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Caseins are the most important proteins in camel milk in terms of quantity and quality. However, the process of 
their sedimentation has always been a major obstacle to converting camel milk into derivative products such as 
cheese and yoghurt due to its physicochemical properties that make the acidification a very complex process. 
Throughout this study, the effectiveness of using Acetic acid (HOAc) 10% with its conjugate base, sodium acetate 
(NaOAc) 10%, in separating total caseins from whey, compared to hydrochloric acid (HCl), is demonstrated. The 
influence of the acidification process on the curd texture and on the urea fractionation method was also 
investigated by separating different casein fractions on Sodium Dodecyl Sulfate PolyAcrylamide Gel 
Electrophoresis (SDS-PAGE). The precipitated curd texture is firm, manipulable with a high consistency, and the 
peaks of each fraction on electrophorese diagrams seem to be clear and evident without any contaminant 
peptides from whey when using HOAc 10% with its conjugate base. This acidification process allows obtaining a 
significant number of total caseins of strong structure and firmness required to produce dairy products of good 
quality and desired appearance in order to be transferred to industry level and to be accepted by consumers.On 
the other hand, if it is approved, this process could be interesting in term of costs and time compared to traditional 
camel milk coagulation processes. 
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Introduction 
 
Milk is the main and only source of nutrition for 
newborns [1]. It is also considered a complete 
food for children and adults. It provides the 
necessary nutrients such as proteins, 
carbohydrates, fatty acids, minerals, vitamins, 
growth factors and active immune molecules [2-
4]. Currently, milk and dairy products represent 
an important social territorial and economic pillar 
in international trade [5]. The consumption of 
milk represents a heritage and a cultural 

inheritance in some regions. Moreover, for the 
desert inhabitants of arid and semi-arid regions, 
camels play a major role in supplying them with 
milk of high nutritional quality [6-8], under 
hostile environmental conditions of high 
temperatures, drought and lack of pastures [9, 
10], a milk that meets their requirements and 
daily needs, due to its containment of key 
nutrients and natural protective molecules such 
as enzymes and antibodies, making it a unique 
compound [11]. Besides, it does not cause 
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allergic reactions in children and adults 
compared to cow's milk [12, 13]. 
 
Camel milk contains a high proportion of proteins 
that are divided into soluble proteins and caseins 
(CNs) [13, 14]. The proportion of CNs in camel 
milk may reach 87% of total proteins, this makes 
it the most important macromolecule 
quantitatively and qualitatively [15, 16], as it 
contains a large proportion of the essential 
amino acids especially Tryptophane, Cysteine, 
and Lysine residues [17]. Total casein (TCN) 
contains three fractions including α-, β-, and κ-CN 
[16, 18] with the molecular weights of 27.6, 23.8 
and 22.4 KDa, respectively [19]. The process of 
acidifying camel milk in order to separate the TCN 
from the serum, affects the yield and purity of 
caseins [20], it has received wide attention 
whether for economic purposes or for an in-
depth study of these molecules. Camel milk is 
usually consumed fresh and is rarely converted 
into derivative products, unlike cow milk [21]. 
What hinders the process of converting it, is the 
difficulties that accompany the coagulation 
process, which is essential for the production of 
dairy products [22]. CNs are the main component 
of the dairy product manufacturing process, 
where their physical and chemical properties 
control the quality and cost-effectiveness of the 
production of dairy products [23, 24]. Digestive 
enzymes and antibodies negatively affect the 
biological acidification process [25]. Whereas the 
physicochemical properties of camel milk such as 
the high ratio of whey proteins (WP) to CNs, the 
large casein micelle size in the camel milk [22] 
and the lack of k-CN and β-lactoglobulin 
interactions hinder the classic chemical 
acidification process [22, 26, 27].   
 
Since the acidification process of camel milk is 
considered a key stage that determines the 
rheological and physicochemical properties of 
the resulting curd, which in turn determines the 
quality and the appearance of dairy products, 
and because camel milk shows extreme 
resistance to precipitation by acidification, this 
comparative study aims to choose the optimal 
acidification method that leads to obtain firm 

curd with a stable structure and high consistency, 
which facilitates the process of converting it into 
high quality dairy derivatives. Throughout this 
study, a comparison of the effects of camel milk 
acidification between dilute HCl method and 
HOAc with its conjugate base, NaOAc, method 
was investigated. The influence of acidification 
process on the curd texture and on urea 
fractionation method were also confirmed by 
separation of different casein fractions on 
Sodium Dodecyl Sulfate PolyAcrylamide Gel 
Electrophoresis (SDS-PAGE). 
 
 

Materials and Methods 
 
During the process of caseins sedimentation and 
their fractionation process, appropriate chemical 
solutions were used and undistorted 
sedimentation and separation techniques were 
relied upon, in order to preserve the initial 
structure of the proteins.  
 
Sample preparation 
The biological sample is fresh camel milk. The 
camel ''Camelus dromedarius L'' belongs to the 
Sahrawi or "Mihiri" breed, a hybrid of the two 
strains of Al-Chaambi and wled Sidi Al-Sheikh. 15 
camels of ten years old from commercial farm 
(Aissa's farm, Bir-Naam, Biskra, Algeria) were 
milked. Camel milk was obtained by manual 
milking in the afternoon at 4 pm. Obtained 
samples were mixed immediately and the 
temperature was reduced to 4°C. The sample was 
transferred to the laboratory where it was kept 
for one night at an estimated temperature of 4°C. 
 
Preparation of skimmed camel milk 
Prior to the total defatting process, the 
temperature of the sample was raised in a water 
bath to 36°C. The sample was defatted by 
centrifugation at 6,000 rpm for 15 minutes at 
36°C. The samples were cooled down. The 
supernatant was separated, and the skimmed 
milk was obtained. 
 
Acid casein preparation "the acidification 
process" 
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In the first method, 1 M HCl was used to reduce 
the pH to 4.6 according to the modified method 
of Shammet [28]. The precipitated total caseins 
(TCN) were then separated from the serum by 
centrifugation at 6,000 rpm for 15 minutes at 
15°C. As for the second method, according to 
Mohamed's approach [29], in the first stage, 
HOAc was added to the completely skimmed milk 
by 10% relative to the initial volume at 37°C, and 
then in a second stage, NaOAc was added to the 
previous solution by 10%. TCN were precipitated 
and obtained by centrifugation at 5,000 rpm for 
15 minutes at 15°C. In both cases, the obtained 
TCN are washed several times with distilled 
water. 
 
Total Caseins urea fractionation 
Fractionation of TCN was carried out according to 
the modified urea fractionation method [30].  
TCN were dissolved in a double volume of 10 M 
urea solution. After mixing, the solution was 
diluted by adding double volume of distilled 
water. The pH was raised to 7.5 by the addition 
of 1 M NaOH, and then distilled water was added 
until the solution became clear. The pH was 
reduced again to 5.0 by the addition of 1 M HCl. 
The mixture was centrifuged at 5,000 rpm for 15 
minutes at 15°C. The precipitate containing the 
α-CN and κ-CN fractions was obtained, while the 
β-CN fraction remained in the supernatant. After 
salt saturation of the supernatant by the addition 
of sodium chloride (NaCl) gradually while stirring, 
β-CN fraction was precipitated and separated by 
centrifugation at 5,000 rpm for 15 minutes at 
15°C. All isolated fractions were dialyzed against 
distilled water using dialyze membranes to 
remove different reagents before recovering in 
appropriate tubes tightly closed and reserved at 
4°C. 
 
Casein fractions characterization by SDS–PAGE 
The operation was carried out according to the 
method described by Laemmli [31]. The 
homogenized samples were incubated at 98°C 
for 5 mins. After centrifugation, 100 μL of the 
supernatant of each sample (0.1 mg) was mixed 
with 4 mL of freshly made protein solubilization 
buffer (4.25 mL of a stock solution (7.5 mL of tris-

HCl (pH 4.6), 12.5 mL of distilled water, 2 g of SDS, 
20 mg of methylene blue, 10 mL of glycerol), 0.75 
mL of 2-β-Mercaptoethanol, 10 mL of distilled 
water) and loaded on the gel consisting of a 12% 
separation gel and 2.7% concentration gel with 
the dimensions of 100 mm × 100 mm × 1.5 mm. 
The electrophoresis was performed under a 
constant current of 200 V and 25 mA intensity for 
approximately 4 hours by using Mini-PROTEAN® 
Vertical Electrophoresis Cell (Bio-Rad, Hercules, 
California, USA) along with a low range molecular 
weight (6 – 45 KDa) standard protein marker 
(Sigma-Aldrich, Saint-Louis, Missouri, USA). After 
electrophoresis, the gel was removed and placed 
in the staining solution composed of 31.5 mL of 
Coomassie blue R250, 125 mL of 50% EtOH, and 
50 mL of 10% HOAc adjusted to 500 mL with 
distilled water. After 24 hours staining, the gel 
was replaced in discoloration solution consisting 
of 125 mL 50% EtOH and 50 mL of 10% HOAc 
adjusted to 250 mL with distilled water. The gel 
was then visualized, and the image was captured 
by using Sony DSC-HX90 camera. 
 

 
Results and discussion 

 
SDS-PAGE was carried out under undistorted 
conditions where the peptides kept their initial 
structure intact. The different fractions were 
recognized after comparing their molecular 
weights with standard protein marker molecular 
weights. The results showed that, in the first 
method, the TCN was coagulated using dilute 
HCl. There was no casein fractionations of α-, β- 
and κ-CN bands appeared in lanes B1 and B2, 
instead there were many bands of contaminant 
peptides from whey precipitated during the 
acidification process (Figure 1). As for the 
method which the TCN was coagulated by using 
HOAc and its conjugated base, α-, β- and κ-CN 
bands were obviously clear with no visible 
contaminant peptide bands, which indicated that 
urea fractionation method was efficient and 
there was no other precipitated peptides during 
acidification process. Therefore, acidification 
process directly influenced TCN coagulation and 
its fractionation. 
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Figure 1. SDS-PAGE of the two curds obtained from casein urea fractionation method. Lane SPM: standard protein marker (KDa). Lane A1: β-CN 
fraction. Lane A2: α- and κ-CN fractions. Lane B1: β-CN fraction. Lane B2: α- and κ-CN fractions. 

 
 
In the first method when using dilute HCl, it 
decreased the size of casein micelles during 
acidification process [32-33].  The size diminution 
was due to the demineralization of micelles. The 
total net charge decreased, and the micelles 
started to become closer to each other [34], 
small number of amino groups were then 
available on the surface leading to lower 
interactions with HCl ions [35], which explained 
the resistance to coagulation, the weakness of 
texture, and the thinness of consistency. Even 
diluted, HCl reduced the pH of fresh camel milk 
quickly and modified irreversibly the surface 
composition of camel milk casein micelles [36], 
which resulted in the precipitation of whey 
proteins and the denaturation of casein micelles. 
In this case, urea concentrated solutions did not 
react with casein micelles the same way as in the 
differentiated solubility using concentrated urea 
solutions, which explained the inefficiency of 
urea fractionation method on camel milk TCN, 
confirmed by SDS-PAGE and the appearance of 
contaminant peptides. While in the case of using 

a buffer solution composed of HOAc with NaOAc 
as a conjugate base during acidification process, 
the pH of fresh camel milk reduced gradually, 
which affected the stability of camel milk TCN 
micelles by neutralizing its negative charges 
without affecting the composition [37, 38]. The 
conjugate base enhanced the electrostatic 
repulsions between micelles, leading to the loose 
of some fractions and the increasing of casein 
micelles size [33], which made the coagulation 
possible and rapid at the desired pH. The curd 
was then firm and consistent. 
 

 
Conclusion 

 
The process of camel milk acidification to 
separate the total casein from the serum is a key 
stage that affects the quantity and quality of the 
coagulated caseins. Acidification process using 
organic acid with its conjugate base to coagulate 
camel milk total caseins has confirmed its 
efficiency in the obtaining of the desired curd 



Journal of Biotech Research [ISSN: 1944-3285] 2024; 16:16-21 

 

20 

 

texture and composition, ready to be used by 
camel milk industry to produce dairy products of 
good appearance and high quality. It is Important 
to test the effect of other organic acids such as 
citric acid and lactic acid on camel milk 
acidification process to consolidate the results of 
this study to improve the cost-effectiveness and 
to study the feasibility at an industry level.    
 

 
References 

 
1. Kim SY, Yi DY. 2020. Components of human breast milk: from 

macronutrient to microbiome and microRNA. Clin Exp Pediatr. 

63(8):301–309. 

2. El-Agamy EI, Nawar MA, Shamsia SM, Awad S, Haenlein G. 

2009. Are camel milk proteins convenient to the nutrition of 

cow milk allergic children. Sma Rum Res. 82(1):1-6.  

3. Abdalla EB, Anis AEH, FaroukMH, Abd El-Rahman Salama O, 

Khalil FA, Seioudy AF. 2015. Milk production potential in 

Maghrebi she-camels. Small Rumin Res. 123:129-135. 

4. Khalesi M, Salami M, Moslehishad M, Winterburn J,  Moosavi-

Movahedi AA. 2017. Biomolecular content of camel milk: A 

traditional superfood towards future healthcare industry. 

Trends Food Sci Technol. 62:49-58. 

5. Hemme T, Otte J: Status and prospects for smallholder milk 

production. A global perspective. Global Dairy Sector: Status 

and Trends. Volume 1. 1st edition. Edited by IFCN FAO Reports 

Roma Italy; 2010:16-28. 

6. Kouadja SG, Bakayoko A, N’guessan AK, Kouassi CN. 2018.  

Modes d’alimentation des ruminants en élevages urbains et 

périurbains de Bouaké Côte d’Ivoire. Fourrages. 233:55–59. 

7. Faye B, Brey F. 2005.  Les relations entre chameaux et société: 

Entre marginalisation et idéalisation. Ethnozootechnie. 77:43–

50. 

8. Faye B, Mohamed J, Bhrawi K, Abdelhakim S, Mohammed B. 

2014. Elevage camelin en Afrique du Nord: État des lieux et 

perspectives. Revue d’élevage et de médecine vétérinaire des 

pays tropicaux. 67(4):213–221. 

9. Zhao DB, Bai YH, Niu YW. 2015. Composition and 

characteristics of Chinese bactrian camel’s milk. Small Rumin 

Res. 127:58-67. 

10. Kamal M, Karoui R. 2017. Monitoring of mild heat treatment of 

camel’s milk by front-face fluorescence spectroscopy. LWT- 

Food Sci Technol. 79:586–593. 

11. Kumar A, Seth R, Kumawat D. 2021. Effect of some processing 

treatments on shelf life of camel milk in comparison to cow 

milk. The Indian Journal of Animal Sciences. 91(8):681–684. 

12. Adlerova L, Bartoskova1 A. Faldyna M. 2008. Lactoferrin: a 

review. VeterinarniMedicina. 53(9):457-468.  

13. Gul W, Farooq N, Anees D, Khan U, Rehan F. 2015. Camel Milk: 

A Boon to   Mankind. International Journal of Research Studies 

in Biosciences. IJRSB. 3(11):23-29. 

14. Abbas S, Hifsa A, Aalia N, Lubna S. 2013.  Physico-chemical 

analysis and composition of camel milk. International 

Research. 2(2):85-98. 

15. Khaskheli M, Arain MA, Chaudhry S, Soomro AH, Qureshi TA. 

2005. Physicochemical quality of camel milk. J Agri Soci Sci. 

1(2):164-166. 

16. Devendra K, Verma KA, Chatli MK, Singh R, Kumar P, Mehta N 

et al. 2016. Camel’s milk: alternative milk for human 

consumption and its health benefits. Nutr Food Sci. 46(2):217–

227. 

17. Lajnaf R, Trigui I, Samet Bali O, Attia H, Ayadi MA. 2020. 

Comparative study on emulsifying and physico-chemical 

properties of bovine and camel acid and sweet wheys. J Food 

Eng. 10:268- 299.  

18. Barłowska J, Litwi CZ, Kedzierska Matysek M, Litwi CA. 2007. 

Non Polymorphism of caprine milk αs1-casein in relation to 

performance of four polish goat breeds. Pol J Vet Sci. 

10(3):159-64. 

19. Salmen SH, Abu-Tarboush HM, Al-Saleh AA, Metwalli AA. 2012. 

Amino acids content and electrophoretic profile of camel milk 

casein from different camel breeds in Saudi Arabia. Saudi 

Journal of Biological. 19(2):177-183. 

20. Moughan PJ: Milk proteins: a cornucopia for developing 

functional foods. In: Milk proteins from expression to food, 

edited by Thompson A., Boland M, Singh H. New Zealand; 

2009:483-496. 

21. Leila CI, Tareq MO, Maysm NM, Hala Z, Aaesha A, Asma T, et 

al. 2022. Camel milk consumption patterns and perceptions in 

the UAE: a cross-sectional study. J Nutr Sci. 11:1017-1027.   

22. Berhe T, Seifu E, Ipsen R, Kurtu MY, Hansen EB. 2017. 

Processing challenges and opportunities of camel dairy 

products. Int J Food Sci. 10:1155-1163. 

23. Brulé G, Lenoir J, Remeuf F. La micelle de caséine et la 

coagulation du lait, in:,Le fromage.  Volume 3. 2nd edition. 

Edited by Eck A, Gillis JC, Lavoisier, Paris, France: Tec et Doc; 

1997:7-39. 

24. Akindykova A, Céline CK, Baubekova A, Stefan J. 2019. Isolation 

and characterization of camel milk proteins. Int J Biol Chem. 12 

(1):5-10. 

25. Mati A, Senoussi C, Si Ahmed ZS, Almi-Sebbane D, El-Hatmi H, 

Girardet JM. 2017. Dromedary camel milk proteins, a source of 

peptides having biological activities–a review. Int Dairy J. 

73:25–37 

26. Roy D, Ye A, Moughan PJ, Singh H. 2021.  Structural changes in 

cow, goat, and sheep skim milk during dynamic in vitro gastric 

digestion. J Dairy Sci. 104:1294-1411.  

27. Arain MA, Rasheed S, Jaweria A, Khaskheli GB, Barham GS, 

Ahmed S. 2023. A review on processing opportunities for the 

development of camel dairy products. Food Sci Anim Resour. 

43(3):383-401 

28. Shammet KM, Brown RJ, McMahon DJ. 1992. Proteolytic 

activity of some milk-clotting enzymes on κ-casein. J Dairy Sci. 

75:1373–1379 

29. Mohamed AE, Babiker IA, Mohamed TE. 2013. Preparation of 

fresh soft cheese from dromedary camel milk using acid and 

heat method. Res Opin Anim Vet Sci. 3(9):289–292. 



Journal of Biotech Research [ISSN: 1944-3285] 2024; 16:16-21 

 

21 

 

30. Hipp NJ, Groves ML, Custer JH, McMeekin TL. 1952. Separation 

of α, β and κ-Casein. J Dairy Sci. 35:272-281. 

31. Laemmli UK, Favre LM. 1973. Maturation of the head of 

bacteriophage T4: I. DNA packaging events. J Mol Biol. 

80(4):575-599. 

32. James G. Speight. Chemical and Physical PropertiesIn Reaction 

Mechanisms in Environmental Engineering: Analysis and 

Prediction. Edited by James G. Speight. Laramie, Wyoming, 

United States. CD & W. 2018:81-114 

33. Hotnida S, Nidhi B, Bhesh B. 2017. Effects of milk pH alteration 

on casein micelle size and gelation properties of milk. 

International Journal of Food Properties. 20(1):179-197. 

34. Ezeh VN, Lewis MJ. 2011. Milk Reversibility Following 

Reduction and Restoration of pH. Int J Dairy Technol. 

64(2):179–187. 

35. Zhao X, Chen J, Zhu Q, Du F, Ao Q, Liu J. 2011. Surface 

characterization of 7S and 11S globulin powders from soy 

protein examined by X-ray photoelectron spectroscopy and 

scanning electron microscopy. Colloids Surfaces B: 

Biointerfaces. 86(2):260-266. 

36. Bachir B, Acem K. 2022. Spectroscopy characterization of acid 

and rennet camel milk caseins using XRD, XPS, and SEM and 

evaluation of their emulsifying properties. Mljekarstvo Dairy. 

72(3):161-171. 

37. Abbas H, Hassan F, Abd El-Gawad AM, Gafour MW, Ahamed 

SN. 2014. Preparation of limited processed cheese by using 

direct acidification resemble to mozzarella chesses properties. 

Life Sci J. 11(12):856–61. 

38. Lucey JA: Acid coagulation of milk. In: Advanced Dairy 

Chemistry. Volume 1. 4th edition. edited by McSweeney P, 

O'Mahony J. Springer New York; 2016:309-327. 


