derogations.

e The control system will be strengthened
due to tighter precautionary measures and
robust risk-based checks along the entire
supply chain.

e  Producers in third countries will have to
comply with the same set of rules of those
producing in the EU.

A consolidated document (EU02008R0889
EN 07.01.2020 017.001) was published by the
EU Commission in 2020. It listed all relevant
documents describing the rules for the implemen-
tation of Council Regulation (EC) No. 834/2007 on
organic production and labelling of organic prod-
ucts with regard to organic production, labelling
and control (European Commission, 2020).

North America

usA. The National Organic Program (NOP)
was introduced in the USA in 2002 (NOP, 2002).
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This is a federal law that requires all organic food
products to meet the same standards and be cer-
tified under the same certification process. The
law requires ‘that organically raised livestock re-
ceive access to the outdoors and have the ability
to engage in physical activity appropriate to
their needs’. It also requires that cattle raised for
meat production must be under fully organic
management beginning no later than the third
trimester of gestation. Livestock used as breed-
ing stock may be obtained from a non-organic
operation. They must be managed organically,
and while they may be used to produce organic
offspring, the breeding animals themselves may
not be sold as organic slaughter stock. Dairy
animals must be maintained under organic man-
agement for a minimum of 1 year prior to their
milk or milk products being sold, represented or
used as organic.

A major difference between the US and
European standards is that the organic standards
in the USA have been harmonized under the
NOP. States, non-profit organizations, for-profit
certification groups and others are prohibited
from developing alternative organic standards.
All organic food products must be certified under
the National Organic Standards (NOS). Organic
producers must be certified by NOP-accredited
certification agencies. All organic producers and
handlers must implement an Organic Produc-
tion and Handling System Plan that describes the
practices and procedures that the operation util-
izes to comply with the organic practice standards.
Both state agencies and private organizations
may be NOP accredited. The NOS establishes the
National List, which includes feed ingredients.
It allows all non-synthetic (natural) materials
unless specifically prohibited and prohibits all
synthetic materials unless specifically allowed. A
difference between US and EU regulations affect-
ing feedstulffs is that no derogations are sanctioned
under the NOP.

Under the NOP, ‘livestock shall graze pasture
during the months of the year when pasture can
provide edible forage. The Organic System Plan
shall have the goal of providing grazed feed greater
than 30% dry matter intake on a daily basis during
the growing season but not less than 120 days.’

Section 205.237 refers to livestock feed,
stipulating that:

a. The producer of an organic livestock operation
must provide livestock with a total feed ration
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composed of agricultural products, including

pasture and forage, that are organically pro-

duced and, if applicable, organically handled:

Except, that, nonsynthetic substances and syn-

thetic substances allowed under 205.603 may

be used as feed additives and supplements.

b. The producer of an organic operation must not:
1. Use animal drugs, including hormones, to
promote growth;

2. Provide feed supplements or additives in
amounts above those needed for adequate
nutrition and health maintenance for the
species at its specific stage of life;

3. Feed plastic pellets or roughage;

4. Feed formulas containing urea or manure;
5. Feed mammalian or poultry slaughter by-
products to mammals or poultry; or

6. Use feed, feed additives, and feed supple-
ments in violation of the Federal Food, Drug,
and Cosmetic Act. As feed supplements — Milk
supplements without antibiotics, as emer-
gency use only, no non-milk products or prod-
ucts from BST treated animals.

Section 205.603 covers synthetic substances al-
lowed for use in organic livestock production. In
accordance with restrictions specified in this
section the following synthetic substances may
be used in organic livestock production:

2. Trace minerals, used for enrichment or fortifi-
cation when FDA approved.

3. Vitamins, used for enrichment or fortification
when FDA approved.

Under a 2018 amendment certain injectable
vitamins, minerals and electrolytes can be used,
when administered or ordered by a licensed
veterinarian.

CANADA. The Canadian Organic Products
Regulations came into force on 30 June 2009,
in response to requests by organic groups to de-
velop a regulatory system for organic products
to address consumer protection and domestic
and international market access issues. Previ-
ously, several provinces had their own regula-
tions. The national regulations were introduced
by the Government of Canada after submission
to the World Trade Organization (WTO) and
after a 75-day comment period by industry. Thus
the situation is similar to that in the USA and
unlike that of Europe. The regulations cover food
and drink intended for human consumption,
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feed intended for livestock (including agricul-
tural crops used for this purpose), and also the
cultivation of plants.

A Canada and USA Equivalency Agree-
ment came into effect in 2009, recognizing a
common approach to organic agricultural
production. The official agencies involved are
the United States Department of Agriculture
(USDA) and the Canadian Food Inspection
Agency (CFIA).

Feed for organic animals must meet the
Canadian Organic Standard and be certified. As
in the NOP, no complete list of permitted feed in-
gredients is currently available. Crops grown for
organic feed and pasture managed for organic ani-
mals to graze must meet certified organic pro-
duction standards. The components of organic
feed must be organically produced and handled.
This latter rule may be difficult to implement.
The Canadian General Standards Board (2006)
published an Organic Production Systems Per-
mitted Substances List, which contained a brief
listing of feeds, feed additives and feed supple-
ments approved for livestock production. One
provision in the List requires that ‘vitamins
shall not be derived from organisms from genetic
engineering’. The difficulty with that provision
is that most or all of the vitamins used for feed
supplementation in most countries are from GM
sources.

MEXICO. Mexico’s Organic Products Law and
regulations for organic production were imple-
mented in April 2017. These regulations require
all organic products sold in Mexico to be certified
under the Mexican organic standards or to a
standard that has been deemed equivalent under
an organic equivalency arrangement. The
USDA, CFIA and the Mexican National Service
for Animal and Plant Health, Food Safety and
Quality (SENASICA) are currently working on
an organic equivalency agreement.

South America

IFOAM has established a regional initiative for
Latin America and the Caribbean — El Grupo de
America Latina y el Caribe (GALCI) — coordinated
from an office in Argentina. Currently, GALCI
represents 59 organizations from countries
throughout Latin America and the Caribbean,

including producers’ associations, processors,
traders and certification agencies. The purpose
and objectives of GALCI include the development
of organic agriculture throughout Latin America
and the Caribbean.

ARGENTINA. In 1992, Argentina was the first
country in the Americas to establish standards
for the certification of organic products equiva-
lent to those of the EU and validated by IFOAM.
Argentinian organic products are admissible
in the EU and the USA. Organic livestock and
poultry production in Argentina is governed by
the National Service of Agricultural Food Health
and Quality (SENASA — Servicio Nacional de
Sanidad y Calidad Agroalimentaria), a govern-
ment agency under the Ministry of Agriculture
through Resolution No. 1286/93 and also by
the EU Resolution No. 45011. In 1999, the Na-
tional Law on Organic Production (No. 25127)
came into force with the approval of the Senate.
This law prohibits marketing of organic products
which have not been certified by a SENASA-
approved certifying agency. Each organic certifi-
cation agency must be registered with SENASA.

BRAZIL. In 1999, the Ministry of Agriculture,
Livestock and Food Supply (MAPA) published
the Normative Instruction #7 (NI7) based
on Codex principles. It established national
standards for the production and handling of
organically produced products, including a list
of substances approved for and prohibited from
use in organic production. The NI7 defines or-
ganic standards for production, manufactur-
ing, classification, distribution, packaging,
labelling, importation, quality control and certi-
fication, of products of both animal and plant
origin. The policy also establishes rules for com-
panies wishing to be accredited as certifying
agencies, which enforce the NI7 and certify pro-
duction and operations under the direction of
the Orgao Colegiado Nacional (National Coun-
cil for Organic Production).

CHILE. Chilean national standards came into
effect in 1999 under the supervision of SAG
(Servicio Agricola y Ganadero), which is the
counterpart of the PPQ (Plant Protection and
Quarantine) branch of the USDA. The standards
are based on IFOAM standards.
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Australasia

AUSTRALIA.  Organic production in Australia has
been protected by legislation since 1992. This
country is now the greatest producer of organic
foods. The organic legislation covers crop produc-
tion, animal husbandry, food processing, pack-
aging, storage, transport and labelling. The
Australian National Standard for Organic and
Biodynamic (an agricultural system that intro-
duces specific additional requirements to an or-
ganic system) Produce was first implemented in
1992 as the Australian Export Standard for
products labelled organic or biodynamic. It was
later amended in 2005 (edition 3.1; AQIS, 2005)
and in 2007 (edition 3.3; AQIS, 2007); and
more recently in 2016 (edition 3.7; OISCC,
2016). The Standard is issued by the Organic
Industry Export Consultative Committee of the
Australian Quarantine and Inspection Service
(AQIS). The Standard provides a nationally agreed
framework for the organic industry covering
production, processing, transportation, label-
ling and importation. Certifying organizations
which have been accredited by the Australian
competent authority apply the Standard as a
minimum requirement to all products produced
by operators certified under the inspection sys-
tem. This Standard therefore forms the basis of
equivalence agreements between approved cer-
tifying organizations and importing country re-
quirements. Individual certifying organizations
may stipulate additional requirements to those
detailed in the Standard.

The Standard appears to be similar to
European standards in relation to permitted
feed ingredients, feed supplements of agricul-
tural origin having to be of certified organic or
biodynamic origin. However, a derogation al-
lows that, if this requirement cannot be met,
the approved certifying organization may allow
the use of product that does not comply with the
Standard provided that it is free from prohibited
substances or contaminants and it constitutes
no more than 5% of the animal diet on an annual
basis. Permitted feed supplements of non-
agricultural origin include minerals, vitamins or
provitamins only if from natural sources. Treat-
ment of animals for trace mineral and vitamin
deficiencies is subject to the same provision of
natural origin. Animal nutritionists will regard
with some scepticism the requirement that ‘The
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use of trace elements must be on the basis of a
demonstrated deficiency’, since this could lead
to animal suffering. Amino acid isolates (pure
amino acids) are not permitted in organic diets.

These national standards are used to deter-
mine equivalence of imported and domestically
produced organic products, and are those ap-
plied for accreditation. Certification bodies wish-
ing to become accredited to these standards
must apply to the Australian Quarantine and
Inspection Service, the competent authority
consenting to such accreditations. Seven
Australian certification bodies had obtained
government accreditation by the end of the year
2000. Of these seven certification bodies, five
can export to the EU as provided for under Art-
icle 11 of EU Regulation 2092/91; however, all
seven can export to non-European countries
such as Canada, Japan, Switzerland and the USA.
Only one national certification body, the National
Association for Sustainable Agriculture, is ac-
credited by IFOAM. At present there are no foreign
certification bodies working within Australia, and
no local certification bodies work in association
with international certification bodies.

The legislation does not mandate that every
farm labelling or selling organic produce must
be certified; it is only implemented for the export
of products derived from agriculture and la-
belled as organic. Thus the Australian organic
regulations may be stronger in their application
to export standards than to the standards for do-
mestic products. The Australian Consumers’
Association called for the Federal Government to
issue new guidelines to prevent incorrect label-
ling and possible consumer fraud (Lawrence,
2006). In response, Australian Standard AS
6000 Organic and Biodynamic Products stipu-
lates the minimum requirements for products
placed on the market with labelling that states or
implies they have been produced under organic
or biodynamic systems. Miscellaneous Publica-
tion MP 100 Procedures for Certification of
Organic and Biodynamic Products provides
detailed information on the certification proced-
ures for organic and biodynamic products. AS
6000 and MP 100 are intended to be used to-
gether, with the Miscellaneous Publication to be
used as a reference document for those involved
within the scope of certification procedures for
organic and biodynamic products. The MP
therefore forms the basis for demonstrating
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equally reliable organic and biodynamic product
certifications to meet domestic and importing
country requirements. The MP also enables op-
erators producing organic and/or biodynamic
products to interpret the certification process.

NEW ZEALAND. Revised regulations on organic
farming were issued by the New Zealand Food
Safety Authority, Ministry of Agriculture and
Forestry, in 2011 (NZFSA, 2011: MAF Standard
OP3, Appendix Two: NZFSA Technical Rules for
Organic Production, Technical Rules Version
7.1). The regulations had previously been issued
initially based on the relevant EU Regulation
with an amendment to incorporate the US
National Organic Standard requirements. The
regulations set out the minimum requirements
for organic production, and operators are al-
lowed to adopt higher standards. The regula-
tions show similarities to European and North
American standards, as could be predicted from
their origin, and appear to be designed to allow
export of organic product to European, Japanese
and US markets.

One interesting section of the revised regu-
lations is a clarification of the term GM.

3.1.8 Genetically modified organism (GMO)
means, unless expressly provided otherwise by
regulations, any organism in which any of the
genes or other genetic material:
(a) Have been modified by in vitro techniques; or
(b) areinherited or otherwise derived, through any
number of replications, from any genes or other
genetic material which has been modified by in vitro
techniques.
1. Organisms not to be regarded as genetically
modified:
a. Organisms that result solely from selection
or natural regeneration, hand pollination, or
other managed, controlled pollination;
b. Organisms that are regenerated from or-
gans, tissues, or cell culture, including those
produced through selection and propagation
of somaclonal variants, embryo rescue, and
cell fusion (including protoplast fusion or
chemical or radiation treatments that cause
changes in chromosome number or cause
chromosome rearrangements);
c. Organisms that result solely from artificial
insemination, super ovulation, embryo trans-
fer, or embryo splitting;

d. Organisms modified solely by: (i) The
movement of nucleic acids using physiological
processes, including conjugation, transduc-
tion and transformation; and (ii) Plasmid loss
or spontaneous deletion;
e. Organisms resulting from spontaneous
deletions, rearrangements, and amplifications
within a single genome, including its extra
chromosomal elements.
2. Despite anything in subclause (1)(d), if nucleic
acid molecules produced using in vitro manipu-
lation are transferred using any of the techniques
referred to in subparagraph (i) or subparagraph
(ii) of subclause (1)(d), the resulting organism
is a genetically modified organism (Hazardous
Substances and New Organisms Act, 1996).

Stocking rates are specified in the regulations,
and also space requirements, mainly in relation
to manure-spreading on land.

Regulations on feed include the following.

6.4 Feed

6.4.1 Details under this heading are set out so
that operators using feeds know what the require-
ments are on operators in an EU situation. More
normal New Zealand pastoral grazing avoids
most of the requirements. Only feed materials
authorized for use in terms of New Zealand
legislation may be used.

6.4.2 Feed is intended to ensure quality produc-
tion rather than maximizing production, while
meeting the nutritional requirements of the ani-
mals at various stages of their development. Fat-
tening practices are authorized in so far as they
are reversible at any stage of the rearing process.
Force-feeding is not permitted.

6.4.3 Animals must be fed on organically
produced feeds.

6.4.4 Furthermore, animals must be reared in ac-
cordance with these Rules, using feed from the unit
or, when this is not possible, using feed from other
units or enterprises complying with these Rules. For
herbivores, at least 50% of the feed shall come from
the organic unit itself, except when the animals are
under transhumance (high-country grazing).
6.4.5 During transhumance, animals may
graze on non-organic land while they are being
moved on foot from one grazing area to an-
other. This grazing shall not exceed 10% of the
total feed ration per year, calculated as a per-
centage of the dry matter of feed stuffs from
agricultural origin.
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Animal Products

6.4.6 Up to 30% of the feed formula of rations
on average may comprise in-conversion feeds.
When the in-conversion feeds come from the or-
ganic unit, this percentage can be increased
to 60%.

6.4.7 The feeding of young mammals must be
based on natural milk, preferably maternal milk.
All mammals must be fed on natural milk for a
minimum period, depending on the species con-
cerned:

e 3 months for bovines (including Bubalus

and bison species).

TPAs (Third Party Agencies) may consider re-
duced periods where the rearing systems use
supplementary feed in the form of fresh and dry
grass as well as milk, in order to produce well
reared, hardy livestock.

6.4.8 Where relevant, NZFSA, in consultation
with the TPA, may designate areas or regions
where movement of animals to high-country
grazing areas is practicable, without prejudice to
the provisions on the feeding of animals in this
Section 6.

6.4.9 Rearing systems for herbivores are to be
based on maximum use of grazing according to
the availability of pastures in the different
periods of the year. At least 60% of the dry mat-
ter in daily rations of herbivores is to consist of
roughage, fresh or dried fodder, or silage. Never-
theless, the TPA can permit a reduction to 50%
for animals in dairy production for a maximum
period of 3 months in early lactation.

6.4.10 The TPA may, with NZFSA approval, au-
thorize a limited proportion of conventional feed
of agricultural origin where organic feed is not
available on the market, and it is necessary to en-
sure access to feed. Such exceptions shall be kept
to a minimum, and should be limited in time.

The maximum percentage of conventional
feed authorized for both herbivores and non-
herbivores in the daily ration is 25% calculated
as a percentage of the dry matter.

6.4.11 When forage production is lost NZFSA
can authorize the use of conventional feeds for a
limited period and in relation to a specific area.
This exception may be used as a result of ad-
verse climatic conditions or other exceptional
conditions.
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6.4.13 Only products listed in Tables 3.4.5 and
3.6.1, respectively, can be used as additives and
processing aids in silage.

6.4.14 Conventional feed materials of agricul-
tural origin can be used for animal feeding only
if listed in Table 3.1, subject to the quantitative
restrictions imposed in this Section 6, and only if
they are produced or prepared without the use
of chemical solvents.

6.4.15 Feed materials from animal origin
(whether conventional or organically produced)
can only be used if listed in Table 3.2, and sub-
ject to the quantitative restrictions imposed in
this Section 6.

6.4.16 In order to satisfy the nutritional
requirements of animals, only products listed in
Table 3.3, Table 3.4.1 and Table 3.4.2 can be
used for animal feeding.

6.4.17 Only products listed in Table 3.4.3, Table
3.4.4, Table 3.4.5, Table 3.4.6, Table 3.4.7,
Table 3.5 and Table 3.6 can be used in animal
feeding for the purposes indicated in respect to
the above-mentioned categories. Antibiotics,
coccidiostatics, medicinal substances, growth
promoters or any other substance intended to
stimulate growth or production shall not be used
in organic animal feeding.

6.4.18 Feeds, feed materials, compound feeds,
feed additives, processing aids for feeds and cer-
tain products used in animal nutrition must not
have been produced with the use of genetically
modified organisms or products derived from
GMOs.

One very useful feature of the regulations is
the inclusion of a detailed list of permitted feed
ingredients (see Chapter 4). More countries
should follow the New Zealand example. The
minerals and trace elements used in animal
feeding have to be of natural origin or, failing
that, synthetic in the same form as natural
products. Synthetic vitamins identical to nat-
ural vitamins are allowed.

6.8.8 Subject to the provisions in 6.5.4, all mam-
mals must have access to grazing or an open-air
exercise area or an open-air run which may be
partially covered, and they must be able to use
those areas whenever the physiological condition
of the animals, the weather conditions and the
state of the ground permit, unless there are
requirements relating to specific animal health
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problems that prevent this. Herbivores must have
access to grazing whenever conditions allow.
6.8.9 In cases where herbivores have access to
pasture for grazing and where the winter-housing
system gives freedom of movement to the animals,
the obligation to provide open-air exercise areas
or open-air runs during the winter months may
be waived.

6.8.10 Notwithstanding the last sentence of
6.8.8, bulls over 1 year old must have access
to grazing or an open-air exercise area or an
open-air run.

6.8.11 The final fattening phase of adult bovines
for meat production may take place indoors, pro-
vided that this indoors period does not exceed
one fifth of their lifetime, and in any case for a
maximum period of 3 months.

Asia

CHINA. The Organic Food Development Center
(OFDC) of China is part of its State Environmen-
tal Protection Administration. Established in
1994, it has implemented the largest organic
certification programme in China. Its standards
are based on the IFOAM norms (http://www.
ofdc.org.cn accessed 10 April 2020).

This has since been superseded by publication
of an official ‘National Standard of the People’s
Republic of China’ (GB/T 19630.1-19630.4-
2005), which came into effect in 2005. The Stand-
ard resembles in part the IFOAM standards but
contains some unique features.

8.2 Introduction of Animals and Poultry

8.2.4 All introduced animals must not be con-
taminated by products of genetic-engineering
products, including breeding products, pharma-
ceuticals, metabolism regulating agents and
biological agents, feeds or additives.

8.3 Feeds

8.3.1 Animals must be raised with organic
feed and forage which has been approved by
the national organic agency (OFDC) or by an
OFDC-certified agency. Of the organic feed and
forage, at least 50% must originate from the
individual farm or an adjacent farm.

8.3.4 The certification committee allows the
farm to purchase regular (conventional) feed
and forage during a shortage of organic feed.
Daily maximum intake of conventional feed in-
take cannot exceed 25% of the total daily feed

intake on a dry matter basis. Exemptions due to
severe weather and disasters are permitted.
Detailed feed records must be kept and the con-
ventional feed must be OFDC-approved.

8.3.6 The number of animals cannot exceed the
stocking capacity of the farm.

8.4 Feed Additives

8.4.1 Products listed in Appendix D are allowed
to be used as additives.

8.4.2 Natural mineral or trace mineral ores such
as magnesium oxide and green sand are allowed.
When natural mineral or trace mineral sources
cannot be provided, synthesized mineral prod-
ucts can be used if they are approved by OFDC.
8.4.3 Supplemental vitamins shall originate
from germinated grains, fish liver oil, or brewing
yeast. When natural vitamin sources cannot be
provided, synthesized vitamin products can be
used if they are approved by OFDC.

8.4.4 Chemicals approved by OFDC in Appendix
D are allowed to be used as additives.

8.4.5 Prohibited ingredients include synthesized
trace elements and pure amino acids.

8.5 Complete Feed

8.5.1.1 All the major ingredients in the complete
feed must be approved by OFDC or an agency
certified by OFDC. The ingredients plus additive
minerals and vitamins cannot be less than 95%
of the complete feed.

8.5.1.2 Additive minerals and vitamins can be
derived from natural or synthesized products,
but the complete feed cannot contain prohibited
additives or preservatives.

8.5.2 The complete feed must meet the require-
ments of animals (or poultry) for nutrients and
feeding goals.

8.6 Feeding Conditions

8.6.3 All animals must be raised outdoors during
at least part of the year.

8.6.4 It is prohibited to feed animals in such a
way that they do not have access to soil, or that
their natural behaviour or activity is limited or
inhibited.

8.6.5 The animals cannot be fed individually,
except adult males or sick animals.

JAPAN. The Japanese Agricultural Standards
(JAS) (MAFF, 2001) for organic agricultural pro-
duction are based on the Codex guidelines for or-
ganic agriculture. Initially they related to plant
products only but were supplemented with live-
stock standards in 2006 (MAFF, 2006). The
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2006 standards defined the criteria relating to
the production methods for organic livestock
products, including approved feed categories.
The list of approved feeds includes organic feeds
and feed produced ‘in-house’ for organic livestock:
natural substances or substances derived from
natural substances; and, interestingly, silkworm-
pupa powders (other than those irradiated or
produced by recombinant DNA technology).

Revised labelling standards were intro-
duced in 2008.

Since April 2001, the Japanese standards
have required that organic products sold in
Japan conform to the JAS organic labelling
standard. NOP standards meet the JAS guide-
lines, allowing the importation of US organic
products. Under new regulations, organic certi-
fication bodies are required to be registered
(accredited) with MAFF and are now called Re-
gistered Certification Organizations (RCOs).

Countries whose Organic Rules and Stand-
ards are approved as being equivalent with the
Organic JAS System in relation to specified
agricultural and forestry products, organic agri-
cultural products and organic agricultural pro-
cessed foods include Ireland, the USA, Argentina,
Italy, the UK, Australia, Austria, the Netherlands,
Greece, Switzerland, Sweden, Spain, Denmark,
Germany, New Zealand, Finland, France, Belgium,
Portugal and Luxembourg. However, the equiva-
lence agreements do not yet apply to organic live-
stock products, organic livestock processed foods,
organic agricultural and livestock processed
foods and organic livestock feeds.

REPUBLIC OF KOREA (SOUTH KOREA). Organic
agriculture in Korea is generally defined as
agricultural production without the use of syn-
thetically produced chemicals (GAIN Report,
2005). The mandatory certification of envir-
onmentally friendly agriculture products was
introduced in 2001 (UNESCAP, 2002), in ac-
cordance with Codex standards. Regulations for
fresh organic produce and grains were imple-
mented by the Ministry of Agriculture and
Forestry (MAF) in 2005 and regulations affecting
livestock were implemented by the Korean Food
and Drug Administration (KFDA) (GAIN Report,
2005). The Korean national -certification
programme is regulated by two different agen-
cies. Certification, labelling and standards for
fresh produce and grains are regulated by the
Ministry of Agriculture (National Agricultural
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Products Quality Management Service (NAQS)),
and the equivalent procedures for processed
organic products are handled by the Korean
Food and Drug Administration (KFDA).

Other countries

In most developing countries, there are no
markets for certified organic products. In some
countries, however, organic urban markets are
developing. Expanding demand for organic foods
in developed countries is expected to benefit de-
veloping country exports by providing new mar-
ket opportunities and price incentives, especially
for tropical and out-of-season produce. Develop-
ing country exporters, however, will need to
meet the production and certification require-
ments in developed countries and develop
consumer preferences for imported produce.

Impact

These international guidelines, regulations and
standards have a strong impact on national
standards. It seems clear that convergence or
harmonization of these regulations will occur
as the market for organic products grows and
countries seek to export to others. One require-
ment not included in any of the standards is a
requirement for periodic testing of organic prod-
ucts to ensure authenticity. While research on
identifying a possible test to ensure the au-
thenticity of organic feeds and foods would be
welcomed by some sectors of the organic in-
dustries, to date no such test has been derived.

A comparison of the above standards shows
that many of the aims and requirements are
similar. These requirements are likely to have
the following impact on the cattle producer, if
the producer wishes to comply with the letter
and spirit of the regulations.

e  Organic feedstuffs have to be used. Restric-
tions include no GM grain or grain by-
products; no grain by-products unless
produced from certified organic crops; no
antibiotics, hormones or drugs; no animal
slaughter by-products; no chemically ex-
tracted feeds (such as solvent-extracted
soybean meal); and no pure amino acids.
Feedstuffs should be produced on the farm
or at least in the region. This requirement
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has particular relevance to regions such as
Northern Europe, which does not have the
climate that allows self-sufficiency in pro-
tein needs. A seasonal production pattern
may be a necessary outcome of this require-
ment in some regions.

e  The stock should be indigenous or acclima-
tized to the farm or region. Thus traditional,
unimproved breeds and strains are preferred
over genetically improved hybrids, raising
questions over the appropriate nutrient
requirements of such stock. An important point that should be noted is that

e The size of the herd is generally limited by  the organic regulations do not take precedence
the amount of land for manure applica-  over existing food laws. For example, in North
tion. America organic milk — like conventional milk —

e Stock should produce well in outdoor condi-  must comply with all legal requirements, in-
tions, therefore it has to be hardy and cluding pasteurization and fortification with
healthy. In addition, cold conditions can be  vitamin D. White flour has to comply with
expected to increase nutritional needs. similar fortification requirements.

e Health of the stock may be compromised
because of the restrictions on treatments for
disease outbreaks, or the animals may have
to be removed from organic status. Also a
strict adherence to a policy of no synthetic
feed supplements may lead to instances of
vitamin and trace mineral deficiencies. Reli-
ance on forage and sunlight to provide all of
the required vitamins and minerals is not
supported by scientific evidence.
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3

Elements of Cattle Nutrition

Like all animals, cattle require five components
in their diet as a source of nutrients. These are
energy, protein, minerals, vitamins and water.
A nutrient shortage or imbalance in relation to
other nutrients may adversely affect growth and
production.

Digestion and Absorption of Nutrients

A summary outline of digestion and absorption
in cattle follows. This provides a basic understand-
ing of how the feed is digested and the nutrients
are absorbed. Readers interested in a more detailed
explanation of this topic should consult a recent
text on cattle nutrition or digestive physiology.

Cattle, being ruminants, differ from other
farm animals such as pigs in that they ruminate
or ‘chew the cud’. They have the ability to regur-
gitate ingested feed boluses from the stomach
area back into the mouth for further chewing
and grinding. Chewing the cud helps reduce feed
particle size and mixes saliva into the feed to
assist in swallowing. In comparison with pigs
they have no upper canine teeth or incisors, and
have long, thick and rough tongues that are
designed to optimize the prehension of forage. In
addition, cattle possess a stomach compartment
called a rumen, a fermentation organ populated
by microorganisms that attack and break down
the relatively indigestible feed components.

Digestion is the preparation of ingesta for
absorption, i.e. reduction of feed particles in size
and solubility by mechanical and chemical means.
Chemical breakdown is achieved by enzymes se-
creted in digestive juices and by gut microflora.

As in other farm animals, the alimentary
system of cattle is composed of a mouth, tongue,
teeth, oesophagus, stomach, a small and large
intestine, ancillary organs and a rectum (Fig. 3.1).
However, the stomach section is more compli-
cated, comprising a reticulum, rumen, omasum
and abomasum (true stomach). This modifica-
tion of the digestive system is an adaptation to a
diet high in fibrous feedstuffs such as forage. The
modification allows for the intake, microbial di-
gestion and regurgitation of large quantities of
forage prior to digestion by the animal. Chewing
and regurgitation reduce the particle size of the
ingested material, which is then exposed to
further breakdown by microbes in the rumen. In
this way cattle achieve a high level of prediges-
tion before the ingested feed enters the true stom-
ach, with around 60-75% of ingested material
being broken down before the ingested material
(ingesta) enters the true stomach.

Mouth

The feed bolus is ingested and chewed in the mouth,
then passed to the oesophagus. This section of
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Fig. 3.1. Diagram of the alimentary system of cattle.

the gastrointestinal tract is able to move ingesta
in both directions. Salivary glands in the mouth
of the adult animal secrete saliva at the rate of
about 45 l/day, with a pH of about 8.2. Saliva
helps the transfer of ingested material from the
mouth via the oesophagus to the next part of the
digestive system, the reticulum. Saliva also helps
to reduce the acidity in the rumen.

Reticulo-rumen

The reticulum and rumen are often considered
together since the two compartments are separ-
ated by a low partition. The reticulo-rumen
comprises 80% of the capacity of the stomach
region.

The reticulum (tripe) is a flask-shaped com-
partment with a ‘honeycomb’ appearance on its
inner surface. It moves ingesta into the rumen
and the omasum. The reticulum also allows the
regurgitation of ingesta during rumination and
acts as a collection compartment for foreign
objects. The contents of the reticulum and rumen
intermix freely. The rumen is a large fermentation
chamber (in adult cattle about 125 1) in which a
large population of microorganisms (mainly
bacteria and protozoa) attacks and breaks down
the relatively indigestible feed particles by secret-
ing enzymes necessary for cellulose degradation.

printed on 2/14/2023 5:54 AMvia .

bomasum

In addition, these organisms synthesize nutrients
such as B-complex vitamins and essential amino
acids which become available to the animal
when the microorganisms die and are digested.

The rumen together with the omasum
absorbs the by-products of microbial fermenta-
tion. These are volatile fatty acids (VFAs), mainly
acetic, propionic and butyric acids, which collect-
ively provide most of the animal’s energy needs.
Venous blood from the reticulo-rumen and the
abomasum carries these absorbed nutrients
into the portal vein and hence to the liver. The
proportion of VFAs varies with diet, although
the major product is always acetic acid. A high
proportion of this fatty acid is important for milk
fat synthesis. With a diet high in fibre, the molar
ratio of acetic to propionic to butyric acids is
about 70:20:10.

The rumen is not functional at birth and
only becomes functional once the calf begins to
eat fibrous feed. It is fully functional once the
calf is about 3 months of age.

Omasum

After fermentation in the reticulum and rumen
the ingesta pass to the omasum, which acts as a
filter to separate liquid and fine feed particles
from the larger particles that are not allowed to
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enter the abomasum. The omasum, or ‘manyplies’,
contains numerous laminae (leaves of tissue)
that help grind ingesta. These folds assist in the
removal of fluid from the ingesta on their way to
the abomasum.

The omasum may be the site for absorption
of water, minerals and nitrogen.

Abomasum

This compartment corresponds to the stomach
of non-ruminant animals such as pigs and is the
true stomach, with a glandular lining. In the
newborn calf, it makes up about 80% of the total
stomach volume, while in the mature cow it
amounts to only about 10%.

The abomasum secretes the gastric juices
which aid in digestion. The pH of the abomasal
contents is normally in the range of 2.0 to 2.5,
owing to secretion of hydrochloric acid (HCI).
This low pH facilitates initial breakdown of protein.
The gastric juices contain several enzymes, prin-
cipally pepsin, which act to break down protein
to smaller units (peptides). Pepsin can function
only in an acid medium (pH < 3.5), acidity being
provided by the HCI. The acidic conditions allow
minerals ingested with the feed, such as calcium
salts, to dissolve and in addition they inactivate
pathogenic organisms as well as killing off the
microorganisms produced in the rumen. Mucus
is released by the stomach to protect the stomach
wall from acid damage. A small amount of lipase
present in gastric juice initiates the digestion of
fat in the abomasum. In nursing calves, the gas-
tric juice also includes the enzyme rennin, which
breaks down the protein in milk.

Stomach of the newborn calf

Calves at birth are not functional ruminants. At
this stage the rumen is very small and undeveloped.
As a result, digestion in the young calf is more
like that of the pig.

Newborn calves for a short time after birth
(up to 36 h) possess the ability to absorb large
molecules via an oesophageal groove. This is
important in that it allows newborn calves to
receive immunoglobulin from colostrum (first

milk from a nursing cow), which provides some
immunity against diseases in the environment
until active immunity is functional.

During the suckling process, impulses from
the brain send messages to the oesophageal
groove, causing the sides of the groove to curve
upwards and form a tube. It allows a direct flow
of milk into the abomasum and secretion of the
enzyme rennin from the wall of the abomasum,
causing the milk to coagulate or curdle. This slows
the passage of milk through the abomasum,
allowing ample time for the milk to be digested.
As the calf gets older and starts to take in solid
feed, the rumen begins to develop. This development
is aided by the production of VFAs. By the end of
the 4th week, the calf should be able to utilize
some grain and high-quality hay.

Small intestine

The small intestine is the location where final
digestion of the ingesta occurs and absorption
takes place.

The first part of this intestinal section is
known as the duodenum. Here, glands produce
an alkaline secretion which acts as a lubricant
and also protects the duodenal wall against HCI
entering from the abomasum. The pancreas
(which is attached to the small intestine) se-
cretes fluid containing bicarbonate and several
enzymes (amylase, trypsin, chymotrypsin and
lipase) that act on carbohydrates, proteins and
fats. The duodenal wall also secretes enzymes
which continue the breakdown process. A
main difference between ruminant animals and
non-ruminant animals (such as pigs and chick-
ens) is that much of the dietary carbohydrate in
ruminants is broken down to VFAs rather than
glucose.

Bile synthesized by the liver passes into the
duodenum via the bile duct. It contains bile salts
which provide an alkaline pH in the small intes-
tine and help to emulsify dietary fat to enhance
its digestion and absorption.

As a result of these activities the ingested
carbohydrates, protein and fats are broken down
into small molecules. Muscles in the wall of the
intestine regularly contract and relax, mixing
the intestinal contents and moving them to-
wards the large intestine.
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Jejunum and ileum

Absorption also takes place in the second section
of the small intestine, known as the jejunum,
and in the third section, known as the ileum.
Digestion and absorption are complete by the
time the ingesta have reached the terminal end
of the ileum. This area is therefore of interest to
researchers studying nutrient bioavailability
(relative absorption of a nutrient from the diet)
since a comparison of dietary and ileal concen-
trations of a nutrient provides information on
its removal from the gut during digestion and
absorption.

Minerals and vitamins are not changed by
enzymatic action. They dissolve in various digest-
ive fluids and water and are then absorbed. Once
the nutrients enter the bloodstream or lymph,
they are transported to various parts of the body
for vital body functions. Nutrients are used to
maintain essential functions such as breathing,
circulation of blood and muscle movement,
replacement of worn-out cells (maintenance),
growth, reproduction and secretion of milk
(production).

The remaining ingesta, consisting of un-
digested feed components, intestinal fluids and
cellular material from the abraded wall of the
intestine, then pass to the next section of the
intestine, the large intestine.

Large intestine

The large intestine (lower gut) consists of two
parts: a sac-like structure called the caecum and
the last section, called the colon. The colon is
attached to the rectum. The caecum is small,
with a capacity of about 1.5-2 1. Here the intes-
tinal contents move slowly and no enzymes are
added. Some microbial breakdown of fibre and
undigested material may occur, but absorption is
limited.

Remaining nutrients, dissolved in water,
are absorbed in the lower part of the colon
(about 9 1 capacity). The nutritional significance
of certain water-soluble vitamins and proteins
synthesized in the large intestine is doubtful be-
cause of limited absorption in this part of the
gut. The large intestine absorbs much of the

printed on 2/14/2023 5:54 AMvia .

water from the intestinal contents into the body,
leaving the undigested material which is formed
into the faeces and later expelled through the
anus.

The entire process of digestion takes about
24-36 h.

Digestion of Carbohydrates

Plant tissues contain about 75% complex carbo-
hydrates such as cellulose and provide the main
source of energy for both the rumen microbes
and the host animal. About 30-50% of the cellu-
lose and hemicellulose (fibre) is digested in the
rumen by the microbial population. At least 60%
of the starch is degraded, depending on the
amount fed and how fast the ingesta move through
the rumen. Most sugars are 100% digested
within the rumen.

During microbial digestion an appreciable
amount of gas (mainly carbon dioxide and me-
thane) is produced, representing about 6—7% of
the feed energy of the ruminant. Under normal
conditions, distension from gas formation in the
rumen causes the cow to belch and eliminate the
gas. Bloat can occur if the gas is not released.

As outlined above, the main end products
of carbohydrate digestion are VFAs that are
absorbed into the bloodstream through the
rumen wall and represent 66—75% of the energy
derived from the feed. When large amounts of
forage are fed, the formation of acetic acid pre-
dominates (60—70% of total) with lower amounts
of propionic (15-20%) and butyric (5-15%)
acids. When grain feeding is increased or when
finely ground forages are fed, the proportion of
acetic acid may decrease to 40% and the propor-
tion of propionic acid may increase to 40%.

One of the by-products of fermentation of
carbohydrates to VFAs is hydrogen, which is con-
verted to methane gas for release from the rumen.
It has been shown that as the pattern of ruminal
fermentation alters from acetate to mainly
propionate, both hydrogen and methane pro-
duction are reduced. This relationship between
methane production and the ratio of the various
VFAs has been well documented (Hungate,
1966). It explains why the feeding of fibrous
diets results in more methane than less fibrous
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diets. The fibrous diets promote a higher propor-
tion of acetate, resulting in more hydrogen and
more methane. The situation was shown dra-
matically in a comparison of a dairy farm in
Wisconsin with one in New Zealand (Johnson
etal., 2002). Production of methane from belch-
ing was higher in the New Zealand farm, while
carbon dioxide production was higher in the
Wisconsin farm. This aspect is becoming of in-
creasing importance in relation to greenhouse
gas production from agriculture. Methane is
considered to have 21 times the global warming
potential of carbon dioxide. Organic milk pro-
duction inherently increases methane emission
because of the feeding system used unless the
forage is of good quality (De Boer, 2003).

Carbohydrates such as sugars and starches
that escape digestion in the rumen are digested
in the abomasum and the end products absorbed
through the wall of the small intestine.

Although fibre is the most indigestible por-
tion of the diet, it is necessary for the correct
functioning of the ruminant gut. The amount
and type of fibre in the diet can affect rumen
function significantly, influencing the amount
of rumination, saliva production, rumen pH and
milk fat content. The optimal amount that should
be included in the diet depends on several factors,
including body condition, level of production,
type of fibre fed and physical characteristics of
the fibre. This topic will be covered in Chapter 6.
In general, dairy cows producing large amounts
of milk are fed diets with less fibre, while those
producing less milk or which are growing or are
dry are fed diets with more fibre from forage
sources.

Digestion of Proteins

Dietary protein, like dietary carbohydrate, is fer-
mented by rumen microbes. The main products
are ammonia, organic (carbon-containing)
acids, amino acids and other products. Approxi-
mately 40-75% of the protein in feed is broken
down in the rumen. The extent of breakdown
depends on many factors, including solubility
of the protein, resistance to breakdown and rate
of feed passage through the rumen. Many rumen
microorganisms require ammonia for growth
and synthesis of microbial protein. Rumen

microbes convert the ammonia and organic
acids into amino acids that are synthesized to
microbial protein.

Ammonia is most efficiently incorporated
into bacterial protein when the diet is rich in
soluble carbohydrates, particularly starch.
Ammonia in excess of that used by the microbes
is absorbed through the rumen wall into the
blood, carried to the liver and converted to urea,
which is mainly excreted in the urine. Some urea
is returned to the rumen via the saliva.

Feed protein that escapes breakdown in the
rumen (sometimes called bypass protein) and
microbial protein pass from the rumen to the abo-
masum, where they are digested and absorbed
into the bloodstream through the wall of the
small intestine.

The fact that some of the protein passing to
the abomasum is microbial protein and some is
from bypass protein (protein undegraded in the
rumen) makes measurements of protein digest-
ibility difficult in ruminant animals.

Digestion of Fats

Most of the digestion and absorption of fats occurs
in the small intestine. Rumen microorganisms
convert unsaturated fatty acids to saturated acids
through the addition of hydrogen molecules.
Thus, more saturated fat is absorbed by cows
than by non-ruminant animals such as pigs.
Feeding large quantities of unsaturated fatty
acids depresses fibre digestion, lowers rumen pH
and can depress the growth of rumen microbes.

Since the various feed components are di-
gested by different classes of microbes, allowance
has to be made for new populations of microflora
to establish in the rumen whenever changes are
made to the diet. A change in diet should, there-
fore, be made gradually, otherwise a digestive dis-
order may occur. It may take up to 6 weeks for the
rumen microorganisms to adapt to a change in diet.

Digestibility

Only a fraction of each nutrient taken into the
digestive system is absorbed. This fraction can be
measured as the digestibility coefficient. It is
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determined through animal digestibility experi-
ments. Researchers measure both the amount
of nutrient present in the feed and the amount
of nutrient present in the faeces, or more exactly
in the ileum. The difference between the two,
commonly expressed as a percentage or in rela-
tion to 1 (1 indicating complete digestion), is the
amount of the nutrient digested by the animal.
Each feedstuff has its own unique set of digest-
ibility coefficients for all nutrients present. The
digestibility of a feedstuff or a complete feed
can also be measured. Digestibility measured in
this way is known as apparent digestibility,
since the faeces and ileal digesta contain sub-
stances originating in the fluids and mucin se-
creted by the gut and associated organs, as well
as cellular material abraded from the gut wall
as the digesta pass. Correction for these endogen-
ous losses allows true digestibility to be meas-
ured. Generally, the digestibility values listed in
feed tables refer to apparent digestibility unless
stated otherwise.

Some feed ingredients contain components
that interfere with digestion. This aspect is dealt
with in Chapter 4.

Vitamin Synthesis

During the first weeks of life, calves are essen-
tially non-ruminant animals and have dietary
requirements similar to those of pigs and poultry.
Initially, therefore, they must obtain all the required
nutrients from milk or milk replacer. They re-
quire high-quality, easily digested feeds to supply
needed energy, essential amino acids, essential
minerals and vitamins. After about 5—-6 weeks of
age, forage and grain consumption increases
and microorganisms in the rumen become in-
creasingly active in synthesizing essential amino
acids and B vitamins and in digesting fibre.
When the rumen is fully functional the ruminal
microorganisms synthesize all of the B vitamins
and vitamin K required by cattle, at least for
growth and maintenance. Therefore ruminating
cattle should not require supplementation with
B vitamins or vitamin K. Supplementation with
niacin (B,) and thiamine (B,) is practised to
counter some stress conditions in conventional
production, but this is not practised in organic
production.
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Nutrient Requirements
Energy

Energy is obtained when the feed is digested in
the gut. The energy is then either released as
heat or is trapped chemically and absorbed into
the body for metabolic purposes such as main-
tenance, growth or production of milk and
meat. It can be derived from protein, fat or carbo-
hydrate in the diet. In general, forage products
and cereal grains provide most of the energy
in the diet. Energy in excess of requirement is
converted to fat and stored in the body. The pro-
vision of energy accounts for the greatest per-
centage of feed costs.

The total energy (gross energy) (GE) of a
feedstuff can be measured in a laboratory by
burning it under controlled conditions and
measuring the energy produced in the form of
heat. Digestion is never complete under practical
situations; therefore measurement of GE does
not provide accurate information on the amount
of energy available to the animal. A more pre-
cise measurement of energy is digestible energy
(DE), which takes into account the energy lost
during incomplete digestion.

More accurate measures of useful energy
contained in feedstuffs are metab