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Camel milk: Composition, properties and processing potential
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Abstract
Camel milk serves a crucial role in arid regions, providing exceptional nutritional and health 
benefits. It is characterized by a lower cholesterol and sugar content compared to the milk of 
other ruminants, along with a high concentration of minerals such as sodium, potassium, 
phosphorus, and manganese, and elevated levels of vitamins C and B3. Furthermore, camel 
milk contains higher levels of protective proteins such as lactoferrin, lactoperoxidase, im-
munoglobulins, and lysozyme. This specific composition underpins the use of camel milk in 
the treatment of various diseases. Numerous studies have confirmed its diverse functional 
properties and health benefits, including antimicrobial, anticancer, antioxidant, anti-inflam-
matory and antidiabetic effects. However, despite these significant advantages, its industrial 
transformation into dairy products remains a major technical challenge. This is due to its 
low κ-casein content, the large size of its casein micelles and the absence of β-lactoglobulin, 
characteristics that complicate the production of cheeses, yogurts and other dairy products. 
Finally, specialized technologies and future research are required to optimize transforma-
tion processes and fully harness the potential of this milk with such exceptional properties.
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INTRODUCTION
For a long time, camelids have represented a significant 
value and importance as means of survival for pastoral 
populations. They have become symbols of wealth and 
prestige (Hartley, 1979). The camelid family is divided 
into three genera: Camelus, Lama and Vicugna. The 
Camelus genus is represented by two domesticated 
species: the dromedaries (Camelus dromedarius), or 
one-humped camels and the Bactrian camels (Camelus 
bactrianus), or two-humped camels (Khomeiri and 
Yam, 2015). 
According to FAO statistics from 2022, the global ca-
melid population stands at approximately 41,772,353 
animals, of which 35,100,908 are located in Africa. In 
arid regions, camelids play an essential economic role. 
Part of the herd is destined for commercialization on 
national or international markets for the production of 
meat, milk, leather, wool and hides. Additionally, drom-
edaries are often used as transport and riding animals 
during local festivals and cultural events (Gwida et al., 
2012; Ben Chehida et al., 2021). Furthermore, drom-
edaries have added value due to their milk production. 
According to FAO statistics in 2022, global camel milk 
production reached approximately 4.116 million tons, 
of which 2.876 million tons were produced in Africa. 
Moreover, the dromedary (Camelus dromedarius) rep-
resents an important cultural, economic and health icon 
in the lives of people in arid and semi-arid regions, due 
to its exceptional ability to survive in harsh climatic 
conditions. This significance highlights the value of the 
products derived from this animal. 
Camel milk stands out from the milk of other ruminants 
due to its low cholesterol and sugar content, its high 
mineral content such as sodium, potassium, phospho-

rus and manganese, as well as its richness in vitamin 
C and vitamin B3 (Haddadin et al., 2008; Sboui et al., 
2009). In addition, camel milk contains higher levels of 
protective proteins such as lactoferrin, lactoperoxidase, 
immunoglobulins and lysozyme (Elagamy et al., 1996; 
El-Hatmi et al., 2007). This specific composition is the 
basis for the use of camel milk to treat various diseases. 
Numerous studies have confirmed its various functional 
and health benefits, including its antimicrobial, anti-
cancer, antioxidant, anti-inflammatory and antidiabetic 
properties (Yassin et al., 2015; Ayyash et al., 2018; Sboui 
et al., 2022; Hamouda et al., 2022). 
The transformation of camel milk into dairy products is 
a complex task that requires appropriate technologies, 
due to multiple factors such as the low concentration of 
κ-casein, the presence of a multi-component colloidal 
system, the large size of protein micelles, the small size 
of fat globules and the presence of antibacterial com-
pounds (El-Zeini, 2006; Bornaz et al., 2009; Arain et 
al., 2023).

CAMEL MILK CHEMICAL COMPOSITION 
Camel milk is a biological liquid produced by a female 
camel. It is characterized by its opaque white color, a 
normal milky odor and a sweet-salty taste (Khaskheli et 
al., 2005; Sakandar et al., 2018).Camel milk has a unique 
composition that distinguishes it from other types of 
milk. It has lower fat, protein and dry matter content 
compared to cow’s milk, but it is richer in minerals, pro-
tective proteins and certain trace elements (Fe, Cu and 
Zn) (Nikkhah, 2011). Furthermore, notable differences 
have been detected in the distribution and molecular 
structure of the main components between camel milk 
and cow’s milk (Berhe et al., 2017).
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Figure 1 illustrates the detailed chemical composition 
of camel milk.
The composition of camel milk varies depending on 
various factors, including breed, geographical origin, 
feeding conditions, lactation stage, season and the health 
status of the camels (Sakandar et al., 2018). 
Additionally, this composition can vary based on other 
factors such as analytical measurement methods, the 
number of births and the age of the animal (Khaskheli 
et al., 2005).

Fat
The fat content of camel milk varies depending on nu-
trition, breed, season and lactation stage (Konuspayeva 
et al., 2009). Furthermore, a strong positive correlation 
has been found between fat content and protein con-
tent (Haddadin et al., 2008). Camel milk fat has a lower 
carotene content than cow’s milk (Singh et al., 2017). 
This low carotene content may explain the white color 
of camel milk. According to Konuspayeva et al. (2008), 
camel milk is distinguished by its unique composition of 
unsaturated fatty acids and its low content of short-chain 
fatty acids. Additionally, the cholesterol content is higher 
in camel milk (34.5 mg/100 g) compared to cow’s milk 
(25.6 mg/100 g) (Konuspayeva et al., 2008). Similarly, 
camel milk fat contains more long-chain fatty acids 
(84.5%) than short-chain fatty acids (14.6%) (Figure 
1). The fat globules in camel milk are smaller but have 
higher digestibility compared to those in cow and goat 
milk (Meena et al., 2014).

Lactose
Lactose is the primary carbohydrate in milk of all mam-
mals. In camel milk, lactose content remains unchanged 
throughout a season and under conditions of hydration 
or dehydration. Camel milk can be a good substitute for 
cow’s milk for people suffering from lactose intolerance, 
as it contains lower lactose levels that the human body 
can easily digest and metabolize without causing unde-
sirable symptoms (Nguyen et al., 2016).

Minerals
The mineral content of camel milk depends on several 
factors such as diet, breed and water consumption (Had-
dadin et al., 2008). The major minerals present in camel 
milk are Cl, K, Ca and the main trace elements are Zn, 
Fe and Cu (Figure 1) (Baig et al., 2022). The richness of 
this milk in chloride can be attributed to the ingestion 
of certain plants, such as Atriplex and Acacia, which are 
generally rich in salt (Volpato and Puri, 2014; Khaskheli 
et al., 2005).

Vitamins
Camel milk contains various vitamins, such as fat-solu-
ble vitamins (A, D, E and K) and water-soluble vitamins 
(B and C) (Haddadin et al., 2008). It is distinguished by its 
richness in vitamin C, which is 3 to 5 times higher than 
that of cow’s milk (Stahl et al., 2006; Sboui et al., 2009). 
Indeed, this high concentration of vitamin C makes 
camel milk a good source for populations living in the 
harsh climatic conditions of arid and semi-arid regions. 

Figure 1: Schematic representation of the average chemical composition of camel milk and its sub-fractions. 
Abbreviations: LCFA, long-chain fatty acids; SCFA, short-chain fatty acids; NPN, non-protein nitrogen; CSA, camel serum 

albumin; Lf, lactoferrin; Ig, immunoglobulin; WAP, whey acidic protein; Lz, lysozyme; LP, lactoperoxidase
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Furthermore, camel milk contains more niacin (B3), 
pantothenic acid (B5), folic acid (B9) and cobalamin 
(B12) than cow’s milk. 
However, camel milk contains comparable levels of thia-
mine (B1), pyridoxine (B6) and vitamin E to cow’s milk, 
although it has lower levels of vitamin A and riboflavin 
(B2) (Haddadin et al., 2008).
According to the United States Department of Agricul-
ture (USDA), 250 mL of camel milk provides an adult 
with approximately 5.25% of the recommended daily 
intake of vitamin A, 8.25% of riboflavin (B2), 15.5% of 
cobalamin (B12) and 10.5% of the recommended daily 
intake of ascorbic acid (C), thiamine (B1) and pyridoxine 
(B6) (Al Kanhal, 2010).

Proteins
The proteins in camel milk are divided into two main 
groups: caseins and whey proteins (Berhe et al., 2017).

 Caseins
The caseins in camel milk are present in the form of 
four main fractions, similar to cow’s milk (Table 1): αs1-
casein, αs2-casein, β-casein and κ-casein (El-Salam and 
El-Shibiny, 2013). Compared to cow’s milk, camel milk 
β-casein is significantly more abundant (65% vs. 39%), 
while the levels of αs1-casein (22% vs. 38%) and κ-casein 
(3.5% vs. 13%) are lower in camel milk (Farrell et al., 
2004; Berhe et al., 2017).
The casein micelles in camel milk are large, with an aver-
age diameter of 380 nm compared to 150, 260 and 180 
nm for cow, goat and sheep milk, respectively (Farah and 
Ruegg, 1989; Bornaz et al., 2009). Indeed, the large size of 
the casein micelles in camel milk is a limiting factor for its 
coagulation ability. Smaller casein micelles tend to form a 
more compact gel network, leading to firmer coagulation 
compared to larger micelles (Glantz et al., 2010). 

Whey protein
Whey protein account for about 20 to 30% of the total 
protein and approximately 0.63 to 0.80% of the milk 
(Khaskheli et al., 2005). The main fractions of whey 
protein in camel milk include α-lactalbumin, lactoferrin, 
serum albumin, immune proteins and peptidoglycan 
recognition protein (Gizachew et al., 2014; Sakandar et 
al., 2018; Oussaief et al., 2020).
Furthermore, camel milk contains other whey protein 
such as whey acidic protein (Yang et al., 2013). The whey 
protein levels in camel milk show significant differences 
compared to those in cow’s milk (Table 2). 
In camel milk, α-lactalbumin is the major whey protein, 
whereas β-lactoglobulin is notably absent (Laleye et al., 
2008). In this regard, camel milk proteins are of growing 
interest due to their bioactive properties (Mati et al., 2017).
Camel milk has a higher whey protein/casein ratio than 
cow’s milk, resulting in a soft curd that is easy to digest 
in the gastrointestinal system (Shamsia, 2009). 

PHYSICOCHEMICAL AND TECHNOLOGI-
CAL PROPERTIES
The pH of fresh camel milk ranges between 6.4 and 6.7, 
which is slightly lower than that of cow’s milk (Sboui et 
al., 2009; Singh et al., 2017). The slightly acidic pH of 
camel milk can influence its stability and shelf life. In fact, 
it has a longer shelf life compared to cow’s milk (Sboui 
et al., 2009). The acidity of camel milk ranges from 0.12 
to 0.20% (Khaskheli et al., 2005). Moreover, the viscosity 
of camel milk is 1.72 mPa.s, whereas that of cow’s milk is 
2.04 mPa.s (Khaskheli et al., 2005). The viscosity of milk 
is primarily influenced by temperature, fat and protein 
concentration (Christiansen et al., 2021; Hamouda et al., 
2022). At high temperatures (100-130°C), the thermal 
stability of camel milk is lower than that of cow’s milk 
(Farah and Atkins, 1992).

Table 1: Distribution of caseins in camel and cow milk (Berhe et al., 2017)

Caseins (% of total caseins)
Camel milk Cow milk

αs1-casein 22,0 38,0
αs2-casein 9,5 10,0
β-casein 65,0 39,0
κ-casein 3,5 13,0
Total caseins g/100 mL of milk 2,4 2,5

Table 2: whey protein distribution in camel and cow milk (Berhe et al., 2017)

Whey protein (g/L)
Camel milk Cow milk

𝛽-Lactoglobulin - 1,3
𝛼-Lactalbumin 5,0 1,2
Serum albumin 2,4 0,4
Whey acidic protein 0,16 -
Lactoferrin 0,22 0,14
Immunoglobulins 0,73 0,7
Total whey protein 9,3 7,3
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Camel milk exhibits technological properties, including 
solubility, water-holding capacity, physical behavior and 
chemical structure, which are essential parameters in 
milk processing (Konuspayeva and Faye, 2021). Similarly, 
camel whey exhibits foaming and emulsifying properties, 
which can serve as a basis for the formulation and devel-
opment of functional food products (Laleye et al., 2008).

CAMEL MILK PROCESSING POTENTIAL
The processing of camel milk into dairy products is a 
delicate process that requires the application of specific 
technologies. This challenge is attributed to several fac-
tors, including the complexity of the multi-component 
colloidal system and the unique chemical composition of 
camel milk (Zhang et al., 2005; Bornaz et al., 2009; Seifu, 
2023). Camel milk is characterized by a low κ-casein 
content, a high proportion of β-casein and the absence of 
β-lactoglobulin, which are key factors limiting its ability 
to be processed into dairy products (Zhang et al., 2005). 
These characteristics make camel milk thermally less 
stable than cow’s milk, leading to coagulation difficulties 
(Ipsen, 2017). Additionally, camel milk has larger casein 
micelles and smaller fat globules compared to cow’s milk. 
Consequently, these differences in composition, struc-
ture and functional properties of camel milk proteins 
are the main factors responsible for the challenges in 
its processing (Zhang et al., 2005; Seifu, 2023; Omrani 
et al., 2023). Moreover, camel milk does not achieve 
satisfactory coagulation with bovine rennet, unlike milk 
from other dairy species (Hailu et al., 2016). Camel 
milk also possesses antimicrobial properties, which can 
contribute to slowing down the acidification rate during 
fermentation compared to cow’s milk (Berhe, 2018).

CONCLUSION
Camel milk is a valuable resource for populations in arid 
and semi-arid regions, offering not only nutritional ben-
efits but also unique health benefits and technological 
properties. Its distinctive composition, rich in bioactive 
proteins, minerals and vitamins, makes it a food with 
multiple health benefits, ranging from the management 
of chronic diseases to improved nutrition. However, the 
challenges associated with its processing, particularly 
coagulation and dairy product manufacturing, require 
suitable technological solutions. A better understanding 
of the chemical and physicochemical mechanisms of 
camel milk could pave the way for increased utilization 
of its potential, promoting its integration into the food 
and pharmaceutical industries. Finally, future research 
is needed to optimize processing methods and fully har-
ness the exceptional characteristics of camel milk.

REFERENCES
Al Kanhal H.A. (2010). Compositional, technological and nutri-
tional aspects of dromedary camel milk. Int. Dairy J., 20: 811-821. 
Arain M.A., Rasheed S., Jaweria A., Khaskheli G.B., Barham G.S., 
Ahmed S. (2023). A review on processing opportunities for the 
development of camel dairy products. Food Sci. Anim. Res., 43: 
383-401. 

Ayyash M., Al-Dhaheri A.S., Al Mahadin S., Kizhakkayil J., 
Abushelaibi A. (2018). In vitro investigation of anticancer, anti-
hypertensive, antidiabetic and antioxidant activities of camel milk 
fermented with camel milk probiotic: A comparative study with 
fermented bovine milk. J. Dairy Sci., 101: 900-911. 
Baig D., Sabikhi L., Khetra Y., Shelke P.A. (2022). Technological 
challenges in production of camel milk cheese and ways to over-
come them–A review. Int. Dairy J., 129: 105344. 
Ben Chehida F., Gharsa H., Tombari W., Selmi R., Khaldi S., 
Daaloul M., Messadi L. (2021). First report of antimicrobial sus-
ceptibility and virulence gene characterization associated with 
Staphylococcus aureus carriage in healthy camels from Tunisia. 
Animals, 11: 2754. 
Berhe T., Ipsen R., Seifu E., Kurtu M.Y., Eshetu M., Hansen E.B. 
(2018). Comparison of the acidification activities of commercial 
starter cultures in camel and bovine milk. LWT, 89: 123-127.
Berhe T., Seifu E., Ipsen R., Kurtu M.Y., Hansen E.B. (2017). Pro-
cessing challenges and opportunities of camel dairy products. Int. 
J. Food Sci., 2017: 9061757. 
Bornaz S., Sahli A.L.I., Attalah A., Attia H. (2009). Physicochemi-
cal characteristics and renneting properties of camels’ milk: A 
comparison with goats’, ewes’ and cows’ milks. Int. J. Dairy Tech-
nol., 62: 505-513.
Christiansen M.V., Skibsted L.H., Ahrné L. (2021). Control of 
viscosity by addition of calcium chloride and glucono-δ-lactone to 
heat treated skim milk concentrates produced by reverse osmosis 
filtration. Int. Dairy J., 114: 104916. 
El-Hatmi H., Girardet J.M., Gaillard J.L., Yahyaoui M.H., Attia 
H. (2007). Characterisation of whey proteins of camel (Camelus 
dromedarius) milk and colostrum. Small Rumin. Res., 70: 267-271. 
El-Salam M.A., El-Shibiny S. (2013). Bioactive peptides of buffalo, 
camel, goat, sheep, mare and yak milks and milk products. Food 
Rev. Int., 29: 1-23.
El-Zeini H.M. (2006). Microstructure, rheological and geometri-
cal properties of fat globules of milk from different animal species. 
Pol. J. Food Nutr. Sci., 56: 147-154.
FAOSTAT (Food and Agriculture Organization) (2022). Data. 
FAO Statistics Division. 
Farah Z., Atkins D. (1992). Heat coagulation of camel milk. J. 
Dairy Res., 59: 229-231. 
Farah Z., Ruegg M.W. (1989). The size distribution of casein mi-
celles in camel milk. Food Struct., 8: 6. 
Farrell Jr H.M., Jimenez-Flores R., Bleck G.T., Brown E.M., Butler 
J.E., Creamer L.K., Swaisgood H.E. (2004). Nomenclature of the 
proteins of cows’ milk-Sixth revision. J. Dairy Sci., 87: 1641-1674. 
Gizachew A., Teha J., Birhanu T., Nekemte E. (2014). Review on 
medicinal and nutritional values of camel milk. Nature Sci., 12: 
35-41.
Glantz M., Devold T.G., Vegarud G.E., Månsson H.L., Stålham-
mar H., Paulsson M. (2010). Importance of casein micelle size and 
milk composition for milk gelation. J. Dairy Sci., 93: 1444-1451. 
Gwida M., El-Gohary A., Melzer F., Khan I., Rösler U., Neubauer 
H. (2012). Brucellosis in camels. Res. Vet. Sci., 92: 351-355. 
Haddadin M.S., Gammoh S.I., Robinson R.K. (2008). Seasonal 
variations in the chemical composition of camel milk in Jordan. 
J. Dairy Res., 75: 8-12. 
Hailu Y., Hansen E.B., Seifu E., Eshetu M., Ipsen R. (2016). Fac-
tors influencing the gelation and rennetability of camel milk using 
camel chymosin. Int. Dairy J., 60: 62-69. 
Hamouda M., Sboui A., Salhi I., Hammadi M., Souchard J.P., 
Bouajila J., Khorchani T. (2022). Effect of heat treatment on the 
antioxidant activities of camel milk alpha, beta and total caseins. 
Cell. Mol. Biol., 68: 194-199. 
Ipsen R. (2017). Opportunities for producing dairy products 
from camel milk: A comparison with bovine milk. East Afr. J. 
Sci., 11: 93-98. 
Khaskheli M., Arain M.A., Chaudhry S., Soomro A.H., Qureshi 
T.A. (2005). Physico-chemical quality of camel milk. J. Agric. Soc. 
Sci., 2: 164-166.



59Mor. J. Agri. Sci. 6 (2): 55-59, June 2025

Khomeiri M., Yam B.A.Z. (2015). Introduction to Camel origin, 
history, raising, characteristics and wool, hair and skin: A review. 
Res. J. Agric. Environ. Manag., 4: 496-508. 
Konuspayeva G., Faye B. (2021). Recent advances in camel milk 
processing. Animals, 11: 1045. 
Konuspayeva G., Faye B., Loiseau G. (2009). The composition of 
camel milk: A meta-analysis of the literature data. J. Food Compos. 
Anal., 22: 95-101. 
Laleye L.C., Jobe B., Wasesa A.A.H. (2008). Comparative study 
on heat stability and functionality of camel and bovine milk whey 
proteins. J. Dairy Sci., 91: 4527-4534. 
Mati A., Senoussi-Ghezali C., Zennia S.S.A., Almi-Sebbane D., 
El-Hatmi H., Girardet J.M. (2017). Dromedary camel milk pro-
teins, a source of peptides having biological activities–A review. 
Int. Dairy J., 73: 25-37. 
Meena S., Rajput Y.S., Sharma R. (2014). Comparative fat di-
gestibility of goat, camel, cow and buffalo milk. Int. Dairy J., 35: 
153-156. 
Nguyen C.T., Fairclough D.L., Noll R.B. (2016). Problem-solving 
skills training for mothers of children recently diagnosed with 
autism spectrum disorder: A pilot feasibility study. Autism, 20: 
55-64. 
Nikkhah A. (2011). Milk of sheep, goat and buffalo: A public 
health review. Int. J. Food Safety, Nutr. Public Health, 4: 264-276. 
Omar A., Harbourne N., Oruna-Concha M.J. (2016). Quantifica-
tion of major camel milk proteins by capillary electrophoresis. Int. 
Dairy J., 58: 31-35. 
Omrani A., Sboui A., Mars W., Hamouda M., Dbara M., Hammadi 
M., Khorchani T. (2023). Improvement of camel milk-clotting: 
Usefulness of crude extract from green pods of carob (Ceratonia 
siliqua L.) as a substitute for commercial rennet. Cell. Mol. Biol., 
69: 89-95. 
Oussaief O., Jrad Z., Adt I., Khorchani T., El-Hatmi H. (2020). 
Hidrolizati proteina devinog mLijeka imaju poboljšana antiok-
sidacijska i funkcionalna svojstva. Food Technol. Biotechnol., 58: 
147-158. 
Sakandar H.A., Ahmad S., Perveen R., Aslam H.K.W., Shakeel 
A., Sadiq F.A., Imran M. (2018). Camel milk and its allied health 
claims: A review. Prog. Nutr., 20: 15-29. 
Sboui A., Atig C., Khabir A., Hammadi M., Khorchani T. (2022). 
Camel milk used as an adjuvant therapy to treat type 2 diabetic 
patients: Effects on blood glucose, HbA1c, cholesterol and TG 
levels. J. Chem., 2022: 1-6. 
Sboui A., Khorchani T., Djegham M., Belhadj O. (2009). Com-
paraison de la composition physico-chimique du lait camelin et 
bovin du Sud tunisien; variation du pH et de l’acidité à différentes 
températures. Afrique Sci., 5: 293-304. 
Seifu E. (2023). Camel milk products: Innovations, limitations 
and opportunities. Food Prod. Process. Nutr., 5: 1-20. 
Shamsia S.M. (2009). Nutritional and therapeutic properties of 
camel and human milks. Int. J. Genet. Mol. Biol.,1: 52-58. 
Singh R., Mal G., Kumar D., Patil N.V., Pathak K.M.L. (2017). 
Camel milk: An important natural adjuvant. Agric. Res., 6: 327-
340. 
Volpato G., Puri R.K. (2014). Dormancy and revitalization: the 
fate of ethnobotanical knowledge of camel forage among Sahrawi 
nomads and refugees of Western Sahara. Ethnobotany Res. Appl., 
12: 183-210. 
Yang Y., Bu D., Zhao X., Sun P., Wang J., Zhou L. (2013). Proteomic 
analysis of cow, yak, buffalo, goat and camel milk whey proteins: 
Quantitative differential expression patterns. J. Proteome Res., 12: 
1660-1667. 
Yassin M.H., Soliman M.M., Mostafa S.A.E., Ali H.A.M. (2015). 
Antimicrobial effects of camel milk against some bacterial patho-
gens. J. Food Nutr. Res., 3: 162-168.
Zhang H., Yao J., Zhao D., Liu H., Li J., Guo M. (2005). Changes 
in chemical composition of Alxa Bactrian camel milk during 
lactation. J. Dairy Sci., 88: 3402-3410. 


