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Abstract
In the next two decades, the world population will increase significantly; the majority in the developing countries located in the
tropics of Africa, Asia, Latin America, and the Caribbean. To feed such a population, it is necessary to increase the availability of
food, particularly high-value animal protein foods produced locally, namely meat and dairy products. Dairy production in tropical
regions has a lot of growth potential, but also poses a series of problems, particularly as dairy production systems were developed
in temperate countries and in most cases are difficult to implement in the tropics. Drawbacks include hot weather and heat stress,
the lack of availability of adequate feeds, poor infrastructure, and cold chain and the competition with cheap imports from
temperate countries. This position paper reviews the major drawbacks in dairy production for the five major dairy species: cattle,
water buffalo, sheep, goat, and camel, as well as the future trends in research and development. It also concerns the major trends
in reproduction and production systems and health issues as well as environmental concerns, particularly those related to
greenhouse gas emissions. Tropical Animal Health and Production now launches a topical collection on Tropical Dairy
Science. We aim to publish interesting and significant papers in tropical dairy science. On behalf of the editorial board of the
Tropical Animal Health and Production, we would like to invite all authors working in this field to submit their works on this
topic to this topical collection in our journal.

Introduction

Milk and dairy products are one of the most important sources
of animal protein for human diets worldwide. Indeed, milk is
produced and consumed fresh or processed in almost every
country in the world. Rawmilkmay be transformed into a vast
array of products. These include for instance cheese, butter,
yoghurt, or kefir. According to the FAO (Food and
Agricultural Organization of the United Nations, http://www.

fao.org/faostat/en), almost 800 billion tons of milk was
produced in 2016, being 82.5% produced by cows and 13.
9% by water buffalo. Other dairy species such as sheep,
goats, and dromedaries yield roughly 4% of the milk
produce worldwide.

Dairy production is a key element of agriculture in the
tropics and the subtropics. As depicted in Fig. 1, very different
systems from small-scale subsistence farming to high-tech
dairy farms exist in these areas. Nevertheless, these vast

This article belongs to the Topical Collection: Dairy Science and Health
in the Tropics

* André M. de Almeida
aalmeida@isa.ulisboa.pt

1 Department of Animal Science, AU-Foulum, Aarhus University,
8830 Tjele, Denmark

2 Infectious Bacterial Diseases Research Unit, National Animal
Disease Center, Agricultural Research Service, United States
Department of Agriculture, Ames, IA, USA

3 ILRI - International Livestock Research Institute, SE Asia Branch,
Hanoi, Vietnam

4 Tropical Feed Resources Research and Development Center
(TROFREC), Faculty of Agriculture, Khon Kaen University, Khon
Kaen 40002, Thailand

5 King Saud University, Riyadh, Saudi Arabia
6 LEAF, Instituto Superior de Agronomia, Universidade de Lisboa,

Tapada da Ajuda, 1349-017 Lisbon, Portugal
7 Department of Animal Science, Universidad Austral de Chile,

Valdivia, Chile
8 INRA – Unité de Recherches Zootechniques, Domaine de Duclos,

Prise d’eau, Guadeloupe

Tropical Animal Health and Production (2019) 51:1009–1017
https://doi.org/10.1007/s11250-019-01866-6

http://crossmark.crossref.org/dialog/?doi=10.1007/s11250-019-01866-6&domain=pdf
http://www.fao.org/faostat/en
http://www.fao.org/faostat/en
mailto:aalmeida@isa.ulisboa.pt


regions of the globe are seldom associated with commercial
dairy production, more common and developed in temperate
regions. Numerous factors influence this reality; however,
most of them are inherent to specific local conditions: heat
stress, the low nutritional value of tropical and subtropical
fodders, diseases, and parasites. Economic and political fac-
tors also influence dairy production in these regions (e.g., the
availability of cheap powdered milk and dairy products
imported from Western countries).

Given the projections for human population growth, par-
ticularly in tropical regions, it is necessary that, in the near
future, the availability of high-quality animal protein products,
namely milk and dairy, increases. Indeed, this problem is one
of the most pressing challenges for humankind (de Almeida
2018). Therefore, it is essential that most of the problems
associated with milk production in the tropics are solved or
at least limited. Such effort requires in turn a strong determi-
nation from all agents in the sector: farmers, producers, milk
and dairy processors and manufacturers, extension agents,
technicians, NGOs, local and national governments, and, of
course, the scientific community.

In order to contribute to such effort, Tropical Animal
Health and Production has recently launched a novel topical
collection with the title BDairy Science and Health in the
Tropics.^ The aim of this collection is to gather the most
interesting and promising scientific works within this vast
and multifaceted field. We aim to provide a tropics- and
subtropics-focused collection, a reality very different from

the temperate world, where most of the dairy research is cen-
tered and focused.

To inaugurate this collection, the Tropical Animal Health
and Production Editorial Board has decided to write a position
and opinion paper on this area, specifically focused on the
problems that will be necessary to solve in the near future.
This article includes sections on the different dairy species:
bovine, water buffalo, small ruminants, and camels. It in-
cludes also specific sections on areas that are essential for a
stable and productive dairy sector: reproduction, production
systems, epidemiology, and health. We finally conclude with a
section on a relatively novel but extremely important concern:
the environmental costs of dairy production.

On behalf of the editorial board of Tropical Animal Health
and Production, we would like to invite all authors working in
this field to consider submitting their works on this fascinating
topic to this topical collection in our journal.

Dairy cattle production in the tropics:
a preponderant role for physiology

In the last century, dairy production strategies were based on
increased milk productions. However, these strategies have
been changing over the years and nowadays they focus not
only on productivity and but also on efficient and sustainable
milk production. Therefore, the old-fashion question of Bhow
much milk is produced^ has been replaced by Bhow milk is

Fig. 1 Contrasting dairy production systems in tropical regions. a Hand
milking of an N’Dama cow in the Cacheu Region in Northern Guinea-
Bissau, West Africa. b Intensive goat milk production in the subtropical
archipelago of the Canary Islands (Spain). c High-production dairy farm
using Holstein and Jersey genotypes in the island of Puerto Rico in the

Caribbean. d Cooling devices used to reduce heat stress in an intensive
dairy farm on the island of Puerto Rico in the Caribbean. All photos by
AM Almeida with the exception of c and d, courtesy of Prof. Guillermo
Ortiz-Colon (University of Puerto Rico)
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produced.^ This new question involves aspects such as the use
of more sustainable feed resources, animal health and welfare,
milk quality, and the impact of animal production activities on
the environment. In the next 50 years, dairy producers in the
tropics will need to deal with the above-mentioned aspects in a
world where the population will continuously grow, arable
land will decrease, and climate conditions will be more ad-
verse for both crops and dairy cows (Britt et al. 2018).
Therefore, the selection and use of dairy breeds adaptable to
specific tropical regions and improvements in quality and di-
gestibility of diverse crops tolerant to droughts and high tem-
peratures will be essential in the coming years for dairy pro-
duction in the tropics. Selection for environmental-related
traits will contribute for instance to select cows based onmeth-
ane emissions, tolerance for heat stress, and/or adaptability to
the seasonal scarcity of pasture. On the other hand, selection
for health-related traits will contribute to breeding cows more
tolerant of metabolic diseases and with an improved immune
condition. These traits will be of special interest during the
transition period when dairy cows are more susceptible to
metabolic disorders (i.e., hypocalcemia) and infectious dis-
eases (i.e., mastitis) (Hernandez-Castellano et al. 2017;
Ingvartsen 2006). Similarly, the use of crops tolerant to
droughts or high temperatures (i.e., teff, saltbush, seaweeds)
as well as novel by-products (i.e., tomato or banana fruit
waste) needs to be investigated with special focus on soil
contamination, rumen degradability, ruminal methane produc-
tion, energy content, and the impact on animal performance
and milk quality.

In summary and based on the described above, future re-
search on dairy cattle physiology in the tropics should focus
on (1) by-products for animal nutrition in order to save land for
human food production, (2) novel and alternative feeds resistant
to droughts and high temperatures, (3) methane emissions, (4)
heat stress, and (5) metabolic disorders and immune status.

Water buffalo and dairy production:
the invisible species

Water buffaloes (Bubalus bubalis) are the predominant do-
mesticated ruminants in Asia and Mediterranean countries,
and it is currently spreading to Africa and South American
regions. Buffaloes are divided into two sub-species: swamp
buffalo and riverine buffalo, with a diploid chromosome of 48
and 50, respectively (Deb et al. 2016). Swamp buffaloes are
mainly raised in Asia, particularly in China, Myanmar,
Philippines, Vietnam, Indonesia, Lao PDR, and Thailand,
serving as a draft, transportation, and meat, and providing
manure and by-products (hide, hoof) (Chantalakhana 1990).
Riverine buffaloes are farmed in South Asia, such as India,
Pakistan, Nepal, and Bangladesh, and in the Mediterranean,

such as Italy, Bulgaria, Romania, or Greece, producing meat
and milk products especially mozzarella cheese and yogurt.

Presently, more than 97% of the world’s population of buf-
faloes is in Asia. Although, there has been a dramatic decrease
in buffalo populations in some countries, farm management,
breeding, nutrition, and feeding as well as governmental pol-
icies have been implemented to promote their development
and production.

As described, buffaloes are efficient utilizers of roughages
especially the poor-quality forages and agricultural crop resi-
dues (Wanapat and Rowlinson 2007; Devendra 2007). Rumen
ecology of buffaloes hosting more cellulolytic bacterial popu-
lation and a higher capability of N-recycling has been addition-
ally reported (Devendra 1985; Wanapat and Rowlinson 2007).

As described above, the world population is expected to
increase sharply in the near future. Therefore, the enhance-
ment of buffalo production for both meat and milk is
necessary.

Research pertaining to efficient rumen fermentation and
rumen microbiomes and aspects of nutrition, physiology,
breeding, management, meat and milk processing, and tech-
nology, as well as production systems, are necessary for these
animals. Modern technology and well-trained animal scien-
tists will contribute to the general knowledge of buffalo pro-
duction and will ultimately provide more data in the produc-
tion efficiency scenario.

Small ruminants: the poor man’s cow

Small ruminants, mainly sheep and goats, are key species in
the tropics and the subtropics. Indeed, they are found all over
these vast regions. Typically, they are not only associated with
subsistence farming systems for milk production, but also for
meat production in all types of systems. There are however
some exceptions, particularly in semi-arid regions, where goat
and ewe milk are regularly used in the local population’s diets.
In such areas, standard bovine milk production is virtually
impossible and local cattle breeds produce minimal amounts
of milk. In such areas, goats and sheep are particularly well
adapted. Improving milk production from small dairy rumi-
nants is a major objective for the next 20 years, and it will
require important inputs from animal science. One of the most
important challenges in small ruminant dairy production is
related to increased milk output. Indeed, most small ruminant
breeds have low milk yields, particularly in extensive man-
agement systems. Increasing milk production from these spe-
cies would require a combination of different research areas.
For instance, breeding studies should be performed on those
breeds that are endemic to temperate climates in order to in-
crease milk production in the tropics, similarly to what was
done with the Alpine or the Saanen breeds (Haenlein 1996;
Pulina et al. 2018). In addition, tropical sheep and goat breeds
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have a unique adaptation to tropical climates and tropical feed
resources. Therefore, novel feed and fodder sources need to be
investigated in order to complement extensive pasture-based
systems and increased milk production in these regions. This
subject has been extensively reviewed (Halmemies-Beauchet-
Filleau et al. 2018). Examples include for instance the use of
cactus (Catunda et al. 2016), among many others.

Seasonal weight loss (SWL) is another important issue in
the tropics. Indeed, ruminant production in these regions is
heavily dependent on natural pastures. During the dry season,
pasture availability and quality decrease significantly and an-
imals may decrease in body weight (BW) by 30% which has
important consequences on animal performance and health.
We have demonstrated such effects in West Africa (de
Almeida and Cardoso 2008), Southern Africa (Almeida
et al. 2006; Almeida et al. 2007), or the Canary Islands
(Lérias et al. 2013, 2015). This problem may be solved by
the use of supplementation. In general terms, this is however
difficult to do in tropical countries due to the high costs and
poor infrastructure. It is therefore important to use animals that
have a natural ability to cope with seasonal weight loss. Local
breeds such as Damara (Almeida 2011) and Barbados
Blackbelly (De Almeida 2018) sheep or Majorera dairy goats
(Lérias et al. 2013) have adapted over the years to areas with
seasonal variation of pastures. Research on the molecular de-
terminants of such traits using proteomics (Hernández-
Castellano et al. 2016; Cugno et al. 2016; Ferreira et al.
2017; Miller et al. 2019a, b) and metabolomics (Palma et al.
2016a, b, 2017) is bringing novel insights, contributing to-
wards the establishment of novel selection markers of toler-
ance to seasonal weight loss.

Camelids: desert dairy

The Arabian camel (Camelus dromedarius) is a unique spe-
cies that can be a better provider of meat and milk in desert
areas compared with other farm animals, which are severely
affected by heat stress and scarcity of feed and water. Camels
are essential in Saudi Arabia agricultural production systems.
Some of the research areas performed in camels are related for
instance to the improvement of camel reproduction. Camels
are characterized by seasonal reproductive activity. Current
research is addressed to shorten focus on the reduction of the
calving interval and to improve the reproductive performance
of camels through manipulation of the photoperiod using mel-
atonin administration. The use of assisted reproductive tech-
niques has been recently used in camel reproduction such as
estrous synchronization, in vitro fertilization, embryo transfer,
and cloning. In this way, genetics, genomics, and proteomics
have played an essential role in the determination of camel
pedigree. Genomics has also been used for the interpretation
of the molecular mechanisms controlling camel adaptability to

arid and severe harsh environmental conditions. Current re-
search should focus on the use of proteomics to discover new
proteins in camel biological fluids such as milk and urine.
Immunology in Camels is another interesting research area
that is expected to develop in the near future. One clear exam-
ple is the production of nanobodies in camelids. Nanobodies
are special antibodies characterized by the lack of light chains
and are exclusively composed by heavy-chain homodimer.
Due to the smaller size of these antibodies, they are able to
penetrate the typically inaccessible parts of solid tumors with
low immunogenicity. Nanobodies are also considered as a
significant tool in various therapeutic disciplines due to their
unique ability to bind or attach to other proteins and nanopar-
ticles by using noncomplex chemical treatments.

Dairy production systems: major challenges

In the tropics, there is a high diversity of dairy production
systems in terms of feeding management, the scale of produc-
tion, and dairy animal species and breeds. Milk production in
the tropics ranges from grazing systems in large cultivated
pastures to small-scale mixed farming systems and pastoralists
and agro-pastoralist dairy production systems (Moran 2005).
However, there are some continent-specific characteristics. In
Latin America, the cattle grazing system is the most important,
but in Asia almost 50% of the milk is produced by buffaloes
raised in feeding systems of crop residues and cut-and-carry.
In sub-Saharan Africa, 75% of the milk comes from cattle
grazing natural pastures. Milk from dairy cattle represents
nearly 100% of the milk produced in Latin America and
Oceania. Interestingly, dairy animals other than cattle (e.g.,
buffaloes, goats, sheep, and camels) produce respectively
39% and 26% of milk production in Asia and Africa (FAO
2018). Despite the economic importance of dairy production
systems and their major role for the household security of
millions of people, the productivity is low. According to
FAOSTAT (2018), 77% of the total number of dairy cattle in
the world are in Africa and Asia and represent 33% of the
world’s milk production whereas, in Europe and North
America, 21% of the world’s dairy cattle produce 51% of
the world’s milk production.

The challenges for the development of the dairy production
systems in tropics vary from one production system, one
country, or one continent to another but can however be clas-
sified into two main challenges intimately linked: the biotech-
nical (i.e., management of genetics, feed resources, the health,
and the reproduction) and the organizational (i.e., functional
breeding policy, market organization). Local breeds are how-
ever well adapted to such environments but produce generally
low milk outputs. However, before the introduction of exotic
highly productive breeds, the performances of the existing
local breeds should be carefully analyzed. A more pertinent
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strategy, which has been practiced with encouraging results, is
crossbreeding with highly productive exotic breeds and/or ge-
netic selection of locally adapted breeds for increased milk
production (Baur et al. 2017; Biscarini et al. 2015). The inter-
actions between the management of the feeding systems, the
health, and the reproduction (discussed in this editorial) are
also important levers to increase milk production (Rangel
et al. 2017; Rukkwamsuk 2011; van Houtert and Sykes
1999). However, it will be necessary for the development of
national and regional networks involving farmers, veteri-
naries, and governmental extension agents to transfer technol-
ogy to the agriculture sector and health and extension services.
Furthermore, there is a need for more research on the tropical
feeding systems for dairy animals and their interaction with
health and reproduction according to the production systems
for the development of management practices in close collab-
oration with extension and training services.

Reproduction and dairy science in the tropics

Dairy milk production in tropical countries plays an im-
portant economic role in the productive chain of small-
and medium-scale farmers. However, there are several
challenges that these producers must face in order to im-
prove the productive and reproductive efficiency of the
herd. One of the most important factors is the nutrition
of the dairy cow that inhabits an elevated environmental
temperature, solar radiation, and high humidity.

It is well known that tropical pastures are of lower
nutritional quality compared with those in developed
temperate climates. These pastures contain less leaves,
which decreases protein intake and digestible energy,
and in turn compromises the performance of the dairy
cow, especially in milk production and reproduction ef-
ficiency (Ørskov 2005). Therefore, it will be necessary
to improve the nutritional value by the incorporation of
legumes or high-quality pasture adapted to this environ-
mental condition or supplementation in a specific time
of the year to increase milk production and preserve
reproductive efficiency.

Tropical dairy cows under thermal stress conditions com-
promise reproductive efficiency affecting fertilization rate and
embryo development with a significant decrease in conception
rate (Hansen 2007). Estrous behavior is often compromised
during summer, increasing the rate of undetected estrous
events up to 80%. Genetic adaptation to heat stress has been
studied in different cattle breeds. For instance, the slick hair
gene identified in Carora cattle has been introduced in
Holsteins cows by crossbreeding (Olson et al. 2003). This
resulted in crossbreed dairy cows with lick hair that had lower
body temperatures and higher milk production than that of
purebred.

Different management strategies can improve reproductive
performance of lactating dairy cows under heat stress condi-
tions. Intensive cooling for instance can reduce heat stress that
results in increased fertility (Collier et al. 2006).

Finally, the application of some reproductive technologies
can compensate the infertility problem during heat stress con-
ditions such as the application of in vivo embryo transfer or
the production of in vitro embryos with growth factors that
improve fertility (Hansen 2007).

Dairy animal health in the tropics: major
concerns

As with dairy farming in all parts of the world, increased
dairy outputs require improved efficiencies, increased ag-
ricultural intensification, and associated changes in land
use (McMahon et al. 2015). This in turn requires consid-
eration of environmental factors to address increased risk
factors for the enhanced evolvement and interaction of
bacterial pathogens, including transmission, routes of ex-
posure, detect ion, management, and prevention.
Management solutions require interdisciplinary ap-
proaches and review of local bio-system complexity, as
disease dynamics are complex, and in response to multi-
ple drivers (Perry et al. 2013). Pandemic bacterial diseases
c a u s e d b y p a t h o g e n i c s p e c i e s o f B r u c e l l a ,
Mycobacterium, and Leptospira continue to dominate
dairy producing animals and require education and man-
agement to reduce carriage and transmission between an-
imals, as well as minimizing zoonotic risks via direct con-
tact with infected animal tissues, or indirectly via contact
with contaminated environs or food products. Modern
farming practices are linked to emerging zoonotic disease
(Jones et al. 2013). More specifically for dairy producers,
bacteria, including Gram-positives (e.g., Staphylococcus,
Streptococcus) and Gram-negatives (e.g., Escherichia and
Klebsiella), are the predominant cause of clinical mastitis
in dairy producing animals which can present as either
clinical or subclinical infections (Hernández-Castellano
et al. 2017 and Wall et al. 2016). Subclinical infections
require enhanced detection methods and implementation
of control. Adequate resources are required to educate for
awareness of a range of subclinical bacterial infections,
their transmission, and zoonotic potential. Adequate re-
sources are required to implement methods of prevention,
control, and biosecurity, appropriate for local pastoral set-
tings or semi-intensified systems. The management of
dairy animals in the tropics has the added consideration
of stress, including heat stress that may act as a signif-
icant host risk factor in susceptibility to bacterial infec-
tion and transmission.
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Dairy animal health in the tropics:
epidemiology and emerging diseases

Animal health is crucial for the productivity of dairy animals.
The spectrum of diseases is however often different in the tro-
pics, for many reasons. While intensive dairy is evolving in
many countries, dairy production is still characterized by
small-scale farms with low inputs and low outputs, which re-
duces the risk of many production-related diseases. The low
input systems are not only in terms of quantity but may also
be in terms of quality. Feed is often containing different by-
products which may be low in nutrients, possibly resulting in
nutrient deficiencies in the dairy animals. Both feed and water
are limited resources in many settings, and in addition to these,
they may be contaminated by both biological and chemical
hazards, including mycotoxins, heavy metals, pathogens, and
antimicrobials, either intentionally added or in the form of res-
idues, and these contaminants can all contribute to diseases, in
addition to the promotion of antimicrobial resistance.

Dairy farms in the tropics also often have a low level of
biosecurity, limited possibilities for isolations, and frequently
limited training and knowledge about disease prevention,
which render them more vulnerable for infectious diseases. In
addition, the tropical climate is often beneficial for the trans-
mission of a number of infectious diseases that are not as easily
spread in temperate climates, including a number of vector-
borne diseases such as the important diseases East Coast fever
and Nagana (African animal trypanosomiasis), due to the de-
pendence of the vectors on climate and environment.

It is not only the climate that makes infectious diseases
relatively more important in the tropics. Many low- and
middle-income countries are also facing difficulties in effec-
tive veterinary services, enforcement of legislation, and fre-
quently an unregulated pharmaceutical industry where it may
be both easier and more economical for farmers to treat ani-
mals themselves than to consult veterinarians, which them-
selves are likely to have limited possibilities for diagnosis.
Limited resources of governments to implement vaccination
programs, limited resources of farmers to afford preventive
measures, and often limited evidence and knowledge on what
to prioritize further complicates the control of infectious dis-
eases. Economic or religious restrictions may prevent culling
to reduce the spread of diseases, and often fear of losses may
create increased animal sales in the face of disease outbreaks,
further exacerbating the problem.

Dairy animal and human health in the tropics

Milk is an important food. Therefore, dairy production is of
great importance for human health, mainly in developing
countries where milk production, processing, and selling sup-
port incomes of many poor families. In the tropics, milk is

especially important for vegetarian populations, such as in
India, where specific dairy products are the only source of
animal proteins for the population. Despite the positive nutri-
tional aspects of milk consumption, there are several health
risks for humans associated with dairy production and con-
sumption. Workers involved in dairy production are at risk of
zoonotic and other occupational diseases. For instance, con-
tact with fetal or aborted materials can cause Rift Valley fever
virus or brucellosis to these people. In addition, direct contact
to urine or feces may increase the risk of suffering leptospiro-
sis, salmonellosis, and cryptosporidiosis. Dairy consumers are
also at risk from biological, chemical, and physical hazards,
including zoonotic pathogens. Most of the health risks are
usually related to biological hazards. Potential diseases for
dairy consumers are brucellosis, salmonellosis, coxiellosis,
and campylobacteriosis among others. Chemical hazards for
dairy consumers include aflatoxins and pesticides. Antibiotics
residues are also very important as they contribute to the emer-
gence of antimicrobial resistant pathogens.

Excessive consumption of dairy products, especially prod-
ucts high in sugar such as milk sweets or ice cream, is associ-
ated with overweight and obesity, which in turn is associated
with a range of diseases. This is an increasing problem in many
low- and middle-income countries, and this problem is related
to urbanization, raised incomes, and globalization. On the other
hand, the increasing problem of allergies and autoimmune dis-
ease is reduced by exposure to farms and dairy cattle.

The dairy sector and the environment:
emissions, pollution, and sustainability

Greenhouse gas (GHG) emissions are the main cause of glob-
al climate change, namely global warming. A total of 14.5%
of these total GHG emissions was estimated to originate from
the livestock sector (Gerber et al. 2013), and the global dairy
sector contributes roughly 4.0% to the total global anthropo-
genic GHG emissions (FAO 2010). A report from FAO (FAO
2010) provides estimates of GHG emissions associated with
milk production and processing for main regions and farming
systems of the world. This report stressed the fact that GHG
emissions expressed per kilogram of fat- and protein-corrected
milk (FPCM) vary significantly between regions with the
highest found in sub-Saharan Africa, North Africa, and the
Near East with an average of 3.7 to 7.5 kg CO2-eq. per kilo-
gram FPCM (FAO 2010). Furthermore, GHG emissions rely
also on the production system with higher emissions observed
in grazing systems than in mixed systems (FAO 2010).
Methane is the main contributor (50%) to GHG emissions in
the dairy sector, followed by nitrous oxide that contributes in
27–38% depending on the region, and finally carbon dioxide
that contributes in 10 to 20%. It is of note that the contribution
of N2O is higher in developing countries than in developed
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countries, while the opposite occurs regarding CO2 (FAO
2010). The main source of methane in the dairy sector is the
enteric fermentation, while N2O emissions originate mainly
from the application of manure and chemical fertilizers to
crops or grassland and from the deposition of manure and
urine on pasture crops. Storage and handling of manure can
also be a significant source of both N2O and CH4.

Dairy production contributes to global warming but dairy is
also affected itself by climate changes at different steps of
production, with heat stress becoming one of the main limita-
tions with direct impact on milk production and GHG
emissions. Given the fact that the demand for livestock
products, namely dairy products, will increase over coming
years, it is fundamental to support the implementation of
technical solutions for mitigation of GHG emissions.
Technological options for the mitigation of GHG emissions
from livestock were reviewed by Steinfeld et al. (2006) and
Reid et al. (2004) who summarize solutions to graze livestock
from the tropics.

Relative to CO2 emissions, some solutions were proposed
to enhance carbon sequestration in Africa, namely conversion
of cropland to grassland and decreasing grazing intensity
(Thornton et al. 2009). However, efforts have to be focused
on the reduction of methane and nitrous oxide emissions.
Indeed, CH4 and N2O emissions have a warming potential
of 21 and 310 CO2-equivalent over a 100-year time period
(UNFCCC 2014). The most obvious solution to reducing
methane emissions is to reduce livestock numbers but such a
measure will have a strong impact not only on the economy
but also on social and cultural sectors. There will be an in-
crease in livestock numbers in sub-Saharan Africa with a po-
tential increase of 40% of methane emissions from domesti-
cated ruminants until 2030. Several strategies exist to mitigate
enteric fermentation, namely an increase of dietary fat content
or the use of feed supplements (Rojas-Downing et al. 2017). A
decrease of 4–5% of CH4 emissions can be achieved by in-
creasing 1% dietary fat (Beauchemin et al. 2008; Martin et al.
2010). The control of N2O emissions is more complex even if
efficient solutions are proposed to reduce emissions from pas-
ture by using nitrification inhibitors (Ledgard et al. 2014) or
by improving manure management (Chadwick et al. 2011).

Conclusions

Dairy production in the tropics is perhaps one of the most
challenging subjects within world agriculture and animal pro-
duction. Indeed, the challenges presented are immense and
include complex and interconnected factors such as heat stress
and different physiology of tropical animals, unavailability of
high-quality fodders and feedstuffs, unique species such as
water buffalo or camel, poorly-studied diseases, and deficient
health status and policies. Solving all these problems is a

complex task that must involve all the players in the field:
scientists, extension officers, policy makers, and of course
farmers and consumers. Tropical Animal Health and
Production, as the leading journal in animal production spe-
cifically dedicated to the tropics, has always dedicated special
attention to ruminant production, particularly dairy. Indeed,
our journal receives and publishes high-quality research from
all over the tropical regions. Many are dedicated to milk and
dairy production. With the inauguration of this novel topical
collection BDairy Science and Health in the Tropics,^ we fur-
ther reinforce this key area. We hope that our modest contri-
bution will help in such effort.
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