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Abstract

:

In many countries around the world, camel milk is a healthy food used to treat many health issues including diabetes. Thus, it has been demonstrated from several studies in vivo that the consumption of camel milk either fresh or fermented could have a positive effect on certain diseases and metabolic disorders such as hypercholesterolemia and hypertension. Furthermore, lactic cultures from camel milk have also been tested for the action of some active proteins or probiotic and have shown encouraging results. The objective of this work is to synthesize the data related to the benefits of camel milk and its effect on the regulation of glycemia. More in-depth studies should be carried out on humans, in order to confirm the effect of camel milk on glycemia.
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1. Introduction


In recent decades, diabetes has been a major public health problem worldwide, with a prevalence that could reach 700 million by 2045 [1]. In addition, type 2 diabetes, which accounts for approximately 90% of diabetes cases, can lead to serious damage to the heart, eyes, kidneys, blood vessels and nerves [2]. As a result, many studies have focused on the development of anti-diabetic drugs and functional foods to cure or minimize this damage [3,4]. In the arid regions of Africa and Asia, camel milk can provide to the nutritional needs of these minor populations. Furthermore, it is recommended in these regions to consume this milk in a fresh or fermented state for the treatment of diabetes [5]. Indeed, it has been recently reported that camel milk may have medicinal properties [6], such as anticarcinogenic, antimicrobial, antioxidant, angiotensin I converting enzyme inhibitory activities, as well as cholesterol-lowering, hypoglycemic and hypoallergenic effects due to the presence of bioactive compounds [5]. In addition, the fermentation of camel milk by beneficial microorganisms offers consumers, in addition to good nutritional value, prevention against diabetes because they can reduce the absorption of glucose in the intestines. They are therefore considered one of the best ways to manage high blood sugar [7]. The objective of this work is to demonstrate the involvement of camel milk, active proteins or probiotics isolated from it, in the regulation of blood sugar and its possible use in the control of diabetes.




2. Materials and Methods


A search for articles was carried out using both Google Scholar and NCBI PubMed databases. All the articles uploaded focused on the regulation glycemia effect of camel milk and active proteins or probiotics derived from it.




3. Results and Discussion


Table 1 represents the analysis of data carried out from some selected papers and relating to the hypoglycemic effect of camel milk.



The effect of camel milk and its derivative products on the various parameters of diabetes has been reported by numerous studies cited in the table below. Zheng et al. [8] reported that the hypoglycemic effect of this milk is due to an insulin-like protein. Further, Kilari et al [9] demonstrated that a camel milk protein hydrolysates, source of bioactive peptides, could activate the insulin receptor and prevent hyperglycemia and diabetes complications. On the other hand, some authors such as Manaer et al. [10] and Chouikhi et al. [5] have suggested that the hypoglycemic effect of camel milk is mainly linked to its richness in probiotics. Overall, however, the number of these studies using probiotics isolated from camel milk remains relatively low compared to studies that used either raw or fermented milk.
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Table 1. Summary of results.






Table 1. Summary of results.





	References
	Model of Study
	Diabetogenic
	Products and Dose/Day
	Duration
	Strains of Probiotic
	Benefic Effect on Diabetes Parameters





	Agrawal et al. [1]
	Rats
	Streptozotocin
	Fresh camel milk (250 mL)
	3 weeks
	N.D
	↓ Glycemia



	El-Said et al. [7]
	Rabbits
	Alloxan
	Fresh camel milk (7 mL/kg)
	4 weeks
	N.D
	↓ Glycemia + ↑ Insulinemia



	Alharbi et al. [2]
	Rats
	Streptozotocin
	Fermented camel milk (5 mL)
	28 days
	N.D
	↓ Glycemia + Hepatoporotector effect



	Fallah et al. [11]
	Patients
	-
	Fermented camel milk (250 mL)
	8 weeks
	N.D
	↑ Insulinemia



	Xu et al. [12]
	Mice
	LPS/D-GalN
	Probiotic isolated from Mongolian camel milk
	7 weeks
	Lactobacillus Paracasei subsp. paracasei WXD5
	↓ lipopolysacharids + ↓ IL6



	Chouikhi et al. [5]
	Rats
	Alloxan
	Probiotic isolated from Tunisian camel milk (109 cfu/mL)
	14 days
	Lactiplantibacillus plantarum LC38
	Hepatoprotector effect



	Manaer et al. [10]
	Mice
	db/db mice
	Traditional fermented cheese whey (108–1010 cfu/mL)
	6 weeks
	Lactobacillus Kefiranofaciens + Issatchenkia orientalis
	↓ Glycemia, OGTT, HbAlc







↑: Increase; ↓: decrease; N.D: no determined; OGTT: oral glucose tolerance test; HBAlc: Hemoglobin A1c; IL6: Interleukin 6.












4. Conclusions


Most of the results of in vivo tests searching the effect of camel milk, have shown that this animal product could have preventive and/or curative effects against diabetes, due to the action of some active proteins. Moreover, very little research have been done, on the strains of probiotics isolated from this milk and their effects on diabetes. Thus, other trials on the different strains isolated from camel milk and tested on several animal species as well as on humans, should be considered.







Author Contributions


Conceptualization, L.K. and A.L.D.; methodology, L.K.; software, L.K.; validation, A.L.D., A.B.; formal analysis, L.K.; investigation, L.K.; resources, L.K.; data curation, A.L.D.; writing—original draft preparation, L.K.; A.L.D. and A.B.; writing—review and editing, L.K., A.B. and A.L.D.; visualization, L.K., A.L.D.; supervision, A.L.D.; project administration, A.L.D.; funding acquisition, L.K. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Acknowledgments


This work is a part of the “probiotic” project agreement number D01N01UN250120180004. The authors acknowledge the support and help of El-Hacene Bererhi, the Director of the Institute of Veterinary Sciences, Université Frères Mentouri Constantine 1, Algeria; Mohammed Gagaoua, a researcher from PEGASE INRAE, France and Nedjoua Lakhdara, a member of GSPA Research Laboratory, Institute of Veterinary Sciences, Université Frères Mentouri Constantine 1, Algeria.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Agrawal, R.; Kochar, D.; Sahani, M.; Tuteja, F.; Ghorui, S. Hypoglycemic activity of camel milk in streptozotocin induced diabetic rats. Int. J. Diabetes Dev. Ctries. 2004, 24, 47–49. [Google Scholar]

	



Alharbi, Y.M.; Sakr, S.S.; Albarrak, S.M.; Almundarij, T.I.; Barakat, H.; Hassan, M.F.Y. Antioxidative, Antidiabetic, and Hypolipidemic Properties of Probiotic-Enriched Fermented Camel Milk Combined with Salvia officinalis Leaves Hydroalcoholic Extract in Streptozotocin-Induced Diabetes in Rats. Antioxidants 2022, 11, 668. [Google Scholar] [CrossRef] [PubMed]

	



Bailey, C.J.; Tahrani, A.A.; Barnett, A.H. Future glucose-lowering drugs for type 2 diabetes. Lancet Diabetes Endocrinol. 2016, 4, 350–359. [Google Scholar] [CrossRef] [PubMed]

	



Beidokhti, M.N.; Jäger, A.K. Review of antidiabetic fruits, vegetables, beverages, oils and spices commonly consumed in the diet. J. Ethnopharmacol. 2017, 201, 26–41. [Google Scholar] [CrossRef] [PubMed]

	



Chouikhi, A.; Ktari, N.; Bardaa, S.; Hzami, A.; Ben Slima, S.; Trabelsi, I.; Ben Salah, R. A novel probiotic strain, Lactiplantibacillus plantarum LC38, isolated from Tunisian camel milk promoting wound healing in Wistar diabetic rats. Arch. Microbiol. 2022, 204, 1–13. [Google Scholar] [CrossRef] [PubMed]

	



Konuspayeva, G.; Faye, B. Recent advances in camel milk processing. Animals 2021, 11, 1045. [Google Scholar] [CrossRef] [PubMed]

	



El-Said, E.-S.E.-S.; El-Sayed, G.R.; Tantawy, E. Effect of camel milk on oxidative stresses in experimentally induced diabetic rabbits. Vet. Res. Forum 2010, 1, 30–43. [Google Scholar]

	



Zheng, Y.; Wu, F.; Zhang, M.; Fang, B.; Zhao, L.; Dong, L.; Ge, S. Hypoglycemic effect of camel milk powder in type 2 diabetic patients: A randomized, double-blind, placebo-controlled trial. Food Sci. Nutr. 2021, 9, 4461–4472. [Google Scholar] [CrossRef] [PubMed]

	



Kilari, B.P.; Mudgil, P.; Azimullah, S.; Bansal, N.; Ojha, S.; Maqsood, S. Effect of camel milk protein hydrolysates against hyperglycemia, hyperlipidemia, and associated oxidative stress in streptozotocin (STZ)-induced diabetic rats. J. Dairy Sci. 2021, 104, 1304–1317. [Google Scholar] [CrossRef] [PubMed]

	



Manaer, T.; Yu, L.; Nabi, X.-H.; Dilidaxi, D.; Liu, L.; Sailike, J. The beneficial effects of the composite probiotics from camel milk on glucose and lipid metabolism, liver and renal function and gut microbiota in db/db mice. BMC Complement. Altern. Med. 2021, 21, 127. [Google Scholar] [CrossRef] [PubMed]

	



Fallah, Z.; Feizi, A.; Hashemipour, M.; Kelishadi, R. Effect of fermented camel milk on glucose metabolism, insulin resistance, and inflammatory biomarkers of adolescents with metabolic syndrome: A double-blind, randomized, crossover trial. J. Res. Med. Sci. 2018, 23, 32. [Google Scholar] [CrossRef] [PubMed]

	



Xu, R.; Xiu, L.; Zhang, Y.; Du, R.; Wang, X. Probiotic and hepatoprotective activity of lactobacillus isolated from Mongolian camel milk products. Benef. Microbes 2019, 10, 699–710. [Google Scholar] [CrossRef] [PubMed]












	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2023 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  blsf-22-00022


  
    		
      blsf-22-00022
    


  




  





media/file0.png





