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Preface

Billions of people around the world consume milk and dairy products every day.
Not only are milk and dairy products a vital source of nutrition for these people,
they also present livelihoods opportunities for farmers, processors, shopkeepers and
other stakeholders in the dairy value chain. But to achieve this, consumers, industry
and governments need up-to-date information on how milk and dairy products can
contribute to human nutrition and how dairying and dairy-industry development
can best contribute to increasing food security and alleviating poverty.

This publication is unique in drawing together this information on nutrition,
dairying and dairy-industry development from a wide range of sources and explor-
ing the linkages among them. It is the result of collaboration between the Agricul-
ture and Consumer Protection and the Economic and Social Development Depart-
ments of the Food and Agriculture Organization of the United Nations (FAO). The
Nutrition Division of FAO’s Economic and Social Development Department and
the Rural Infrastructure and Agro-Industries Division of the Agriculture and Con-
sumer Protection Department jointly led and coordinated the planning, preparation
and publication process.

In producing this publication our aims were to:

* provide an in-depth look at selected topics of concern regarding dairy and

nutrition, from milk production to consumption;

* provide a balanced and unbiased scientific overview of the impact of milk
and dairy consumption on human nutrition and health in developed and
developing countries; and

» give insights on dairy’s potential to improve the diets of poor and
undernourished people and implications for future actions by diverse

stakeholders.

Many experts and scientists from around the world, from disciplines such as nutri-
tion and food science, food safety, dairy-industry development, economics and
agriculture, contributed to writing and reviewing the information and scientific
knowledge presented in this publication. Each chapter has been peer reviewed by at
least four independent experts to ensure that the information provided is verifiable
and of good quality.

The technical editorial team thanks all who gave so generously of their expertise,
time and energy.

Ellen Muehlhoff
Anthony Bennett
Deirdre McMahon
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Foreword

FAOQ is pleased to present its new book on Milk and Dairy Products in Human Nutrition.

This book comes at an opportune time of renewed interest in agriculture and
sustainable food-based solutions as a key strategy for improving diets and bringing
greater nutritional benefits to poor and malnourished people.

In 1959, the Food and Agriculture Organization of the United Nations (FAO)
produced Milk and Milk Products in Human Nutrition, a seminal treatise on the
topic. In response to popular demand, a revised second edition was produced in
1972. Half a century after the first publication, in 2009, it was time to revisit the role
of milk and dairy products in human nutrition and development.

With rising incomes and increased production, milk and dairy produce have
become an important part of the diet in some parts of the world where little or no
milk was consumed in the 1970s. Consumption of milk and dairy products is grow-
ing fastest in Asia and the Latin America and Caribbean region. India has recently
become the world’s largest milk producer, yet per capita consumption levels there
are still low. Globally, too many poor people are still not able to afford a better
diet and greater efforts, including agricultural growth, diversification and public
investment, are needed to ensure that poor and undernourished people can acquire
food that is adequate in quantity (dietary energy) and in quality (diversity, nutrient
content and food safety).

FAO, in pursuing its mission of eradicating hunger and improving food security
and nutrition for all, seeks to improve awareness among consumers and member
governments of the importance of a balanced, healthy and sustainable diet. Our role
as a global knowledge centre is to provide sound advice to member countries on the
role and value of various foods from production to consumption and their role in
human nutrition and health.

The publication comprises nine chapters that can either be read from start to fin-
ish for a full appreciation of the connections between dairy and human nutrition,
or by topic and area of interest. The book presents information on the nutritional
value of milk and dairy products and evaluates current scientific knowledge on
the benefits and risks of consuming milk and dairy products in the context of
global changes in diets. It highlights positive effects that connect dairy agriculture,
nutrition and health at the local, national and global levels, and identifies gaps in
current knowledge in these areas. It reviews global trends in milk production and
consumption, discusses challenges for sustainable and inclusive dairy-industry
development and food safety, reviews programmatic experiences and lessons
learned about food-based solutions to problems of malnutrition and provides
concrete options for governments, international organizations and the private sec-
tor. Each chapter provides a comprehensive set of references allowing the reader to
probe the topics further.



Xiv

The publication serves a variety of audiences, from academia to research,
policy-makers and planners, the private sector and the consumer. I hope that the
information presented will encourage dialogue and action within and between the
sectors to achieve our common goals of reducing poverty, strengthening livelihoods
and improving human nutrition and health on a sustainable basis. This way we
will be taking another step in the direction of meeting the Zero Hunger Challenge
earmarked by the UN Secretary-General at the Rio+20 Sustainable Development
Summit in June 2012.

Daniel J./Gustafson
Deputy Director-General (Operations)
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This book focuses on the role of milk and dairy in human nutrition and development.
It takes a broad view of food systems from producer to consumer and explores the
linkages between dairy-industry development, food security, human nutrition
and health.

This chapter provides the global nutrition context in which this book was
prepared, including current trends in malnutrition, and presents an overview of the
main issues and topics that are discussed.

1.1 NUTRITION AND HEALTH

Good nutrition and access to an adequate diet and health are essential for child
growth and development, body maintenance and protection from both infectious
and non-communicable diseases (NCDs) in adult life. Adequate nutrition and a
healthy productive population are increasingly recognized not only as resulting from
but also as an important prerequisite for poverty reduction and economic and social
development. Improvements in family diets and children’s nutritional status glob-
ally are thus imperative for achieving the Millennium Development Goals (MDGs)
related to the eradication of extreme poverty and hunger (MDG 1) and increasing
child survival (MDG 4). Given evidence that children’s nutrition affects their health,
intelligence and educational performance and their economic status in adulthood,
reducing childhood malnutrition also influences achievement of the MDGs related to
universal primary education, gender equality and women’s empowerment, improve-
ments of maternal health and fighting human immunodeficiency virus (HIV).

1.2 PROGRESS IN NUTRITION OUTCOMES

1.2.1 Undernourishment

The latest FAO estimates indicate that significant progress has been made in reduc-
ing undernourishment in the world during the last 20 years (FAO, IFAD and WED,
2012). During the period 2010-12, a total of 870 million people did not have access
to sufficient dietary energy and were chronically undernourished, 132 million fewer
than in 1990. The vast majority of these — 852 million — live in developing countries.
The results imply that the target of halving the proportion of people who suffer
from hunger by 2015 (relative to the proportion suffering from hunger in 1990)
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(MDG 1c) is within reach, although many challenges remain and accelerated action
is needed to continue this positive trend.

1.2.2 Childhood undernutrition

While undernourishment has been declining there have also been improvements in
child nutritional status as expressed by the key anthropometric indicators of child
stunting, underweight, wasting and nutrition-related child mortality. Nevertheless,
the rate of improvement suggest that we are unlikely to meet the United Nations’
goal of halving the 1990 underweight prevalence levels on a global level or in all
developing countries.

New estimates show that globally 165 million children under five years of age,
or 26 percent of all children, were stunted (low height-for-age) in 2011, a 35 percent
decrease from an estimated 253 million in 1990 (UNICEF, WHO and World Bank,
2012). Despite improvements, high prevalence of stunting remains a major problem,
especially in Africa and South Asia where 90 percent of the world’s stunted children
reside. Stunting reflects the cumulative effects of poor maternal nutrition, poor diet
and infections during the first two years of life. It results in slowed child growth and
impedes brain development; it often goes unrecognized and is largely irreversible.
Adequate dietary intake is especially critical in the period from 6 to 18 months of a
child’s life when a child’s growth rate is high. At six months, breastmilk alone is no
longer adequate to support normal growth and mental development and nutrient-
rich complementary foods must be introduced, including animal-source foods.

There has also been a decline in the prevalence of underweight (low weight-for-
height) globally, with an estimated 101 million children under five years of age, or
16 percent of all children, underweight in 2011, a 36 percent decrease from an esti-
mated 159 million in 1990 (UNICEF, WHO and World Bank, 2012). Underweight
was selected as the indicator to track progress towards the MDG target of reducing
malnutrition by half by 2015. Children who have a low weight-for-age can either
be wasted (low weight-for-height), stunted or both. Underweight is a composite
indicator and may therefore be difficult to interpret.

An estimated 52 million children under five years of age were wasted in 2011,
representing an 11 percent decrease from an estimated 58 million in 1990. Latest
estimates show that 70 percent of the world’s wasted children live in Asia, mostly
in South Asia (UNICEF, WHO and World Bank, 2012). Wasting results from acute
nutritional deprivation, often combined with infection, and occurs especially during
periods of severe food shortages. Wasted children have a weak immune system and
are at increased risk of severe acute malnutrition and death. Findings show that
childhood malnutrition is an underlying cause of death in an estimated 35 percent
of all deaths among children under the age of five years, indicating that continuing
efforts to improve access to better quality diets and health are imperative (Black et
al., 2008).

1.2.3 Micronutrient malnutrition

Access to better and more diversified diets is key for combating problems of micro-
nutrient malnutrition or “hidden hunger”. Despite progress in addressing micronu-
trient malnutrition in some countries and regions, several billion adults and children
continue to be affected by one or more nutrient deficiencies (FAO, 2011). Although
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most development programmes have focused on eliminating iron, iodine and vitamin
A deficiencies, many people do not have an adequate amount of other essential
micronutrients such as zinc, folate and vitamin By, (Burchi, Fanzo and Frison, 2011).

Progress in eliminating vitamin A deficiency, a major cause of childhood blind-
ness and death, has been significant in eastern Asia and Central and South America
but less progress has been made in sub-Saharan Africa and Central and southern
Asia (FAO, IFAD and WFP, 2012). Iodine deficiency causes goitre; in its most
severe form it affects the developing brain, resulting in mental retardation. Over
the last 20 years iodine deficiency has declined significantly around the world
largely because of the expansion of salt-iodization programmes. Iron is absolutely
critical for maternal and foetal health and survival, children’s brain development
during the period from 6 to 24 months of age, educational performance and labour
productivity. Inadequate iron in the diet, resulting from low consumption of
animal-source foods (meat, poultry, fish) and/or fortified foods, is one of the main
causes of the prevailing high levels of anaemia in the world. Over 30 percent of the
world’s population (about 2 billion people) are anaemic, mainly as a result of iron
deficiency in the diet, with more than half of the women of reproductive age in Asia
affected (FAO, 2011). Prevalence in children is even higher in many populations;
in Africa it is estimated to be 60 percent. There has been little progress in reducing
the prevalence of anaemia in the last 20 years and prevalence may even have risen
in some countries (UNSCN, 2010). Zinc deficiency is increasingly recognized
as a micronutrient deficiency of significant importance in developing countries,
particularly because of its association with suboptimal growth and reduced immune
competence in children. In children, it is associated with increased morbidity and
mortality from diarrhoea; in pregnant women, zinc deficiency may result in poor
foetal development and low birth weight babies. Apart from low dietary intake of
zinc-rich foods, dietary deficiency may also occur as a result of zinc binding to
phytates in cereal-based diets (FAO, 2011). One of the most common explanations
for poor vitamin By status is low intake of animal-source foods. Typically, the diets
of populations in low-income countries is low in animal-source foods and it has
become apparent that many such populations have a high prevalence of deficient
and marginal plasma concentrations of vitamin By, (Allen, 2008). Vitamin Bj, and
folate deficiencies have been acknowledged as the most common cause of macro-
cytic anaemia. Additionally, poor maternal folate status is associated with serious
negative health outcomes including stillbirth, low birth weight and neural tube
defects (WHO, 2012a). Although there are few data on folate intakes, one would
expect that folate status is poorer in populations that consume only small amounts
of green leafy vegetables and legumes (Allen, 2008).

1.2.4 The double burden of malnutrition

Paradoxically, over a billion adults (20 years and older) were overweight in 2008,
with half of them being obese (WHO, 2012b). Nearly 43 million children under five
years of age were overweight in 2011, about 80 percent of whom live in develop-
ing countries (UNICEF, WHO and World Bank, 2012). According to the World
Health Organization (WHO), obesity has doubled since 1980 (WHO, 2012c). Once
considered a problem only in high-income countries, overweight and obesity are
growing rapidly in many low- and middle-income countries, especially in urban



Milk and dairy products in human nutrition

areas. Changes in dietary patterns made possible by rising incomes and increased
availability of energy-dense foods together with reductions in physical activity
levels are associated with this dietary transition.

While changes in diets have brought significant improvements in nutritional
status, undernourishment and levels of child malnutrition have remained unaccept-
ably high. Moreover, a growing number of developing countries are affected by the
so-called double burden of malnutrition, where undernutrition and overnutrition
co-exist in the same communities and families. Improvement in the diets of mal-
nourished populations can help raise the well-being and productive capacity of both
present and future generations.

1.3 LINKING AGRICULTURE AND NUTRITION

The food and financial crises of 2008 and 2009 focused governments’ attention
on the importance of food and nutrition security as a fundamental component of
socio-economic development and political stability. This is illustrated by efforts
to reform the Committee on Food Security, the creation of the High-Level Task
Force on Food Security and donors’ renewed interest in food and nutrition security
which led to the establishment of the European Union’s Food Facility, the Span-
ish MDG-Fund on Children, Food Security and Nutrition and the United States
Agency for International Development’s Feed the Future programme and the
sixty-third World Health Assembly Resolution on Infant and Young Child Feeding.

The Scaling-up Nutrition (SUN)! Movement is calling for high-level interna-
tional attention to scale-up nutrition programmes by 2015. The movement was
launched in 2010 with the support of multiple partners, including governments
of countries with a high burden of malnutrition, United Nations (UN) agencies,
donors, non-governmental organizations, academia and the private sector, together
with advocacy initiatives such as the 1000 Days partnership. UN partners such as
FAO, UNICEF, World Food Programme (WFP) and WHO collaborating in the
Renewed Efforts Against Child Hunger initiative (REACH)? and the UN Standing
Committee on Nutrition (UNSCN) are committed to strengthening governance
for nutrition and to revitalizing the role of nutrition at the international level. The
African Regional Nutrition Strategy 2005-2015 (African Union, 2006), for example,
stresses the need to emphasize nutrition as a basic input in poverty-alleviation
strategies and the achievement of the MDGs.

Growing attention is also being given to the synergies between agriculture,
nutrition and health. A high-level international conference on “Leveraging Agri-
culture for Improving Nutrition and Health” convened by the International Food
Policy Research Institute in New Delhi, India, on 10-12 February 2011 sparked an
important policy dialogue on the role of agriculture and how it can be energized to
enhance its impact on nutrition. The conference identified the need to learn more
about the potential for agriculture to work optimally for nutrition, and the implica-
tions for future policies and programmes.

U hetp://scalingupnutrition.org
2 http://www.reachpartnership.org
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UN Secretary General Ban Ki-moon launched the Zero Hunger Challenge® at
the UN Conference on Sustainable Development (Rio +20) in Rio de Janeiro in
June 2012. The Challenge aims at promoting effective policies and programmes and
increased investment to achieve the following five objectives: 1) a world where eve-
ryone has access to enough nutritious food all year round; 2) no more malnutrition
in pregnancy and early childhood; an end to the tragedy of childhood stunting; 3) all
food systems are sustainable, everywhere; 4) greater opportunities for smallholder
farmers — especially women — who produce most of the world’s food so that they
are empowered to double their productivity and income; and 5) cut losses of food
after production, stop wasting food and consume responsibly.

There is a broad and growing consensus on the need for food and agricultural
systems to contribute more effectively to improving nutrition outcomes, particu-
larly through improvements in diets and raising consumer awareness. This book is
intended to contribute to this effort.

1.3.1 The role of milk and dairy products

The rapid rise in aggregate consumption of meat and milk is propelled by millions
of people with rising incomes diversifying from primarily starch-based diets into
diets containing growing amounts of dairy and meat. The underlying forces driving
these trends are set to continue, and the potential for increased demand for livestock
products remains vast in large parts of the developing world.

Growing consumption of dairy and other livestock products is bringing impor-
tant nutritional benefits to large segments of the population of developing countries,
although many millions of people in developing countries are still not able to afford
better-quality diets owing to the higher cost. However, the rapid growth in produc-
tion and consumption of livestock products also presents risks to human and animal
health, the environment and the economic viability of many poor smallholders,
but may also offer opportunities for small- and medium-scale dairy industries.
These issues are explored in Chapter 2 — Milk availability: current production and
demand and medium-term outlook.

Milk contains numerous nutrients and it makes a significant contribution to
meeting the body’s needs for calcium, magnesium, selenium, riboflavin, vitamin By,
and pantothenic acid (vitamin Bs). However, milk does not contain enough iron and
folate to meet the needs of growing infants, and the low iron content is one reason
animal milks are not recommended for infants younger than 12 months old. The
nutrient composition of milk from various species is detailed in Chapter 3 — Milk
and dairy product composition, as are the factors that influence milk composi-
tion, such as stage of lactation, breed differences, number of parturitions (parity),
seasonal variations, age and health of the animal, feed and management effects. The
chapter also presents a brief overview of the nutrient composition of treated liquid
milk and dairy products, followed by some interesting findings regarding linkages
between animal milk sources and climate change.

3 http://www.un.org/en/zerohunger
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Milk and dairy products play a key role in healthy human nutrition and develop-
ment throughout life, but especially in childhood, as discussed in Chapter 4 — Milk
and dairy products as part of the diet. However, the role of milk and dairy products
in human nutrition has been increasingly questioned in recent years. Milk is a
complex food containing numerous nutrients. Most of the constituents in milk do
not work in isolation, but rather interact with other constituents. Often, they are
involved in more than one biological process, sometimes with conflicting health
effects. Thus, while milk consumption is associated with a reduced risk of NCDs
such as osteoporosis and possibly colorectal cancer and type 2 diabetes, concern has
been expressed about the possible association between high dairy consumption and
other NCDs such as cardiovascular disease and prostate cancer. Milk fat provides a
good example of this. The traditional diet-heart paradigm, developed in the 1960s
and 1970s, held that consumption of fat, and saturated fat in particular, raised levels
of both cholesterol as a whole and low-density-lipoprotein cholesterol, leading
to coronary heart disease. Currently, many national and international authorities
recommend consumption of lower-fat dairy foods. However, the scientific rationale
behind this recommendation is still debated. In Chapter 4, we summarize the avail-
able evidence on the relationship between dairy consumption and health.

Social and technological developments of the past few decades have significantly
influenced the variety of dairy products available. These products vary in their
nutritional composition and in Chapter 5 — Dairy components, products and human
bealth we present some of the main components that can be altered during pro-
cesses such as fermentation and fortification. Dairy foods and their nutrients are not
consumed in isolation and no single food can supply all essential nutrients. When
investigating the relationship between dairy products and health, it is important to
consider that the human diet is complex and is not defined by the inclusion or exclu-
sion of one food, but by its totality. Balance and variety is fundamental to healthy
eating. Although it is difficult to reach a firm conclusion on the health impact of
individual dairy products, in general dairy can be an important part of a healthy,
balanced diet. Given the diversity of dairy products with differing compositions,
ideally the consumer should be aware of the product’s overall nutritional profile
and how it can contribute positively or negatively to the diet. Today’s consumers
receive nutrition information and dietary advice on dairy consumption from a vari-
ety of sources. The subject of health and nutrition claims has received considerable
attention from both the industry sector and the regulators. The general consensus
amongst the legislators is that the regulatory framework should protect the con-
sumer from false information, promote fair trade and encourage innovation in the
food industry that can ultimately translate into healthier lifestyles. The debate over
the validity of health claims has been particularly active in Europe. To date many
products claimed as being “health-enhancing” lack the scientific evidence to merit
claims. These and other issues are also discussed in Chapter 5.

With growing consumer concerns for their daily consumables there is also
increased awareness of safety and quality issues in milk and dairy products. As
highlighted in Chapter 6 — Safety and quality, ensuring the safety of milk and
dairy products is important to maintaining their nutritional values, in addition to
maintaining or supporting the livelihoods of dairy farmers and processors. Raw
or poorly processed or handled milk and milk products can lead to cases of food-
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borne illness in humans. A great deal is known about the sources of hazards and the
necessary controls and preventive measures to avoid them, and these are discussed
in Chapter 6. It is not always necessary to eliminate the hazard completely, but
ensuring that it does not exceed an acceptable level is critical. The challenge to all
food-safety policy-makers is to balance necessary mitigation and control measures
with desired economic and human health outcomes whilst taking into account the
diversity of milk production systems and products.

1.3.2 Dairy programmes affecting nutrition

As a concentrated source of macro- and micronutrients, milk and dairy products
can play a particularly important role in human nutrition in developing countries
where the diets of poor people frequently lack diversity and consumption of
animal-source foods may be limited. As discussed in Chapter 4 — Milk and dairy
products as part of the diet and Chapter 7 — Milk and dairy programmes affect-
ing nutrition, milk and dairy products can add much needed diversity to plant-
based diets and can contribute to promoting child growth; it is frequently a vital
component in specially formulated foods in therapeutic feeding of malnourished
children. Milk and dairy programmes show potential to improve human nutrition
worldwide. Chapter 7 systematically reviews the evidence for the effects of milk
programmes on nutrition. Dairy production and agriculture programmes were
found to be more effective in improving nutrition if they were targeted to women,
strategies to introduce small livestock and improved breeds of cattle and sheep, and
awareness-raising on the nutritional value of milk. School-based programmes were
shown to improve body composition and micronutrient status, but the issues of
appropriate levels of fat, added sugar and flavouring in milk need to be addressed.
Evidence of the positive effects of milk was strongest from fortified-milk pro-
grammes, although issues of limited market access, cost and questionable effects on
zinc nutrition remain. Finally, adding milk to blended foods has been a nutrition
strategy for decades, but the effect of the milk ingredient is largely unknown.
Dairy programming faces many challenges, including the need for higher-quality
evaluations with cost-effectiveness analyses and consideration of the dual burden
of under- and overnutrition. Dairy offers compelling opportunities, such as the
prospect of simultaneously improving nutrition and reducing poverty, aided by the
generally positive public perception of milk.

1.3.3 Linking dairy agriculture and nutrition

A review of global trends and production indicates a stagnating level of milk con-
sumption in many developed countries but a growing demand in some developing
countries, notably in China (see Chapter 2). Increasing demand and relatively high
prices for milk and dairy products also provide an opportunity for the millions of
smallholder’s farmers who produce milk in developing countries to increase their
livelihoods. However, their market access is often limited by weaknesses in dairy-
industry development, as discussed in Chapter 8 — Dairy-industry development
programmes: their role in food and nutrition security and poverty reduction. In
many parts of the world, milk and dairy products are highly valued and have an
important role in both household food security and also in income generation.
Dairy-industry projects in developing countries often have a direct benefit for
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household health and nutrition, provide employment and income for the poor and
can make a substantial and sustainable contribution to poverty reduction. Chapter
8 reviews experiences and highlights a market-driven approach to investments in
national and dairy institutions, such as cooperatives, groups or associations, devel-
opment of sustainable and integrated supply of locally available inputs and support
services and ultimately providing a fair benefit for the tens of millions of smallholder
farm families who produce and market their surplus milk on a daily basis.

The agriculture—nutrition linkage is elaborated in Chapters 7 and 8. However,
many of the programmes examined did not measure nutrition impacts, and there
is a school of thought that questions whether we need to measure such an obvious
benefit as the daily provision of milk and dairy products at smallholder household
level. To compensate for this lack of measurement of nutrition impacts, this publi-
cation also draws upon the field-level experiences of a host of experts in nutrition
and dairy-industry development from both the public and private sectors globally.
Based on this, Chapter 8 presents a series of recommendations for enhancing the
design of dairy-industry programmes, including incorporating improved process
and impact evaluations to examine nutrition outcomes.

A major challenge is how to ensure that smallholder farmer families can par-
ticipate in and benefit from dairy-industry development. Dairying is unique in
agriculture in that it provides not only daily food at the household level but also a
modest but regular income for the farm family. Moreover, dairy animals can be a
source of farm power and very importantly also provide manure that is used as fer-
tilizer for crops or as fuel. Ensuring that dairy-industry programmes are inclusive of
smallholders thus has significant food-security and poverty-reduction implications,
and there is increasing evidence that there can be a significant benefit for women in
the household in many instances.

There is increasing interest of both governments and the private sector to meet
food demands locally where feasible. Producing high-quality milk and dairy prod-
ucts that are or will be demanded by consumers can be a challenging and complex
task. Governments may need to make initial investments in the dairy sector to stim-
ulate private-sector investments. Both public and private sectors have a key role to
play in inclusive dairy-industry development and increased collaboration between
the two would optimize economic and social impact of many programmes. FAO
should optimize its presence and role to facilitate and encourage such collaboration.

As aptly noted in Chapter 9 — Human nutrition and dairy development: trends
and issues, there are many publications on dairy development and even more on
human nutrition, but this book is unusual in that it examines the extent to which it
is possible to make explicit connections between the two. The concluding chapter
draws together the threads of the two stories, on nutrition and on dairy develop-
ment, and discusses the implications of these findings for the future of the sector,
particularly in developing countries. The issues and challenges posed require actions
on many fronts and an integrated effort by various stakeholders.
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ABSTRACT

This chapter reviews trends in global production and consumption of dairy
products and the drivers behind these trends. Consumption of dairy products
has increased rapidly in recent decades in several parts of the developing world,
driven by economic growth and rising income levels. This has been accompanied
by major increases in production in several developing countries, with growth rates
significantly outpacing those in developed countries. Technological change in the
sector has resulted in major increases in productivity and the emergence of large-
scale commercial dairy farms. However, small-scale dairy producers have remained
largely at the margin of these developments. Trade in dairy products has expanded
as a result of improved processing and shipping technologies. However, the bulk
of dairy production is consumed domestically and does not enter international
trade. The potential for further increases in dairy consumption remains significant,
especially in countries where per capita consumption is still relatively low, but the
rate of growth is expected to be slower than in recent decades. The rapid expansion
and transformation of the global dairy sector contributes to growing threats to the
environment and to human and animal health and increases pressures on the liveli-
hoods of small-scale dairy producers. These issues require attention if the continued
development of the sector is to be sustainable and socially balanced.

2.1 TRENDS IN FOOD CONSUMPTION PATTERNS - THE ROLE
OF LIVESTOCK AND DAIRY PRODUCTS

In large parts of the developing world income growth and urbanization are lead-
ing to increasing overall food consumption and changes in dietary composition,
with a growing proportion of high-value products in the diet, particularly food
of animal origin.

Average per capita daily energy intake in the developing world increased from
1 861 kcal in 1961 (64 percent of the average energy intake in developed countries)
to 2 651 kcal in 2007 (78 percent of the average energy intake in developed coun-
tries) (Figure 2.1).
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Over the same period, consumption of livestock products in developing coun-
tries increased rapidly. Milk consumption in developing countries almost doubled,
meat consumption more than tripled and egg consumption increased fivefold (Fig-
ure 2.2). In contrast, consumption of roots and tubers declined slightly.

FIGURE 2.1
Per capita daily energy intake in developed and developing countries, 1961-2007 (kcal)
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FIGURE 2.2
Per capita consumption of major food commodities in developing countries, 1961-2007
(index 1961=100)
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As a result of these increases in consumption of livestock products in developing
countries the proportion of dietary energy and protein coming from livestock prod-
ucts in developing countries doubled between 1961 and 2007 (Figures 2.3 and 2.4),

FIGURE 2.3
Percentage of dietary energy derived from foods of animal origin in developed
and developing countries, 1961-2007
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FIGURE 2.4
Percentage of dietary protein derived from foods of animal origin in developed
and developing countries, 1961-2007
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albeit to levels that are still well below those in developed countries. The declines
in energy and protein intake from foods of livestock origin in the developed coun-
tries in the 1990s were largely the result of declines in consumption in the former
centrally planned economies caused by elimination of subsidies, falling incomes and
reduced waste in supply chains (Figure 2.5). As a result of these trends, there has
been a significant narrowing in the gap between the two country groups in terms of
the share of livestock in energy and protein intake.

Overall, food consumption levels and dietary patterns of developed and develop-
ing countries are converging. This applies also more specifically to dairy products,
although the convergence has been slower than for livestock products in general.
The percentage of total dietary energy coming from dairy products increased only
slightly in developing countries, from 3.4 percent in 1961 to 4.4 percent in 2007, and
was largely unchanged in developed countries over the same period (Figure 2.6).
There were marked differences between regions in both the percentage of dietary
energy derived from dairy products and trends (Figure 2.7). The contribution of
dairy products to dietary energy intake increased in South Asia between the late
1960s and 2007, and has increased rapidly in East and Southeast Asia since 2001,
albeit from a very low base. Elsewhere the contribution of dairy products to dietary
energy intake has been largely static or declined.

In spite of the convergence in per capita consumption of livestock products,
there are still large differences between developed and developing countries,
between regions and even within regions both in per capita consumption of live-
stock products and growth rates of consumption (Table 2.1). These differences are
particularly marked in dairy products (Table 2.2).

FIGURE 2.5
Per capita energy intake from dairy products* in developed countries, 1961-2007 (kcal/year)
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FIGURE 2.6
Percentage of total dietary energy derived from dairy products* in developed
and developing countries, 1961-2007
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FIGURE 2.7
Regional differences in percentage of total dietary energy derived from dairy products*,
1961-2007
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Between 1987 and 2007 per capita consumption of milk increased throughout
the developing world, except in sub-Saharan Africa (Table 2.1). Rate of increase
varied from 0.4 percent per annum in the Near East and North Africa to 9.7 percent
in China, and both rates of expansion and levels of consumption differ widely. By
far the highest regional consumption levels are observed in Latin America and the
Caribbean (LAC). On the other hand, per caput consumption growth in the region
has been relatively slow, albeit with Brazil showing a rate of growth well above the
regional average. While meat consumption is growing faster than milk consumption
in developing countries as a whole, milk consumption is increasing faster than meat
consumption in East and Southeast Asia and South Asia (Table 2.1). Dairy products
are the major source of animal protein in the diet in South Asia in particular.

TABLE 2.1
Per capita consumption of livestock primary products by region and subregion, 1987 and 2007
Meat Milk Eggs
Per capita Annual Per capita Annual Per capita Annual
consumption growth consumption growth consumption growth
(kg/yr) (%) (kg/yr) (%) (kg/yr) (%)
. 1987- 1987- 1987-
Region 1987 2007 2007 1987 2007 2007 1987 2007 2007
Developed 81.0 86.6 0.3 208.7 213.7 0.1 14.6 13.7 -0.3
Former centrally 69.1 56.5 -1.0 1829 1798  -0.1 14.7 11.6 -1.2
planned economies
Other developed  g¢5 g5 g 05 2210 2241 0.1 145 139  -02
countries
Developing 16.9 29.6 2.8 37.5 55.2 2.0 3.6 7.4 3.7
East and
Southeast Asia 18.4 44.7 4.6 6.4 24.9 7.0 4.5 13.6 5.6
China 20.4 53.5 49 4.5 28.7 9.7 49 17.4 6.5
Rest of East and
Southeast Asia 13.6 26.6 3.4 10.7 17.0 2.4 3.7 5.8 2.3
Latin America and
the Caribbean 41.8 64.1 2.2 96.1 113.3 0.8 7.5 9.5 1.2
Brazil 45.9 80.5 2.9 88.7 124.6 1.7 7.9 7.5 -0.3
Rest of Latin 396 557 17 999 1074 04 73 105 18
merica
South Asia 4.7 4.6 -0.1 52.3 72.0 1.6 1.1 2.0 3.2
India 4.1 3.3 -1.1 51.0 68.7 1.5 1.1 2.1 3.4
Rest of South Asia 6.8 8.6 1.2 56.7 82.0 1.9 1.1 1.8 2.5
Near East and
North Africa 21.0 28.4 1.5 80.8 87.1 0.4 4.2 6.0 1.8
Sub-Saharan Africa 13.5 14.0 0.2 314 30.2 -0.2 1.6 1.7 0.3
World 32.0 40.3 1.2 77.9 84.9 0.4 6.2 8.6 1.7

Source: Elaboration on data from FAOSTAT, 2011 for consumption and the UN for population data.
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TABLE 2.2
Per capita consumption of dairy products by region and subregion, 1987 and 2007
Butter and ghee Cheese Cream
Per capita Annual Per capita Annual Per capita Annual
consumption growth consumption growth consumption growth
(kg/yr) (%) (kg/yr) (%) (kg/yr) (%)
. 1987- 1987- 1987-
Region 1987 2007 2007 1987 2007 2007 1987 2007 2007
Developed 4.6 2.8 -2.5 9.91 12.44 1.1 2.83 2.18 -1.3
Former centrally 6.5 2.1 -5.5 7.57 6.00 -1 5.48 1.88 -5.2
planned economies
Other developed 3.7 3.0 -1.1 11.14 1443 1.3 1.46 2.16 2.0
countries
Developing 0.6 1.0 2.7 0.54 0.64 0.9 0.00 0.04 15.1
East and
Southeast Asia 0.1 0.1 1.8 0.11 0.24 3.8 0.00 0.02 10.2
China 0.1 0.1 2.3 0.12 0.23 3.3 0.00 0.01 0.0
Rest of Eastand 0.2 1.2 0.10 0.26 4.9 0.01 0.03 7.0
Southeast Asia
Latin America and
the Caribbean 0.7 0.5 -1.3 1.79 1.92 0.3 0.00 0.06 14.6
Brazil 0.8 0.5 -2.5 0.45 0.21 -3.7 0.00 0.00 0.0
Rest of Latin 0.6 05 -0.7 249 280 0.6 001 009 146
merica
South Asia 1.0 24 4.4 0.00 0.00
India 1.0 2.7 5.2 0.00 0.00
Rest of South Asia 1.2 1.6 1.6 0.01 0.01 0.00 0.00
Near East and
North Africa 2.1 1.9 -0.6 3.33 3.42 0.1 0.01 0.12 17.3
Sub-Saharan Africa 0.2 0.1 -1.1 0.31 0.34 0.4 0.00 0.05 224
World 1.5 1.3 -0.8 2.80 2.86 0.1 0.85 0.55 -2.2

Source: Elaboration on data from FAOSTAT, 2011 for consumption and the UN for population data.

Although per capita consumption of dairy products has increased rapidly in
East and Southeast Asia, especially China, since 1987 the growth has started from
a low base and consumption levels are still less than half the average for developing
countries as a whole and less than a quarter of that in LAC (Table 2.1). Growth in
dairy consumption has been limited if not stagnant over the last couple of decades in
both sub-Saharan Africa and the Near East and North Africa, although in the latter
region consumption levels remain relatively high.

As a result of the increase in per capita consumption of milk and other livestock
products in parts of the developing world and population growth in those regions,
people in developing countries are consuming an increasing share of dairy products
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BOX 2.1
Differences in patterns of dairy production and consumption in China:
north-south, urban-rural

Per capita consumption of dairy products is increasing rapidly in China, but is still
low compared with other developing countries and developed countries in particular
(Wang and Li, 2008). Since 2000, the government has put in place a set of policies
to promote dairy production and technology development, supported by consider-
able investment. However, the rapid growth of the sector has led to new challenges
and overwhelmed monitoring and control measures, as illustrated by the melamine
scandal in 2008 (APHCA, 2009; Pei et al., 2011).

Traditionally, Chinese diets were primarily plant based; milk and dairy products were
not commonly consumed and were perceived as therapeutic food for the elderly, the
infirm and the young. Economic growth and urbanization, along with the more sophis-
ticated marketing channels that have accompanied these trends, have led to significant
changes in dietary patterns, and milk and other dairy products are slowly being incor-
porated into the diet. Current government guidelines that recommend regular milk
consumption have further challenged traditional preferences (Fuller et al., 2005; Dong
and Fuller, 2007). Fuller et al. (2006) reported that milk consumption doubled between
1996 and 2003 in households in the lowest 10 percent of the income distribution.

There are major differences in milk consumption and production between rural
and urban areas, as well as between regions. Milk consumption is much higher in
urban areas than in rural areas: for example, Fuller et al. (2005) reported that a “typi-
cal” rural resident consumed 2.5 kg of milk in 1990, compared with 7.5 kg for their
urban counterpart. In part this is because intensive production operations are more
common near large cities such as Beijing and Shanghai, thus increasing availability in
these urban areas (Yang, Macaulay and Shen, 2004). The apparently low level of milk
consumption in rural areas may also be the result of unrecorded home-consumption
of milk (Ma et al., 2004; Wang, Zhou and Shen, 2008).

Regional variations in production and consumption may be attributed in part
to historical differences and cultural preferences (Shono, Suzuki and Kaiser, 2000).
Approximately 85 percent of China’s milk is produced in northern China, which has
the best climate for dairying and greatest feed availability (Wang, Zhou and Shen,
2008). However, 60 percent of the human population live in the south of the country,
creating difficulties in matching supply and demand.

Source: APHCA, 2009; Dong and Fuller, 2007; Fuller et al., 2005; Fuller et al., 2006; Ma et al., 2004; Pei et al., 2011; Shono,
Suzuki and Kaiser. 2000: Wana and Li. 2008: Wana. Zhou and Shen. 2008: Yana. Macaulav and Shen. 2004.

(Figure 2.8). The increase is greatest in East and Southeast Asia and South Asia, and
is particularly marked in the case of butter and ghee: in 2007 South Asia accounted
for around 40 percent of total consumption of butter and ghee, up from less than
20 percent in 1987.
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FIGURE 2.8
Regional shares of total dairy consumption, 1987 and 2007
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2.2 DRIVERS OF INCREASING CONSUMPTION OF MILK

AND LIVESTOCK PRODUCTS
Levels of per capita consumption of dairy and other livestock products are deter-
mined by a number of factors, including economic factors such as income levels and
relative prices, demographic factors such as urbanization, and social and cultural
factors. Economic growth and rising incomes have been driving growing consump-
tion of livestock products in much of the developing world.

Indeed, dairy and other livestock products have a high income-elasticity of
demand, especially at low income levels (Table 2.3). This means that a small increase
in income leads to a large increase in expenditures on livestock products. Dairy
products, in particular, have higher income elasticities of demand than most other
food items, including meat and fish. In other words, as incomes increase, expendi-
tures on dairy products will grow more rapidly in percentage terms than most other
food items. Furthermore, the elasticities of demand for all food categories, including
dairy products, decline with rising income levels. Growth in consumption of dairy
products is therefore expected to react strongly to increases in income especially in
low- and middle-income countries.

This is also illustrated by plotting per capita income against per capita dietary
energy intake from dairy products across countries (Figure 2.9). However, the
significant dispersion in the observations around the trend line indicates that other
factors play a role in determining consumption levels.

Urbanization significantly affects patterns of consumption of livestock products.
In cities, people typically consume more food away from home and eat larger

R?/ztggzjincome elasticities for various food categories across 144 countries in 2005
Low-income Lower Middle-income High-income
countries middle-income countries countries
(N=28) countries (N=36) (N=44)
(N=36)
Food beverages and tobacco 0.81 0.77 0.70 0.54
Beverages and tobacco 1.73 1.13 0.92 0.67
Cereals 0.59 0.49 0.34 0.08
Meat 0.80 0.76 0.69 0.53
Dairy 0.83 0.79 0.72 0.55
Fish 0.69 0.64 0.56 0.42
Fats, oils 0.60 0.50 0.37 0.15
Fruits 0.66 0.60 0.51 0.36
Other foods 1.82 1.23 0.98 0.70

Note: The income elasticity estimates the percentage increase in expenditure on the food category resulting from a one
percent increase in income. The numbers reported are simple unweighted averages of estimates for the individual
countries included in each income group.

Source: Authors’ calculations based on data by the USDA Economic Research Service
(http://Awww.ers.usda.gov/data-products/commodity-and-food-elasticities.aspx).
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FIGURE 2.9
Per capita income and dietary energy intake from dairy, various countries, 2007
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amounts of precooked, fast and convenience foods (Rae, 1998; King, Tityen and
Vickner, 2000; Schmidhuber and Shetty, 2005). Rae (1998) found that urbaniza-
tion significantly increased demand for animal products in a sample of East Asian
economies, independently of income levels.

While purchasing power and urbanization explain much of the change in per
capita consumption, other factors — including social and cultural ones — can have
a large influence locally. For example, Brazil and Thailand have similar income per
capita and urbanization rates but per capita animal product consumption is roughly
twice as high in Brazil as in Thailand. Japan consumes significantly less livestock
products per capita than other countries at comparable income levels. In South Asia
per capita consumption of meat is lower than income alone would explain, largely
for religious and cultural reasons (Rae and Nayga, 2010).

Natural resource endowment also indirectly affects consumption, as it influences
the relative costs and prices of food commodities. Access to marine resources, on
the one hand, and to natural resources for livestock production, on the other, influ-
ence consumption trends in opposite directions. What may be perceived as lactose
intolerance limits milk consumption in Asia in particular (Dong, 2006).*

* See Chapter 4 for a further discussion.
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2.3 TRENDS IN MILK PRODUCTION PATTERNS

Developing country growth in demand for and consumption of milk has been
matched by increasing production. Growth in milk production in developing
countries has significantly outpaced that in developed countries since the 1980s
(Figure 2.10). Production fell sharply in the former centrally planned economies at

FIGURE 2.10
World milk production, 1961-2009 (million tonnes)
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FIGURE 2.11
Milk production in developing country regions, 1961-2009
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the beginning of the transition process in the early 1990s, while production in the
rest of the developed world has grown only slowly since then.

However, growth in milk production varies markedly between regions (Figure
2.11 and Table 2.4). Growth has been greatest in South Asia, which has seen con-
tinuous and sustained growth in production since the early 1970s. Today, India is
responsible for almost a third of developing country production and 16 percent of
global production. Production grew rapidly in East and Southeast Asia, primarily
China, between 2002 and 2007 but has since slowed.

Globally, cow milk accounts for 83 percent of global production and at least
80 percent of total production in all regions except South Asia, where its share is
less than half (42 percent) (Table 2.5) and sub-Saharan Africa, where it accounts for
three-quarters of production. In addition to cow milk, only buffalo milk makes a
substantial contribution at the global level accounting for 13 percent of global pro-
duction and 24 percent of developing country production. The contribution of milk
from goats (2.4 percent), sheep (1.4 percent) and camels (0.3 percent) is limited at
the global level and only slightly higher among the developing countries as a group.

TABLE 2.4
Milk production by region, 1990-2010
Milk
Million tonnes Annual growth (%)

Region 1990 2010 1990-2010
Developed countries 379.2 342.6 -0.5
Former centrally planned economies 145.6 101.2 -1.7
Other developed countries 234.6 261.1 0.5
Developing countries 163.1 380.5 4.1
East and Southeast Asia 10.6 47.6 7.4
China 6.8 41.2 8.9
Rest of East and Southeast Asia 3.8 6.4 2.6
Latin America and the Caribbean 41.4 79.8 3.2
Brazil 15.1 30.9 3.5
Rest of Latin America 26.3 48.9 3.0
South Asia 71.2 162.5 4.0
India 53.7 121.8 4.0
Rest of South Asia 17.5 40.7 4.1
Near East and North Africa 22.1 40.5 2.9
Sub-Saharan Africa 16.2 29.6 2.9
World 542.3 723.1 1.4

Source: FAOSTAT, 2012.
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BOX 2.2
Milk production increases in India but consumption remains low
and malnutrition remains high

The evolution of dairy production in India is widely regarded as a success story with small-
scale dairy farms as fundamental to the dairy agricultural system (FAO, 2009). Coinciding
with the fourfold increase in milk production between 1963 and 2003, the average herd
size decreased and the number of farms engaged in milk production increased by 40 percent
(FAO, 2009). Governmental programmes, namely “Operation Flood” has driven dairy agri-
culture. Unfortunately, the growth in production has not translated into increased access to
and consumption of dairy products by all strata of society.

Evaluating the nutritional impact of dairy production on the national population is not
easy. Economic growth has increased demand for food of animal origin, with dairy products
as the preferred choice in a population that is predominantly vegetarian (FAO, 2009; Gandhi
and Zhou, 2010). Among dairy products, liquid milk accounts for 93.7 percent of demand for
dairy products in rural areas and 88 percent in urban regions, followed by ghee (4.1 percent
in rural and 7.9 percent in urban areas) (Gandhi and Zhou, 2010). Milk consumption also var-
ies greatly between regions, from 146.2 litres per capita in Haryana and Punjab to 2.5 litres
per capita in Manipur (Gandhi and Zhou, 2010).

To what degree dairy production has affected nutritional status, particularly among poorer
and more vulnerable sectors of society, has not been explored, as figures for consumption of
own production are difficult to obtain. However, National Nutrition Monitoring Bureau (NNMB)
surveys between 1977 and 1996 showed little improvement in the nutritional status of children
in spite of the nation’s economic progress (Rao, Ladusingh and Pritamjit 2004). The National
Family Health Survey (2005-06) found that 46 percent of children less than five years old are
moderately to severely underweight, 19 percent are moderately to severely wasted and 38 per-
cent are moderately to severely stunted (IIPS and Macro International, 2007; Arnold et al.,
2009; Kanijilal et al., 2010). Stunting is 28 percent higher in rural areas than in urban areas, and
rural children are almost 40 percent more likely to be underweight than those in urban areas.
However, income poverty is not the only factor causing nutritional deficiencies, as these also
occur in economically better-off households. This suggests that weak nutrition education may
be an issue. Calcium intakes have decreased in spite of increases in dairy production and per
capita consumption (Venkaiah et al., 2002; Harinarayan et al., 2007; Puri et al., 2008; Wang
and Li, 2008). Malhotra and Mithal (2008) reported that osteoporotic fractures are becoming
increasingly prevalent in the Indian population.

Some studies point to both gender and economic inequality as underlying factors of mal-
nutrition. Sanwalka et al. (2010) reported that adolescents from lower economic groups had a
lower median calcium intake than those from higher income groups who consumed more dairy
products; girls from both economic groups had less access to dairy products than did boys.
Bhatia (2008) and the Indian Council of Medical Research (NIN, 2009) support this finding.

India has demonstrated success in boosting dairy production, but less so in increasing
per capita consumption. The challenge remains to ensure that the most vulnerable people in
society and all members of households benefit nutritionally from the increased availability of
dairy products (Renuka et al., 2009).

Source: Arnold et al., 2009; Bhatia, 2008; FAO, 2009; Gandhi and Zhou, 2010; Harinarayan et al., 2007; IIPS and Macro International,
2007; Kanjilal et al., 2010; Malhotra and Mithal, 2008; NIN, 2009; Puri et al., 2008; Rao, Ladusingh and Pritamjit 2004; Renuka et al.,
2009; Sanwalka et al., 2010; Venkaiah et al., 2002; Wang and Li, 2008.



TABLE 2.5

Volume and share of milk production from sheep, goats, cows, camels and buffalo, 2006-09 averages

Sheep Goat Cow Camel Buffalo Total
Amount Share Amount Share Amount Share Amount Share Amount Share Amount Share
Region (1000 ) (%) (1000 t) (%) (1000 ) (%) (1000 t) (%) (1000 ) (%) (1000 t) (%)
Developed 3209 0.9 2614 0.8 336 568 98.2 0 0.0 186 0.1 342 576 100
Formerly centrally 1123 1.1 853 0.8 99 259 98.0 1 0.0 13 0.0 101 248 100
planned economies
Industrialized 2245 0.9 1918 0.7 256 776 98.3 0 0.0 178 0.1 261117 100
Developing 6 883 1.8 14 753 3.9 264 258 69.4 2365 0.6 92 288 24.3 380 547 100
Eastand 1871 3.9 614 13 41 690 87.6 17 0.0 3394 7.1 47 586 100
Southeast Asia
China 1724 42 278 0.7 36 036 87.6 13 0.0 3100 7.5 41150 100
Rest of East and 147 2.3 336 5.2 5 654 87.9 4 0.1 294 46 6 435 100
Southeast Asia
Latin America and 41 0.1 589 07 79 152 99.2 0 0.0 0 0.0 79 782 100
the Caribbean
Brazil 0 0.0 148 0.5 30716 99.5 0 0.0 0 0.0 30 864 100
Rest of Latin
America and the 41 0.1 441 0.9 48 437 99.0 0 0.0 0 0.0 48918 100
Caribbean
South Asia 88 0.1 7908 49 68 761 423 0 0.0 85 779 52.8 162 535 100
India 0 0.0 4594 3.8 54 903 45.1 0 0.0 62 350 51.2 121 847 100
Rest of South Asia 88 0.2 3314 8.1 13 858 34.1 0 0.0 23429 57.6 40 688 100
Near East and 3054 7.5 1647 4.1 32 507 80.2 191 0.5 3109 7.7 40 508 100
North Africa
Sub-Saharan Africa 1661 5.6 3731 12.6 22 069 74.5 2152 7.3 0 0.0 29613 100
World 10 097 1.4 17 367 2.4 600 826 83.1 2 365 0.3 92 473 12.8 723 123 100

Source: FAOSTAT, 2012.
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Buffaloes are the most important source of milk in South Asia, accounting for
slightly more than half (53 percent) of total production. They make a substantial con-
tribution to total production also in East and Southeast Asia — especially China, where
their share reaches 7.5 percent — and the Near East and North Africa, where it stands
at 7.7 percent. Goat milk contributes only 2.4 percent of global milk production, but is
relatively significant in sub-Saharan Africa, with 12.6 percent of the total, and parts of
South Asia and East and Southeast Asia (excluding China). Sheep milk is important in
the Near East and North Africa, with 7.5 percent of production, somewhat less impor-
tant in sub-Saharan Africa (5.6 percent) and East and Southeast Asia (3.9 percent), but
of marginal importance in other regions. Camel milk makes a notable contribution to
production only in sub-Saharan Africa (7.3 percent), while its contribution is marginal
in the Near East and North Africa and negligible in the other regions.

2.4 EFFECTS OF TECHNOLOGICAL CHANGES ON MILK PRODUCTION
AND PROCESSING?

For the last 50 years, the dairy sector in most developed countries has shifted
towards larger herds and greater annual milk production per cow. The driving force
in this development has been the need to adopt technologies that require large capi-
tal investments and hence depend on larger herds to be profitable. At the same time,
more feed concentrates are being used to support the higher yields. However, aver-
age herd size varies widely between countries, ranging from 4-6 cows in Bulgaria,
Latvia and Lithuania and 10-12 cows in Austria and Croatia to 386 cows in New
Zealand in 2010. Annual milk production per cow in 2010 ranged from 3 951 kg per
cow in New Zealand to 11 667 kg in Israel (ICAR, 2012). This largely reflects dif-
ferences in production systems, especially in regard to the feeding of the cows, and
only to a minor extent different genetic potential of the animals. Feeding strategy
has a major impact on the production obtained. The system in New Zealand is based
on year-round grazing whereas in Israel the system is based on in barn feeding with
energy-rich complete mixed rations.

Most developing countries have adverse conditions for milk production in the
form of higher ambient temperature and/or humidity compared to countries with
a developed dairy sector. This implies a harsher environment for the dairy cattle
and in many cases a reduction in the expression of the full genetic potential of the
cows. It is possible for dairy cows to produce similar yields under tropical condi-
tions, but this requires efficient management and housing systems to protect against
the adverse climatic environment, a condition that is normally seen in particular in
large-scale production systems.

Most milk in developing countries is still produced in traditional small-scale
systems with little or no mechanization or technological innovations; in Kenya, for
example, the smallholder sector accounts for about 85 percent of total milk produc-
tion. The main constraint to increased milk production in the smallholder sector in
developing countries is poor animal management, particularly suboptimal feeding
with poor forage and low levels of concentrate supplementation. Therefore, there

> Based on Henriksen et al., 2009.
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BOX 2.3
The pathway from milk production to increased consumption in Kenya

Milk production has increased fourfold in Kenya since the 1970s. However, regional
variations are pronounced, and the highlands provide the best conditions for dairy
farming, including a favourable climate. Small-scale dairy farms account for 85 per-
cent of total milk production, and it is estimated that two million households are
involved in dairy farming (Staal, Pratt and Jabbar, 2008; FAO, 2009). Informal market-
ing via small-scale agents is the main channel of milk distribution. A smaller, but well-
organized, formal sector provides processed and packaged milk to urban consumers.
Consumption volume varies markedly between households depending on socio-
economic factors and location. Njarui et al. (2010), for example, reported that in 1999
rural “milk-purchasing” households consumed 19 litres of milk per capita annually,
rural “milk producing” households consumed 45 litres of milk per capita annually and
urban households consumed 125 litres of milk per person annually. In urban areas,
milk is rarely consumed by the poor and middle classes outside of the home because
of strong competition from other beverages such as soda (TIAPD, 2005). Within the
home, milk is consumed by all socio-economic strata; what differs is the type of milk.
Higher income groups consume more pasteurized milk than raw milk (TIAPD, 2005).
Fresh (“raw”) milk is generally preferred to ultra high temperature (UHT) and pasteur-
ized milk in coastal Kenya (Nicholson et al., 2003). The preference for raw milk is gen-
erally more marked in the rural regions but is also common in urban areas (SDP, 2004).
Dairy products such as cheese and ghee are consumed less frequently than milk, and
consumption levels are particularly low in poorer households (Njarui et al., 2010).

Source: FAO, 2009; Nicholson et al., 2003; Njarui et al., 2010; SDP, 2004; Staal, Pratt and Jabbar, 2008; TIAPD, 2005.

is a large potential for increasing milk yield in the smallholder sector by improving
feeding and increasing concentrate supplementation (Mlay, 2001; Madsen, Weisb-
jerg and Hvelplund, 2007). However, local research is needed to identify the specific
constraints on smallholder production systems and develop appropriate solutions as
many of the mechanical and technological solutions developed for large-scale dairy
farms are too costly or complex for smallholders to adopt.

The past 50 years have also seen major developments in the processing of milk.
Milk is perishable and deteriorates rapidly if left at ambient temperature. Hence the
major challenges have been to ensure delivery of healthy and safe dairy products of
a consistent quality to an ever increasing number of consumers, as well as to provide
farmers and industry with increased revenue from the milk delivered. Technological
development has played an important role in meeting these challenges, mainly by
providing the dairy industry with tools to reduce wastage, optimize production and
maximize utilization of milk constituents.®

® This and the following three paragraphs are based on Henriksen et al., 2009.
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Key developments in dairy processing include cold storage of raw milk
(which is probably the major single factor influencing the quality of raw milk),
pasteurization, UHT treatment and sterile packaging. Other significant techno-
logical developments include membrane filtration, developments in molecular
biology and molecular interactions and in enzyme technologies. Breakthroughs in
packaging also have been integral to developments in dairy technology. Dispos-
able packaging has become prevalent, and there has been a development towards
composite materials specifically designed for various products. Some packaging
technologies have helped extend the shelf-life of dairy products. In general, the
developments in packaging materials and systems have improved protection of
dairy products and helped promote the consumption of milk and dairy products
(Gorski-Berry, 1999).

Driving such technological development is a major research effort by both
academia and the private sector. There is now a thorough and detailed knowledge
of milk constituents and their behaviour during processing and storage of products
as well as a good grasp of the variations occurring and their importance. This,
along with the natural molecular organization of mammalian milk, has enabled the
dairy industry to preserve and manipulate milk constituents into an ever-increasing
diversity of products, with much local variation and tradition still intact.

The technological development and innovation have not, of course, pro-
ceeded at the same rate everywhere. However, the increased globalization of
the dairy industry as well as the concentration of the supply of ingredients or
dairy processing equipment in the hands of only a few companies has reduced
many regional differences. Dairy plants are developing along very similar lines
and emerging technologies or novel processing aids are being applied around
the world. Thus products with very similar characteristics are available in many
different countries. However, there are major differences in dairy plants. Dairy
processing plants in the developing world, with generally lower labour costs,
use much more manual labour in the packaging departments, and hence generate
much more employment.

2.5 TRENDS IN INTERNATIONAL TRADE IN LIVESTOCK PRODUCTS

Between 1961 and 2008, the relative share of livestock products (meat, dairy and
eggs) in global agricultural export value increased from 11 percent to 17 percent
(Figure 2.12). However, most of this trade was in meat products. In spite of the
growing importance of livestock products in international agricultural trade, trade
in crops still dwarfs that of livestock products.

Technological progress in processing and packaging has contributed to expan-
sion of trade in dairy products. Between 1980 and 2008, the volume of total dairy
exports (expressed in milk equivalents) more than doubled, from 41.7 million
tonnes in 1980 to 92.2 million tonnes in 2008. Also the share of dairy production
that entered international trade also increased, from 8.5 percent to 12.6 percent.
This reflects the increasing degree of openness of the sector to trade and was also
influenced by heavy use of export subsidies by developed countries. However, the
share of output that is traded internationally still remains relatively low because
dairy products are highly perishable and most dairy products are consumed within
the country of production (Table 2.6).
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FIGURE 2.12
Share of livestock products in global agricultural export value, 1961-2009
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TABLE 2.6
Global trade in dairy products, 1980-2008 (in milk equivalents)

Annual growth

World exports Share of total production H
e in exports
(Million tonnes) (Percent) (Percent)
Product 1980 2008 1980 2008 1980-2008
Dairy* 41.7 92.2 8.5 12.6 29

* Milk equivalent
Source: FAOSTAT, 2011.

Generally, geographic patterns of production and trade of dairy products have
been significantly affected by agricultural and other economic policies in both
developed and developing countries.

Typically, developed countries have tended to protect and subsidize agricul-
tural producers through various trade and agricultural policy instruments. Milk
has on average received the one of the highest levels of subsidies and protection
as measured by the nominal rate of assistance (NRA). NRA is an indicator that
measures the percentage by which government policies have raised gross returns
to farmers above what they would have been without government intervention.
However, between the beginning of the 1980s (1980-84) and the beginning of the
2000s (2000-2004) the level of subsidization of milk in the developing countries —
measured by the average NRA — has declined significantly as a result of widespread
agricultural policy reforms among the developed countries. However, the NRA for
milk remains positive and the third highest after rice and sugar (Anderson, 2009).

Developing countries also have tended to subsidize milk producers, although to a
much lesser extent than those in developed countries, and the level of subsidization
declined between 1980-84 and 2000-04 (Anderson, 2009).
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FIGURE 2.13
Net exports of dairy products from developed and developing countries, 1961-2008
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In spite of the subsidization of the sector, the developing countries as a group
are net importers of dairy products, and their dependency on imports has been
increasing (Figure 2.13), reflecting the higher degree of subsidization prevailing in
the developing countries. All major developing country regions are net importers of
dairy products in volume terms.

2.6 FUTURE TRENDS IN PRODUCTION AND CONSUMPTION
OF DAIRY PRODUCTS

The rapid growth of the livestock sector, including dairy, in large parts of the
developing world has been essentially demand-driven. The factors that have
encouraged growth in demand in developing countries — rising incomes, urbani-
zation and population growth — will continue to be important over the coming
decades. Population growth, although slowing, will continue. Urbanization is
considered unstoppable. Income growth is generally considered the strongest
driver of increased demand for dairy products. In the longer run growing incomes
will continue fuelling demand growth. The effect of economic growth on demand
for dairy and other livestock products depends on the rate of growth and where
it occurs. Demand is more responsive to income growth in low-income countries
than in higher-income countries. Overall the potential for expanding per capita
consumption remains vast in large parts of the developing world as rising incomes
translate into growing purchasing power (FAO, 2006) (Table 2.7). Growth in con-
sumption and production of dairy products is expected to remain strong although
slowing somewhat.
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TABLE 2.7
Average annual growth rates in production and consumption of milk and dairy products,
1991-2007 (actual), 2005/07-2030 and 2005/07-2050 (projections)

Production (%) Consumption (%)
1991- 2005/07- 2005/07- 1991- 2005/07- 2005/07-
Region 2007 2030 2050 2007 2030 2050
Developing countries 4.2 2.1 1.8 3.9 2.1 1.7
East Asia 9.5 2.2 1.5 7.9 2.2 1.5
Latin America and 33 17 13 2.6 15 11
Near Fast and 3.1 19 17 2.8 19 16
South Asia 41 23 2.0 4.1 23 2.0
Sub-Saharan Africa 3.5 2.4 2.3 3.5 2.5 23
Developed countries 0.0 0.5 0.3 -0.1 0.5 0.3
World 1.6 1.3 1.1 1.6 1.3 1.1

Source: FAO, 2012.

As in the past, the geographic distribution of production increases will largely
mirror that of consumption. Most future growth is expected to occur in developing
countries, especially East Asia, South Asia and sub-Saharan Africa.

Medium-term projections for the period 2012-21 (OECD-FAQ, 2012) appear in
line with the longer-term trends highlighted by Table 2.7. Although the price hikes
during the food-price crisis of 2007-08 and the ensuing economic crisis reduced
demand and illustrated the high price and income elasticity of demand for dairy
products, the Organisation for Economic Co-operation and Development (OECD)
and FAO project a return to steady consumption growth driven by growing popu-
lations, rising incomes and a growing popularity of dairy products in developing
countries. The strongest demand growth is expected in China and India.

According to OECD and FAO, the milk and dairy sector will remain one of the
fastest-growing agricultural subsectors over the coming decade in terms of produc-
tion, only exceeded by poultry meat and vegetable oils. They project global milk
production will expand at an annual rate of two percent over the 2012-21 period,
similar to that of the last decade (Table 2.8). Again, most of the expansion in output
is projected to occur in the developing countries. All developing country regions are
projected to see sustained growth in production, with the highest rates of growth in
sub-Saharan Africa and India. Growth in China is projected to slow as the industry
has matured. India is projected to consolidate its position as the world’s largest pro-
ducer, increasing its share of global production from 16.4 percent to 18.8 percent.
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TABLE 2.8
Estimated (2009-11) and projected (2021) milk production, and actual (2002-11) and projected
(2012-2021) rate of growth

Production Rate of growth
("000 tonnes) (%)
Average
2009-11 2021 2002-11 2012-21
Region est.
Developed countries 362 668 411 426 0.5 1.2
Developing countries 348 893 468 925 4.0 2.7
North Africa 11377 13 832 3.9 2.0
Sub-Saharan Africa 24 340 33 298 2.5 3.1
Latip America and the 80 260 102 838 2.9 21
Caribbean
Brazil 31210 38 440 3.4 1.8
Asia and the Pacific 232916 318 956 4.6 2.9
China 42773 60 432 10.0 2.5
India 118 815 165 632 4.1 34
World 711 561 880 350 2.1 2.0

Source: OECD-FAO, 2012.

2.7 EMERGING ISSUES AND CHALLENGES’

The rapid rise in aggregate consumption of meat and milk is propelled by increasing
numbers of people with rising incomes changing from primarily starch-based diets
to diets containing growing amounts of dairy products and meat. The underlying
forces driving this trend — primarily population and income growth and urbaniza-
tion — are set to continue, and the potential for increased demand remains vast in
large parts of the developing world. Consumption of moderate amounts of dairy
and other livestock products has important nutritional benefits, but the rapid
growth in production and consumption of livestock products also has a number of
possible harmful effects:

* The expansion of livestock production increases demand for feed, increasing
pressures on the land and water resources, in particular, and increases the
livestock sector’s impact on climate change through greenhouse gas (GHG)
emissions.

* The increasing number and concentration of animals in more intensive pro-
duction system increases contact between people and animals, increasing the
risk of spreading diseases and the passage of disease agents between animal
species and from livestock to humans.

» Intensification of livestock production may marginalize smallholders still
further, with serious social implications.

7 For further discussion of the issues highlighted in this section, see FAO, 2009.
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2.7.1 Impact on the environment

Dairy production systems are important and complex sources of GHG emissions,
notably of methane (CHy), nitrous oxide (N,O) and carbon dioxide (CO3). Accord-
ing to a global life cycle assessment in 2007 the dairy cattle sector emitted 1 969
million tonnes of CO; equivalent (CO;-eq), of which 1 328 million tonnes were
attributed to milk (FAO, 2010). Globally, milk production, processing and trans-
portation accounted for 2.7 percent of anthropogenic GHG emissions reported by
IPCC (2007) (FAO, 2010). CH4 emissions are by far the largest contributor, account-
ing for about 52 percent of the total from the sector, followed by N,O and then CO,.

Globally, emissions per unit of milk product are estimated at 2.4 kg CO;-eq
per kg of fat and protein-corrected milk (FPCM) at the farm gate (FAO, 2010).
However, values vary greatly between regions. Sub-Saharan Africa has the highest
emissions per unit, with an average of 7.5 kg CO;-eq per kg FPCM at the farm
gate, but, given the low level of production, in absolute terms its emissions remain
low. In the rest of the developing countries emissions per unit range from 3 to 5 kg
COs-eq per kg FPCM at the farm gate, while in Europe and North America the
corresponding values are 1-2 kg CO;-eq per kg FPCM at the farm gate.

One possible way to reduce GHG emissions from livestock is to raise pro-
ductivity through the introduction of production and management practices that
increase yields, e.g. increased and improved use of inputs such as feed and related
fertilizer use, genetic material, animal health inputs and energy. Extensive produc-
tion systems often have limited productivity, as a large share of feed is spent on the
animal’s maintenance rather than on producing products or services useful to peo-
ple. The result is inefficient use of resources and often high levels of environmental
damage per unit of output. Improvements in livestock productivity have been
shown to have resulted in local reduction in (direct) emission intensity — described
as CO;-eq per physical unit of output (European Commission, 2005; Capper, Cady
and Bauman, 2009).

While contributing to climate change, the livestock sector is also affected by
the degradation of ecosystems and climate change. Climate change will have far-
reaching consequences for animal production through its effects on forage and
range productivity, and on feed intake and feed conversion rates. The probability
of extreme weather events is also likely to increase. Some of the greatest impacts of
climate change are likely to be felt in grazing systems in arid and semi-arid areas,
particularly at low latitudes. In non-grazing systems, which are characterized
by the confinement of animals (often in climate-controlled buildings), the direct
impacts of climate change are likely to be less and mostly indirect, e.g. feed, energy
and water costs. Climate change is also expected to change the occurrence and
spread of vector-borne diseases and animal parasites, which will have a dispro-
portionately large impact on the most vulnerable men and women in the livestock
sector (FAQO, 2009).

Dairy production systems also contribute to other environmental issues, notably
water resource management, through withdrawals, modification of runoff and
release of pollutants. Dairy cattle require large amounts of bulky fibrous feed in
their diets. Dairy herds therefore need to be close to the source of their feed, more
than other forms of market-oriented livestock production. This provides good
opportunities for nutrient cycling, which is beneficial to the environment. However,
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excessive use of nitrogen fertilizer on dairy farms is one of the main causes of high
nitrate levels in surface water in OECD countries. Manure runoff and leaching from
large-scale dairy operations may also contaminate soil and water (FAO, 2009).

2.7.2 Impacts on animal and human health?

The increasing concentration of production and growth in trade are leading to new
challenges in the management of animal diseases. Animal diseases reduce production
and productivity, disrupt local and national economies, threaten human health and
exacerbate poverty. The most serious health threat is that of a human pandemic. The
economic threats from livestock diseases may be less dramatic, but may also exact
highs cost in terms of human welfare and pose significant livelihood risks for small-
holders. Humans, animals and their pathogens have coexisted for millennia, but
recent economic, institutional and environmental trends are creating new disease
risks and intensifying old ones. These risks are the result of a combination of rapid
structural change in the sector, geographic clustering of intensive livestock produc-
tion facilities near urban population centres and the movement of animals, people
and pathogens between intensive and traditional production systems. At the same
time, climate change is altering patterns of livestock disease incidence as pathogens
and the insects and other vectors that carry them enter new ecological zones.

Animal-health and food-safety systems are also confronted with new and addi-
tional challenges as a result of the lengthening and increasing complexity of supply
chains in the livestock sector, facilitated by globalization and trade liberalization.
Meanwhile, increasingly stringent food-safety and animal-health regulations and
private standards aimed at promoting consumer welfare are creating challenges for
producers, especially smallholders, who have less technical and financial capacity to
comply with them.

Many national institutions for disease control are obliged to respond to an
increasing number of crises instead of focusing on principles of prevention, progres-
sive disease containment, or elimination of a new emerging disease before it spreads.
Consequently, the economic impact of diseases and the cost of control measures
are high and increasing. In addition, sometimes necessary control measures such
as culling may severely affect the entire production sector, and may be devastating
for the poorest households for whom livestock forms a major asset and safety net.

2.7.3 Challenges for smallholder production and poverty alleviation
Livestock are important to the livelihoods of many poor people in rural areas.
Growing demand for livestock products and technological changes along the food
chain has spurred major changes in production systems. As a result, small-scale
mixed production systems are facing increased competition from large-scale spe-
cialized production units based on purchased inputs. These trends present major
competitive challenges for smallholders and have implications for the ability of the
sector to contribute to poverty reduction.

8 Based on FAO, 2009.
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Despite rapid structural change in parts of the sector, smallholders still dominate
production in many developing countries. Dairy production can contribute to
household livelihood, food security and nutrition. Strong demand for dairy prod-
ucts and increasingly complex processing and marketing systems offer significant
opportunities for growth and poverty reduction at every stage in the value chain.
However, these new market opportunities and livelihood options are accompanied
by rapidly changing patterns of competition, consumer preferences and market
standards, which may undermine the ability of smallholders to remain competi-
tive. They must therefore be carefully managed to ensure that smallholders, both
women and men, are in a position to exploit opportunities in this rapidly changing
sector. Policy reforms, institutional support and public and private investments are
urgently needed to assist those smallholders who can compete in the new markets;
to ease the transition of those who will exit the sector; and to protect the crucial
safety-net function performed by livestock for the most vulnerable households
(FAO, 2009).

Productivity growth in agriculture is central to economic growth, poverty reduc-
tion and food security. Decades of economic research have confirmed that agricul-
tural productivity growth has positive effects for the poor in three areas: lower food
prices for consumers; higher incomes for producers; and growth multiplier effects
through the rest of the economy as demand for other goods and services increases
(Alston er al., 2000). However, serious questions and policy challenges must be
addressed if the potential of the livestock sector to promote growth and reduce
poverty is to be met in a sustainable way.

2.7.4 Conclusion

In conclusion, the rapid growth of the livestock sector as a whole, and the dairy
sector in particular, in a setting of weak institutions and governance has given rise to
risks with potentially large negative implications for livelihoods, human and animal
health and the environment. To meet the challenges and constraints it faces, the sec-
tor requires renewed attention and investments from the agricultural research and
development community and robust institutional and governance mechanisms. The
future contribution of dairy and livestock products to human welfare will depend
also on how these issues are addressed.’

2.8 KEY MESSAGES

Over the past decades, per capita consumption of dairy products has grown rapidly
in many, but not all, developing countries while remaining almost stagnant in the
developed world. The gap in consumption levels between developed and many
developing countries has narrowed.

Although per capita dairy consumption has increased over the last two decades
in all regions except sub-Saharan Africa, there are large differences between devel-
oping regions in both consumption levels and consumption growth. Most of the
growth in consumption of dairy products in the developing world is attributable

9 For further discussion, see FAO, 2009.
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to a few regions (e.g. South Asia) or even to single large countries, notably Brazil.
China has recently experienced rapid growth in consumption of livestock products,
but per capita consumption levels remain relatively low. In sub-Saharan Africa per
capita consumption of dairy decreased in the last 20 years.

The most important driver of growth in consumption of dairy products in devel-
oping countries has been economic growth: the increase in per capita consumption
of dairy products (as well as other livestock products) in developing countries is
highly correlated with growth in per capita income. However, numerous other fac-
tors, including cultural preferences for certain livestock products, affect consump-
tion levels in individual countries.

The combination of rising level of per capita consumption and relatively high
population growth rates has resulted in a large increase in production in the
developing world and a shift in the balance of production across regions. In recent
decades, developing countries closed the gap with developed countries in milk
production, and India emerged as the largest milk producer.

The livestock sector has been affected by deep technological changes along
the food chain, both in developed countries and in many developing countries.
Technological change and productivity growth has been especially rapid in the
poultry, eggs, pork and dairy sectors. However, much of product of research and
development has not been generally available to or directly applicable to small-scale
producers in developing countries.

The reduction in transportation costs and the weakening of tariff barriers
boosted agricultural trade and in particular trade in livestock products: from 1961
to 2006, the relative share of meat, dairy and eggs in global agricultural exports
increased from 11 to 17 percent. The bulk of this is represented by meat, while
dairy products account for around six percent of agricultural exports. Most dairy
products are consumed domestically, and only about 13 percent enter international
trade, although the share has been increasing.

The growth of the livestock sector is expected to slow somewhat in the coming
decades as a number of factors behind the demand boom of the last 20 years begin
to fade. However, growth in consumption and production of dairy products is
expected to continue, especially in large parts of the developing countries where
consumption levels are still low.

Rapid growth and structural change in the livestock sector are leading to increas-
ing risks to the environment, human and animal health and of social exclusion. The
future contribution of dairy and the livestock sector in general will depend on how
these issues are addressed by governments and the international community.
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ABSTRACT

The first section of this chapter provides detailed information on the composition of
animal milks used for human consumption, including milk from both major dairy
species (cow, buffalo, goat and sheep) and minor species (yak, mithun, musk ox,
mare, donkey, dromedary and Bactrian camels, llama, alpaca, reindeer and moose).
Macro- and micronutrient contents of milks are given for the various species, min-
eral and vitamin contents in the milks are compared with the recommended nutrient
intakes for children between one and three years old and those suitable for children
who are allergic to cow milk are noted. Nutritional claims that would be permitted
according to the CODEX Guide to Food Labelling are considered for the various
milks. Interspecies differences in protein, fat and lactose contents are highlighted.
The contribution of milk to dietary energy, protein and fat in various regions of the
world is considered. The effects of feeding and lactation state on milk composition
are considered.

The second part of the chapter presents less-detailed information on the compo-
sition of treated liquid milks and dairy products, including fermented milk prod-
ucts, cheese, butter and ghee, cream and whey products. The current definitions
according to the FAO Classifications of Commodities/CODEX are given, together
with the impact of processing on nutrient profiles. Finally, milk products from milk
from underutilized species are presented.

3.1 INTRODUCTION

Domestication of animals for livestock has played a key role in the development
of human civilizations. The cow!® has now become the main dairy animal associ-
ated with milk, with the term “milk” being almost synonymous with cow milk in
most people’s minds. However, milk from a range of other animal species is also
consumed and will therefore be covered in this chapter.

19 Here “cow” refers to the female of Bos taurus and Bos indicus species.
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The demand for milk in developing countries is expected to increase by 25 percent
by 2025 (FAO, 2008a). Small-scale livestock holders supply the vast majority of this
milk, and dairy animals provide household food security and a means of fast returns
for them. About 180-200 million people belong to pastoral societies that raise livestock
using natural rangelands as the main forage (Degen, 2007). These rangelands are in
deserts, mountains and steppes — land that cannot be cultivated or used for agricultural
purposes — and cover almost 25 percent of the world’s land surface (Degen, 2007).
Pastoralists traditionally keep more than one species of livestock in order to make
the most of the rangelands, as some species are mainly grazers (e.g. sheep and cattle),
while others are better browsers (e.g. goats and camels). Diversifying in this manner
also reduces risk from disease or extreme environmental conditions (Degen, 2007).

The majority of papers published on milk composition relate to fat and fatty acid
(FA) profiles. Milk protein is also well covered, total protein content being one of
main quality criteria applied to milk payment to producers in many countries where
milk is priced according to composition (others being fat and solids-non-fat) (FAO,
2004). The literature mainly deals with cow milk, followed by goat and sheep milks;
buffalo milk is poorly represented, given that globally buffalo milk production
is second only to cow milk. The composition of milk from minor dairy animals
(animals other than cows, buffalo, goats and sheep, which contribute 0.2 percent of
world milk production) has so far received little research attention. This is unfor-
tunate, as some of them (donkey, reindeer, yak, Bactrian camel, moose, musk ox,
llama, alpaca and mithun) are underutilized, that is, “species with underexploited
potential for contributing to food security, health and nutrition, income generation
and environmental services” (FAO, 2008b).

Knowledge of differences in nutrients in milk from various species facilitates
development of products for consumers with specific needs, e.g. substitutes for
cow milk for people with cow milk allergy (Park and Haenlein, 2006; Suutari et al.,
2006), and milks formulated for the rehabilitation of malnourished individuals and
other nutritionally vulnerable groups.

In the future, the composition of milk could be tailored to meet demand within
each national economy: for example, the American and Canadian markets have an
oversupply of lactose, which is disposed of for minimal returns, while the British
market has an unmet demand for fat and an oversupply of protein (Karatzas and
Turner, 1997). Specific industrial demands could also be met, such as milk with a
high casein content for the cheese industry.

There are difficulties associated with using the available literature to draw
meaningful conclusions about the milk composition of different species because few
studies provide detailed information on management, season, feed etc — factors that
affect milk composition (see Section 3.2.3 Factors affecting milk composition). The
multiplicity and variation in analytical methods (e.g. for assessing protein, fat and
carbohydrate contents) can also lead to differences in results. The testing methods
can also vary: some are actual research studies under controlled conditions, while
others analyse data gathered from records.

In this chapter we examine the composition of milks consumed by humans that
are produced by both major and minor dairy animals. The second part of the chap-
ter focuses on current FAO definitions and classifications of milk products, together
with the impact of processing on nutrient profiles. FAOSTAT definitions are given
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where available, with CODEX definitions given only where FAOSTAT definitions
are not available or where additional information is needed. A few case studies are
included in order to highlight particular products.

3.2 MILK COMPOSITION

3.2.1 The role of milk as a source of macronutrients

Milk is a major source of dietary energy, protein and fat, contributing on average
134 kcal of energy/capita per day, 8 g of protein/capita per day and 7.3 g of fat/capita
per day in 2009'! (FAOSTAT, 2012). However, when different geographic regions
are considered, the contribution from milk to the various nutritional components
varies considerably (Figure 3.1): milk provides only 3 percent of dietary energy
supply in Asia and Africa compared with 8-9 percent in Europe and Oceania;
6-7 percent of dietary protein supply in Asia and Africa compared with 19 percent
in Europe; and 6-8 percent of dietary fat supply in Asia and Africa, compared with
11-14 percent in Europe, Oceania and Americas.

Water is the main component in all milks, ranging from an average of 68 percent
in reindeer milk to 91 percent in donkey milk. The main carbohydrate is lactose,
which is involved in the intestinal absorption of calcium, magnesium and phos-
phorus, and the utilization of vitamin D (Campbell and Marshall, 1975, cited in
Park et al., 2007). Lactose also provides a ready source of energy for the neonate,

FIGURE 3.1
Milk as a source of dietary energy, protein and fat in Europe, Oceania, the Americas,
Asia and Africa, 2009
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Source: Calculated from data for milk (excluding butter), 2009, from FAOSTAT (http://faostat.fao.org) Europe includes
northern, southern, western and eastern Europe; Oceania includes Australia and New Zealand, Melanesia, Micronesia
and Polynesia; Americas include northern, South and Central America and the Caribbean; Africa includes eastern, middle,
northern, southern and western Africa; Asia includes central, eastern, southern, southeastern and western Asia.

1 «Milk-excluding butter”. The most recent food supply data currently available on FAOSTAT are for
2009.
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providing 30 percent of the energy in bovine milk, nearly 40 percent in human milk
and 53-66 percent in equine milks (Fox, 2008).

3.2.2 Composition of milks consumed by humans

The proximate compositions of cow, buffalo, goat and sheep milks are given in
Table 3.1, while the mineral and vitamin contents of these milks are presented in
Table 3.2. Values for human milk have been included in these tables for comparison.
Tables 3.3, 3.4 and 3.5 show the proximate composition and mineral and vitamin
contents of milk from minor dairy animals. The differences in protein, fat and
lactose contents between milks from different species are illustrated in Figure 3.2.

FIGURE 3.2
Protein, fat and lactose contents of milks from different species
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TABLE 3.1
Proximate composition

of human, cow, buffalo, goat and sheep milks (per 100 g of milk)*

Human Buffalo Sheep
Proximates

Average Average Range Average Range Average Range Average Range
Energy (kJ) 291 262 247-274 412 296-495 270 243-289 420 388-451
Energy (kcal) 70 62 59-66 99 71-118 66 58-74 100 93-108
Water (g) 87.5 87.8 87.3-88.1 83.2 82.3-84.0 87.7 86.4-89.0 82.1 80.7-83.0
Total protein (g) 1.0 33 3.2-34 4.0 2.7-4.6 34 2.9-3.8 5.6 5.4-6.0
Total fat (g) 44 33 3.1-3.3 7.5 5.3-9.0 3.9 3.3-4.5 6.4 5.8-7.0
Lactose (g) 6.9 4.7 4.5-5.1 44 3.2-4.9 44 4.2-4.5 5.1 45-5.4
Ash 0.2 0.7 0.7-0.7 0.8 0.7-0.8 0.8 0.8-0.8 0.9 0.9-1.0

* Values for human milk (mature, fluid) are from USDA (USDA, 2009), food code 01107. The values for cow, goat and sheep milks were calculated using values where available in the following food
composition tables: USDA: cow — food code 01211 “Milk, whole, 3.25 percent milk fat, without added vitamin A and vitamin D”; goat - 01106 “Milk, goat, fluid, with added vitamin D”; sheep - food
code 01109 “Milk, sheep, fluid” (USDA, 2009); FSA (2002): cow - food code 12-316 “Whole milk, pasteurized, average (average of summer and winter milk)”; goat — 12-328 “Goats milk, pasteurized”;
sheep — food code 12-329 “Sheeps milk, raw” (FSA, 2002); Danish Food Composition Databank: cow — food code 0156 “Milk, whole, conventional (not organic), 3.5 percent fat”; goat — 0516 “Goat
milk” (NFI, 2009); New Zealand food composition tables: cow - food code F1028 “Whole milk, pasteurized, average (average of summer and winter milk)”; goat — 12-328 “Goats milk, pasteurized”;
sheep - food code F52 “Sheeps’ milk, raw"” (Esperance et al., 2009); Columbian food composition table: cow - food code G101 “Milk, whole, crude (leche, entera, cruda)”; goat — G086 “goat milk,
whole, crude (leche de cabra, entera cruda)” (FAO/LATINFOODS, 2009); Argentinian food composition table: sheep — food code G087 “milk, of sheep, whole, fresh (leche, de oveja, entera, fresca)”
(FAO/LATINFOODS, 2009). The number of data points varied.

Values for buffalo milk were obtained from Medhammar et al., 2011.
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TABLE 3.2
Vitamin and mineral composition of human, cow, buffalo, goat and sheep milks (per 100 g of milk)*

14

Human Cow Buffalo Goat Sheep Daily RNI'
for children,
Average Average Range Average Range Average Range Average Range 1-3 yr
Minerals
Calcium (mg) 32 112 91-120 191 147-220 118 100-134 190 170-207 500 mg
5mg (12%
Iron (mg) Tr 0.1 Tr-0.2 0.2 0.3 Tr-0.6 0.1 Tr-0.1 bioavailability)
Magnesium (mg) 3 11 10-11 12 2-16 14 13-14 18 60 mg
Phosphorus (mg) 14 91 84-95 185 102-293 100.4 90-111 144 123-158
Potassium (mg) 51 145 132-155 112 202 170-228 148 120-187
Sodium (mg) 17 42 38-45 47 44 32-50 39 30-44
4.1 mg
Zinc (mg) 0.2 0.4 0.3-0.4 0.5 0.3 0.1-0.5 0.6 0.5-0.7 (Moderate
bioavailability)
Copper (mg) 0.1 Tr Tr-Tr Tr Tr-0.1 0.1 0.1-0.1
Selenium (pg) 1.8 1.8 1.0-3.7 1.1 0.7-1.4 1.7 17 pg
Manganese (ug) 8 4-10 18 Tr-18 18 Tr-18
Vitamins
Retinol (pg) 60 35 29-45 69 45 35-56 64 44-83
Carotene (ug) 7 16 7-23 13 Tr-182 Tr
Mean
Vitamin A (ug RE) 61 37 30-46 69 48 30-74 64 requirement:
400 pg RE
Vitamin E (mg) 0.08 0.08 0.07-0.08 0.19 0.19-2.0 0.05 0.03-0.07 0.11 0.11-0.11
Thiamin (mg) 0.01 0.04 0.02-0.04 0.05 0.06 0.03-0.09 0.07 0.07-0.08 0.5 mg
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TABLE 3.2 (continued)

Human Cow Buffalo Goat Sheep Daily RNI'
for children,
Average Average Range Average Range Average Range Average Range 1-3 yr
Vitamins
Riboflavin (mg) 0.0 0.20 0.17-0.20 0 0.13 0.04-0.18 0.3 0.32-0.36 0
(vit B,) .04 . .17-0. .1 A .04-0.1 .34 .32-0. .5 mg
Niacin (mg) 0.18 0.13 0.09-0.20 0.17 0.24 0.10-0.30 0.41 0.40-0.42 6* mg
Niacin equivalent 0.79 0.70-0.80 1.00 1.00-1.00
(mg)
Pantothenic acid (mg) 0.22 0.43 0.34-0.58 0.15 0.30 0.31-0.41 0.43 0.41-0.45 2.0 mg
Vitamin Bg (mg) 0.04 0.03-0.06 0.33 0.05 0.05-0.06 0.07 0.06-0.08 0.5 mg
Folate (ug) 5.0 8.5 5.0-8.0 0.6 1.0 Tr-1.0 6.0 5.0-7.0 150 pg
Biotin (ug) 2.0 1.4-2.5 13.0 25 2.0-3.0 25 2.5-2.5 8.0 ug
Vitamin B3 (ug) 0.05 0.51 0.25-0.90 0.40 0.07 0.04-0.10 0.66 0.60-0.71 0.9 ug
Vitamin C (mg) 5.0 1.0 0.0-2.0 2.5 1.1 1.0-1.3 4.6 4.2-5.0 30 mg
Vitamin D (pg) 0.1 0.2 0.1-0.3 0.1 0.1-0.1 0.2 0.2-0.2 5 ug

* The number of data points varied. Blank spaces indicate that no data were available. See Table 3.1 footnote for data sources.
" Recommended nutrient intake values from FAO and WHO, 2002.

2 Although some papers, e.g. Park et al. (2007), say that goats convert all B-carotene to vitamin A, resulting in caprine milk being whiter than bovine milk, some of the above databases reported

values for B-carotene in goat milk.
RE: retinol equivalents in pg = pg retinol + 1/6 ug B-carotene + 1/12 ug other provitamin A carotenoids; Tr: traces.
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TABLE 3.3
Proximate composition of milk from minor dairy animals (average and range, per 100 g of milk)
Yak Mare Donkey Dromedary Bactrian Mithun Musk ox Llama Alpaca Reindeer Moose
camel camel
199 156 234 319 510 326 299 819 538
Energy, Average 417 (100) 356 (85)
calculated* (48) (37) (56) (76) (122) (78) (71) (196) (129)
‘(’Ifc':f; k) Range 335-557  171-295  135-215 185-332 458-575 258-358  237-351  525-1079
9 (80-133) (41-71) (32-51) (44-79) (110-138) (62-86) (57-84)  (126-258)
Energy, Average 368 (89) 193 (46) 210 (50) 392 (94) 880 (209)
reported
value, kJ Rande 349-382 177-210 388-396 680-1139
(kcal) 9 (87-91) (42-50) (93-95) (162-272)
Water Average 82.6° 89.8° 90.8° 89.0° 84.8 78.6 83.6 84.8 83.7 67.9¢ 76.8
@ Range 75.3-84.4 87.9-91.3 89.2-91.5  88.7-89.4 77.4-79.7 83.7-86.9 83.2-84.2 61.9-76.3  74.3-79.2
Total Average 5.2P 2.0¢ 1.6 3.1d 3.9 6.5 5.3 4.1 5.8 10.4¢ 10.5
protein
(9) Range 4.2-59 1.4-3.2 1.4-1.8 2.4-4.2 3.6-4.3 6.1-6.8 3.4-43 3.9-6.9 7.5-13.0 7.8-14.4
a b,e b e c
Total fat Average 6.8 1.6 0.7 3.2 5.0 8.9 5.4 4.2 3.2 16.1 8.6
@ Range 5.6-9.5 0.5-4.2 0.3-1.8 2.0-6.0 4.3-5.7 7.7-10.3 2.7-4.7 26-3.8  10.2-215  7.0-10.0
Average 4.8 6.6° 6.4° 432 4.2 4.4 4.1 6.3 5.1 2.9¢ 2.6
Lactose
@ Range 3.3-6.2 5.6-7.2 5.9-6.9 3.5-4.9 4.1-4.6 5.9-6.5 4.4-5.6 1.2-3.7 0.6-3.6
Ash Average 0.8 0.4° 0.4° 0.8 0.9 0.9 1.6 0.7 1.6 1.5¢ 1.6
@ Range 0.4-1.0 0.3-0.5 0.3-0.4 0.6-0.9 1.4-1.7 1.2-2.7 1.5-1.6

* Values were obtained from Medhammar et al., 2011. Blank spaces indicate that no data were available.

The table includes the results of the statistical analysis for buffalo, yak, mare, donkey, dromedary camel and reindeer milks; the other milks did not have enough data points to include them in this
analysis. Values in a row with different superscripts are significantly different (P < 0.05).
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TABLE 3.4

Mineral composition in milk from minor dairy animals (per 100 g of milk)

Yak Mare Donkey Dromedary Bactrian Mithun Llama Reindeer Moose Daily RNI*
Camel Camel for children,
1-3yr
Average 129 95 91 114 153.7 88 195 320 280 500 mg
Calcium (mg)
Range 119 -134 76-124 68-115 105-120 152.3-155 170-220 156-358
ron (ma) Average 0.6 0.1 0.2 0.3 5 mg (12%
9 bioavailability)
Range 0.2-1.0 Tr-0.2 0.2-0.3
Magnesium Average 10 7 4 13 8 15 19 23 60 mg
(mg) Range 8-12 4-12 12-14 19-26
Average 106 58 61 86 132 147 122 270 276
Phosphorus
(mg) Range 77-135 43-83 49 -73 83-90 117-146
Average 95 51 50 151 186 120 156 111
Potassium (mg)
Range 83-107 25-87 124-173 181-191 82-150
Average 29 16 22 66 66 27 48 78
Sodium (mg)
Range 21-38 13-20 59-73 61-72 46 -50 37-158
Average 0.9 0.2 0.6 0.7 1.1 0.6 4.1 mg
Zinc (mg) (Moderate
Range 0.7-1.1 0.2-0.3 0.4-0.6 bioavailability)
Average 0.4 0.1 0.2 0.3
Copper (mg)
Range Tr-0.1 0.1-0.2
Selenium (ug) Average 1" 17 ug
Average 106 1
Manganese (ug)
Range 60-180

Values were obtained from Medhammar et al., 2011. Blank spaces indicate that no data were available.

* Recommended nutrient intake values from FAO and WHO, 2002.

Tr:traces.
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TABLE 3.5
Vitamin content in milk from minor dairy animals (per 100 g of milk)
. Daily RNI*
Dromedary Bactrian q
Mare Donkey e o] for children,
1-3 yr)
Mean
Vitamin A (ug) RE Average 97 requirement:
400 pg RE
Vitamin E (mg)
(alpha-tocopherol) Average 0.15
Average 0.03 0.06 0.01 0.5 mg
Thiamin (mg)
Range 0.02-0.04
Average 0.02 0.03 0.06 0.12 0.5 mg
Riboflavin (mg)
Range 0.01-0.03
Niacin (mg) Average 0.07 0.09 6* mg
Pantothenic acid
(mg) Average 2.0 mg
Vitamin Bg (mg) Average 0.05 0.5 mg
Folate (pg) Average 150 pg
Biotin (pg) Average 8.0 ug
Vitamin Bq; (ug) Average 0.9 ug
Average 4.3 3.8 3.0 30 mg
Vitamin C (mg)
Range 1.7-8.1 2.5-18.4
Vitamin D (ug) Average 1.6 5 ug

Values were obtained from Medhammar et al., 2011. Blank spaces indicate that no data were available.
* Recommended Nutrient Intake values from “Human vitamin and mineral requirements”

(FAO and WHO, 2002).
RE: retinol equivalents in pg = pg retinol + 1/6 pg B-carotene + 1/12 pg other provitamin A carotenoids.

Cow milk
Traditionally, two cattle species have been recognized, Bos taurus (humpless cattle)
and Bos indicus (zebu cattle), although there is no reproductive barrier between
them. Some listings identify as many as 1 000 cattle breeds, even though some of
these are actually local varieties of a breed (Buchanan, 2002). Even so, nearly 35 per-
cent of dairy cows (about 70 million head) belong to the Holstein-Friesian breed.
The popularity of this breed is largely because of its high average milk production
(Fox, 2008) and superior ability to convert feed into protein (Buchanan, 2002). This
is not an ideal situation from a biodiversity point of view, and widespread use of this
one breed may put some breeds in danger of extinction (Buchanan, 2002).

Cow milk accounted for 83 percent of global milk production in 2010
(FAOSTAT, 2012). Cow milk contains more protein and minerals, especially
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calcium and phosphorus, than human milk (Table 3.1). This is because a young calf
grows faster than a child and hence has higher nutritive demands: on average, a
calf takes only 10 weeks to double its birth weight, compared with 20 weeks for a
human baby (Walker, 1990). The protein in cow milk is of high-quality (defined as
protein that supports maximal growth), containing a good balance of all the essential
amino acids, including lysine. Many human diets are deficient in certain essential
amino acids. For example, wheat and maize-based diets contain only 57 percent
and 58 percent of required levels of lysine, and cassava-based diets are deficient in
leucine, valine and isoleucine, containing only 79 percent of required levels (WHO,
FAO and UNU, 2007). More than 600 million people depend on cassava in Africa,
Asia and Latin America for food security (FAO, 2002). Including milk (and dairy
products) in staple-based diets increases availability of these limiting amino acids,
improving overall dietary quality.

Cow milk contains more protein than does human milk, but human milk con-
tains more lactose, resulting in comparable energy contents. Cow milk and human
milk differ in the amounts of various proteins they contain. Human milk does
not contain B-lactoglobulin, one of the main proteins associated with cow milk
allergy.!? Caseins comprise nearly 80 percent of the protein in cow milk but less
than 40 percent in human milk. Caseins can form leathery curds in the stomach and
be difficult to digest. In addition, the type of caseins that predominate in the two
milks also differs, human milk containing more B-casein, which is more susceptible
to peptic hydrolysis than os-casein, particularly og-casein, which predominates in
cow milk (El-Agamy, 2007). The casein content of cow milk varies between breeds
and cheese makers often use milk from breeds with a higher k-casein content in their
milk (Bonfatti et al., 2010).

Cow milk generally contains between 3 and 4 g of fat/100 g, although values as
high as 5.5 g/100 g have been reported in raw milk. Most milks consumed now con-
tain a standardized fat content of around 3.5 g/100 g. Cow milk contains a higher
proportion of saturated FA (SFA) than does human milk: 65-75 g/100 g total FAs,
of which about 40 percent are C12:0-C16:0. Cow milk also has a high content of
C18:0. The monounsaturated FA (MUFA) that is present in highest concentration
in cow milk is C18:1 (oleic acid).

The conjugated linoleic acid (CLA) content in cow milk is generally reported to
vary from 0.1 to 2.2 g/100 g total FA depending on season, region, farming system
and feeding, and animal and breed (Elgersma, Tamminga and Ellen, 2006). For
example, milk from the Mafriwal cow breed was shown to contain a significantly
higher (P < 0.05) percentage of CLA than Jersey cow milk (0.35 g/100 g total FA vs
0.23 g/100g total FA) (Yassir et al., 2010). This has possible implications with regard
to promoting cow breeds with a higher CLA content in their milk.

Levels of water-soluble vitamins in human milk reflect maternal levels and
depend on the mother’s diet, but these vitamins are synthesized within the body of
the cow and levels are not diet-dependent in cow milk.

12 Allergy to cow milk is covered in Chapter 4.
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Buffalo milk

Water buffalo (Bubalus bubalis) milk is ranked second in the world in production,
contributing 11.1 percent of the world milk production in 2006-09, with India
(60 percent) and Pakistan (30 percent) being the main producers (FAOSTAT,
2012). Buffalo have historically been divided into swamp and river buffalo based
on morphological, behavioural and geographical criteria (Groeneveld ez al., 2010).
They are sometimes referred to as different subspecies; river buffalo as Bubalus
bubalis bubalis and swamp buffalo as Bubalus bubalis carabenesis. Swamp buffalo
are reported to be mainly used as draught animals (Talpur, Memon and Bhanger,
2007) and their milk yield is poor (Meena, Ram and Rasool, 2007). River buffalo are
used mainly for milk production (Han et al., 2007).

Buffalo milk contains more than twice as much fat as cow milk on average
(7.5 g/100 g vs 3.3 g/100 g; Table 3.1) and is therefore more energy dense. The high
fat content makes it particularly suitable for processing, with the production of 1 kg
of butter requiring 14 kg of cow milk compared with only 10 kg of buffalo milk
(Ménard et al., 2010). The proportion of SFA in buffalo milk, 65-75 g/100 g total
FA, is comparable to that in cow milk.

Goat milk

Milk from goats (Capra hircus) accounted for 2.4 percent of global milk production
in 2010 (FAOSTAT, 2012). India is the main producer of goat milk (30 percent),
followed by Bangladesh (17 percent) and Sudan (11 percent). Home consumption
of goat milk is reported to be very high: goats are the main suppliers of dairy and
meat products for rural populations (Haenlein, 2004). Some goat breeds, such as
the Bedouin goat, are able to survive under extreme environmental conditions on
meagre fodder and water intake, which makes them particularly suited for surviving
in regions with harsh climatic conditions. However, the goat is not just associated
with underdevelopment and poverty — dairy goat farming is also significant to the
economies of some Mediterranean countries (Boyazoglu, Hatziminaoglou and
Morand-Fehr, 2005) owing to the connoisseur interest in goat milk products such
as cheeses and yoghurt (Haenlein, 2004).

The proximate composition of goat milk is very similar to that of cow milk
(Table 3.1). In contrast to cow milk, the lactose content of goat milk can be increased
by supplementing the diet with plant oil (Chilliard ez al., 2005, cited in Raynal-
Ljutovac et al., 2008).

The proportion of SFA in goat milk (65-75 g/100 g total FA) is comparable to
that in cow milk. However, goat milk is rich in short- and medium-chain FAs with
6—10 carbon atoms, containing up to twice as much as cow milk (Sanz Sampelayo et
al., 2007). For this reason, caproic (C6:0), caprylic (C8:0) and capric acids (C10:0)
are named after goats. These FAs have a different metabolism to that of long-chain
FAs and are a source of rapidly available energy, particularly relevant for people
suffering from malnutrition or fat absorption syndrome and in the diets of pre-
term babies (feeding formulas for premature infants often contain medium-chain
triacylglycerols) and elderly people (Raynal-Ljutovac er al., 2008). Goat milk also
contains branched-chain FAs with fewer than 11 carbon atoms, of which there are
almost none in cow milk; this is thought to give goat milk its characteristic “goaty
and muttony flavours” (Sanz Sampelayo et al., 2007). Although some reports sug-
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gest that goat milk contains less rrans-C18:1 FA than cow milk, other studies have
shown that the trans-FA content is similar in the two milks. The actual content
depends on the feeding system, management regime and diet.

Goat milk has a smaller fat globule size than cow milk which may make it more
easily digestible (Raynal-Ljutovac et al., 2008). Anecdotal evidence, stemming in
part from cultural beliefs and in part from research studies (see references cited
in Haenlein, 2004; Ribeiro and Ribeiro, 2010), suggests that goat milk has lower
allergenicity than cow milk. These studies report that although goat milk contains
the same proteins (including B-lactoglobulin) as cow milk, some goat milk proteins
differ in their genetic polymorphisms, resulting in lower allergenicity. The major
fraction in goat casein is B-casein, which makes it similar to human milk. Milk from
some goat breeds that lack os;-casein altogether (which predominates in cow milk)
has been shown to be less allergenic (El-Agamy, 2007).

However, these reports must be approached with caution. Several studies have
shown that goat milk is not appropriate for children with immunoglobulin E (IgE)-
mediated cow milk allergy (Bellioni-Businco ez al., 1999), leading in some cases to
allergic reactions including life-threatening anaphylactic shock (Basnet ez al., 2010).
The recent guidelines issued by the World Allergy Organization states that goat
milk should not be used as a substitute for children with cow milk allergy (Fiocchi
et al., 2010).

Goat milk has been reported to contain four times as much of the oligosaccharide
sialic acid as cow milk (about 23 mg/100 g vs 6 mg/100 g) (Puente ez al., 1996, cited
in Raynal-Ljutovac et al., 2008). Oligosaccharides represent an important fraction
of human milk (1.3 g/100 g), and are thought to promote bifidobacteria growth and
play a role in brain development in the newborn child.

Goat milk has a higher content of retinol than cow milk. Vitamin By, content in
goat milk is an order of magnitude lower than in cow milk. Like cow milk, goat milk
is a poor source of folate (Pandya and Ghodke, 2007).

Goat milk contains a relatively large amount of free amino acids, particularly
of the non-protein amino acid taurine (obtained biosynthetically from cysteine) at
9 mg/100 g (Grandpierre et al., 1988 cited in Raynal-Ljutovac et al., 2008). This is
20-fold more than in cow milk and is similar to the level in human milk. A higher
content of cysteine (53 percent more than in cow milk) is also reported in goat milk.

Sheep milk

Although China was the top producer of sheep (Owvis aries) milk in 2010 (17 per-
cent), about 61 percent of the world’s sheep milk is produced in the Mediterranean
region and Middle East, and mainly used as a raw material for producing cheese and
other dairy products.

Much less information is available on sheep milk composition than on cow,
buffalo and goat milks. Although some reviews cover both goat and sheep milks
(Jandal, 1996; Pandya and Ghodke, 2007; Park et al., 2007; Raynal-Ljutovac et
al., 2008), most discuss goat milk in depth and sheep milk only superficially. Most
studies are related to effects of animal feeding on FA composition (Goulas, Zervas
and Papadopoulos, 2003; Castro et al., 2009; Talpur, Bhanger and Memon, 2009).

The average contents of protein (5.6 g/100 g) and fat (6.4 g/100 g) in sheep
milk is high; only buffalo milk contains more fat on average (Table 3.1) when milk
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from major dairy species is considered. Sheep milk also contains more lactose than
human, cow, buffalo and goat milks. The higher lactose content is compensated
for by lower sodium and potassium levels, although most of the other minerals are
present in higher amounts in sheep milk, in line with the higher ash content.

The FA profile of sheep milk is fairly similar to that of goat milk: five FAs make
up more than 75 percent of the fat (C10:0, C14:0, C16:0, C18:0 and C18:1). SFA
content (65-75 g/100 g total FA) is comparable to that in cow, buffalo and goat
milks. The average fat globule size is reported to be even smaller in sheep milk than
in goat milk.

Sheep milk contains more retinol than cow and goat milks. As in goat milk,
the non-protein amino acid taurine is reported to be present in sheep milk (Park
et al., 2007).

Yak milk

The yak (Bos grunniens) is the only bovine reared in the mountainous regions of
China, Mongolia, Russia, Nepal, India, Bhutan, Tajikistan and Uzbekistan, and
hence the populations rely on the yak for milk, meat, fur and transportation (Wie-
ner, 2002 cited in Silk ez al., 2006). Several factories in China, Nepal and Mongolia
produce dried yak milk for domestic consumption (Park and Haenlein, 2006).

The proximate composition of yak milk is very similar to that of buffalo milk:
the milks are significantly different (P < 0.05) only in their total protein content.
Like buffalo milk, the fat content of yak milk is much higher than of cow milk,
while its water content is more than 5 g/100 g lower. An analysis of published stud-
ies on yak milk showed that the water content can vary by as much as 10 g/100 g
among samples of yak milk.

The predominant FAs in yak milk are the same as in cow and buffalo milks, and
similarly, only a small amount of polyunsaturated FA (PUFA) is reported (2 g/100 g
total FA). SFA accounts for about 65 g/100 g total FA in yak milk. The short chain
C4:0-C10:0 content is low in yak milk. Small quantities (0.2 g/100 g total FA) of
CLA have also been reported.

Yak milk contains almost twice as much f-lactoglobulin (average 708 mg/100 g)
as in cow milk (300-400 mg/100 g). Yak milk was also reported to contain 67 mg
of lactoferrin/100 g, 2-6 times more than values reported in cow milk (Krdl ez al.,
2010; Lefier et al., 2010).

Mare and donkey milks

Mare (Equus caballus) and donkey (Equus asinus) milks are renowned for their
therapeutic properties (Mittaine, 1962; Doreau and Martin-Rosset, 2002; Malacarne
et al., 2002). Approximately 30 million people in Russia, Kazakhstan, Kyrgyzstan,
Tajikistan, Uzbekistan, Mongolia and eastern and central Europe drink mare milk
(Doreau and Martin-Rosset, 2002). These two monogastric species produce similar
milk, with no significant differences between them (P < 0.05) in protein, fat, lactose,
ash or water contents (Table 3.3). Their milks contain substantially lesser amounts
of fat and protein than cow milk, and are nearest in composition to human milk
because of their high lactose and low protein contents (FAO, 1972). Their ash con-
tents are also lower than that of cow milk (0.3-0.5 g/100 g vs 0.7 g/100 g) and thus
more similar to human milk (0.2 g/100 g). According to some reports, mare milk



Chapter 3 — Milk and dairy product composition

55

can contain up to 15 mg of ascorbic acid/100 g, much more than cow milk (Marconi
and Panfili, 1998).

Compared with cow milk, equine milk fat has a high content of PUFA (more
than 20 g/100 g total FA in both mare and donkey milks compared with about
6 g/100 g total FA in cow milk) and a low content of SFA (average 40 g/100 g
total FA in mare milk and 55 g/100 g total FA in donkey milk, compared with
65-75 g/100 g total FA in cow milk). The milks also contain the indispensable FAs
alpha-linolenic acid (ALA) and linoleic acid (LA) (6 g ALA/100 g total FA in mare
milk and 4 g ALA/100 g total FA in donkey milk; 10 g LA/100 g total FA in mare
milk, 6 g LA/100 g total FA in donkey milk). Values for ALA in cow, goat and
sheep milks range between 2 and 4 g/100 g total FA, and values for LA between 0.3
and 0.6 g/100 g total FA (Rodriguez-Alcald, Harte and Fontecha, 2009). In human
milk ALA can range from 1 to 3 g/100 g (Malacarne et al., 2002). The high LA and
ALA contents and low C18:0 content of equine milks are attributed to equines
being monogastric animals: FAs are hydrogenated in the digestive tract of ruminants
before absorption, but not in the digestive tract of equines (Jenkins ez al., 1996, cited
in Chiofalo, Salimei and Chiofalo, 2001). The unsaturated long chain FA content
of equine milk is related to amounts consumed with forage (Chiofalo, Salimei and
Chiofalo, 2001; Pelizzola ez al., 2006). No trans-FA or CLA have been reported in
donkey milk, while mare milk has been reported to contain negligible amounts of
CLA and trans-C18:1 (vaccenic acid) (Jahreis et al., 1999).

The equine milks resemble human milk in their relatively low content of caseins
(40-45 percent of total protein content). A recent study showed that caseins in equine
milks are rapidly digested by gastric juices, in contrast to the caseins from cow and
goat milks which are digested slowly (Inglingstad ez al., 2010). As 40-50 percent of
equine milk protein consists of whey protein, equine milk is not very suitable for
cheese production. The whey proteins include lysozyme, which has been reported
at 100-200 mg/100 g of donkey milk, compared with only 7-13 pg/100 g of cow
milk (Uniacke-Lowe, Huppertz and Fox, 2010). Although equine milk whey
contains B-lactoglobulin, the sequence homology between proteins isolated from
equine milks and cow milk is only 60 percent. Owing to the similarity of milk pro-
teins in equine and human milk, equine milks have been recommended for children
with severe IgE-mediated cow milk protein allergy (Businco et al., 2000).

To summarize, the similarity of equine milk to human milk in total protein and
lactose contents and FA and protein profiles and the fairly low mineral content sug-
gests that equine milk could be a better food for infants than is cow milk (TIacono et
al., 1992; Malacarne et al., 2002), although the lower total fat in equine milks make
them less energy dense than human milk. Although one study documents the use
of donkey milk to feed unweaned infants (Ziegler, 2007), further studies are needed,
particularly because adverse effects on iron nutrition may be expected. The protein
profile of equine milk makes it particularly suitable for consumption by people who
are allergic to cow milk.

Dromedary camel and Bactrian camel milks

In arid and semi-arid areas camels play a major role in supplying the population
with milk (FAO, 1982). There are two species of camel, the dromedary or Ara-
bian camel (Camelus dromedaries, single-humped) mainly found in desert areas



56

Milk and dairy products in human nutrition

in the Middle East, North and East Africa, Southwest Asia and Australia, and the
Bactrian camel (Camelus bactrianus, two-humped), found in northwestern China
and Mongolia, southern Russia, Tajikistan and Kazakhstan. Out of an estimated
18 million camels in the world only 2 million are Bactrian camels (Alhadrami,
2003). Sub-Saharan Africa accounted for over 87 percent of camel milk production
in 2006-9 (FAOSTAT, 2012). Somalia is the largest single producer of camel milk
(53 percent of global camel milk production), followed by Ethiopia (12 percent) and
Mali (8 percent) (FAOSTAT, 2008). Camelids have a stomach with three compart-
ments rather than four but with similar functional properties to ruminant stomachs
(Schoos et al., 2008); therefore they are sometimes called “pseudo-ruminants”.

The lactose and protein contents in the milk from the two camel species are simi-
lar but their fat contents are different, with Bactrian camel milk containing more fat.
In overall proximate composition, dromedary camel milk is very similar to cow milk.

The SFA content of Bactrian camel milk (average 50 g/100 g total FA) appears
to be lower than that of cow milk, while that of dromedary camel milk (average
60 g/100 g total FA) may be slightly lower than that of cow milk. The main FAs
reported in most studies of dromedary camel milk are C16:0, C14:0, C18:0, C18:1
and C16:1, although a few studies found high contents of C9:0 and C10:1 (Gorban
and Izzeldin, 1999), which are unusual for milk. The MUFA content in dromedary
camel milk (56-80 g/100 g total FAs) is higher than in cow milk (26 g/100 g total
FAs) (Medhammar er al. 2011). The content of very short chain FAs (C4-C8) is
low compared with most milks including cow milk. It has been suggested these
FAs, which are produced by cellulose fermentation in the rumen, may be rapidly
metabolized by camel tissue and are therefore not excreted in the milk (Gorban and
Izzeldin, 2001). Although some authors have commented on the high PUFA con-
tent of camel milk compared with cow milk (Gorban and Izzeldin, 2001; Alhadrami,
2003; Zhang et al., 2005; Jirimutu et al., 2010) and suggested that biohydrogenation
of polyunsaturated FA may be less extensive in the rumen of camel than in cow
(Gorban and Izzeldin, 2001), C18:1 was erroneously included with PUFA in some
of these papers (Zhang et al., 2005; Jirimutu et al., 2010). Milk from both camel
species contains 1-2 g of ALA and LA/100 g total FA.

Dromedary camel and Bactrian camel milks do not contain measurable amounts
of B-lactoglobulin and are similar to human milk in this respect (Fernandez and
Oliver, 1988; Merin et al., 2001; Jirimutu et al., 2010). Therefore, the main whey
protein is o-lactalbumin, unlike in cow milk whey in which this protein makes
up only 25 percent of the total whey protein (Al Haj and Al Kanhal, 2010). As in
human milk, B-casein is the main camel milk casein (Al Haj and Al Kanhal, 2010).
These two characteristics could contribute to dromedary camel milk having a higher
digestibility rate and lower incidence of allergy than cow milk (El-Agamy et al.,
2009). However, these differences in protein composition are reported to lead to
difficulties in cheese manufacture with camel milk (Al Haj and Al Kanhal, 2010).

Perhaps more than any other milk, camel milk has had various therapeutic
benefits attributed to it (see Al Haj and Al Kanhal, 2010). In fact, both dromedary
and Bactrian camel milks contain greater quantities of bioactive substances and anti-
microbial components such as lysozyme, lactoferrins and immunoglobulins than do
cow and buffalo milks. The high lysozyme content in camel milk delays growth of
yoghurt culture, causing problems in yoghurt production (Abu-Taraboush, 1996
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and Jumah et al., 2001, cited in Al Haj and Al Kanhal, 2010). Even though the
antimicrobial components in camel milk are more heat stable than those in cow and
buffalo milk, heating camel milk to 100 °C for 30 minutes results in a total loss of
antimicrobial activity (El-Agamy, 2007).

The vitamin C content of dromedary camel milk shows a wide range, depend-
ing on breed, ranging from 2.5 mg/100 g in the Majaheem breed from Saudi
Arabia (Mehaia, 1994) to 18.4 mg/100 g milk in the Arvana breed from Kazakhstan
(Konuspayeva et al., 2010). However, vitamin C in camel milk may be more heat-
sensitive than in cow milk, decreasing by about 27 percent when the milk is pasteur-
ized (Mehaia, 1994).

Mithun milk

The domesticated bovine species, mithun (Bos frontalis), is mainly found in the hill
regions of India, Myanmar, Bhutan and Bangladesh (Nath and Verma, 2000), where
it plays an important role in the economic, social and cultural life of the local people.
Hybrids of mithun and cattle are used as dairy animals in parts of northeastern India
and Bhutan (NRCM, 2010).

Very few studies are available on the composition of mithun milk. The milk
contains more total fat (8.9 g/100 g) and total protein (6.5 g/100 g) than cow milk
(3.3 g fat and 3.3 g protein/100 g milk) (Mech et al., 2008). The high fat and protein
contents in mithun milk are attributed to the unique genetic makeup of this species
and to its low milk yield (Mondal et al., 2001; Mech et al., 2008).

Musk ox milk

The musk ox (Ovibos moschatus) is an Arctic mammal that belongs to the subfamily
Caprinae, as do goat and sheep. Data on only proximate composition were available
for musk ox, obtained from one study (Tener, 1956 cited in Alston-Mills, 1995).
Musk ox milk contains more protein and fat but less lactose and water than cow
milk. However, the fat content (5.4 milk g/100 g) is not high for an Arctic animal.
The ash content in musk ox milk is more than double that of cow milk (1.6 g/100 g
compared with 0.7 g/100 g).

Llama and alpaca milks

Llama (Lama glama) and alpaca (Lama pacos), both domesticated species of South
American camelids, have histo