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Sustainable Development, Intensification, 
and the Role of Camels in Food Security in 

Arid and Semiarid Regions
The growing population of  the world is projected to 

reach 9.7 billion by the year 2050. Food and water security 
are among the priorities of  the 21st century that cannot 
be achieved without sustainable and intensive agricultural 

production. Intensification of  both crop and livestock pro-
duction started some decades ago and resulted in the so-called 
“green revolution” in crop production and in the expansion 
of  livestock production – the “livestock revolution” (Gilbert 
et  al., 2021). Recently, the international community set out 
17 “sustainable development goals” (SDGs) to ensure devel-
opment of  the world as a whole in the coming years. Among 
those, SDG-2 aims to “end hunger, achieve food security 
and improved nutrition and promote sustainable agricul-
ture” through determining targets and indicators (Gil et al., 
2019). One of  these targets is to double agricultural prod-
uctivity of  small-scale farms. In parallel with intensification, 
we also have to consider the effect of  climate change on the 
environment and on agricultural production. We can expect 
profound changes in the sustainability of  various livestock 
systems mainly in the grazing/pastoral and in the mixed crop-
livestock production systems due to decreased forage quantity 
and quality, increased heat stress, and animal health problems 
(Nardone et al., 2010). Although, the intensification of  live-
stock production is necessary and essential to reach SDG tar-
gets, it also has some risks and unwanted effects that should 
be mitigated. These are the emergence of  zoonotic diseases, 
the concentration of  livestock in peri-urban areas, environ-
mental degradation, and the spread of  antimicrobial resist-
ance (Gilbert et al., 2021).

The number of camels has been continuously increasing in 
the last few decades and has reached approximately 40 mil-
lion head of Bactrian and dromedary camels and this number 
is expected to increase to above 60 million in 25-years’ time 
(Faye, 2020). In parallel with the number of animals, the 
world’s annual camel milk production has also increased from 
0.63 million tonnes in 1961 to 3.15 million tonnes in 2020 
(FAO, 2020; https://www.fao.org/faostat/en/#data/QCL); this 
is a 5-fold increase over the 60-yr period. With this quantity, 
camels are the fifth most important dairy animals, following 
cattle, water buffalo, goat, and sheep (Faye and Konuspayeva, 
2012). However, until recently, camel milk had been produced 
exclusively by hand milking in traditional, extensive nomadic, 
or semiintensive farming systems, and such production could 
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Implications

•	 Dromedaries can be integrated efficiently into an inten-
sive production environment.

•	 Intensive camel milk production requires a significant 
initial investment, however, it also offers a number of 
advantages.

•	 A Herd Health Management program and compliance 
with statutory requirements guaranty the production 
of good quality and safe raw camel milk from “happy 
and healthy” animals.

•	 No undesired effects associated with intensification 
such as the emergence of zoonotic diseases and anti-
biotic resistance were detected.

•	 Assisted reproductive technologies are important to 
enhance the efficiency of a selective breeding program.
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not maintain constant quantity and quality of raw milk for 
urban markets (Abeiderrahmane, 2005). In addition, most of 
the production had been consumed locally, without any quality 
control or further processing, and, therefore, camel milk has 
not yet been widely integrated into national and international 
markets (Faye et  al., 2014). Moreover, camels were regarded 
mainly as pack or racing animals by many people including the 
general public, scientists, funding agencies, and policy makers. 
As a result, hardly any efforts have been made to intensify milk 
production and improve production traits in dromedaries.

This situation is likely to change and the intensification of 
camel farming is expected to take place in the coming decades 
for several reasons. In addition to the growing world popula-
tion and increased demand for products of animal origin in 
general, the public awareness of camel milk and meat is also 
increasing. At the same time agricultural practices will be af-
fected by decreasing water resources and land desertification 
as a result of climate change allowing livestock species well 
adapted to arid environments to gain more space (Nardone 
et al., 2010; Kagunyu and Wanjohi, 2014; Gilbert el al., 2021). 
The first steps of intensification of the camel dairy industry 
started 15 to 20 yr ago (Nagy and Juhász, 2016). Machine 
milking has been introduced in several traditional camel 
keeping countries like Tunisia, Saudi Arabia, and the United 
Arab Emirates (Wernery et  al., 2004; Hammadi et  al., 2010; 
Ayadi et al., 2013). Small-scale farms in Australia, Europe, and 
the United States have also started using milking machines 
for dromedaries. The world’s first large-scale camel dairy farm 
(Emirates Industry for Camel Milk and Products, EICMP) 
with processing and distribution facilities has also been estab-
lished during this period (Juhasz and Nagy, 2012a; Nagy et al., 
2013b). The aim of the project was to develop a biologically, 
environmentally, and financially sustainable, intensive camel 
milk production system and to meet the quantity and quality 
requirements of the market. It is evident that these goals could 
not be achieved without systematic research and development, 
including all aspects of camel behavior, nutrition, lactation 
physiology, reproduction, husbandry, and management, taking 
into account the special characteristics and requirements of 
this unique species.

The aim of this paper is to review our experience on the 
present status and challenges related to the intensification 
of camel farming. The large pool of animals at EICMP and 
Camel Reproduction Centers (CRC) together with the solid 
data generated by the operations have provided an unprece-
dented opportunity for developing, monitoring, and improving 
an intensive camel milk production system for dromedaries. 
Here, we focus mainly on animal health, welfare, and manage-
ment as well as on assisted reproduction.

Milk Production Potential of Dromedaries
Earlier, the production potential of dromedaries was 

evaluated by hand-milking, with results showing great vari-
ability that were difficult to compare. This was partly due to 
the fact that authors used various measurement procedures 

and estimation for milk production, such as the calf  suckling 
method, hand milking of two or four quarters, and the milk 
oxytocin technique (Simpkin and Rowlinson, 1998; Jemmali 
et al., 2016). Frequently, the estimated quantity of milk con-
sumed by the calf  was also added to the daily yield. Moreover, 
milk production has been expressed in different units such as 
daily or weekly average, daily maximum, total lactation or 
305-day production, or herd average. Therefore, individual 
total production was reported ranging from 1,000 to 12,000 
liters during an 8 to 18 months’ lactation period with signifi-
cant variations between geographical regions (Africa vs. Asia) 
and daily maximum production reached as high as 35 to 40 
liters (Faye, 2008). Recently, several detailed studies were con-
ducted on the milk yield of dromedaries in various countries 
and a standardized milk recording method was proposed 
(Boujenane, 2020). Musaad et al. (2013) reported a lactation 
average of 2,220 ± 925 liters during a 12.5 mo lactation period 
in mixed breed dromedaries (n = 47) in Saudi Arabia. In con-
trast, the production potential of Maghrebi camels (n = 10) in 
Egypt was lower, with an average production of 1612 ± 710 li-
ters during 353 ± 152 d lactation period (Abdalla et al., 2015). 
The total milk yield of Tunisian camels in one study (n = 8) was 
an average 2,642 ± 523 liters for 390 d of lactation (Jemmali 
et al., 2016), while in another study (n = 95) it was 1,388 ± 575 
liters for 11 mo of lactation (Chamekh et al., 2020). At EICMP 
in the UAE, the mean total production was 3,152 ± 73.5 kg for 
an average lactation period of 585 ± 11.0 d in 385 machine-
milked dromedaries and the daily maximum rarely exceeded 
25 kg. The lactation curve showed a high persistency (>93%), 
with peak production during the 4th month after parturition, 
after which mean yield declined gradually reaching 50% of the 
maximum by the 16th month postpartum (Nagy and Juhasz, 
2016). Total milk yield is influenced by several factors such as 
breed, lactation length, parity, calving season, year, milking 
frequency, milking method, photoperiod, production system, 
and pregnancy (Nagy and Juhász, 2016, Boujenane, 2020).

Advantages and Disadvantages of 
Intensification of Camel Milk Production
Although most camels are kept in developing countries 

under pastoral, extensive, or semiintensive systems, well-
planned intensification might potentially help the further 
development of the species and its integration into the food 
production chain (Faye et  al., 2014; Faye, 2020). Some may 
look at intensive farming as an unnatural and harmful envir-
onment for dromedaries that restricts the free movement of the 
animals and the expression of typical behavior. Such people 
tend to focus mainly on its real or assumed negative aspects. 
Indeed, intensive camel milk production requires a significant 
initial investment to build the proper infrastructure for a suf-
ficient number of animals with enough paddock space and a 
regular and reliable feed supply and continuous water source 
as well as well-trained professionals and veterinary service to 
tend the animals. It would also need to include a milking fa-
cility unit with cooling system and a sufficient milk storage area 
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both having a continuous electricity supply. Also, producers 
must have reliable access to markets to be able to sell the milk. 
Unfortunately, today these requirements are difficult to meet in 
most places where camels are kept naturally. In addition, inten-
sive production has a substantial environmental impact com-
pared to pasture-based systems, therefore manure management 
must also be taken into consideration. The concentration of 
animals and husbandry practices could lead to the increased 
emergence of noninfectious and infectious diseases and anti-
microbial resistance (Gilbert el al., 2021). On the other hand, 
if  the above conditions are available, intensive production can 
offer a number of advantages. Primarily, it allows the efficient 
and cost-effective production of high quality, raw camel milk 
that is suitable for further processing and meets the quality re-
quirements of the consumers of the 21st century. At the same 
time, such a production also ensures that the animal health 
and animal welfare requirements of the species are met. This is 
achieved by adhering to national and international guidelines, 
statutory requirements, and standards.

One of the main advantages of modern and intensified 
animal production is that it is well regulated. In response to 
the 1965 UK Government report on livestock husbandry, 
the UK Farm Animal Welfare Council published its recom-
mendations in a press release in 1979 that became known as 
the Five Freedoms of animal welfare (FAWC, 1979). These re-
commendations have been adopted by professional groups and 
international organizations (i.e., FAO, OAI) and integrated 
into their standards. Today, food safety control measures at 
farm level are typically described by best practice techniques 
such as good farming practices (GFP) and good veterinary 
practices (GVP). The role and responsibilities of international 
organizations such as the Codex Alimentarius Commission 
(CAC), World Organization of Animal Health (OAI), and 
Food and Agriculture Organization (FAO) are to set standards 
and give recommendations on various aspects of agricultural 
production (FAO – farming practices; OAI – animal health; 
CAC – food safety). These standards have been integrated 
by the International Organization for Standardization (ISO) 
into a comprehensive food safety management system (FSMS) 
that can be applied voluntarily at farm level (ISO22000: 2018). 
However, before such a FSMS is implemented, so-called pre-
requisite programs (PRPs) need to be established. The cur-
rently existing PRPs on food safety of farming are detailed in 
a separate standard (ISO/TS 22002-3:2011). This comprehen-
sive document details all the general requirements of farming 
including the location, construction and layout of premises, 
equipment suitability and maintenance, personal hygiene, 
management of procurements, on-farm storage and transport, 
cleaning, waste management, pest control, and the use of un-
safe products. In addition, it also contains specific requirements 
for animal production such as feeding and watering, identifica-
tion and movement of animals, health monitoring, handling 
of sick and dead animals, the use of veterinary drugs, milking, 
and slaughter. Most of these requirements would be difficult to 
meet in a pastoral, extensive production system. However, any 
milk producing establishment complying with local/national 

statutory requirements and the above standards is able to pro-
duce safe milk for human consumption and, at the same time, 
fulfil the needs of the animals. EICMP has been successfully 
running an ISO FSMS since 2009.

Physiological and Behavioral 
Characteristics of Dromedaries That 

Should be Taken Into Account for Intensive 
Production and the Development of the 

Infrastructure
It is widely documented that camels are well adapted to arid 

to semiarid conditions and harsh environment. Their upper 
limit of the so-called thermoneutral zone is approximately 
40  °C and healthy animals are not sensitive to “heat stress” 
under normal watering conditions. Camels minimize water 
losses with various physiological mechanisms such as adap-
tive hyperthermia in dehydrated camels, brain cooling, nasal 
heat exchange, decreased and concentrated urine excretion, 
way of urination, and dry feces; they have high tolerance to 
dehydration and can rehydrate rapidly after prolonged water 
deprivation (Wilson, 1989; Hoter et  al., 2019). However, we 
have to emphasize that in properly watered animals – that is 
a prerequisite in a camel dairy – body temperature changes 
within narrow limits between approximately 36 °C and 38 °C. 
Therefore, elevated body temperature above 38.5  °C is not a 
sign of adaptive hyperthermia and not physiological, rather 
it is a sign of disease and requires veterinary attention. The 
daily water requirement of camels is very low, it was calcu-
lated by Schmidt-Nielsen et  al. (1956) to be 4.9 liters/100 kg 
body weight (bw). Based on this calculation we estimated the 
daily water requirement of a 620 kg lactating dromedary giving 
7.2  kg of milk/day to be approximately 37 liters, while the 
actual consumption was 45.6 liters of water a day (P. Nagy and 
J. Juhasz, personal communication). In addition, camels have 
an efficient feed conversion, therefore the requirement of dry 
matter intake for maintenance is approximately 1% of bw, but 
a 620 kg lactating dromedary requires approximately 2% of bw 
dry matter intake daily for the above-mentioned daily milk pro-
duction. However, under natural conditions camels spend a sig-
nificant amount of time grazing, browsing, and searching for 
feed in the desert which is not the case under intensive farming 
conditions (Iqbal and Khan, 2001).

The natural and typical behavior of the species should be 
taken into account when developing and managing an inten-
sive production system. Camels are social, calm, and peaceful 
herd animals that have a strong bond within the group and also 
with their offspring. The physical and visual contact with the 
calf  is vital to maintain milk production, therefore, weaning 
the calf  (complete physical separation) occurs at a much later 
stage (7 to 12 mo). Frequently, camels have a reputation as 
being aggressive and bad-tempered, and as being difficult and 
dangerous to handle. However, if  trained and handled properly 
camels can become companion animals attached to their care-
takers and they can equally adapt to a nonpersonal, large-scale 
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husbandry system. This is due to the supposed aptitude, high 
cognitive function, sophisticated mental capacity, and learning 
ability of the species. This statement is based on our personal 
experience and is not supported by actual research data in this 
species. However, cognitive capacity in other livestock species 
has been already demonstrated and is a new area of research 
for animal welfare and for improving livestock management 
(Nawroth et al., 2019).

All the above parameters should be considered when 
developing the premises of an intensive farm. The infra-
structure of camel husbandry can be rather simple under the 
climatic conditions of the UAE and most camel keeping coun-
tries. Although dromedaries should be kept in spacious pad-
docks with shades, they do not require any cooling technology 
even during the summer period as opposed to dairy cows in the 
same environment. We calculate approximately 50 m2 paddock 
space for a lactating dromedary of which approximately 30% 
(15 m2) is shaded (Figure 1). These dimensions provide suffi-
cient individual space within the herd and larger paddocks, es-
pecially as larger shaded areas would not be utilized efficiently 
by the group. Water is available constantly, but temperature 
control is not necessary. However, it is important to provide suf-
ficient feeding space for all animals in the group to feed at the 
same time. Therefore, we calculate approximately 80 to 100 cm 
feeding space per animal to avoid competition and fighting. 
The paddocks of the calves are located adjacent to that of their 
dams to allow contact, but prevent free suckling of the calves 
(Figure 1). For mass treatment and handling of the animals, 
treatment areas (or so-called catching areas) are installed in 
most paddocks that allow herding, selecting, separating, and 
individually treating the camels. Compared to pastoral systems 

where camels are allowed to roam freely, intensive production 
significantly restricts the movement of animals. In order to 
mitigate the suspected negative effect of this confinement, at 
EICMP we have developed exercise facilities, namely walking 
tracks, where dromedaries have daily controlled exercise for ap-
proximately 1 h (Figure 2). A horse walker was also installed 
for the male dromedaries allowing them to exercise separately.

The construction of an efficient and ergonomic milking 
parlor is crucial for the operation of an intensive camel dairy. 
Depending on the available resources, various designs can be 
used ranging from a simple setting to a state-of-the art facility 
(with identification, milk recording, and milk testing incorpor-
ated into a farm management software). However, irrespective 
of the available technology, the milking stand should be safe 
and comfortable for both animals and people. Milkers should 
have easy access to the udder and the flooring of the parlor 
should be nonslippery to avoid injury of the animals (Figure 3). 
It is a typical defensive behavior of camels to sit down if  there 
is no other way to escape from a difficult situation, so the de-
sign of the parlor should support the effective handling in such 
an emergency situation. The walkways should also be planned 
well in order to allow the fast and safe movement of the various 
groups to and from the milking parlor.

Animal and Public Health Aspects of 
Intensive Camel Milk Production

The underlying concept of our intensive production system 
is that only “happy and healthy” camels are able to produce 
good quality milk close to the maximum of their genetic po-
tential. In order to reach this aim, a comprehensive so-called 

Figure 1. Lactating dromedaries in spacious paddock under shade and their calves in adjacent paddock.
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Herd Health Management program has been implemented and 
is in practice at EICMP. This program has three main elem-
ents which include an animal health and biosecurity program, 
an animal welfare or well-being program, and a breeding and 
reproductive management program. These elements are not in-
dependent of each other, rather they are very much interlinked 
sometimes are overlapping, and could not be managed success-
fully on their own without the other elements. For example, 
whilst it is easy to understand that the good, healthy condition 
of pregnant camels cannot be guaranteed without proper re-
productive management and animal welfare activities, it is also 
the case that any diseases in dromedary herds compromise their 
welfare.

The Animal Health and Biosecurity programs ensure that 
most camels remain healthy at any given time, the occurrence 

of new diseases is prevented and sick animals are recognized 
quickly, and treated efficiently. In a large-scale system, the em-
phasis is more on prevention rather than on treatment, but 
looking after individual animals is still an important part of 
the veterinary service. The Bio-security program is designed 
to prevent and control any bio-security hazard from entering 
the premises and spreading on the farm in order to protect the 
health status of not only the animals, but also of the people. It 
consists of controlled movement of animals, including quar-
antine procedures, separation of sick animals, handling of car-
casses, cleaning, disinfection, and sanitation of various places 
on the farm, pest control (rodents, insects, birds), training and 
healthcare for staff, and the control of movement of people, 
including visitors and vehicles, into and out of the premises. The 
Animal health program focuses on three major areas: on infec-
tious disease control, on milking hygiene and mastitis control, 
and on general animal health which also includes multifactorial 
or noninfectious diseases and ecto-parasite control. The OAI 
Terrestrial Animal Health Code (OAI, 2021) describes several 
so-called outcome-based or animal-based criteria in various 
livestock species that are useful indicators of animal welfare 
(and animal health). Dromedaries are not mentioned specific-
ally, but the criteria for dairy cattle can be applied to this spe-
cies as well. These measurable criteria are suitable to monitor 
and evaluate the efficiency of the Herd Health Management 
program and include parameters such as morbidity rate, mor-
tality and culling rates, body condition and milk yield, physical 
appearance, reproductive parameters, behavior and handling 
response, and complications from common procedures. Since 
the beginning of the operation at EICMP, most of the above-
mentioned criteria have been systematically recorded. In 

Figure 2. Dromedaries and their calves on the walking track during their daily exercise.

Figure 3. Dromedaries being milked by trained staff  in a herringbone milking 
parlour.



40 Animal Frontiers

addition, in the FSMS so-called “measurable food safety ob-
jectives” which focus on animal and public health aspects have 
been determined. The two, animal health related objectives 
are 1) to keep the occurrence of new clinical mastitis cases per 
month below 5% and 2)  to reduce the less than 1-yr-old calf  
mortality rate below 10%. Public health related objectives in-
clude bulk milk total viable (TVC) and Coliform counts (CC) 
below 10,000 cf/ml and 10 cf/ml, respectively, and the milk free 
from antibiotic residues.

It is not possible in this manuscript to go into detail for 
all animal health topics but two of the most important ones 
such as the Brucella monitoring and the mastitis control 
programs will be discussed. It is well known that Brucellosis, 
mainly caused by Brucella melitensis bacteria, is the most 
important zoonotic infectious disease of dromedaries and 
in certain countries, the seroprevalence can reach as high as 
40% (Wernery, 2016). High seropositivity (30%) was also de-
tected in some newly arrived animals at EICMP. Therefore, in 
addition to strict quarantine procedures, a stringent Brucella 
monitoring program for the entire herd has been developed 
at EICMP that comprises frequent on-site and off-site sero-
logical screening with Rose Bengal test (RBT) and milk ring 
test (MRT). In case of a positive reaction, confirmatory labora-
tory tests are carried out in the nearby veterinary laboratory 
according to OAI guidelines in order to exclude false positive 
animals. Although, over the years there have been sporadic, in-
dividual cases of Brucellosis, only one confirmed abortion was 
detected and the seroprevalence of the herd remained below 
0.1% (Juhász et al., 2019). Epidemiological investigations have 
also been conducted by comparing the genotypes of the dif-
ferent isolates. Disappointingly, no link between the different 
strains was found, and the source of infections could not be 
determined (Gyuranecz et al., 2016). It should be emphasized 
that with strict quarantine procedures and testing, the infec-
tion can be effectively prevented from spreading into the main 
production herd.

As in other species, mastitis is an important and frequent 
disease in machine milked dromedaries that require continuous 
monitoring and control. Therefore, a milking hygiene and mas-
titis control program has been implemented at EICMP. This pro-
gram includes regular milking parlor maintenance, continuous 
staff  training on milking routines, pest control, daily testing 
of bulk milk quality, and the regular sampling of all lactating 
animals at monthly intervals. Milk samples are processed in 
the in-house laboratory to determine bulk milk TVC and CC 
and to diagnose animals infected with mastitis pathogenic bac-
teria. Animals affected with pathogens without clinical signs of 
mastitis are considered to have subclinical mastitis (Juhász and 
Nagy, 2012b). In the camel herd, the most important obligate 
and facultative pathogens are Streptococcus agalactiae, Alpha 
hemolytic streptococci, Streptococcus bovis, Coagulase-negative 
staphylococci, Escherichia coli, Klebsiella pneumonia, and 
Streptococcus equi subsp. zooepidemicus (Juhász et  al., 2008). 
The distribution of these bacteria is, however, constantly chan-
ging. In cases of both clinical and subclinical mastitis, dromed-
aries are treated with intramammary and parenteral antibiotics 

using well defined treatment protocols, and the efficiency of all 
treatments is evaluated both clinically and microbiologically. If  
the treatment is not effective (no clinical and microbiological 
cure), the antibiotic sensitivity of the isolated bacteria is veri-
fied and the treatment is repeated accordingly. The milk is only 
collected for human consumption if  the dromedary is clinically 
healthy and the milk is free from pathogens and antibiotic res-
idues. As mentioned above, the target with this mastitis con-
trol program is to keep the incidence of clinical mastitis cases 
below 5% of the lactating animals per month. During a 12-year 
period, from 2009 to 2020 the average monthly rate of clinical 
mastitis was 2.0% although there was some fluctuation between 
different years and months. The highest and lowest incidence 
of clinical mastitis are observed in the spring from March to 
May (2.7% to 3.0%) and in the autumn from September to 
November (1.2% to 1.6%), respectively.

The most important measurable criteria to evaluate the 
health status of a livestock production system are the mortality 
and morbidity rates (OAI, 2021). At EICMP, the average an-
nual mortality rate is 2.45%, while the average morbidity rate is 
25.81%. It is important to emphasize that these figures comprise 
data not only from the production herd, but also from newly 
arrived camels in quarantine that have a higher incidence of 
diseases. The most frequent disease is clinical mastitis (29.7%), 
followed by abscess formation caused by Corynebacterium 
pseudotuberculosis (13.6%), digestive and alimentary tract 
problems (12.5%), reproductive disorders including abortions, 
perinatal mortality, postpartum problems (12.5%), and gener-
alized infections with fever (11.7%). Injuries (8.7%), lameness 
(3.5%), and respiratory tract conditions (2.2%) occur less fre-
quently and the remaining miscellaneous diseases (5.6%) in-
clude eye and ear infections, generalized oedema, tympani, foot 
cancer, neurological syndromes, camel pox, Trypanosomiasis, 
and snake bites. We also want to mention that common meta-
bolic conditions in dairy cows such as milk fever, ketosis, and 
fatty liver disease are not observed in dairy camels.

Most of the problems in calves occur when they are less 
than a year old. In this age group the overall average mortality 
rate is 13.7% in the herd at EICMP, however it has decreased 
below 10% in the last five breeding seasons. The most frequent 
causes of calf  death have been white muscle disease, various 
forms of E. coli infection, Clostridiosis, colon fecal impaction, 
and gastric ulcer. The distribution of the various diseases both 
in adults and calves is changing from year to year and these 
figures are difficult to compare due to lack of information in 
the literature. In pastoral, extensive systems most of these data 
are not recorded and the focus is mainly on infectious diseases 
(Dahiya et  al., 2016; Wernery, 2016; Salah et  al., 2019). For 
intensive production, there is only one report available in the 
literature on diseases and mortality in a camel dairy farm in 
Saudi Arabia (Agab, 2006).

A major advantage of intensive camel milk production in 
the Middle-East is the controlled use of veterinary drugs where 
no medicine can be applied without prescription and supervi-
sion by a qualified veterinarian. In addition, the return of pre-
viously treated animals to production is also strictly controlled 
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using an in-house monitoring program as the milk must be 
free from residues. Unfortunately, as most commercial veter-
inary products are not registered for use in lactating camels, 
the withdrawal periods provided by the manufacturers cannot 
be applied. According to the relevant EU legislation (Directive 
2001/82/EC) the use of nonregistered medicines is considered 
“off label” and the minimum withdrawal periods for milk and 
meat are 7 and 28 d, respectively. However, frequently camel 
milk still contains antibiotic residues 7 d after the end of the 
treatment. In one of our studies, the milk of 29% of treated 
dromedaries contained antibiotic residues 7 d posttreatment and 
the longest withdrawal period was 44 d after an intramammary 
and parenteral combination. The withdrawal periods were af-
fected by the route of administration, the disease, and also by 
the type of medicine (Juhász et al., 2015). Unfortunately, few 
available studies suggest that the withdrawal period of veter-
inary drugs in dromedary camels is considerably longer than 
what is recommended for dairy cattle (Eleman et  al., 2010; 
Jayazeri et al., 2012; Wasfi et al., 2012). Therefore, commercial 
camel dairy operations must develop their own testing proto-
cols or apply sufficiently long waiting periods in order to avoid 
antibiotic/drug contamination of raw camel milk. Drug metab-
olism and pharmacokinetics in camels, particularly in lactating 
camels, require more attention and research.

One of the unfavorable effects of the intensification in live-
stock production is the spread of antimicrobial resistance 
(Gilbert et  al., 2021). Such an antibiotic (tetracycline) resist-
ance of Streptococcus agalactiae strains isolated from camel 
mastitis cases was described already in Africa and was attrib-
uted to the uncontrolled distribution and usage of antibiotics 
to treat bacterial infections (Fischer et al., 2013). In the pro-
duction system at EICMP, a lot of effort is taken to prevent the 
development, and spread of such antibiotic resistance. First of 
all, only good quality veterinary products, from reputed manu-
facturers, are purchased through approved suppliers/traders 
that can guarantee appropriate storage and transport of medi-
cines. Antibiotics are only used if  justified by the condition of 
the animal and no growth promoters are applied for enhancing 
production. The first choice is to use a broad-spectrum anti-
biotic, alone or in combination, and targeted treatments are 
only carried out after the verification of antibiotic sensitivity 
of the pathogenic bacteria. The efficiency of treatment is al-
ways evaluated and if  there is not sufficient improvement, the 
treatment protocol is changed. In case of clinical and subclin-
ical mastitis, the recovery from infection is evaluated not only 
clinically, but also microbiologically and, if  the pathogenic bac-
teria are still present in the milk, the treatment is repeated. With 
these measures, except for a few sporadic cases of neonatal in-
fections caused by multiresistance E. coli, the development of 
antimicrobial resistance at EICMP has been prevented.

Welfare of Dromedaries in Intensive Camel 
Milk Production

Since the introduction of the Five Freedoms of animal wel-
fare in 1979 (FAWC, 1979), the well-being of livestock species 

receives more and more attention. This is partly due to pressure 
from the general public. However, the professional community 
also recognized and addressed the importance of welfare in 
livestock production. An entire section of the OAI Terrestrial 
Animal Health Code (Section 7; OAI, 2021) is dedicated to 
this subject and it provides comprehensive recommendations 
for various animal production systems. The welfare aspects 
of camel husbandry have not been focused on until recently. 
Although the management and handling of dromedaries in 
pastoral communities has been described previously (Dioli 
et al., 1992), studies that systematically assess welfare in this 
species were only published last year. However, this data was 
not collected from intensive farms, but rather from a trad-
itional camel market (Menchetti et al., 2021a, 2021b).

As mentioned earlier in this paper, the animal welfare or 
well-being program (“happy and healthy” camels) at EICMP 
has been an integral part of the Herd Health Management 
program and it is in line with OAI recommendations (OAI, 
2021). The details of “good housing” have been described 
earlier, but it is important to emphasize that daily cleaning 
of the paddocks and the environment is vital to control the 
transmission of diseases and fly infestation. In order to pro-
vide “good feeding”, a comprehensive feeding program taking 
into account the age, physiological status, production level, and 
genetic potential of the animals has been developed (Figure 4). 
The efficiency of the feeding program is evaluated by regular 
weighing of lactating animals and the body conditions scoring 
(BCS) of all age groups (Figure 5). This later procedure gives a 
great opportunity not only to verify feeding but also to have an 
overview on the general health status of the herd including skin 
condition, ectoparasites, abscesses, and nails.

The proper handling and training of animals is crucial for 
the entire operation and helps the camels cope with the chal-
lenges of intensive production. In hand milking, the milk let-
down is triggered by the suckling effect of the calf. However, in 
modern milking parlors calves are not present and camels are 
trained to release the milk by manual and/or machine stimula-
tion. If  the training is done properly, due to their good cogni-
tive capacity, dromedaries will remember and cooperate with 
all important activities for the rest of their life, such as milking, 

Figure 4. Feeding of dromedaries with a TMR (Total Mixed Ration) machine.
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reproductive examination, and exercise. Good training is based 
on the fact that dromedaries are social or herd animals with 
extensive vocal and body language communication skills. With 
proper interpretation of these behavioral signs and positive 
reinforcement, they can be quickly and efficiently trained for 
different tasks. However, there are regular or occasional pro-
cedures such as samplings (blood, milk), treatments, washing 
for ecto-parasite control, nail trimming, and delivery assistance 
when individual handling and various degrees of restraint are 
required. This may cause temporary discomfort to the animal 
but it is necessary both for the safety of the camel and staff. 
We also have to emphasize that the intensity of vocalization 
is not always in proportion with the severity of the procedure 
or the restraint. In traditional management, the movement of 
animals is frequently restricted by ropes or hobbles on the front 
and/or hind legs (Dioli, 2022). If  these ropes are too tight and 
left in place for too long, they cause deep wounds. However, in 
certain situations (like group mating of maiden females, calf  
rejection by delivered camels; Hamadi et  al., 2021) the tem-
porary and controlled use of hobbles can be beneficial and pre-
vent unnecessary injuries to animals and people.

The early recognition of diseased animals both at herd and 
individual level is an important animal welfare issue. Camels 
are known to have high pain tolerance and show limited clin-
ical signs even in serious, live threatening conditions (like in-
testine torsion). Therefore, the proper and continuous training 
of staff  and the regular and frequent daily health monitoring 
routine are essential.

The Role of Assisted Reproduction in the 
Genetic Improvement of Milk Production in 

Dromedaries
The genetic progress of milk production has been slow in this 

species due to lack of proper recording, selective breeding, and 
low reproductive efficiency. The latter is due to a delay in the onset 
of puberty (usually reaching puberty at 3–4 yr of age), a short 
breeding season (November–March), a long gestation period of 
13 mo producing one calf per pregnancy, and a long period of 
lactation and calving interval. This has led to increased research 

into assisted reproductive techniques, such as embryo transfer 
and artificial insemination, to enhance reproductive efficiency, 
and increase the number of progeny per animal, per season. The 
efficiency of a genetics improvement program that includes iden-
tification and phenotypic characterization, milk data collection 
and analysis, reproductive data recording, and establishment of 
an inhouse studbook can be greatly increased by the use of as-
sisted reproductive technologies (Nagy et al., 2013a).

Embryo transfer
Under natural mating conditions camels have singleton preg-

nancies, twins are extremely rare and, if  they do go to term, they 
are generally born weak and under-developed. Embryo transfer 
therefore has several advantages as multiple progenies can be 
produced from desirable combinations of sire and dam in one 
season. Embryos can also be transported much more easily than 
live animals thereby diversifying the genetics worldwide, and 
can be stored cooled, or frozen thus preserving the genetics for 
many years. There are certain prerequisites for a successful em-
bryo transfer program, namely stimulation of the donor to pro-
duce multiple follicles and synchronization of the recipients with 
the donor. Donors can be treated hormonally with either equine 
chorionic gonadotrophin (2,000–6,000 i.u. eCG;Novormon, 
Syntex SA, Argentina), with or without porcine FSH (400 mg 
pFSH; Folltropin;Vetoquinol, QC, Canada) (McKinnon et al., 
1994; Skidmore et al., 2002, 2004). After 7–10 d the donor is 
mated and the uterus flushed, nonsurgically, 8 d after mating to 
recover the embryos (McKinnon et al., 1994; Skidmore et al., 
2002; Figure 6). Pregnancy rates of between 65% and 75% can 
be obtained when these fresh embryos are transferred into re-
cipients that have ovulated 24–48 h behind the donor. Pregnancy 
can then be diagnosed by ultrasonography from as early as day 
18–20 of gestation (Tinson and McKinnon, 1992).

Cryopreservation of embryos
In camel industries, there is often a considerable spatial and 

temporal separation of recipient and donor necessitating the 

Figure 6. Embryo collection through transcervical flushing in an embryo 
transfer program.

Figure 5. Weighing and body condition scoring of dromedaries.
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need to freeze embryos so that they can be transported and 
transferred to recipients in a different location. Attempts to 
freeze camel embryos started in the late 1990’s with the first 
successful pregnancies reported in 2004/2005 (Skidmore et al., 
2004; Nowshari et al., 2005). The principle of cryopreservation 
is to use cryoprotective agents (CPAs; e.g., permeating CPAs 
– glycerol, DMSO, and ethylene glycol, and nonpermeating 
CPAs – sucrose, glucose, and trehalose) to replace intracellular 
water from embryos and prevent the formation of ice crystals 
during the freezing and thawing process (Edgar et  al., 2009; 
Edgar and Gook, 2012; Fasano et  al., 2014). Initial studies 
used slow-freezing methods that use lower concentrations of 
CPA’s and slower freezing rates, but need specialized embryo 
freezing machines. Subsequent studies involved vitrification 
of embryos which is a simpler and quicker technique for cryo-
preservation of embryos in field conditions and, does not re-
quire the specialized equipment needed for slow cooling (Vajta, 
2000; Edgar and Gook, 2012; Fasano et al., 2014). A combin-
ation of higher concentrations of CPAs and increased cooling/
warming rates reduces ice crystal formation and thus improves 
the survival of the cells. Pregnancy rates of around 50% have 
been achieved with a specialized vitrification kit that was devel-
oped for camels (“Herrids Vitrification kit for camel embryos” 
Minitube, Germany; Skidmore et al., 2020, 2021) and although 
more work is required to fine-tune the protocols to increase 
pregnancy rates further, this kit has produced encouraging re-
sults and could lead to embryo cryopreservation being success-
fully incorporated into commercial embryos transfer programs 
for camels

Conclusion
The milk production potential of dromedaries has not been 

exploited to its full capacity until recently, despite the fact that 
camels are an important food source in arid and semiarid re-
gions. Camel milk has been produced exclusively by hand 
milking in traditional, extensive, or semiintensive farming sys-
tems, was mainly consumed locally without further processing 
and only a fraction of the production reached urban markets. 
The intensification of the camel dairy industry started 15 to 
20 yr ago but such production systems are not widespread, al-
though, it is expected to grow in the coming decades. Intensive 
camel milk production requires a significant initial investment, 
which has to include a continuous water and electricity supply, 
a regular and reliable feed source, as well as well-trained profes-
sionals and veterinary service, a processing facility, and reliable 
access to markets. Unfortunately, today these requirements are 
difficult to meet in most countries where camels are kept natur-
ally. If  the above conditions are available, dromedaries can be 
integrated efficiently into an intensive production environment. 
However, such a system requires the implementation and the 
strict execution of a Herd Health Management program and 
the compliance with statutory requirements in order to produce 
good quality and safe raw camel milk from “happy and healthy” 
animals. The experience at EICMP clearly demonstrates that 
intensive camel milk production is sustainable, a better than 
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average animal health status can be maintained and the welfare 
requirements of the animals can also be fulfilled. In addition, 
no undesired effects associated with intensification such as the 
emergence of zoonotic diseases and antibiotic resistance were 
detected. Intensification also comprises the continuous im-
provement of milk production potential of the herd through 
a selective breeding program. The efficiency of this program 
can be substantially enhanced by the intensive use of assisted 
reproductive technologies.
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