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ABSTRACT 

Most camels in the world are located in East African countries, where the arid climate limits 

livestock alternatives, but camels, which can survive a week without water, are one of the most drought-

resistant species. Consequently, pastoralists around the world, particularly in Africa, are shifting from 

cattle to camel and small ruminant production. In a changing climate scenario, camel, in particular, has a 

lot of promise for protecting poor and marginal farmers' socioeconomic standing as an alternative source 

of income. Despite its advantages over other domestic animals, the camel has received little attention, 

with the majority of attention being focused on cattle, sheep, and goats, among other things.  

Egypt has a significant deficit in red meat production and, is around 55% self-sufficient (543,000 

tons), which is met by importing from abroad, primarily beef, up to 99% of all red meat imports, with a 

total of 21.5 billion pounds, posing a significant burden on the balance of payments. In this review, the 

activities of the National Campaign for the Promotion of Camel Productivity under the intensive 

production system to reduce the gap and enhance local red meat production are being explained, 

considering the harsh conditions brought on by climate change, drought, water scarcity, and 

environmental implications. In addition, the common camel diseases and rumen microbial populations 

and its classification are taking place in the review.  
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INTRODUCTION 

Climate change has been occurring at an alarming rate over the last few decades and has begun to 

have an influence on human and natural ecosystems (IPCC, 2014). Globally, climate change represents an 

environmental, social and economic challenge. Egypt, on the other hand, produced about 0.6% of the 

world's total of 49.3 billion tons of carbon dioxide equivalent, which contributes to greenhouse gas 

emissions. The emissions from agriculture and irrigation amounted to approximately 2.57 million tons of 

carbon (1.25% of the total emissions from all sectors, Central Agency for Public Mobilization and 

Statistics, CAPMAS, 2019). Enteric fermentation (40%), manure left on pasture (16%), chemical 

fertilizers (13%), rice farms (10%), manure management (7%) and agricultural waste burning are the 

major emiters in agriculture. However, livestock was responsible for approximately two-thirds of overall 

emissions (The food and agriculture Organization of the United Nations, FAO, 2018). 

Agriculture is a major component of the Egyptian economy, contributing up to 11% of the gross 

domestic product, while the contribution of livestock production in the agriculture sector is about 36% 

(CAPMAS, 2021), which requires more efforts to develop this sector. The estimated number of livestock 

in Egypt is around 18.4 million heads, being greater for sheep by 30%, followed by cows (27%), goats 

(23%), and buffaloes (19%), while camels' number is the lowest with less than 160 thousand heads, 

representing almost 0.85% of the total livestock number (CAPMAS, 2018). Almost, 82.4% of that 

number is slaughtered annually, covering 4.04% of the meat consumption in Egypt (FAOSTATE, 2019). 

However, in comparison with sheep, cows, goats and buffaloes, only camels are represented by greater 

numbers (>51%) in the desert governorates than those in the other governorates, being greater for the Red 

Sea Governorate by 36.5% of the estimated number of camels in Egypt. 
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On the other hand, Egypt has a significant deficit of red meat production and is presently around 

55% self-sufficient, which is about 543,000 tons, while the available red meat for consumption is around 

988,000 tons (CAPMAS, 2021). The red meat shortfall is estimated to be over 445,000 tons, which is met 

by importing from abroad, primarily beef (cows, 444,399 tons), which accounts for up to 99% of all red 

meat imports with a total of 21.5 billion pounds, posing a significant burden on the balance of payments. 

To reduce the gap and enhance local red meat production, cost-effective strategies must be developed, 

considering the harsh conditions brought by climate change, drought, water scarcity and environmental 

implications. 

The importance of camels, in view of the climatic change, in achieving food and economic 

security as well as contributing to filling the meat production shortage, is appeared. The great importance 

of camels to the food supply is coming in large part because of their ability to utilize fibrous materials not 

of immediate nutritional value to people, particularly in the desert area in which grazed forages provide 

the greatest amount and least expensive source of energy for camel’s production systems. Due to their 

physiological and morphological characteristics, camels possess excellent adaptive properties for deserts, 

are well adapted to arid environments, desertification and scare natural resources, and considered a major 

source of livelihood for people living in the arid and semi-arid areas (Askar, 2019), contributing in the 

sustainable development of desert regions and considered the most productive livestock species for milk 

and meat under these harsh conditions (Askar, 2021a and b). 

Most camels in the world are located in the East African countries in which the arid climate of the 

region limits options for raising other livestock species but camels, which can go up to a week without 

water, have the advantage of being one of the most drought-resilient species. Consequently, pastoralists 

around the world, particularly in Africa, are shifting their production from cattle to camel and small 

ruminant production. In a changing climate scenario, camel, in particular, has a lot of promise for 

protecting poor and marginal farmers' socioeconomic standing as an alternative source of income. Despite 

its advantages over other domestic animals, the camel has received little attention, with the majority of 

attention being focused on cattle, sheep, and goats, among other things. 

The ability of camelids, particularly of the dromedary, to adapt to the extreme aridity of habitat is 

unique amongst large herbivores. The most significant aspect of this adaptation is the economic use of 

water in almost all metabolic functions. These metabolic functions fall into two major categories, 

intermediary metabolism and the maintenance of body temperature, in the usual habitat of the dromedary 

this generally means cooling. The usual habitat of the camel is not only characterized by the high 

temperatures and scarcity of water but a consequence of these environmental conditions also by a 

considerable seasonal variation in availability forage quality and forage quality. Herbivores can adapt to 

such fluctuations in forage quality by either increased selectivity for high quality plant materials or by 

more efficient digestion of poor quality one. The camel can do both (Schwartz and Dioli, 1992).   

 

1- The National Campaign for the Promotion of Camel Productivity in Egypt, NCPCP: 

1-1- The Intensive Production System, Investment Projects, and Environmental Implications: 

Recently, under the semi-intensive production system, our team of the National Campaign for the 

Promotion of Camel Productivity, NCPCP (2017-2020, 1
st
 stage) has applied the early weaning technique 

in camels, employing the creep feeding on a small scale. However, the preliminary results were promising 

with a production of 300 kg body weight camel-calves (average daily gain = 780 g/ day) within only one 

year of age. High economic efficiency of feed utilization was obtained (feed conversion = 5.0-5.5 kg feed/ 

kg live body weight) with a lower daily feed intake (1.5-2.0% of body weight) and cheaper diet (high 

roughage to concentrate ratio) in comparison with producing cow-calves (Askar et al., 2021b). A 

considerable comparative advantage in terms of growth with young camels is reported (NCPCP, 2017-

2020, 1
st
 stage). Furthermore, our result also demonstrated that increasing the concentrate supplement 

level in ration has no much influence on average daily gain and digestibility, therefore, a better feed 

conversion ratio was obtained for low vs. high concentrate diets (NCPCP, 2017-2021, 1
st
 stage, and 

Askar, 2019 and 2021a and b). Findings are coinciding with a low metabolizable energy used for 
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maintenance (MEm) reported for camels (Filali and Guerouali, 1994 and Farid, 1995) that are less than 

the recommended allowance for other domestic animals, goats, sheep, cattle and buffaloes. Furthermore, 

in support of these findings, MacFarlane (1968) reported a low metabolic rate of camels that was 209 kJ/ 

kg BW
0.75

 compared with 377 kJ/ kg BW
0.75

 for cattle, that was recently confirmed by Dittmann et al. 

(2014).  

On the other hand, with the advent of global warming, the quantification and abatement of 

methane emissions from domestic ruminants have received major attention during the last decades. It is a 

greenhouse gas (GHG) that also represents a loss of energy to the host animal. On a global basis, it has 

been estimated that livestock production contributes between 9-11% of total anthropogenic GHGs 

emissions with approximately 44% of livestock emissions in the form of CH4. Dittmann et al. (2014) 

reported that the camelids produced less methane (0.32 L/ kg body mass/ day) when compared to 

literature data on domestic ruminants fed on roughage diets (0.58 L/ kg body mass/ day). They also 

observed that there was no significant difference between the two suborders when methane emission was 

expressed on the basis of digestible neutral detergent fiber intake. The lower methane output of camelids 

can be attributed to their typically lower relative feed intake (Askar et al., 2021b and Askar et al., 2023), 

which suggests that the processes/ pathways of methanogenesis through the microbial digestion of fiber in 

the rumen are similar amongst the species. Recently, Guerouali and Laabouri (2018) reported a huge 

difference in methane emission in camel compared to cattle in which they did comparison between 

Holstein cows and camels at a similar body weight and receiving the same ration. They showed clearly 

that cattle produced three times more methane than camel when the two species received the same diet 

(15.2 vs. 42.2 L/ kg dry matter intake, respectively). The authors attributed this difference to some 

important differences in digestive physiology and anatomy between cattle and camels. It is probable that 

in cattle the whole feeding ration was fermented in the fore-stomach, while in camel a small part of the 

feeding ration was fermented in the fore-stomach and the rest of the ration escaped the fore-stomach to be 

digested in the intestine (Guerouali and Laabouri, 2018). It has been reported that camels have increased 

rumen liquid phase turnover, allowing a considerable portion of the feed to escape fermentation and be 

digested in the intestine (Heller et al.,1986), resulting in less methane production. A comparable bacteria 

population of the fore-stomach were reported for cattle and camels (Askar et al., 2023) with less protozoa 

found in camels (Kayouli et al., 1993), suggesting a less methane production in camels because 

methanogenic bacteria are living in symbiosis with protozoa. A limited production of acetate to 

propionate ratio in camels compared to cattle fed the same ration (Rouissi, 1994) may in some way 

explain the reduced methane production in camels. Although, camels spend less time in rumination and 

mastication in compared to cattle, they produce more saliva (Kay and Maloiy, 1989) that is also not in 

favor for methane production. According to the findings reported by Jouany (2000), camels have a huge 

buffering capacity with ruminal pH never falling below 6 and do not exhibit metabolic disorders such 

acidosis, which is common in cattle fed high concentrate diets. Hence considerable research efforts are 

needed to promote development of this neglected species in the changing climate scenario. 

Furthermore, the capital investment required for the camel-calves project is predicted to be 

significantly less than that required for cow-calves of the same flock size (Hussein et al., 2021 and 2022). 

In addition to a lower purchase price for camel-calves, fattening/ growing projects can be implemented in 

arid or desert regions without additional or special preparation against heat stress, drought, or water 

scarcity (Askar et al., 2021a). Employing proper feeding programs with camel-calves will improve the 

growth rate and ensure the production of heavy, high-quality, and flavored carcass to the market at a 

valuable price and at young age (Askar et al., 2021b). If this approach managed properly, camel-calves 

can be slaughtered throughout the year, resulting in an effective contribution to Egypt's meat self-

sufficiency and enhancing a cleaner environment with significant lower pollution (NCPCP, 2020-2023, 

2
nd

 stage). This is considered a valuable source of income that will encourage breeders to include camels 

in their animal production projects that considers an important step for the sustainable development of 

camel productivity in Egypt. 

It has been concluded that camels are the best cost-effective choice for producing red meat 

(Hussein et al., 2021). The lower GHGs emissions together with higher buffering capacity and greater 
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ruminal pH are other advantages to the cost-effective production of camel-calves. Future research linking 

rumen microbiota, functional genes, metabolic pathway, rumen metabolites and methane emission to 

animal performance is highly recommended. In addition, this review will give a better understanding of 

the practical concept of camel investment projects that would be of primary benefit to the development of 

the camel industry in which improving the economic returns and food security in Egypt. 

 

2- Rumen Microbial Populations and Digestion 

The digestion in the rumen of camel, like other ruminant animals, relies on microbial 

fermentation that is performed through a complex network of microbial groups, including bacteria, 

protozoa, archaea and fungi (Rabee et al., 2020). The camel rumen microbiota received less attention 

compared to other domesticated ruminants and was studied using total rRNA sequencing, PCR-amplicon 

sequencing and clone libraries (Samsudin et al., 2011 and Rabee et al., 2019 and 2020). Rabee et al., 

(2020) used total rRNA sequencing to study the metabolically active microbiota under different feeding 

systems and reported that the active microbial community was dominated by bacteria (88-90%), followed 

by protozoa (6-8%), archaea (2-3%) and fungi (1%); furthermore, the bacterial community was 

dominated by phyla Firmicutes, Bacteroidetes, which is similar to other ruminant animals. Deep analysis 

of the camel rumen microbiome on the genus level indicated that camel rumen is enriched with more 

lignocellulolytic microorganisms (Samsudin et al., 2011 and Rabee et al., 2020). This conclusion was 

confirmed by Gharechahi and Salekdeh (2018) who studied the metabolic pathways in the camel rumen 

using shotgun metagenomic sequencing and concluded that camel microbiome is more enriched with 

genes related to lignocellulose degradation than cattle. Analysis of bacterial community on the family and 

genus level showed that camel rumen has a higher relative abundance of cellulolytic or potential 

cellulolytic bacteria such as Butyriovibrio, Ruminococcaceae, Fibrobacter, Treponema, and 

RC9_gut_group (Rabee et al., 2020). Rabee et al. (2022) compared the fiber-colonizing bacteria in the 

rumen of camel and sheep and found that the camel group showed a higher relative abundance of 

Ruminococcus, Saccharofermentans and Butyrivibrio and the sheep group showed a higher relative 

abundance of RC9_gut_group. The camel rumen protozoal community was dominated by the genus 

Diplodinium, Ophryoscolex and Entodinium; also some species in the genus Diplodinium such as 

Diplodinium cameli was observed exclusively in the camel rumen; this genus has cellulolytic activities 

(Kubesy and Dehority, 2002). Camel rumen fungal community was studied using RNA sequencing and 

clone library combined with classical cultivation techniques (Rabee et al., 2019 and 2020) and results 

showed that rumen fungi in camel rumen were affiliated to several genus such as Neocallimastix, 

Piromyces, Cyllamyces, Buwchfawromyces, and Anaeromyces; these fungi have high cellulolytic and 

xylanolytic activities  (Rabee et al., 2019). The previous findings could explain the higher efficiency of 

camel in the digestion of high-fiber diets. 

On the other hand, diet type is the main determiner of rumen microbiota (Henderson et al., 2015). 

Few studies focused on the effect of diet type on the rumen microbiota in camels. Hinsu et al. (2021) 

studied the effect of forage source, Pennisetum glaucum, Sorghum bicolor and Zea mays on camel rumen 

bacteria and carbohydrate-active enzymes and summarized that forage type affected the relative 

abundance of several bacterial groups such as Fibrobacterota, Planctomycetota, Rifebacteria, 

Spirochaetota, Synergistota and Verrucomicrobiota. Rabee (2022) studied the effect of Egyptian clover 

hay and barley straw on camel rumen bacteria and their fibrolytic activities and fermentation parameters 

and found that camels received Egyptian clover hay had higher rumen ammonia, total volatile fatty acids 

and relative abundance of Prevotella and Ruminococcus while those fed barley straw diet increased the 

Butyrivibrio, RC9_gut_group and Fibrobacteres; moreover, bacterial culture of camel fed Egyptian clover 

hay produced higher xylanase and the bacterial culture of camels received barley straw produced higher 

cellulase. Askar et al. (2023) investigated the effect of concentrates level on the rumen fermentation and 

bacteria and reported that increasing the concentrates supplementation increased rumen propionic acid but 

decreased acetic acid concentration; also, few bacterial groups were affected, for example, Prevotella was 

increased and RC9_gut_group and Ruminococcus were decreased by increasing the concentrates level. 
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3- Camel Health 

Although, the extreme adaptation of camel in climatic change, different constrains affecting 

camel production, one of them is camel diseases as the consequences of climate change, including the 

spread of epidemics and infectious diseases especially incoming and cross-border emerging ones. 

Livestock in general, and camels in particular, encounter economic losses due to a variety of health and 

disease-related factors such as; parasites (ecto and endo-parasites), microbial pathogens (Brucella, Camel 

Pox….) cause in general reduced body weight gain, fertility disorders, abortion, respiratory signs and 

deterioration of animal production (Al Jassim and Veerasamy, 2015). In general, the common camel 

diseases were illustrated clearly in ATLAS for camel diseases (Hegazy and Fahmy, 2007).  

In terms of climate change, increased droughts and global warming provide a great chance for 

disease-causing agents to develop. Ecto-parasites, for example, which are thought to be the primary 

vectors of many diseases, are increasing in number "particularly ticks" as preferred environmental 

circumstances for proliferation. As a result, several new camel diseases and symptoms emerged that had 

not previously existed (Abo El-Naga and Barghash, 2016).  

The first enemy affecting camel health is blood parasites (Trypanosoma, Theileria, Anaplasma 

and Babesia) which have been transmitted to camel by ecto-parasite (ticks, fleas, lice, blood sucking flies 

and mites). They are common in camels, particularly in the Halaib-Shalateen region and along the North 

West Coast area  (Abo El-Naga  and Barghash, 2016 and El-Kattan, 2005). The most prevalent blood 

parasite is Trypanosoma evanzai which has been found in camels with high infection rates in several 

regions. The findings also corroborated the variability of the isolated Egyptian strains' which have 

differentiated from universal strains by characteristic genotyping, in contrast to the internationally known 

strains, as they have been closely related and homogenous. Consequently these features make the 

diagnosis of Egyptian strains more easily than previous so, effective control will be done (Barghash et al., 

2018 and Barghash, 2021). Also, another blood parasite diseases in dromedaries are anaplasmosis and 

babesiosis which  are  caused mostly by A. marginal,  A. centrale, B. bovis and B. bigemina. The 

spreading of A. marginale, B. bovis, and B. bigemina infection in camels might be due to animal 

movement between Egyptian governorates (Abo El-Naga and Barghash, 2016). However, the parasitic 

genetic maps in desert areas are well-documented by parasitological scientists in Desert Research Center, 

Cairo, Egypt, including Trypanosoma, Theileria, Anaplasma, Babesia, Toxoplasma, Coccidia,  Sarcocyst, 

Microsporidium, Giardia and Cryptosporidium (Barghash, 2021).  

 In terms of microbial pathogens and camel fertility disorders issues, brucellosis is a zoonotic 

disease that causes major medical and economic crises as a cause of abortion and infertility. Researches 

had received a lot of interest in desert regions. Using the competitive ELISA approach, Wassif et al. 

(2017) found a 4.3% prevalence rate of brucellosis among camels in North Sinai. To protect camels from 

brucellosis, considerable attempts are being made to prevent infection by immunization (vaccination). 

Vaccines trials were made to evaluate the immunogenicity of a DNA vaccine encoding outer membrane 

protein 31 (OMP31) of Brucella mellitensis. The results obtained demonstrate the effectiveness of the 

vectored vaccine. It is proposed to be included in the development of a multi-subunit vaccines for the 

control of brucellosis to achieve One Health concept (Kamel et al., 2017).  

Moreover, as a result of climate change, recently mycoplasmosis disease in camels has appeared 

with fertility disorders, abortion and respiratory signs. In bacteriological studies on respiratory signs of 

camel, recovery rate of mycoplasmas reached 18.2% of dromedaries. Concerning the seasonal effect on 

the prevalence of mycoplasmas in camels, a higher prevalence rate was recorded during summer (11.4%) 

than winter (7.7%) probably due to the effects of climatic changes as mycoplasmas are normal inhabitant 

in the respiratory tract and under stress conditions as winds in early summer they may cause pneumonia 

alone or together with viruses and or bacteria (Mahmoud et al., 2019). 

Finally, many challenges are needed to manage the husbandry and veterinary efforts to the 

camels. These include diagnosis, control, prevention and treatment of diseases with recent techniques and 

approaches of these valuable food security animals. They are essential to be addressed (Al Jassim and 

Veerasamy, 2015). 
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 المناخ وجغيز الغذائي الأمه حيوان ،الجمل

، اسلام وصيف1حمدي قنديل
2
محسه شكزي ،1رأفث خضز ،1،علاء ربيع 

3
 1، احمد رجب عسكز

1
 .انػحشاء، انمبْشةيشكز بحٕث ، ٔانذٔاجٍ الاَتبد انحٕٛاَٙتغزٚت انحٕٛاٌ ٔانذٔاجٍ ، ضؼبت لسى  
2
 .يشكز بحٕث انػحشاء، انمبْشة، ٔانذٔاجٍ الاَتبد انحٕٛاَٙغحت انحٕٛاٌ ٔانذٔاجٍ ، ضؼبت لسى  
3
 .انمبْشة، انمٕيٙ نهبحٕثًشكز انلسى الاَتبد انحٕٛاَٙ ، 

 الملخص العزبي

 ٔانز٘ ٚؼٕق  انجبف انًُبخ ٔخػٕغب تتًٛز بسًبث انتغٛشاث انًُبخٛت حٛج ، إفشٚمٛب ضشق دٔل فٙ انؼبنى فٙ الإبم يؼظى تمغ 

 يمبٔيت الإَٔاع أكخش يٍ ْٙ ، يبء بذٌٔ أسبٕػًب تؼٛص أٌ ًٚكٍ انتٙ ، الإبم ػهٗ انؼكس فٙ نكٍ ،يٍ انًبضٛت انحٕٛاَٛت انخشٔة تًُٛت

 إنٗ انًبضٛت إَتبد يٍ ، إفشٚمٛب فٙ سًٛب ٔلا ، انؼبنى أَحبء جًٛغ فٙ انشػبة ٚتحٕل ، نزنك َٔتٛجت. ٔانتغٛشاث انًُبخٛت انحبدحت حبنٛب نهجفبف

 حًبٚت فٙ الأيم يٍ انكخٛش ، انخػٕظ ٔجّ ػهٗ ، الإبم تًتهك ، انًتغٛش انًُبخ سُٛبسٕٚ فٙ. انػغٛشة انًجتشة ٔانحٕٛاَبث الإبم إَتبد

 ببنحٕٛاَبث يمبسَت الابميزاٚب  يٍ انشغى ػهٗٔ. نهذخم بذٚم كًػذس ٔانٓبيطٍٛٛ انفمشاء نهًزاسػٍٛ ٔالالتػبدٚت الاجتًبػٛت انًكبَت

 .ٔانًبػز ٔالأغُبو انًبضٛت ػهٗ الاْتًبو غبنبٛت تشكٛز يغ ، كبٛش ببْتًبو انجًم ٚحع نى ، الأخشٖانًستأَست 

 ،( طٍ أنف 543٪ )55 حٕانٙ يػش فٙ انزاتٙ الاكتفبء َسبت ٔتبهغ ، انحًشاء انهحٕو إَتبد فٙ كبٛش ػجز يٍ يػش تؼبَٙٔ 

 ، انحًشاء انهحٕو ٔاسداث إجًبنٙ يٍ٪ 99 إنٗ تػم بُسبت ، انبمش نحٕو أسبسٙ بطكم ، انخبسد يٍ الاستٛشاد طشٚك ػٍ تهبٛتٓب ٚتى ٔانتٙ

 إَتبجٛتب هُٕٓؼن مٕيٛتان انحًهت أَططت ضشح ٚتى ، انًمبل ْزا فٙ. انًذفٕػبث يٛزاٌ ػهٗ كبٛشا ػبئب ٚطكم يًب ، جُّٛ يهٛبس 21.5 بإجًبنٙ

 انُبجًت انمبسٛت انظشٔف الاػتببس فٙ الأخز يغ ، انًحهٛت انحًشاء انهحٕو إَتبد ٔتؼزٚز انفجٕة نتمهٛع انًكخف الإَتبد َظبو ظم فٙ الإبم

 انكشش يٛكشٔببث ٔيجًٕػبث انطبئؼت الإبم أيشاؼ فإٌ ، رنك إنٗ ببلإضبفت. انبٛئٛت ٔاٜحبس ، انًٛبِ َٔذسة ٔانجفبف انًُبخ تغٛش ػٍ

 .ْزا انًمبلتى انتطشق نٓب يٍ خلال  ٔتػُٛفٓب

 

 .الأيشاؼ انكشش، يٛكشٔببث ، انًُبخ تغٛش ، انغزائٙ الأيٍ ، الإبم لكلمات الدالة:ا

https://doi.org/10.1371/journal.pone.0262304

