
 

 ABSTRACT 

ALMOHMADI, WAFA. Camel Milk as an Antidiabetic Agent: A Review of the Impact of In 

Vitro Digestion and Pasteurization on Glucose Regulatory Hormones. (Under the direction of Dr. 

Jonathan C. Allen).  

 

Diabetes is on the rise with nearly 30 million individuals with diabetes and approximately 

90 million prediabetics in United States (CDC, 2017). Diabetes treatment consists of insulin 

or/and medication with modification of diet and daily physical activities. To date, insulin is 

considered to be the most effective treatment for patients with diabetes. Once the insulin 

treatment starts, it will be life-long. Additionally, studies show that insulin treatment negatively 

affects insulin sensitivity in the long run. A growing body of research has shown the favorable 

effect of camel milk in preventing, managing, and delaying diabetes complications in both 

animal models and human trials; however, the mechanistic behind it is still unknown. In this 

dissertation we explored camel milk efficacy as an antidiabetic candidate through investigating 

its glucoregulatory hormones and antioxidant activity in comparison with other mammalian 

milks. 

Study one, a simulation of gastrointestinal digestion was carried out to investigate the 

stability of insulin and IGF-1 in camel, goat human, and bovine milk. Results showed that only 

camel and goat milk insulin were significantly immune to digestion, suggesting that goat and 

camel milk provide a usable insulin. Additionally, the absence of IGF-1 in camel milk samples 

indicated that camel milk anti-hyperglycemic derives from insulin. Further studies need to be 

carried out to explore other antidiabetic components from both camel and goat milk. 

Study two, as camel milk showed high levels of insulin, glucoregulatory hormones in 

camel milk and different types of mammalian milk were explored. Results showed significantly  



 

high levels of visfatin in both human and camel milk. This adipokine hormone holds an insulin 

mimetic property that has the ability to bind in distinct binding sites of insulin receptors and 

promote glucose uptake. Findings suggested that camel milk insulin is one of other components 

that gives camel milk its unique hypoglycemic role. 

In study three, the antioxidant capacity of camel milk was investigated. Results indicated 

that camel milk held significant antioxidant properties. Although, the antioxidant vitamins and 

minerals that play cofactor roles in antioxidant enzymes were similar to those in milk from other 

mammals. The study proposes that camel milk antioxidant capacity may derive from bioactive 

peptides. Further work needs to be carried out to determine specific antioxidant components in 

camel milk.  

In conclusion, insulin and IGF-1 have an antihyperglycemic function. The 

glucoregulatory hormone and antioxidant activity of camel milk were explored in this 

dissertation. Future research to investigate the hypoglycemic components of camel milk as an 

antidiabetic agent is needed.  
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CHAPTER 1: LITERATURE REVIEW 

 

Camels are bred mainly for milk production because of their capacity to provide milk in 

extreme environments over long periods of time compared to other dairy animals (Farah et al., 

2007). Around the world there are approximately 30 million individual animals. Camels, which 

are herbivores, represent only 1% of the globe’s milk producing animals compared to the cattle 

population which has about 2 billion. Nevertheless, camel populations have shown an average 

growth increase of 3.4% annually since 1961 (Faye, 2015). Global milk production is nearly 

696.6 million (83.3% cow milk, 13%, buffalo milk, 2.2% sheep, 1.3% sheep, and 0.2% camel 

milk) (Barłowska, 2011).  Camels can produce up to 1000 to 12000 L per she-camel during their 

8 to 18 months of lactation (Nagy and Juhasz, 2016). Under favorable conditions, she-camels can 

produce roughly 6 to 12 L/ day; however, in harsh environmental conditions, the average milk 

yield is around 2 L/day (Ayadi et al., 2009). 

Camel milk composition 

Multifactorial effects play a role in the variation of camel milk composition specifically  

depending on the geographical location, feeding practices, breeds, milk quality, and partition. In 

a meta-analysis conducted by Konuspayeva et al. (2009), they found that camel milk 

composition (in g/100 mL) was 3.82 ± 1.08 for fat, 3.35 ± 0.62 for total protein, and 4.46 ± 1.03 

for lactose. Casein is the predominant proteins which accounts to 80 % of the total proteins. 

Camel milk casein lacks kappa casein which makes camel milk casein micelles less susceptible 

to coagulation. In addition, the unsaturated fatty acid to saturated fatty acids is much higher in 

camel milk compared with bovine milk (Konuspayeva et al., 2009). Table 1 illustrates the 

composition of camel milk based on the geographical location from 82 resources. 

 

about:blank#bib96
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Table 1: The variation of camel milk contents based on the geographical location. 

 

Zone FM TP DM L Ash n 

Asia 5.07 ± 0.21** 4.02 ± 0.47** 13.86 ± 1.97** 5.33 ± 0.42* 0.79 ± 0.10 11 

East Africa 4.14 ± 0.80* 3.33 ± 0.52 12.69 ± 1.11* 4.18 ± 0.72 0.76 ± 0.09 20 

North Africa 3.50 ± 1.01 3.21 ± 0.60 12.53 ± 1.22 4.65 ± 0.67 0.84 ± 0.08* 16 

Indian 

subcontinent 
3.49 ± 0.85 3.36 ± 0.64 12.05 ± 1.61 4.45 ± 0.74 0.78 ± 0.07 12 

Western Asia 3.31 ± 1.03 3.10 ± 0.62 11.62 ± 1.29 4.45 ± 0.40 0.78 ± 0.05 17 

Undetermined 3.62 ± 0.81 3.34 ± 0.53 12.22 ± 1.22 4.49 ± 0.77 0.72 ± 0.07 6 

FM: fat matter; TP: total protein; DM: dry matter; L: lactose.  *Significant level compared to the 

lowest value: P < 0.05. 

**Significant level compared to the lowest value: P < 0.01. 

 Table 1. is adopted from Konuspayeva (2009) meta-analysis and shows the composition of 

camel milk based on the geographical location from 82 resources. The numbers are based on the 

mean and the standard deviation. 

Camel milk is rich in vitamin C. It is reported that vitamin C is about three to five times 

higher in camel milk compared with bovine milk. However, both vitamin A and riboflavin are 

found to be lower in camel milk compared with bovine milk. Compared with bovine milk, camel 

milk is significantly higher in Na, K, Fe, Cu, and Mn, whereas, the levels of Ca, P, and Mg in 

camel milk were comparable with the levels in bovine milk (Sawaya et al., 1984 ). Table 2 

demonstrates the camel milk composition compared to that of other animal species. 

 

 

about:blank#tbl3fn2
about:blank#tbl3fn2
about:blank#tbl3fn2
about:blank#tbl3fn1
about:blank#tbl3fn1
about:blank#tbl3fn1
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Table 2: Composition of Milk According to Species. 

 

 

 

 

 

 

 

This table is adopted from the meta-analysis by Konuspayeva, G., Faye, B., Loiseau, G., 2009. 

The composition of camel milk: a meta-analysis of the literature data. J. Food Compos. Anal. 

22(2), 95–101; other species values from El-Agamy, E.I., 2006. Camel Milk. Handbook of Milk 

of Non-Bovine Mammals, pp. 297–344. 

Diabetes is a growing health problem in the United States and worldwide. The prevalence 

of diabetes in the U.S. has reached around 30 million adults with nearly 90 million prediabetic 

individuals (CDC, 2017). A report by Ogurtsova et al. (2017) indicated there were 415 million 

diabetic adults globally. Additionally, the incidence of diabetes is predicted to reach 642 million 

people by 2040 worldwide with 5 million deaths annually (Ogurtsova et al, 2017). In 2015, 

diabetes was the seventh leading cause of death. Moreover, the medical expenses of diabetic 

people were estimated to be 2.3 times higher than healthy non-diabetic (Harding et al, 2019). 

Constituents (%) Species, Mean Values 

Camel Cow Buffalo Sheep Goat Human 

Water 87.53 87.78 83.81 82.95 87.30 88.66 

Total solid 12.47 12.25 16.19 17.05 12.12 11.34 

Fat 3.82 3.60 6.75 5.95 4.15 2.80 

Protein 3.35 3.24 4.18 5.25 3.02 1.97 

       

Ash 0.79 0.76 0.81 0.94 0.74 0.27 
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Figure 1. Shows the prevalence of diabetes globally, 2017 and 2045- adopted from Ogurtsova et 

al. (2017). 

 

Diabetes can be defined as a disturbance of carbohydrate metabolism leading to 

hyperglycemia due to insulin deficiency or insulin resistance or both (Deshpade et al., 2008). 

There are two major types of diabetes mellitus. Diabetes mellitus type 1: insulin dependent 

(INDDM), and type 2: non-insulin dependent (NIDM) which is approximately 90-95% of 

diabetes mellitus incidence. Diabetes management usually involves an improvement in physical 

exercise, a modification in eating behavior and the prescription of anti-diabetic medications 

and/or insulin (Shori, 2015).  

Camel milk and Diabetes 

 

 There is significant evidence that regular consumption of milk from camels has a 

positive anti-diabetic effect in both type 1 and type 2 people with diabetes. Data supporting the 

anti-diabetic effects of camel milk derives from epidemiological studies, research in diabetic rat 
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and mouse model systems, and clinical studies on patients with diabetes. An epidemiological 

study from India found that individuals who consumed camel milk in a particular community had 

zero prevalence of diabetes whereas individuals in the same community who did not consume 

camel milk had a higher incidence (Agrawal et al., 2011).  

Camel milk and type 1 diabetes 

Type 1 diabetes is an autoimmune disease characterized by lack of insulin secretion due 

to β -cell destruction; therefore, insulin treatment is crucial. Unfortunately, when insulin therapy 

begins, diabetic patients must continue to take it throughout their lives. As time progresses, the 

dosages usually increase (Amal, 2015).  

A clinical study (Kotb-El-Sayed et al., 2011) showed improved lipid profiles and glucose 

control in type 1 diabetic humans who consumed camel milk or camel milk supplemented with 

prescribed insulin. Diabetic rats (streptozotocin-induced diabetes model) showed improved 

glucose tolerance when the animals were fed camel milk. Camel milk improved weight gain, 

fasting blood glucose concentration, and fasting insulin levels. Additionally, lipid profiles 

improved in the diabetic rats which were fed camel milk. Camel milk also lowered the incretin 

molecules GLP1 and GIP, along with inflammatory cytokines TNF-alpha and TGF-beta (Koresh 

2014).  

Type 1 diabetic patients fed camel milk significantly reduced the dose of insulin required 

to maintain blood glucose in the normal range (Agrawal et al., 2007), suggesting either that the 

milk supplied usable insulin, or it impacted insulin secretion through the pancreatic beta cells. 

Camel milk and type 2 diabetes 

Type 2 diabetes mellitus is associated with poor lifestyle and obesity. Type 2 diabetes is 

characterized by impaired glucose uptake and insulin resistance. Insulin resistance is a health 
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condition that occurs before diabetes is diagnosed. It is linked to genetic and environmental 

factors. Insulin resistance is characterized by hyperinsulinemia, hyperleptinemia, and impaired 

glucose uptake. Sedentary lifestyles, as well as other factors such as high caloric intake, and 

other factors that contribute to insulin resistance (Deshpande et al., 2008). 

In patients with type 2 diabetes, Fallah et al., (2020) found that the insulin dose needed in 

patients receiving camel milk decreased by 13.7 %. Camel milk could be effective for glycemic 

control in T2DM patients using long-acting insulin. Since FBS and HbA1c were reduced 

significantly in the camel milk group. These results could suggest that regular consumption of 

raw camel milk could be used as complementary approach for glycemic control in patients with 

type 2 diabetes. (Fallah, 2020). However, some inconsistencies have been observed in the results 

from studies investigating the effect of camel milk on lipid profiles of diabetic patients, 

indicating the need for further research (Ejtahed et al., 2015). 

Camel milk and antioxidants in diabetes 

 Diabetes is an oxidative stress disease in which elevated glucose concentration can cause 

mitochondria to generate free radicals. Prolonged hyperglycemia can lead to generating 

excessive numbers of free radicals causing imbalance between oxidants and endogenous 

antioxidants (Karunakaran and Park, 2013). Uncontrolled free radicals cause oxidative stress 

when the oxidants that are present exceed the antioxidant systems in the body after a loss occurs 

in the oxidant-antioxidant balance (Yoshikawa & Naito, 2002). As a result, oxidative stress 

causes a reduction in the antioxidant defenses in the body and contributes to the etiology of 

diabetes. Moreover, it has been found that diabetic people have lower antioxidant enzymes 

compared with non-diabetics (Power,2013). Studies have shown that exposure to chronic 

elevated blood sugar leads to beta-cell dysfunction (Karunakaran and Park, 2013). Thereby, 

about:blank#bib15
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exogenous antioxidants from natural food sources or supplementation might be a way to prevent 

diabetes onset or from developing adverse diabetes-related health complications.  

Milk has levels of antioxidant enzymes that help quenching the free radicals. Superoxide 

dismutase (SOD) plays a major role as interacting with superoxide anions and converting them to 

hydrogen peroxide. Both catalase (CAT) and glutathione peroxidase (GPx) react with hydrogen 

peroxide and remove it from the system (Grażyna et al., 2017). Studies have shown that goat and 

camel milk consumption increases the endogenous antioxidant enzymes (Power et al., 2013). 

Figure 2. The role of milk antioxidants- adopted from Imran et al. (2019). 

  Literature shows that camel milk has a role in preventing or enhancing several health 

conditions due to its functionality with anti-hypertensive, anti-diabetic, and anti-oxidative 

properties. The latter can be contributed through the camel milk antioxidant components such as 

vitamins C and E, bioactive peptides, and other antioxidant minerals that influence the 

enhancement of antioxidant enzyme activity in the body (Al-Ayadhi & Elamin, 2013). Oxidative 

stress in diabetic patients decreased the non-enzyme antioxidants such as glutathione, vitamin C 

and vitamin E. Camel milk has higher antioxidant vitamins such as C , E, and A. Vitamin E is 

found in milk in small quantities and its levels vary from one species to another. The biological 
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value of vitamin E is its role in preventing the oxidation of cell membranes and replenishing the 

antioxidant enzymes. Moreover, vitamin E helps keep peroxide radicals from damaging cell 

membranes (Grażyna et al, 2017). 

According to Power et al., (2013), camel milk is rich in several minerals that play a role 

in antioxidant defense, such as zinc and magnesium. Both minerals are required by some 

antioxidant enzymes in the body and their functions enhance antioxidant activities. In addition, 

magnesium improves the absorption of vitamins C and E, where the latter is important in 

glutathione synthesis. Several studies have shown that camel milk consumption increases the 

antioxidant enzymes such as superoxide dismutase and glutathione peroxidase, in the 

body.  Antioxidant digestive peptides play a role in decreasing oxidative stress due to their 

function in chelating metals, stabilizing free radicals, and preventing lipid 

peroxidation. Moreover, Ebaid et al., (2013, 2105) found that feeding camel milk whey protein 

replenished antioxidants enzymes such as glutathione (GSH), superoxide dismutase (SOD), and 

catalase (CAT) compared with untreated diabetic rats. The impact of camel milk on oxidative 

stress in induced diabetic rabbits was evaluated by El-Sayed et al., (2011). In comparison to 

uncontrolled diabetic rabbits, a substantial increase was found (p<0.05) in mitochondria catalase 

and glutathione (5.6± 0.3 nmol / mL, 377.5 ± 4.2 U / L and 10.1 ± 0.7 mg / dL). SOD in diabetes 

is limited regardless of the usage of SOD in hydrogen peroxide (H2O2), which stops cells from 

developing more free radicals (Amal, 2015).  The capacity of camel milk to raise SOD in 

diabetic rabbits (El-Said et al.,2010), other diabetic animals (Ebaid et al., 2013 and 2015) and 

children with autism (Grażyna et a.l, 2017) was shown.  

Although a positive anti-diabetic effect of consuming camel milk has been well established, 

the mechanism for this action is not so well known. Several possibilities that have been proposed 
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include a high level of insulin in camel milk, a high oral bioavailability of this insulin relative to 

any other orally taken insulin (Malik et al., 2012) and a collection of antioxidant molecules present 

in camel milk that might protect against oxidative stress (Al-Numair et al., 2010).   

The macronutrient composition of camel and bovine milks is similar, but camel milk has 

more whey protein and less kappa-casein (Al haj and Al Kunhal, 2010). Some studies report that 

camel milk has a higher concentration of insulin (51 nmol/L), but other studies measured an insulin 

immunoreactivity of (41.9 ± 7.38 µU/ml) which was stated to be similar to cow’s milk insulin 

concentration (Wemery et al 2006).  The amino acid sequence of camel insulin is the same as 

bovine insulin, and both were predicted to be susceptible to gastrointestinal enzymatic digestion 

in a computer model that shows the same cut site number for pepsin, trypsin, and chymotrypsin 

(Malik et al., 2012), which means that camel milk insulin could be degraded by digestive enzymes 

before reaching the bloodstream. Therefore, the antidiabetic effects of camel milk could be due to 

other factors that protect insulin from digestion. Possible chaperone-like molecules for the milk 

insulin are alpha-S1-casein (Badraghi et al., 2009), or ß-casein (Barzegar et al., 2008), or a high 

level of zinc (Al haj and Al Kunhal 2010). Similarly, it is possible that the milk contains bioactive 

molecules that promote insulin secretion, such as GIP or GLP-1. Furthermore, by looking at the 

camel milk composition of fatty acids, camel milk has larger fat globules compared with cow’s 

milk.  Malik et al., (2012) suggest that the insulin of camel milk might be encapsulated in lipid 

nanoparticles that protect it from degradation.  

Camel milk and pasteurization 

Pasteurization is an essential process for the dairy industry to assure the removal of milk 

pathogens. It is well-known that a heat treatment with variation of time-temperature 

combinations, depending on the type of pasteurization desired, is applied to milk. This process 
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can alter milk protein composition, and thus influence protein functions (Zhang, 2017). Camel 

milk is traditionally consumed raw or fermented in regions where they are endogenous. In most 

of these regions, the lack of cooling systems during milking and transporting coupled with high 

temperatures increases the chance of foodborne diseases (El-Ziney et al., 2007). Two studies that 

identified the microbial growth in raw camel milk samples found that 50% and 87% of the 

samples were contaminated above the acceptable limits (El-Ziney et al., 2007; Abera et al., 

2016). In fact, there was a brucellosis outbreak from consuming unpasteurized camel milk 

(Garcell et al., 2016). Therefore, pasteurization of camel milk should be considered.  Agrawal et 

al. (2005) found that pasteurization reduced the glucose lowering effect of camel milk compared 

with raw camel milk. Moreover, a study evaluated the effect of pasteurization on camel milk 

constituents, including α-lactalbumin and β-lactoglobulin, vitamins (A, E, C, B1, B2, B6, D3, C), 

and minerals (Zn, Ca, Fe, and Cu). They found that all camel milk’s composition showed 

stability except for α-lactalbumin and β-lactoglobulin (Wernehy, 1999). In fact, few works have 

looked at the effect of the pasteurization on camel milk composition and the results are 

inconsistent; therefore, more studies should investigate the effect of heat treatment on camel milk 

constituents.  

Glucose regulatory hormones 

Insulin is the primary regulatory hormone for glucose homeostasis, while glucagon is a 

hormone responsible for increasing blood glucose. While insulin is the only pancreatic hormone 

known to decrease blood glucose, glucagon is a key catabolic hormone of 29 amino acids that 

has an opposing effect on insulin. Glucagon-Like Peptide-1 (GLP-1) is an incretin hormone 

consisting of 30 amino acids, which stimulates glucose-insulin secretion (Bae, 2017). Glucose-

Dependent Insulinotropic Polypeptide (GIP) (Szablewski, 2011) is synthesized in the endocrine 
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cells called K cells mainly in the duodenum. GLP-1and GIP are gut hormones that play a role in 

glucose homeostasis. The effect of GLP-1 is partly due to the inhibition of glucagon secretion; as 

a result, it stimulates insulin secretion. GLP-1 and GIP play a part in slowing the gastric 

emptying into the small intestine, which delays the absorption of nutrients, and increases the 

production of glucose (Bae, 2017; Rojas-Henao, 2018). Ghrelin is a gastric hormone consisting 

of 28 amino acids. Ghrelin stimulates hunger and it has been shown to inhibit insulin secretion. 

Ghrelin is responsible for the regulation of appetite and increases food intake. In animal studies 

and In vitro, ghrelin inhibits insulin’s role on the glycogen synthesis and gluconeogenesis. The 

exogenous administration of ghrelin in human subjects has been shown to have a hyperglycemia 

effect; however, these findings are inconsistent (Tong, 2010).  Leptin 's role in suppressing 

appetite has a counteracting effect to ghrelin. A study found that leptin administration 

contributed to reversing hyperglucagonemia in STZ diabetic animals. This may be attributed to 

its role in increasing the response to insulin (Denroche et al., 2011). A study found that leptin 

administration improved insulin sensitivity; as a result, glucose uptake was enhanced (Toda, 

2013). 

The objective of this dissertation study is to identify results that may explain how camel 

milk may reduce blood glucose and its potential for diabetes management through quantifying 

the levels of insulin and IGF-1, other glucose regulatory hormones, antioxidant capacity, 

antioxidant vitamins  A and E , and minerals (copper, zinc, magnesium, and manganese) as anti-

diabetic components of camel milk and compare those levels with other mammalian milks. A 

second objective was to investigate the changes in the proposed anti-diabetic components of the 

milk as a result of in vitro-digestion and pasteurizations. 
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CHAPTER 2: THE RELATIONSHIP BETWEEN DIABETES AND MAMMALIAN 

MILK: SYSTEMATIC REVIEW 

ABSTRACT 

 

Diabetes Mellitus incidence is on the rise worldwide. With emerging focus on alternative 

natural therapies for diabetes prevention or management, camel milk is a topic of interest due its 

bioactive components. Since milk in general consists of functional components, we aim to 

investigate the role of milk from various mammalian species on diabetes markers through a 

review of literature.  

Results 

 Literature search yields 498 articles and after removing irrelevant and duplicate articles, 

27 articles were reviewed. Studies up to November 20th, 2019 that investigated the role of milk 

and dairy products from different mammalian species on diabetes biomarkers met the criteria.  

Conclusion 

Camel milk among all mammalian milks showed better results in controlling diabetes 

parameters through its role in lowering blood glucose and improving lipid profile in both animal 

and human trials. Goat milk has also shown some reduction in blood glucose and insulin levels. 

However, studies on the relationship of milk on diabetes were conducted on small group settings 

or during a short period, therefore there is a need for more studies to confirm the efficacy of milk 

and its derivatives on diabetes.  
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INTRODUCTION 

 

Diabetes is a growing health problem in the U.S. and worldwide. The prevalence of 

diabetes in the U.S. had reached around 30 million adults with nearly 90 million prediabetic 

individuals (CDC,2017). Ogurtsova et al., (2017) reported that there were 415 million diabetic 

adults globally. In addition, the incidence of diabetes is predicted to reach 642 million people by 

2040 worldwide contributing to 5 million deaths annually (Harding et al., 2019).  While some 

medications exist to manage diabetes symptoms, researchers have yet to fully explore the 

potentials of natural and alternative methods for diabetes symptom management. Milk is a 

nutritious food that consists of multiple functional components such as bioactive peptides, 

probiotic bacteria, antioxidants, vitamins, specific proteins, oligosaccharides, organic acids, 

highly absorbable calcium, conjugated linoleic acid and other bioactive substances that have 

been associated with health benefits serving as antihypertensive, antidiabetic, anti-inflammatory 

functions, and more yet to be discovered (Grażyna et al., 2017). Several works investigated the 

role of some milk derivatives and diabetes. Liu et al. (2019) have found that goat milk 

consumption has a positive role in glucose homeostasis. In addition, an epidemiological study 

from India found that individuals who consumed camel milk in a particular community had zero 

prevalence of diabetes whereas individuals in the same community who did not consume camel 

milk had a higher incidence (Agrawal et al., 2011). Given these positive findings, the purpose of 

this review is to investigate the role of mammalian milk on diabetes. To date the relationship 

between diabetes and mammalian milk in general has not been systematically reviewed. 
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METHODS 

 

Search Strategy  

 

A literature search was conducted in PubMed, ProQuest Central, Agricola, and Web of 

Science. Also, two gray sources: Thesis/ Dissertations and Google Scholar were included in the 

search. The researcher searched for all randomized controlled trials with no timeline restriction, 

but the language was restricted to English only. The search was conducted to the following 

terms: “goat milk”, “C. aegagrus”, “capra hircus”, “dairy”, “camel milk”, “camelus”, “bactrian, 

milk”, “cows”, “bovine”. All these terms were coupled with “diabetes” AND one or more 

diabetes parameters (such as fasting blood glucose (FBG), HbA1C, insulin sensitivity, 

hyperglycemia, insulin resistance, metabolic syndrome, etc). 

Search Screening 

 

The primary search yields 506 articles from five different databases PubMed 19, 

ProQuest Central 113, Web of Science 11, Google Scholar 332, Agricola 8, and 

Thesis/dissertation 23.  After removing duplicates, 470 articles were identified. After assessing 

the articles’ titles and abstracts we excluded 255 articles (irrelevant (n=244), reviews (n=7), 

duplicates (n=4)). Only 17 articles were found to be eligible for review. 
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Figure 1. Flow Diagram of the systematic literature Review. 

 

 Inclusion criteria   

 

In order to investigate the relationship between diabetes and mammalian milk, the studies 

included in the current review had to meet the following criteria: 

• Studies were considered for inclusion if at least one of the following parameters was 

investigated: Fasting blood sugar levels (FBS), serum insulin level, insulin sensitivity, 

insulin resistance [homeostatic model assessment-insulin resistance (HOMA-IR)], and 

glycated hemoglobin (HbA1c).  
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• Studies were considered for inclusion of at least one of the following parameters was 

investigated: Total cholesterol (TC), Very-low-density lipoprotein (VLDL-C), low 

density lipoprotein cholesterol (LDL-C), high density lipoprotein cholesterol (HDL-C), 

and triglycerides (TG).  

• Interventions: A daily administration of any milk or dairy products of any mammalian to 

animal or human subjects with diabetes, with no restricted dose.  

•  Language: Articles are restricted to English.  

Exclusion criteria   

 

In this review, we excluded any articles that were written in languages other than 

English. Reviews, case studies, and in vitro studies were excluded as well. We also excluded 

any studies that did not include any of the diabetes parameters as measured variables. 

RESULTS 

Several studies investigated the role of camel milk on diabetes and more work has been 

done on type 1 diabetes in both human and animal models compared with type 2. Only three 

articles evaluated the role of goat milk on diabetes with two conducted on diabetes type 1 and 

one on diabetes type 2. Finally, we only found one article comparing camel milk administration 

with milk from other species to be eligible to the identified criteria. 

Table 1. The Effect of Camel Milk on Type 1 Diabetes in Human Trials. 

Study Study 

Population 

Control 

group 

Intervention 

Group 

Study 

Period 

Results 

Agrawal 

et al, 

(2003) 

N=24 N=12, usual 

care 

N=12, usual care 

+500 ml camel 

milk / day 

3 months , Camel milk group    

Lower fasting blood glucose, HbA1c, 

and   Insulin dose 

 

Agrawal 

et al, 

(2005) 

N=24 N=12, usual 

care 

N=12, usual care 

+500 ml camel 

milk / day 

I y    Camel milk group    

Lower fasting blood glucose, HbA1c, 

and   Insulin dose 

 

 

 



 

23 

 

Table 1 (continued). 

Agrawal et 

al, (2011) 

N=24 N=12, usual 

care 

N=12, usual care 

+500 ml camel 

milk / day 

2 y      

Camel milk group    

Lower fasting blood glucose, HbA1c, and   

Insulin dose 

 

Mohamad 

et al. 

(2009) 

N=54 N=27, usual 

care 

N=27, usual care 

+500 ml camel 

milk / day 

16 days Camel milk group    

Lower fasting blood glucose, HbA1c, and   

Insulin dose 

Higher plasma insulin 

 

Fallah et 

al., (2020) 

N=40 N=20, Sterile 

cow milk 

N=20, 500 ml/day 

raw camel milk 

3 months Camel milk group    

Lower fasting blood glucose, HbA1c, and   

Insulin dose 

 

Abbreviation: HbA1c: Glycosylated Hemoglobin. 

 

Table 2. The Effect of Camel Milk on Type 2 Diabetes in Human Trials. 

 

Table 3. The Effect of Camel Milk, Goat on Type 2 Diabetes in Animal Models. 

Study Study Population Control 

group 

Intervention 

Group 

Study 

Period 

Results 

AlNumair 

et al 

(2010) 

N=30; streptozotocin 

diabetic-male albino 

rats 

N=18 no 

treatment  

N=6; diabetic 

rats given camel 

milk 250 ml/day  

 

45 d Camel milk group  

  

Decrease Hyperglycemia and 

Hyperlipidemia 

Ebaid et 

al, (2013, 

2015) 

N= 36 streptozotocin-

diabetic-male albino 

rats 

N= 30  N=6 diabetic 

rats fed 

250 μl/rat/day of 

camel whey 

protein 

8 days Camel milk:         

   Lower TNFa and NFKb 

  Lower GSH, CAT, SOD, Gene 

expression of TNF a 

No change lipid profile        

Study Study 

Population 

Control 

group 

Intervention 

Group 

Study 

Period 

Results 

Ejtahed et 

al. (2015) 

N= 20 N=9; cow 

milk 500 

ml/day 

N=11; camel milk 

500 ml/day 

2 

months 

no change between the two groups on 

blood glucose, lipid profile, and blood 

pressure 

Increased Plasma insulin in camel milk  

Wang et al, 

(2009) 

N=12 N=6, usual 

care 

N=6; usual care+ 

camel milk 500 

ml/ day 

14 

weeks 

     Camel milk group    

Lower fasting blood glucose, HbA1c, and   

Insulin dose, plasma insulin, cholesterol, 

and TG 
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Table 3. (continued). 

Kebir et al, 

(2017) 

N= 30 

Alloxan type1 

male albino 

rats 

N=10; 

Nondiabetic no 

treatment 

 n= 10 diabetic 

no treatment 

N= 10 diabetic + 

camel milk  

4 weeks Camel milk group  

  

Decrease Hyperglycemia and 

Hyperlipidemia 

Korish et 

al, (2019) 

N=60 

streptozotocin-

diabetic- male 

wister 

N= 30 with no 

treatment 

N= 20: 

N=10 diabetic rats 

fed camel milk 

N=10 diabetic rats 

fed bovine milk 

8 weeks Camel milk and bovine milk: 

Lower fasting blood glucose and 

increased glucose sensitivity 

Bovine milk: 

Increased anticoagulant activity 

Korish et 

al, (2014) 

N=60 STZ 

male wister 

N= 40 N= diabetic + 

camel milk 50 ml / 

day  

8 weeks Camel milk  

Lowered FBG, improved lipid profile, 

and suppressed weight loss. GLP-1 

and GIP 

Liu et al, 

(2019) 

N=60 Sprague 

Dawley rats, 

type 1 

N= 40 N=10 diabetic rats 

fed goat based 

high fat diet  

N=10 diabetic rats 

fed cow based 

high fat diet 

24 weeks Goat milk: 

 Lower OGTT, ITT, FBG 

Bovine milk: 

lower    ITT 

 

Meena 

et.al, 

(2016) 

 

N= 48, Type1 

albino Wistar 

rats 

 

N=16 

N=8; normal 

nondiabetic 

N=8; diabetic 

no treatment 

N= (32): 

N=8; 5oml/ day 

goat milk 

N=8; 5oml/ day 

camel milk 

N=8; 5oml/ day 

bovine milk 

N=8; 5oml/ day 

buffalo milk 

 

4 weeks Camel milk: 

Lower A1c, normal insulin level, and 

normal lipid profile. 

Goat milk: 

Lower (LDL) level, and high (HDL) 

level 

All milks increased antioxidants 

enzymes 

Nurliyani 

et.al, 

(2015) 

N= 30 STZ-

NA) rats male 

Wistar 

N= 12: 

N=6 

nondiabetic rats 

N=6 diabetic 

rats  

N=6; diabetic rats 

fed goat milk kefir 

N=6; diabetic rats 

fed soy kefir, and 

n=6 diabetic rats 

fed a combination 

of goat milk and 

soy kefir 

35 days Kefir made of goat and soy 

combination Lower blood glucose. 

conserved β-cell  

.GPx activity increased in all kefir  
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Table 3. (continued). 

Sboui et al 

(2012) 

N=20; alloxan 

monohydrate- 

induced dogs 

N=4  

 500ml/day cow 

milk 

N=4 diabetic 

dogs fed 

500ml/day 

camel milk 

4 weeks 

with the 

intervention  

Camel milk and bovine milk: 

Lower blood glucose and lower 

cholesterol 

Bovine milk: 

Higher blood glucose and higher 

cholesterol 

  N=4; no 

treatment 

500ml/day 

camel milk  

N=4 diabetic 

dogs fed 

500ml/day 

camel milk+ an-

insulin 

4 weeks 

without 

intervention 

 

Sunari et 

al, (2015) 

N= 30 STZ-

NA) rats male 

Wistar 

 N=18 

N=6 d 

35 days The All kefir fed rats demonstrated 

lower IL-6, and lower blood glucose 

Goat kefir 

Lower CRP 

 

 

Goat Milk and Diabetes 

 

To date, very limited studies investigated the relationship between goat milk and 

diabetes. Only three studies of goat milk and diabetes were found to be eligible for this 

systematic review. Two studies looked at the effect of fermented goat milk on diabetes, and one 

investigated the role of goat milk on diabetes parameters. All those studies were conducted on 

diabetic animal models for diabetes type 1 and diabetes type 2.  

 Diabetic animal type 1 

 

Liu et al. (2019) looked at the effects of goat milk consumption on diabetes through 

Sprague Dawley (SD) male rat model. Liu et al. (2019) investigated the role of goat milk 

consumption on multiple diabetes markers on rats fed a high fat diet (HF).  Sixty SD male rats 

were divided into 5 groups. The first group was fed a high fat diet HF and served as a control, the 
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second group was fed a goat milk-based high fat diet (GHF), the third group was fed cow milk 

based-high fat diet (CHF), the fourth group was fed a high fat diet with Acarbose (0.04%), and 

the fifth group was fed a standard chow diet. Researchers measured body weight, food intake, 

and fasting blood glucose levels weekly. After 24 weeks, oral glucose tolerance test (OGTT) and 

insulin tolerance test (ITT) were measured. In this research, Liu et al (2019) have found that 

GHF exhibited lower fasting blood glucose levels compared with diabetic rats fed HF on week 

16-24. The GHF group demonstrated a significant decrease in OGTT compared with the control 

group. In contrast, there was no significant difference between HF and CHF groups. Both GFH 

and CHF groups showed higher ITT in comparison with the control group and insulin tolerance 

test compared with HF-diet.  

 Diabetic animal type 2 

 

            Nurliyani et al. (2015) studied the impact of kefir yogurt on plasma glucose, glutathione 

peroxidase (GPx), lipid profile, and pancreatic β-cell conservation on streptozotocin-

nicotinamide (STZ-NA) rats. The researchers divided twenty male Wistar rats randomly into 5 

groups. Group 1 normal rats served as the negative control, group 2 diabetic rats served as the 

positive control, and three experimental groups included group 3 diabetic rats fed goat milk kefir, 

group 4 diabetic rats fed soy kefir, and group 5 diabetic rats fed a combination of goat milk and 

soy kefir for 35 days. The kefir made of goat and soy combination demonstrated the lowest level 

of plasma glucose. Glutathione peroxidase (GPx) activity increased in all diabetic rats fed goat 

milk kefir, soy milk kefir, and combination of them. Diabetic rats fed a combination of goat and 

soymilk kefir conserved β-cells to the same level in normal nondiabetic rats. The kefir made of 

goat and soy combination demonstrated the lowest level of plasma glucose. GPx activity 

increased in all diabetic rats fed goat milk kefir, soy milk kefir, and the combination of them.  
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Sunari et al. (2015) studied the role of kefir on blood glucose levels and inflammatory 

markers associated with hyperglycemia in a type 2 diabetic rat model.  This study followed the 

same experimental design from Nurliyani et al. (2015) and found that all kefir-fed rats 

demonstrated lower IL-6; however, CRP level was reduced only in diabetic rats fed goat milk 

kefir. Glucose level was lower in diabetic rats fed goat milk kefir and kefir made with a 

combination of both goat milk and soybean milk. 

 Camel Milk and Diabetes 

 

Several studies were conducted on humans and animals for both type 1 and type 2 

diabetes. However, very few studies were conducted on diabetes type 2 because the most 

common rat diabetes model uses alloxan or streptozotocin to damage pancreatic insulin 

secretion.   

Human type 1 diabetes 

 

Three articles conducted by Agrawal, et al., investigated the long-term effect of camel 

milk administration on type 1 diabetic patients as randomized controlled trials for different 

periods and different age groups  

Twenty-four patients were divided into two groups. Group 1 was controlled with no 

camel milk administration. Group two consumed 500 mL of camel milk per day. Both groups 

followed the same usual diet, exercise, and insulin. In the intervention group, in all three studies 

demonstrated a reduction in glucose blood levels, insulin doses, and HbA1c. Notably, three 

subjects of the intervention group that consumed camel milk for 2 years lowered their insulin 

doses to zero with no change in plasma insulin in both groups.  

Mohammad et al. (2009) investigated the effect of camel milk consumption on type 1 

diabetes. Fifty-four type 1 patients averaging 20-yr of age were randomly divided into two 
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groups and followed for 16 weeks. Group 1 followed usual management (diet, exercise, and 

insulin) and group two consumed 500 mL of camel milk with the same management on group 1. 

Camel milk ingestion led to reduction on HbA1c and fasting blood glucose by 56% and 25%, 

respectively. 

Human type 2 diabetes 

 

In a randomized single-blinded controlled study, twenty type 2 diabetes patients were 

randomly divided into two groups (Ejtahed et al., 2015). The intervention group consumed 500 

mL of camel milk and the other group consumed bovine milk (500 ml). There were no 

significant differences between the two groups on blood glucose, lipid profile, and blood 

pressure. Only insulin concentration increased in the intervention group. 

Another study conducted by Wang et al (2009) investigated the efficacy of camel milk 

consumption on diabetes type 2 management. Twelve type 2 patients were randomly assigned in 

two groups. Group 1 took Rosiglitazone Maleate and 500 mL of camel added to the second 

group with Rosiglitazone Maleate. Camel milk successfully decreased mean blood glucose, 

insulin level, triglycerides, and a dose of Rosiglitazone Maleate. 

Fallah et al., (2020) compared intake of 500 mL/d camel milk and cow milk for 3 months 

in parallel groups of type 2 diabetic patients. The camel milk group had a greater reduction in 

HbA1C, insulin dose required (Glargine long-acting insulin), and fasting blood glucose. 

Animal type 1 diabetes 

 

Kebir et al. (2017) evaluated the role of raw camel milk on glucose and lipid profile on 

alloxan induced rats. Thirty albino rats randomly divided into three groups. Group 1 included 

healthy rats, group 2 included diabetic rats fed normal diet, group 3 included diabetic rats fed 

camel milk. Kebir et al. (2017) found that administration of raw camel milk on type 1 diabetic 
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rats demonstrated a decrease of mean blood glucose and lipid profile. Sboui et al. (2012) studied 

camel milk as anti-hyperglycemic and hypolipidemic on alloxan monohydrate-induced dogs. 

Five groups of dogs (n=4 in each) as follows, group 1 included diabetic dogs fed 500 mL of 

camel milk, group 2 included diabetic dogs fed 500 mL of camel milk and Can-insulin, group 3 

included diabetic dogs fed 500 mL of bovine milk and Can-insulin, group 4 included diabetic 

dogs with no treatment, and group 5 included normal healthy dogs. The treatment was conducted 

in two periods. In the first treatment, which lasted four weeks, dogs were fed milk and/or Can-

insulin. The second period looked at the same parameter after stopping the treatment of milk 

and/or Can-insulin, which lasted for three weeks. Group 1 and 2 showed a significant reduction 

in blood glucose and normal cholesterol. In group 3 (diabetic dogs fed 500 mL of bovine milk 

and Can-insulin), a high level of cholesterol was observed during and after stopping the 

treatment.Korish et al., (2019) compared the antidiabetic and antithrombotic properties of camel 

milk and bovine milk administration in a type 1 diabetic rat model induced by streptozotocin. 

Sixty male Wistar rats were divided into six groups. The first three groups served as a control 

group including healthy rats with no treatment, healthy rats fed camel milk, and healthy rats fed 

bovine milk (n=10 in each group).  Three intervention groups included diabetic rats with no 

treatment, diabetic rats fed camel milk, and diabetic rats fed bovine milk, with ten rats in each 

group. After an 8-week intervention, glucose tolerance test (GTT), activated partial 

thromboplastin time (APTT), and fasting blood glucose were measured. All control groups 

showed normal FBG with significant differences. In the intervention groups, camel milk and 

bovine milk resulted in a significant reduction of FBG compared with the baseline. Notably, 

camel milk administration had a great influence in lowering FBG. Both milks improved glucose 

sensitivity. Although camel milk and bovine milk supplementation increased anticoagulant 
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activity, bovine milk had a higher influence compared with the camel milk group. Ebaid et al. 

(2013, 2015) conducted two studies investigating the administration of whey protein of camel 

milk on the streptozocin (STZ) diabetic rat model on wound healing. Studies have shown whey 

proteins notably decrease inflammation and suppress oxidative stress and led to complete wound 

healing by the end of the study (day 7 and day 8, respectively).  In addition, camel milk whey 

protein replenished antioxidant enzymes such as glutathione (GSH), superoxide dismutase 

(SOD), and catalase (CAT) compared with untreated diabetic rats. There was no significant 

influence of whey proteins on lipid profiles in diabetic and nondiabetic rats. As oxidative stress 

was suppressed, the inflammatory cytokines TNF α and NF-k b were decreased in diabetic rats 

fed camel milk whey protein. Ebaid et al. (2015) found that camel milk whey protein upregulated 

the gene expression of TNF α to normalcy by day seven in comparison to the control group.  

Animal type 2 diabetes 

 

Al-Numair (2010) studied the effect of camel milk on plasma glucose and lipid profile in 

type 2 diabetic adult male Wistar rat model. Animals were divided into five groups: control non-

diabetic with no treatment, control normal with camel milk treatment (250 ml/day), diabetic with 

no treatment, diabetic with camel milk treatment (250ml/day), and diabetic given glibenclamide. 

After 45 days, diabetic rats given either camel milk or glibenclamide exhibited lower blood 

glucose. Camel milk treatments caused a reduction on lipid profile to the extent of preventing or 

normalizing the total cholesterol, triglycerides, free fatty acid, and lipoproteins (LDL, VLDL). 

Korish et al. (2014) studied the efficacy of camel milk on type 2 rat models. Four groups 

assigned as group 1 (control healthy rats with no treatment), group 2 (control healthy with camel 

milk), group 3 (diabetic with no treatment), finally, group 4 (diabetic with camel milk treatment). 

The study lasted 8 weeks. Weight changes, random blood glucose (RBG), fasting blood glucose 
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(FBG), glucose tolerance test (GTT), and lipid profile were measured. Diabetic untreated rats 

demonstrated hyperglycemia, hyperlipidemia, weight loss, and high FBG. In contrast, camel 

milk treatment in diabetic rats group lowered FBG, improved lipid profile, and suppressed 

weight loss. GLP-1 and GIP were lower in diabetic rats with camel milk administration 

compared with untreated diabetic rats. Inflammatory cytokines (TNF α and TGF- β) increased in 

untreated diabetic rats while camel milk treatment led to reduction on those cytokines.  

Mammalian Milks and Diabetes 

 

Only one study was eligible based on the inclusion criteria that investigated the 

antidiabetic properties of goat, camel, cow, and buffalo milk on type 1 diabetic albino Wistar 

rats. Two groups consisted of healthy non-diabetic rats with no treatment and diabetic rats with 

no treatment as control, and four groups (n=8 in each group) were diabetic and fed 50 ml/kg of 

goat, camel, cow, or buffalo milk for 4 weeks. All milks brought back the antioxidant enzyme 

activity to normalcy with differentiability to different tissues. Only camel administration 

decreased HbA1C and improved insulin levels to an extent comparable to insulin levels on 

healthy non-diabetic rats. For lipid profiles, diabetic rats fed camel milk restored their lipid 

profile to the normal level. Goat milk decreased LDL-C and increased HDL-C (Meena et.al, 

2016) 

CONCLUSION 

 

Camel milk showed superiority in reducing fasting blood glucose and enhancing insulin 

sensitivity when compared with other milk from mammalian species. However, most of those 

studies were conducted in either small groups or short periods. Further research should 

investigate the role of camel milk compared with milks from several different species. To some 
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extent, goat milk showed a favorable effect on diabetes; thus, further research should look into 

effects of goat milk on diabetic human subjects.  
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ABSTRACT 

 

Objectives 

The purpose of this study is to investigate the impact of in vitro-digestion and spray-dry 

processing on insulin concentration and insulin growth factor-1 (IGF-1) in milk from several 

species. Because of its minimal side effects, insulin therapy is deemed the safest cure to date. 

Treatment with insulin in type 2 diabetes can, however, contribute to insulin resistance. Natural 

alternatives are used in many regions of the world for treating diabetes. For example, literature 

suggests that regular consumption of camel milk in patients with type 1 diabetes has contributed 

to a decrease in the insulin dose and may increase glucose regulation in type 2 diabetes. The 

presence of bioactive insulin and insulinogenic compounds as mechanisms for this effect has 

been hypothesized; therefore, these mechanisms of action need to be investigated.  

Methods 

Human insulin and camel insulin immunoreactivity were measured in milk from human, 

bovine, goat, and camel milks and commercially processed spray dried milk from goat and camel 

using commercial ELISA kits from three different companies. Raw and pasteurized samples 

were subjected to in vitro digestion, which was carried through gastric phase enzymatic digestion 

at pH 2 and intestinal phase at pH 7.   Bovine IGF-1 was measured in all milk samples with and 

without in vitro digestion.  

about:blank
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Results 

Raw goat and camel milk display nearly 21 and 27 µIU/mL of insulin immunoreactivity, 

respectively. Commercially spray-dried goat and camel milk exhibited about 18 and 29 µIU/mL 

of insulin immunoreactivity, respectively, when reconstituted to a 9.23% total solids suspension 

approximately equivalent to the native camel milk. In bovine and human milk, the 

immunoreactivity of insulin was 17 and 14 µIU/mL. In vitro digestion did not influence the 

levels of insulin measured in goat or camel milk but decreased the immunoreactivity in human 

and bovine milk. No cross- reactivity was detected between anti-human insulin antibody and 

bovine IGF-1. Human and bovine milk IGF-1 immunoreactivity was present at an extremely low 

concentration in goat milk but was not detected in other samples.  

Conclusion 

The highest levels of insulin were found in goat and camel milk (raw and commercially 

spray-dried milk). Insulin levels were not influenced by the in vitro-digestion and or spray dry 

processes. Only raw goat milk exhibited IGF-1 immunoreactivity. Since IGF-1 hormone was not 

found in camel milk samples, our data suggest that camel milk's antidiabetic properties may be 

attributed to its insulin concentration and ability of that insulin to resist gastric and intestinal 

digestion, as well as pasteurization. 
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INTRODUCTION 

Diabetes is a rising health concern in the United States and around the globe. About 30 

million people have diabetes and there are about 90 million pre-diabetics in the US (CDC, 2017). 

Furthermore, diabetes prevalence is expected to reach 642 million people by 2040 (Ogurtsova et 

al., 2017). Several medications including insulin play a role in controlling blood glucose; 

however, all these treatments have side effects and for some, they cause adverse health issues 

such as insulin resistance. To date, insulin therapy is considered the best treatment. Although 

insulin therapy is found to have fewer side effects, a daily injection is painful and insulin 

treatment increases insulin resistance (Tandon, 2018). Therefore, natural alternatives are worth 

investigating. 

There is substantial evidence that daily consumption of camel milk seems to have a 

favorable hypoglycemic effect in diabetic subjects including people with type 1 and type 2 

diabetes (Agrawal, 2007 and 2011). Observations from literature documenting camel milk's anti-

diabetic results include epidemiological tests, work on diabetic rat and mouse model systems, 

and clinical trials with diabetic patients that are well established. Type 1 diabetic patients fed 

camel 's milk have shown a dramatic decrease in the dose of insulin required to preserve regular 

blood glucose levels (Agrawal et al., 2007), indicating either that the milk contained functional 

insulin, or that the pancreatic beta cells had an effect on insulin secretion. Additionally, IGF-1 

has been shown to play a functional role in glucose regulation by both enhancing glucose 

absorption in peripheral tissues and suppressing gluconeogenesis. Moreover, studies have shown 

that endogenous IGF-1concentrations in patients with various degrees of glucose resistance 

correlate favorably with insulin sensitivity.  
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The overall objective of this study was to determine if the animal insulin peptides can 

bind to the anti-human insulin antibodies as an indication of the ability of animal insulin (camel, 

goat, or cow) to bind to human insulin receptors. Also, investigating the changes in the insulin 

concentrations of the milk during digestion and pasteurization is relevant to the use of these 

kinds of milk in lowering adverse outcomes of diabetes. We hypothesize that some 

immunoreactivity of insulin will survive the digestive process.  

METHODS 

 

 Milk sampling 

Camel milk and goat milk were obtained from a commercial camel milk farm. Bovine 

milk at a similar stage of lactation (within one month after parturition) was obtained from North 

Carolina State University dairy farm cows. Human milk was obtained from the Wake Med 

Mothers’ Milk Bank. Commercially spray-dried camel and goat milk were included in this 

study. Powders were resuspended at 15.8 g/dL prior to analysis. All raw milk samples were 

stored in a -20 ˚C freezer for future analysis. 

Sample preparation 

Pasteurization  

Raw milk samples were subjected to Holder (HP) pasteurization at 63 ˚C for 30 minutes, 

and high temperature short time (HTST) pasteurization was achieved by heating raw milk 

samples in a narrow tube at 72.5 ˚C for 15 seconds. Samples were centrifuged at 3,000 x g and 

aliquots of the supernatant were collected and stored at -20 °C until further analysis.    

 In-vitro digestion protocol 

All milk samples were subjected to in vitro digestion using the Fogleman et al. (2012) 

procedure as modified by Allen et al. (2014). Briefly, all milk samples (raw and pasteurized) 
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were defatted by refrigerated centrifugation at 3000 x g for 20 min at 4 ˚C (Whitmore, 2012) and 

followed by in vitro-digestion. In the gastric phase, we dissolved 0.2 g pepsin (Sigma, St. Louis, 

MO) in 5 mL of 0.1 N HCl. A 0.25-mL portion from the previous mixture was added to each 4 

mL of milk samples. The pH was adjusted to 2.0 with an addition of 1.0 N HCL and placed in a 

water bath at 37˚C for two hours shaking at 120 strokes per minute.  To stop the digestion 

simulation, milk samples were placed on ice for 10 minutes. 

In the intestinal phase, in 25 mL of 0.1 M NaHCO3 were dissolved 0.05 g pancreatin 

(Sigma, St. Louis, MO) and 0.3 g bile extract (Sigma, St. Louis, MO) and 1.25 mL of this 

mixture was added to each milk sample.  All milk samples were adjusted to a pH of 7.0 by 1 M 

NaHCO3 and to a final volume of 10 mL by distilled water and placed in a water bath at 37˚C for 

two hours moving at a speed of 120 strokes/min.  Milk samples were placed on ice for 10 

minutes to stop digestion. Finally, to bring milk samples to a common volume, an addition of 

distilled water was added to milk samples and followed by a centrifugation at 3500 x g for 1 hour 

at 4˚C.  Aliquots of the supernatant were collected and stored at -20 °C until further analysis.    

Chemical characterization 

All milk samples were analyzed in duplicates using several ELISA assays for insulin and 

IGF-1 to identify hormones that impact glucose metabolism in humans. Milks under multiple 

pasteurization and in vitro-digestion treatments were subjected to insulin immunoassay 

measurement using the following human insulin ELISA kits: RayBiotech (Peachtree Corners, 

G), ALPCO (Salem NH), and Bio-Plex ProTM Diabetes Assay (Hercules, California) and camel 

insulin from My BioSource (San Diego, CA). An IGF-1 Bovine ELISA kit from Ray Biotech 

was used. IGF concentration in milk samples and cross-reactivity with insulin was tested by 
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comparing insulin results to results from the RayBiotech IGF1 ELISA. Absorbances form IGF-1 

and insulin ELISA kits were measured by the Microplate reader at 450 nm.  

In the day of the analysis, all milk samples were centrifuged at 3000 x g at 4 ˚C for 

approximately 20 min, and supernatant fluids were collected. Experiments were carried out 

following the manufacturer’s directions. All kits used similar detection chemistries so that 

absorbances were measured by microplate reader at 450 nm in each assay. 

RESULTS AND DISCUSSION 

 

Changes in insulin and IGF-1 levels in all milk samples raw and pasteurized before and 

after in vitro-digestion are demonstrated in Table 1- 3.  

Insulin 

Camel and goat milk showed higher insulin levels than did the milk of other species, 31 

and 38 µIU/mL, respectively.  Both commercially spray dried goat and camel milk showed 

insulin immunoreactivity when resuspended, when assayed with RayBiotech and ALPCO 

ELISAs, (32 and 30 µIU/mL), (4.37 and 33 µIU/mL), respectively. There is a significant amount 

of evidence supporting the positive effect of camel milk ingestion on glucose-lowering 

(Agarwal, 2011). Although some studies reported that camel milk had a higher insulin 

concentration (51 µIU/mL), other studies showed an insulin immunoreactivity (41.9 ± 7.38 

µIU/mL) similar to that of cow milk insulin (Wernery, 2006).  

Variability in insulin concentrations was found in raw camel milk samples with different 

companies’ antibodies, with highest at 50 µIU/mL (ALPCO) to 20 µIU/mL with RayBioTech to 

no detection in Bio-Plex ProTM Diabetes Assay (data not shown). Similar observations on goat 

milk found 58 µIU/mL of insulin with the RayBiotech assay to 21.33µIU/mL with the 

MyBioSource assay. Both commercially spray dried goat and camel milk had insulin 
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immunoreactivity, (32 and 30 µIU/ml), (4.37 and 33µIU/ml) from RayBiotech and ALPCO 

assays, respectively. Variability in insulin levels might be due to different insulin isomers used in 

insulin ELISA antibody development that are specific to either human or camel insulin, or milk 

insulin potentially synthesized by mammary glands that might be structurally different than 

insulin synthesized by pancreatic cells. For example, there are two B insulin isomers, ApoB48 

and ApoB100 that are synthesized in the small intestine and in the liver, respectively (Whitmore 

et al., 2012). 

 Simulated gastrointestinal digestion showed no significant impact on insulin 

concentration in either goat or camel milk (raw and commercially spray dried) samples. It was 

previously proposed that camel milk insulin is encapsulated in fat nanoparticles that protect 

camel milk insulin from degradation by gastric juices; therefore, in vitro-digestion might not 

degrade the milk insulin in these species (Malik, 2012). For human and bovine milk, the insulin 

concentration was significantly lower after in vitro digestion than before (paired T-test analysis, 

P < 0.05). 

IGF-1 Detection  

Only raw goat milk showed IGF-1 levels, and then in small amounts (4.56 ng/ml), 

consistent with (Meyer et al., 2017). No IGF-1 levels in the other milk samples were detected, 

although concentrations can range from 2 to 300 ng/mL in mature bovine milk (Ollikainen and 

Muuronen, 2013). An electrochemiluminescent test was established with a detection limit <0.001 

ng/mL for the assessment of significantly low IGF-I levels in bovine milk (Malekineja 

and Rezabakhsh, 2015; McGrath, 2008). Human milk contained 2.16 ng/mL of human IGF-1 

(Goelze, 2009). While the electrochemiluminescent test sensitivity is <0.001 ng/mL, our IGF-1 
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ELISA sensitivity is 1.23 ng/mL. In some studies, it was suggested to acidify milk samples to 

cause IGF-1 to dissociate from binding proteins for more reliable detection.  

In an additional experiment, we applied the bovine IGF-1 standards to a human insulin 

ELISA plate (RayBiotech). The ratio of IGF-1 detection to insulin detection with the anti-insulin 

antibodies was less than 4 x 10-6. 

Pasteurization 

Pasteurization is a significant step in the dairy industry to eliminate pathogens from milk. 

The spray drying process is also implemented with various powders in the dairy industry, 

including baby formulas. Both processes may change the structure of milk protein, thus altering 

the functionality of bioactive proteins like insulin (Zhang et al., 2017). In Figure 1, analyzying 

only non-digested samples, HP samples had significantly less insulin immunoactivity than raw 

samples for milk of each species and overall, but HTST pasteurized samples were not 

significantly different from either raw or HP samples for insulin concentrations in each species 

and overall. However, when analyzing all samples tested, as hypothesized, HP and HTST 

pasteurization had no significant effect on insulin concentrations among any of the milk samples. 

These findings agree with (Ollikainen and Muuronen, 2013; Allen and Almohmadi, 2018). 

In vitro digestion 

Gastric and intestinal digestion of both camel and goat milk (raw and commercially 

spray-dried) had little and no significant effect on the insulin concentration presented in Figure 

1.  The current findings confirm our theory that insulin in camel milk is not susceptible to the 

degradation of stomach juices, which could be attributed to the fact that camel milk insulin has 

been suggested to be encapsulated in fat nanoparticles that shield camel milk insulin from gastric 

juices (Malik et al., 2012). Although in vitro digestion had no significant effect on goat and 
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camel milk insulin, human and bovine milks’ insulin was decreased by digestion, with 

statistically significant effect (P = 0.004) for bovine milk after blocking for pasteurization 

effects. Although IGF-1 was only present in raw goat milk in small amounts (4.56 ng/ml), its 

immunoactivity did not survive in vitro digestion. In contrast, Zhang et al., (2018) reported that 

with similar simulated gastrointestinal digestion conditions, there was about 50% retention of 

IGF-1 concentrations. In Zhang et al. (2018), defatted goat milk samples were incubated with 2 

M HCl for 30 minutes prior to IGF-1 ELISA analysis, which is a step that we did not use in our 

study. 

CONCLUSION 

 

High levels of insulin were detected in goat and camel milk, both fresh and commercially 

spray dried with the exception of the MAGPIX assay There was no influence of in vitro-

digestion, pasteurization, and commercial spray drying on insulin concentration. In this study, 

raw goat milk was the only milk that showed IGF-1 reactivity. In camel milk samples, IGF-1 was 

not observed indicating that the antidiabetic properties of camel milk were attributed to the 

insulin production and the tendency of the insulin to resist gastric and intestinal digestion, as well 

as pasteurization. Different methods yielded different results and more work should be carried 

out to determine the true concentration under various conditions. 
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Figure 1: Shows Insulin concentration in milk from different species raw and pasteurized 

before and after in vitro digestion. 
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Table 1. Insulin concentrations among three different insulin ELISA kits. In this table, three 

different commercial insulin kits were used to quantify the insulin concentrations from different 

mammalian milk sources (raw, pasteurized, and commercially spary dried). RayBioTech is 

human insulin ELISA kit, BioSource is camel insulin ELISA kit, ALPCO is human insulin 

ELISA kit. Units are in µIU/mL. Values in a column or row that have different CAPITAL 

superscript letters are significantly different (P < 0.05). Values in a row that have different 

lower-case superscript letters are significantly different (P < 0.05). 

 

Milk source Ray Bio Tech 

 

My 

BioSource 

ALPCO Mean of kits 

Raw camel milk 1 19.5b 23.8b 50.37a 31.22AB 

HP camel milk 1 17.64 14.74 12.78 15.05B 

HTST camel milk1 23.46 17.04 17.36 19.28B 

Raw camel milk 2 27.77 17.77 34.79 24.05AB 

HP camel milk 2 17.84 14.83 11.02 14.56 

HTST camel milk 2 29.16 17.39 19.39 24.65AB 

Raw goat milk 58.13a 21.33b 34.79ab 38.08A 

HP goat milk 19.84 16.6 21.06 19.17B 

HTST goat milk 30.97 20.49 21.03 24.42B 

Raw bovine milk 16.21 14.79 18.6 16.53B 

HP bovine milk ND 12.87 14.12 13.49B 

HTST bovine ND 14.01 15.5 14.76B 

Raw human milk 19.77a 16.19b 6.69c 14.21B 

Camel powder 29.6 21.7 32.7 28.51AB 

Goat powder 31.5 NM 4.37 17.93 

Overall Mean 26.26A 17.5B 20.34AB  

 

Abbreviations: HP Holder Pasteurization, HTST: High Temperature Short Time. ND: not 

detected. NM: Not measured. 
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Table 2. Comparison of the effect of in vitro digestion on insulin levels in milk samples 

before and after digestion using RayBiotech human insulin ELISA and MyBioSource 

camel insulin ELISA kits. This table shows the changes in the insulin concentrations in raw, 

pasteurized, and commercially spry dried milk samples from two different insulin ELISA kits, 

which are RayBiotech human insulin ELISA kit and MyBioSource camel insulin ELISA kit. 

Units are in µIU/mL. Before and after digestion comparison with different superscript letter were 

significantly different. 

 

Milk source  

Ray Bio Tech  My BioSource 

Before 

digestion 

   After 

digestion Before digestion 

After 

digestion 

Raw camel milk 

1 19.5 25.155 23.8 21.13 

HP camel milk 1 19.64 ND 14.74 16.9 

HTST camel 

milk1 23.46 ND 17.04 18.89 

Raw camel milk 

2 27.77 16.02 17.77 19.51 

HP camel milk 2 17.84 17.44 14.83 16.28 

HTST camel 

milk 2 29.155 21.05 17.39 19.52 

Raw goat milk 58.13 40.84 21.33 19.02 

HP goat milk 19.84 17.11 16.6A 15.53B 

HTST goat milk 30.97 31.48 20.49A 15.72B 

Raw bovine milk 16.21 ND 14.79 11.98 

HP bovine milk ND ND 12.87 11.51 

HTST bovine ND ND 14.01 12.35 

Raw human milk 19.77 ND 16.19 15.01 

Camel powder 29.6 34.01 23.22 20.08 

Goat powder 31.5 18.51 NM NM 

 

Abbreviations: HP Holder Pasteurization HTST: High Temperature Short Time. ND: not 

detected. NM: Not measured. 
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Table 3.  The effect of in vitro-digestion and pasteurization on IGF-1 levels in milk samples. 

 

Hormones Camel Milk Goat Milk Bovine Milk Human 

Milk 

Camel 

Milk 

Goat 

Milk 

Raw HP HTST Raw HP HTST Raw HP HTST Raw Powder Powder 

IGF-1 

(Before in 

vitro 

digestion) 

ND ND ND 4.56 ND ND ND ND ND ND ND ND 

IGF-1 

(After in 

vitro 

digestion) 

ND ND ND ND ND ND ND ND ND ND ND  ND  

 

Abbreviation: Not detectable: ND, Holder pasteurization: HP, High temperature short time: 

HTST, units are in ng/mL for IGF-1. 
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ABSTRACT 

 

Regular consumption of milk from camels has had a positive anti-diabetic effect in both 

type 1 and type 2 diabetics. Epidemiological studies, research in diabetic rat and mouse model 

systems, and clinical studies in diabetic patients support the anti-diabetic effects of camel milk, 

but the mechanism of action is unclear. 

Objectives 

This study investigates hormones from camel milk and milk from different species that 

impact glucose metabolism in humans. It also looks at the stability of milk hormones in the 

process of pasteurization. It is hypothesized in the literature that camel milk’s antidiabetic 

properties may be due to a high content of insulin or insulinotropic hormones.  

Methods 

The diabetes panel of hormones from Biorad Bioplex were used to determine the 

concentration of hormones that impact glucose metabolism in humans in five milk samples, 

human, bovine, goat, and camel, from two different farms. Immunoreactivity to human insulin, 

C-peptide, glucagon, ghrelin, leptin, GIP, GLP-1, resistin, visfatin, and PAI-1 (total) were 

acquired through a multiplex assay using a MAGPIX analyzer. 
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Results 

We found that the human and goat milks showed insulin immunoreactivity at 

approximately 200 pg /mL. Both camel samples measured below the range of detection with this 

anti-human insulin antibody; but 5 pg /mL of insulin was detected in bovine milk. Gastric 

inhibitory polypeptides (GIP) were detected in all milks but were highest in human milk.  Camel 

milk had higher immunoreactivity to resistin, visfatin, and ghrelin than did goat or bovine milk. 

Among all milk samples, only human milk showed immunoreactivity to GLP-1 and leptin. Both 

high temperature short time (HTST) and holder pasteurization did not greatly impact the 

immunoreactivity of these hormones in the milk samples. 

Conclusion 

Literature has shown favorable effects of camel milk as an anti-diabetic agent; however, 

in this study no insulin immunoreactivity was detected. These findings suggest that camel milk’s 

hypoglycemic effect may be at least partly attributable to other insulinotropic hormones in milk. 

Goat milk demonstrated a high level of insulin in this assay which suggests that goat milk should 

be tested as a hypoglycemic agent in a glucose homeostasis model system (Almohmadi and 

Allen, 2018). 

Funding: NIFA; NCSU; Saudi Cultural Mission 
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INTRODUCTION 

 

Glucose homeostasis is basically the balance between glucose entering the circulation 

(glucose appearance) and the removal of glucose from circulation (glucose disappearance). 

Multiple feedback pathways can alter the amount of hormones released. The intestinal absorption 

in a fed state, glycogenolysis, and gluconeogenesis are the main contributors to glucose 

appearance in the bloodstream. (In the fasting state, glucagon produced by the pancreatic α-cells 

regulates the glycogenolysis, and gluconeogenesis (Aronoff, et al., 2004)). Insulin is the primary 

regulatory hormone for glucose homeostasis, and its role is to inhibit the haptic production of 

glucose (gluconeogenesis) and glycogenolysis (glycogen breakdown) through opposing glucagon 

effects (Unger, 1971). The rate of gastric emptying is a key indicator for glucose appearance in 

the bloodstream by which Glucagon-Like Peptide-1 (GLP-1) and Glucose-Dependent 

Insulinotropic Polypeptide (GIP), which are incretin hormones that stimulate glucose-insulin 

secretion (Bae, 2017). Glucose-Dependent Insulinotropic Polypeptide (GIP) is synthesized in the 

endocrine cells called K cells mainly in the duodenum. GLP-1 and GIP are gut hormones that 

play a role in glucose homeostasis (Szablewski, 2011). The effect of GLP-1 is partly due to the 

inhibition of glucagon secretion; as a result, stimulates insulin secretion. GLP-1 and GIP play a 

part in slowing the gastric emptying into the small intestine, which delays the absorption of 

nutrients, and increases the production of glucose (Bae, 2017; Rojas-Henao, 2018). Ghrelin is a 

gastric hormone consisting of 28 amino acids. Ghrelin stimulates hunger and it has been shown 

to inhibit insulin secretion. Ghrelin is responsible for the regulation of appetite and increases 

food intake. In animal studies and in vitro, ghrelin inhibits insulin’s role on the glycogen 

synthesis and glycolysis (Lucidi, 2005). The exogenous administration of ghrelin in human 

subjects has been shown to have a hyperglycemia effect; however, these findings are inconsistent 
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(Tong, 2010).  Leptin ‘s role in suppressing appetite has a counteracting effect to ghrelin. A 

study found that leptin administration contributed to reversing hyperglucagonemia in STZ 

diabetic animals. This may be attributed to its role in increasing the response to insulin 

(Denroche et al, 2011). A study found that leptin administration improved insulin sensitivity; as a 

result, glucose uptake was enhanced (Toda, 2013). Visfatin is an adipokine that has “insulin 

mimetic properties” promoting glucose uptake through its ability to bind insulin receptors, 

enhance insulin secretion, and stimulate glucose uptake in adipocytes and myocytes (Sethi and 

Vidal-Puig, 2005). In fact, (Fukuhara et al., 2005) have found that visfatin administration in 

diabetic animal models has led to lower blood glucose.  

Camel milk is shown to have a role in reducing the insulin requirement of diabetic 

patients as well as enhance insulin sensitivity (Shori, 2015). This might be due to the high levels 

of insulin and other insulinogenic proteins. It is suggested that the lack of coagulation of camel 

milk in the stomach contributes to the intestinal absorption of these hormones and their release 

into circulation (Malik et al., 2012). 

  Currently, a review of the literature has not unearthed work conducted on the 

concentration of glucose regulatory hormones other than insulin in camel milk. Thus, this study 

is to determine the concentration of glucoregulatory hormones in camel milk and other 

mammalian milks and the effect of pasteurization on immunoactivity of these hormones. 

MATERIALS AND METHODS 

 

Goat and camel milk were obtained within one month after parturition from a commercial 

farm. Bovine milk at a similar stage of lactation was obtained from the North Carolina State 

University dairy farm cows. Human milk was obtained from the Wake Med Mothers’ Milk 

Bank.  
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 Samples Preparation 

In Bio-Plex ProTM Diabetes Assay, all milk samples were defatted by centrifugation at 

20,000 x g at 4 ˚C for 10 min. Supernatant fluids were collected by a sterile pipette and put on 

ice. Then briefly, milk samples were centrifuged at 10 000 x g at 4 ˚C for 10 min to remove 

particles (Andreas et al., 2016), followed by the incubation of 50 microliters of each sample with 

the multiplexed beads for one hour at room temperature and then further following the 

instructions provided by Bio-Plex ProTM Diabetes Assay (Hercules, California) and data were 

collected by a Luminex-based reader (MAGPIX®, Luminex Corp, US).  

Pasteurization  

Raw milk samples were subjected to Holder (HP) pasteurization at 63 ˚C for 30 minutes, 

and high temperature short time (HTST) pasteurization was achieved by heating raw milk 

samples in a narrow tube at 72.5 ˚C for 15 seconds. Samples were centrifuged at 3,000 x g and 

aliquots of the supernatant were collected and stored at -20 °C until further analysis.    

Chemical characterization 

All milk samples were analyzed for the Biorad Bioplex diabetes panel of hormones that 

impact glucose metabolism in humans. An immunoassay developed by Bio-Plex Pro™ diabetes 

Assay (Hercules, California) was used to assess metabolic hormones, and data were obtained via 

a Luminex-based MAGPIX ® reader (Luminex Corp, US). The milk samples were plated in 

duplicate. Immunoreactivity to human insulin, C-peptide, glucagon, ghrelin, leptin, GIP, GLP-1, 

resistin, visfatin, and PAI-1 (total) were determined. 

 Statistical analyses 

Changes were computed by mean values for Standard Least Squares 2 -way ANOVA for 

variables of heat treatment, animal, and interaction. The described data set was conducted with 
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general linear models using JMP Pro v 14.2 (P ≤ 0.05) to determine if any change in the hormones 

was significant.  When interaction and the main effect for pasteurization were shown to be 

nonsignificant, samples were pooled across heating methods and analyzed by one-way ANOVA 

with Turkey-Kramer Comparison of means to determine significant different among the milks of 

different species and farms. 

RESULTS AND DISCUSSION 

 

The hormone concentrations in milks are presented in Tables 1-11. C-peptide was only 

present in camel and human milk, 27.4 ng/mL and 23.1 ng/mL, respectively, it seemed to survive 

pasteurization in human milk only. Ghrelin is important for its role in appetite stimulation and 

control of food intake. Among the milk samples tested, ghrelin was only detected in camel and 

human milk samples, with immunoactivity 95.69 pg/mL and 74.28 pg/mL, respectively. Ghrelin 

was significantly higher in camel milk compared with human milk. Again, pasteurization had no 

influence on the ghrelin concentration in both human and camel milk. Leptin and PAI-1 were 

only present in human milk samples. Leptin levels correlate positively with Mother’s BMI and 

not with milk’s fat content (Eilers, 2011). In this study human leptin level was 117.63 pg/mL 

which was inconsistent with Houseknecht, (1997). In a study by Houseknecht et al., (1997) leptin 

was 10.1 ± 2.6 ng/mL, which was measured in whole milk samples, whereas in the present study, 

leptin was measured in skim milk. The absence of leptin levels among other milks are potentially 

because the study was conducted in skim milk samples, or the leptin from these species did not 

cross-react with the human leptin antibody. Leptin was the only hormone among those measured 

that was degraded by pasteurization heating. The human leptin was not detectable in the human 

milk samples pasteurized by either holder or HTST processing. 
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Resistin was higher in human milk (430.87 pg/mL), which is consistent with 440 pg/mL  

found by Savino, (2012), followed by camel milk (50 pg/mL) with low concentrations in goat 

and bovine milk (5 pg/mL and 14 pg/mL). Human milk insulin concentration was the 

highest (164 pg/mL) followed by goat milk (161 pg/mL). Bovine milk insulin was low (13 

pg/mL) with no detection of insulin in camel milk samples. The absence of insulin 

immunoreactivity in camel milk samples might be due to different insulin isomers used in insulin 

ELISA kits particularly specified to human. Additionally, milk’s insulin potentially synthesized 

by mammary glands that might be structurally different than insulin synthesized by pancreatic 

cells (Whitmore et al., 2012). Assays of these camel milk samples with different ELISA assays 

did show insulin immunoactivity (Almohmadi and Allen, 2019). 

In this study, ghrelin was only detected in human milk (74 pg/mL), which is similar to 

(Aydin et al., 2006) and camel milk with reactivity of 61 pg/mL. Insulin reactivity in this assay 

was only evident in human and goat milk. The incretin hormones GLP-1 and GIP are produced 

from the intestine in response to nutrient ingestion and played a role in glucose homeostasis 

through delayed gastric emptying and promoted insulin secretion. GLP-1 concentrations were 

higher in camel and goat milk samples compared with other milk samples with immunoreactivity 

of  68 pg/mL and 94 pg/mL, respectively, suggesting that one of the roles of camel milk as an 

antidiabetic agent is due to the role of GLP-1 as an insulinotropic hormone present in milk. GIP 

levels were comparable in human, camel, and goat milk.  Meier (2010), found that GLP-1 and 

GIP are impaired in patients with type 2 diabetes. In this study both GLP-1 and GIP were present 

in camel milk in proximity to plasma circulation. This study found high levels of visfatin in 

human milk followed by camel, goat, and bovine milks, respectively. We are not aware of any 

prior published measurements of visfatin in camel or goat milk other than (Almohmadi and 
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Allen, 2019). Visfatin shows insulin-like action through binding to a different insulin binding 

site other than insulin receptors and promoting glucose uptake (Brown, 2010). In this study, 

human milk visfatin levels are 217510.49 pg/mL which consists with (Bienertová-Vašků et al., 

2012). Yonezawa (2006) detected visfatin in bovine milk. 

CONCLUSION 

While different studies indicate that camel milk is an important addition to the medical 

diet to prevent, manage, or control type 1 and type 2 diabetes, we did not observe large 

concentrations of insulin in camel milk reacting with an anti-human insulin antibody in this 

multiplex diabetes hormone panel. Camel milk’s hypoglycemic effect may be partly attributed to 

other known insulinotropic hormones. The high levels of insulin in goat milk indicate that it 

should be taken into account as a potential and promising glucose regulator.  
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Table 1. C-peptide concentrations in milk samples. 

 

Source 

Hu C-peptide (72) pg/mL 

Raw HP HTST Mean 

Camel milk 1 27.15 ND ND 27.15 

Camel milk 2 23.81 ND ND 23.81 

Goat milk ND ND ND  

Human milk 23.1 25.02 23.45 23.86 

Bovine milk ND ND ND  

 

Table 2. GIP concentrations in milk samples. Levels not connected by the same letter are 

significantly different. 

 

 

Source 

Hu GIP (14) pg/mL 

Raw HP HTST Mean 

Camel milk 1 54.86 65.68 68.9 63.15B 

Camel milk 2 64.15 68.01 64.93 65.70B 

Goat milk 61.76 60.06 65.1 61.75B 

Human milk 78.93 88.5 87.73 85.05A 

Bovine milk 40.46 34.39 35.55 36.80C 

A, B, C- Values within a row with different superscript letters are significantly differently different (P<0.05). 
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Table 3. GLP-1 concentrations in milk samples. ANOVA did not show a difference due to 

pasteurization or between milk from different species or herds. 

 

Source 

Hu GLP-1 (27) pg/mL 

Raw HP HTST Mean 

Camel milk 1 62.09 ND 593.83 595.9B 

Camel milk 2 74.41 119.1 593.83 577.5B 

Goat milk 94.46 86.35 281.46 598.9B 

Human milk 25.58 14.3 1152.67 1206A 

Bovine milk ND ND 516.94 519.3B 

A, B- Values within a row with different superscript letters are significantly differently different (P<0.05). 

 

Table 4. Glucagon concentrations in milk samples. Levels not connected by the same letter 

are significantly different. 

 

Source 

Hu Glucagon (15) pg/mL 

Raw HP HTST Mean 

Camel milk 1 647.73 544.97 593.83 595.9 B 

Camel milk 2 621.85 516.94 593.83 577.5B 

Goat milk 621.85 593.3 281.46 598.9B 

Human milk 1224.85 1241.92 1152.67 1206.A 

Bovine milk 450.97 562.92 516.94 519.3B 

A, B- Values within a row with different superscript letters are significantly differently different (P<0.05). 
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Table 5. Insulin concentrations in milk samples. Levels not connected by the same letter are 

significantly different. 

Source 

Hu Insulin (12) pg/mL 

Raw HP HTST Mean 

Camel milk 1 ND ND ND  

Camel milk 2 ND ND ND  

Goat milk 161.26 140.81 ND 151.0A 

Human milk 164.08 185.35 213.5 187.6A 

Bovine milk 13.05 10.9 5.02 9.65B 

A, B- Values within a row with different superscript letters are significantly differently different (P<0.05). 

 

Table 6. Ghrelin concentrations in milk samples. Levels not connected by the same letter 

are significantly different. 

 

Source 

Hu Ghrelin (26) pg/mL 

 

Raw HP HTST Mean 

Camel milk 1 95.69 73.87 77.39 83.32A 

Camel milk 2 27.4 1.42 ND 19.21B 

Goat milk ND ND ND  

Human milk 74.28 77.11 79.83 77.07A 

Bovine milk ND ND ND  

A, B- Values within a row with different superscript letters are significantly differently different (P<0.05). 
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Table 7. Leptin concentrations in milk samples. Levels not connected by the same letter are 

significantly different. 

 

Source 

Hu Leptin (78) pg/mL 

Raw HP HTST Mean 

Camel milk 1 ND ND ND  

Camel milk 2 ND ND ND  

Goat milk ND ND ND  

Human milk 117.63A 12.26B 15.00B 48.29 ± 21.9 

Bovine milk Raw HP HTST  

 

 

Table 8. PAL-1 concentrations in milk samples. 

 

Source 

Hu PAL-1 (61) pg/mL 

Raw HP HTST Mean 

Camel milk 1 ND ND ND  

Camel milk 2 ND ND ND  

Goat milk ND ND ND  

Human milk 58.89 38.12 35.87 44.29 ± 8.57 

Bovine milk ND ND ND  
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Table 9. Visfatin concentrations in milk samples. Pasteurization effects and source of milk 

were not significantly different in the overall model. 

 

Source 

       Hu Visfatin (22) pg/mL 

Raw HP HTST Mean 

Camel milk 1 3961.68 2057.05 1192.28 2404 

Camel milk 2 3946.81 2019.5 2011.77 2659 

Goat milk 1020.37 938.15 ND 979 

Human milk 217510.49 52219.54 18681.54 96137 

Bovine milk 325.75 ND ND  

 

 

Table 10. Resistin concentrations in milk samples. Levels not connected by the same letter 

are significantly different. 

 

Source 

Hu Resistin (65) pg/mL 

 

Raw HP HTST Mean 

Camel milk 1 46.14 45.18 42.4 44.57B 

Camel milk 2 53.56 50.55 55.93 53.35B 

Goat milk 5.11 ND ND 5.11B 

Human milk 430.87 544.29 748.58 574.58A 

Bovine milk 13.99 15.55 18.97 16.17B 

A, B- Values within a row with different superscript letters are significantly differently different (P<0.05). 
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Näslund, E., Bogefors, J., Skogar, S., Grybäck, P., Jacobsson, H., Holst, J. J., & Hellström, P. M. 

(1999). GLP-1 slows solid gastric emptying and inhibits insulin, glucagon, and PYY 

release in humans. American Journal of Physiology-Regulatory, Integrative and 

Comparative Physiology, 277(3), R910-R916. 

Whitmore, T. J., Trengove, N. J., Graham, D. F., & Hartmann, P. E. (2012). Analysis of insulin 

in human breast milk in mothers with type 1 and type 2 diabetes mellitus. International 

journal of endocrinology, 2012. 

Yonezawa, T., Haga, S., Kobayashi, Y., Takahashi, T., & Obara, Y. (2006). Visfatin is present in 

bovine mammary epithelial cells, lactating mammary gland and milk, and its expression 

is regulated by cAMP pathway. FEBS letters, 580(28-29), 6635-6643. 

Young, B. E., Patinkin, Z., Palmer, C., De La Houssaye, B., Barbour, L. A., Hernandez, T., . . . 

Krebs, N. F. (2017). Human milk insulin is related to maternal plasma insulin and BMI: 

But other components of human milk do not differ by BMI. European Journal of Clinical 

Nutrition, 71(9), 1094-1100. doi:http://dx.doi.org.prox.lib.ncsu.edu/10.1038/ejcn.2017.75 

 

 

 

 

 



 

69 

 

CHAPTER 5: CAMEL MILK’S VITAMIN, MINERAL AND ANTIOXIDANT 

ACTIVITIES 

ABSTRACT 

 

Free radicals are generated broadly in biological systems. The imbalance between free 

radicals and antioxidants contribute to oxidative stress which is linked to diseases such as 

diabetes. To counteract free radicals, natural food with high contents of antioxidants is worth 

investigating. The objective of this study was to investigate antioxidant activity in camel milk in 

comparison to other mammalian milk.  

Methods 

All milk samples (camel, goat, bovine and human) were subjected to a measurements of 

antioxidant capacity, mineral analysis, and vitamin analysis. Antioxidant activity was measured 

by the 2,2’-azino-bis-(3-ethylbensothiazoline-6- sulfonic acid) (ABTS kit from Zen-Bio). The 

analyses of Mg, Mn, Zn, Cu, and Se were carried out by ICP-OES & ICP-MS. Vitamins A and E 

was determined by HPLC. 

Results 

 Only human and camel milk exhibited high levels of antioxidants (352 and 315 µM 

Trolox equivalents). Vitamin E was only detected in the human and resuspended powdered 

camel milk samples with concentrations of 2.89 and 0.425 mg/ mL, respectively. Vitamin A was 

detected in all milk samples with the highest detection in human milk 0.409 mg/mL. The highest 

concentration of Mg, Mn, and Zn were measured in goat milk, and Cu was highest in human 

milk.  
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Conclusion 

Our findings show that camel milk may play a significant role in reducing oxidative 

stress due to the high levels of antioxidant capacity. Although camel milk showed low to average 

levels of metals that associate with antioxidant metalloenzymes and the antioxidants vitamins, 

more work should be carried out with larger sample sizes. Goat milk showed high levels of most 

of the metals that associate with antioxidant metalloenzymes indicating that goat milk could be 

considered a medicinal food for reducing oxidative stress inducing diseases. 
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INTRODUCTION 

 

Free radicals are generated broadly in biological systems (Gutowski and Kowalczyk, 

2013). These free radicals are byproducts of the respiration of mitochondria (Kirkinezos, and 

Moraes, 2001). Free radicals have dual roles in which they both may play a part in signaling 

processes and guarding against pathogens, but uncontrolled free radicals may destroy 

biomolecules such as DNA, proteins, and lipids and ultimately induce oxidative stress (Soltani 

and Baharara, 2014).  

 In the body, enzymatic and non-enzymatic pathways neutralize free radicals; however, 

the elevated presence of free radicals may contribute to an imbalance between free radicals and 

antioxidants, which eventually contributes to oxidative stress (Kirkinezos, and Moraes, 2001).  

To counteract free radicals, many synthetic antioxidants have been used; however, these products 

often have harmful side effects (Shahidi and Zhong, 2010); therefore, natural alternatives are 

worth investigating.  

Camel milk is rich in several minerals that play a role in antioxidant defense, such as zinc 

and manganese. Both minerals are required by superoxide dismutase, which is an antioxidant 

enzyme in the body and their functions enhance antioxidant activities.  In addition, magnesium 

improves the absorption of vitamins C and E, where the latter is important in glutathione cycling 

between oxidized and reduced states. Camel milk has higher levels of antioxidant vitamins such 

as C, E, and A. Vitamin E is found in milk in small quantities and its levels vary from one 

species to another. The biological value of vitamin E is its role in preventing the oxidation of cell 

membranes and replenishing the antioxidant enzymes. Moreover, vitamin E helps keep peroxide 

radicals from damaging cell membranes (Al-Ayadhi and Elamin, 2013). Several studies have 

shown that camel milk consumption increases antioxidant enzymes such as superoxide dismutase 
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and glutathione peroxidase, in the body (Power, 2013).  The impact of camel milk on oxidative 

stress in induced diabetic rabbits was evaluated by El-Said et al. (2010), who found a substantial 

increase (P<0.05) in catalase and glutathione and decrease in malondialdehyde. Therefore, camel 

milk was found to have antioxidant properties in both animal and human trials.  

The objective of this study was to determine the antioxidant activity of camel milk and 

different types of mammalian milk. It also investigated the effect of pasteurization on milk’s 

antioxidant capacity and quantified the compositions of vitamin A and E as well as minerals 

involved with antioxidant metalloenzymes including magnesium, manganese, zinc, copper, and 

selenium in the different milk samples. 

METHODS 

 

Goat and camel milk were obtained within one month after parturition from a commercial 

farm. Bovine milk at a similar stage of lactation was obtained from the North Carolina State 

University dairy farm cows. Human milk was obtained from the Wake Med Mothers’ Milk 

Bank. Powdered goat and camel milk were obtained from commercial sources.  

Preparation of samples for vitamins A and E quantification 

Saponification  

In a screw-capped vessel, 5 mL of each milk sample was added to a mixture of 0.25 g 

ascorbic acid, 50 mL methanol, and 5 mL of 50% KOH and bubbling nitrogen was added to each 

sample for 1 min in a water bath set at 80 °C for 20 min. Milk powders were resuspended in 

water at a concentration of 15.8 g/dL. 

Extraction 

Saponified samples were then extracted sequentially with 4 × 50 mL of n-hexane.  
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The pooled extracts were washed repeatedly with 50 mL water until the aqueous layer appeared 

colorless when adding 2–3 phenolphthalein drops. Two g of anhydrous sodium sulfate (Na2SO4) 

was added to the washed extract to remove water traces. Then the mixture was concentrated to 

dryness under nitrogen gas at 40 °C using the N-Evap. Two mL of ethanol were used to 

reconstitute the residue in 10 mL acetonitrile–methanol (65:35) and passed through 0.45-µm 

Nylon membrane filter before HPLC injection. 

Standard curves 

The calibration standards were retinol and α-tocopherol. Stock standard solutions of 100 

mg/L of retinol and α-tocopherol were prepared in HPLC-grade ethanol. To minimize vitamin 

losses by oxidation, all solutions were bubbled with nitrogen for 1 min and stored in amber vials 

under refrigeration (4 °C). The calibration curves were prepared in the 0.025–1 mg/L range for 

vitamin A (retinol) and 0.25–10 mg/L for vitamin E (α-tocopherol). A linear response was 

expected.  

Chromatography 

Reversed phase Kinetex: C18 5-µ, 100 A, 250 mm x 4.8 mm ID 96% Methanol- Isocratic 

Balanced water at a flow rate of 1 mL/min for 30 min and PDA detection. The detector 

wavelengths were 296 nm for α-tocopherol, 326 nm for retinol and retinyl acetate. HPLC column 

temperature was constant at 35 °C and the sample injection volume was 20 µL.  

Milk sample peaks were identified by comparisons of retention time and wavelength at 

maximum absorbance for the standards and the internal standards.  

Antioxidant capacity assay 

 Antioxidant capacity were obtained by ABTS kit from Zen-Bio. This assay measures the 

formation of ABTS+ radicals that were induced by metmyoglobin and hydrogen peroxide. Water 
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soluble vitamin E analogue acts as positive control scavenging free radicals. The capacity of 

antioxidants of milk samples can be obtained through Trolox units equivalency.   

Mineral Analyses 

Mineral analyses were provided by Environmental and Agricultural Testing Service 

(EATS) at North Carolina State University. The analyses of Mg, Mn, Zn, Cu, and Se were 

carried out by ICP-OES & ICP-MS. Briefly, 1 or 2 g of dried milk samples ( 10%) were added 

into a 75-ml B-D tube on a three or four place balance. In a hood, 10 mL of 7 M nitric acid was 

added to each sample.  To predigest milk samples, each vial-capped tube was briefly vortexed 

and left in the hood overnight. Pre-digested tubes were heated in the block digester at 95 C  5 

C for 15 min. Then samples were left to cool for 15 min, followed by the addition of 5 mL of 

concentrated HNO3 using the auto-dispenser. Briefly, each tube was vortexed and placed rack 

back on digestion block (with cap), and allowed 10 min for samples to achieve 95 C, and then 

maintain at 95 C for 30 min. After a second round of cooling, adding 5 mL of concentrated 

HNO3, and heating for at 95 C for 30 min, the vial caps were removed letting samples to digest 

for 2h at 95 C.  

After tubes cooled down, 3 mL of DI water was added to each tube, and 2 mL of 30% 

H2O2 were added to each tube. After that samples were heated until H2O2 starts to bubble.  

Then tubes were removed from the digester, and left to cool (~ 10 min.), and another 1or 2 mL of 

30% H2O2 was added.  After effervescence subsides, samples were briefly vortexed.  If tubes 

were still warm, another addition of 1 or 2 mL of 30% H2O2 was added with vortexing.   After 

these cycles of warming, cooling, and addition of H2O2, a total of 6 mL. of H2O2 have been 

added.  After the last H2O2 addition samples were warmed until effervescence subsides followed 

by vortexing. Vial caps were removed from the tubes and the samples were heated for 2 h at 95 
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C  5 C being sure that adequate solution is always covering the digested milk.  Then sample 

rack was removed from the digester, cooled and 1 mL of concentrated HCl was added to each 

tube. Tubes were capped again and then reheat at 95 C  5 C for 30 min. 

  After cooling, 10 mL of DI water was added. Then digestates were poured through a 

funnel containing a #40 filter paper into a 50-mL volumetric flask so minimal milk goes into 

filter at first.  Milk samples were rinsed x3 with DI water without exceeding the 50 mL volume.  

After rinsing the filter with a DI water stream, milk sample digests were brought to the volume 

of 50 mL. Milk samples were aliquoted into 15-mL portions and stored at 4 C before mineral 

analysis. Samples were than analyzed with a Perkin Elmer 8000 Inductively-coupled plasma-

Optical Emission Spectrometer. 

RESULTS 

 

Vitamins A and E 

The levels of vitamin A and vitamin E are presented in Tables 1 and 2. Human milk 

showed the highest levels of vitamin A (0.409 mg/ml). Vitamin A levels were comparable 

among goat, bovine, and suspended goat milk. Vitamin A was low in camel milk 1, camel milk 

2, and camel milk powder (0.095, 0.127, and 0.150, respectively), the freeze-dry process showed 

no influence on vitamin A concentrations in camel milk. Vitamin E was only detected in human 

and suspended camel milk powder with concentrations of 0.425 and 2.89, respectively. 
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Table 1. The levels of vitamin A in all milk samples. 

 

Table 2. The levels of vitamins E in all milk samples. 

 

 

Mineral contents  

Mineral composition in all the milk samples is presented in Table 3. In this study, goat 

milk demonstrated the highest levels of magnesium among all milk samples (121.85 mg/L) 

followed by bovine milk with an amount of 113.43 mg/L. Camel milk, which showed a 75.95 

Column1 Area units transform the area units to  

account for 

concentration 

Sample at 326nm mg A/mL solution via stnd curve mg A per mL milk 

ETOH Blank -   

Camel milk 1 0.111 0.239 0.095 

Camel milk 2 0.287 0.319 0.127 

Goat milk 0.748 0.528 0.211 

Bovine milk 0.816 0.559 0.223 

Human milk 1.840 1.024 0.409 

Camel milk 

powder 0.409 0.374 0.150 

Goat milk 

powder 0.743 0.526 0.210 

 

Area 

units transform the area units to 

account for 

concentration 

Sample at 296 nm mg E/mL solution via stnd curve 

mg E per mL 

milk 

ETOH Blank -   

Camel milk 1 -   

Camel milk 2 -   

Goat milk -   

Bovine milk                -  

Human milk 0.227 1.063 0.425 

Camel milk powder 0.707 7.225 2.890 

Goat milk powder -   
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mg/L, along with human milk exhibited the lowest level of magnesium which was 35.45 mg/L. 

Commercially spray dried goat milk exhibited higher levels of magnesium compared with 

commercial camel milk powder. Camel milk manganese was comparable to that of goat milk, 

34.58 µg/L and 39.58 µg/L, respectively. 

Human milk showed the lowest levels of minerals compared to other mammalian milks 

except for copper; human milk demonstrated the highest levels of copper (458.5 µg/L) among all 

milk samples. Goat milk exhibited high mineral contents of Mg, Cu, Mn, and Se as presented in 

Table 2 suggesting that goat milk could be a medicinal food candidate. Selenium was high in 

both fresh goat and camel milk with concentrations of 86.38 µg/L and 46.9 µg/L, respectively. 

Commercially spray dried camel and goat milks had comparable levels of zinc and selenium. 

Commercially spray dried goat milk showed higher levels of Mg, Cu and Mn compared with 

freeze dried camel milk.  

Table 3. The content of minerals in milk samples.  Values for milks were expressed on wet 

weight basis and powders were measured on dry weight basis. 

   

Source 

Mg 

- mg/L - 

Zn 

- mg/L - 

Cu 

-µg/L- 

Mn 

-µg/L- 

Se 

-µg/L- 

Camel milk 1 68.73 2.89 58.6 23.45 30.38 

Camel milk 2 83.17 4.88 71.11 34.58 63.41 

Goat milk 121.85 3.5 94.74 39.58 86.38 

Human milk 35.45 2.84 458.5 9.6 25.02 

Bovine 113.43 4.77 104.63 27.67 26.66 

Source 

Mg 

- mg/kg - 

Zn 

- mg/kg - 

Cu 

-µg/kg- 

Mn 

-µg/kg- 

Se 

-µg/kg- 

Camel milk powder 654.95 35.68 828.3 235.6 308.5 

Goat milk powder 1066.8 33.84 1174.2 391.1 310.3 
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Antioxidant capacity  

Antioxidant capacity was determined by ABTS through the ability to scavenge the 

ABTS•+ radical, as presented in Table 4. Higher levels of antioxidant were exhibited in both 

human and camel milk (352 and 315.9 μM). The antioxidant capacity was below the range of 

detection in goat and bovine milk. Moreover, the suspended camel and goat milk powder showed 

no antioxidant capacity. There was no influence of pasteurization on antioxidant capacity in fresh 

camel milk samples.   

 

Table 4. Antioxidant capacity in milk samples. 

 

 

 

 

 

 

 

 

Abbreviations HP: holder pasteurization, HTST: High Temperature Short Time, ND: not 

detected, and NM: not measured. 

 

DISCUSSION 

  Vitamin A is a fat-soluble vitamin.  It includes retinyl esters, retinol, and retinal. Vitamin 

A influences the immune system, eye health, the reproductive system and communication among 

the cells (Combs, 2008). This study found that vitamin A in camel milk was low and ranged 

from 0.095 to 0.127 mg/mL, which is consistent with a study conducted by Farah (1992) which 

Source Raw HP HTST 

Camel milk 1 315.9 298.41 298.4 

Camel milk 2 133.43 177.23 15.17 

Goat milk ND ND ND 

Human milk 352 NM NM 

Bovine milk ND ND ND 

Camel milk 

powder ND ND ND 

Goat milk 

powder ND ND ND 
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investigated vitamin A in 20 camel milk samples. That study found that vitamin A ranged from 

0.05 to 0.14 mg/mL. In this study, bovine milk showed a vitamin A level of a 0.223 mg/mL and 

no vitamin E was detected, which is consistent with (Paul, 1987). However, Ellis et al., (2007) 

found vitamin A in bovine milk as high as 1.075 mg/mL and vitamin E with a 1.125 mg/mL 

(Chotyakul et al.,2014).  

Human milk demonstrated the highest levels of both vitamin A and vitamin E with 

corresponding levels at 0.409 mg/mL and 0.425 mg/ ml. In the literature, vitamin A and E in 

human milk ranged from 650-910 µg/L (Sámano, et al., 2017) and 2.270-4.41 µg/L, respectively 

(Macias and Schweigert, 2001). The variation in vitamin A and E correlates with fat content 

(Chotyakul et al.,2014). From the literature, the levels of vitamin A and E in camel milk varied. 

While De Almeida (2011) reported that camel milk lacks vitamin E, Farah et al., (1992) found 

levels of vitamin E comparable to those in bovine milk at concentrations of 56-60 mg/ 100 mL. 

Haddadin (2008) found that not only did geographical location influence the composition of 

camel milk, but also seasonal variations impacted the compositional nutrients of camel milk 

within the same animal and same region, and summer camel milk yields had the lowest levels of 

fat in milk compared with winter milk. Since we collected our camel milk samples in summer in 

which fat content is the lowest, vitamin A and E were affected (Haddadin, 2008). Goat milk 

minerals results in this study were similar to those in (Kondyli et al., 2007).  

Antioxidants provide protection to the cells from the harmful effects of free radicals. Free 

radicals are molecules that have one electron that is not shared.  Free radicals are damaging to 

cells and can play a part in causing cardiovascular disease, diabetes and cancer. Multiple 

enzymatic and non-enzymatic antioxidants play a role in scavenging the free radicals. The fat-

soluble antioxidants including vitamin E and A, impede the production of ROS in the process of 
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oxidation.  Research suggests that vitamin E could function to prevent or slow down the chronic 

diseases that are related to free radicals. Magnesium plays a part in more than 300 enzyme 

systems that function as regulators of different biochemical reactions throughout the body.          

            Among the reactions that magnesium helps to regulate are protein synthesis, functions 

related to nerves and muscles, blood glucose, and blood pressure, phosphorylation, and 

glycolysis. Magnesium contributes to bone development, synthesis of DNA, RNA, and the 

antioxidant glutathione (Harris, 2014). Copper defends against oxidative damage especially the 

copper that is in superoxide dismutase. In addition, manganese influences the scavenging of 

reactive oxygen species (ROS). Manganese combines with many enzymes such as manganese 

superoxide dismutase, arginase, and pyruvate carboxylase (Harris, 2014). The enzymes work 

with manganese to metabolize amino acids, cholesterol, glucose and carbohydrates.  In addition, 

manganese influences the scavenging of reactive oxygen species (ROS), the building of bones, 

the reproductive system and the immune system. 

In this study, camel milk exhibited high levels of antioxidant capacity due to the 

antioxidant vitamins, minerals, and bioactive peptides.  Studies have shown that goat and camel 

milk consumption increase the endogenous antioxidant enzymes (Power et al., 2013). Ebaid et 

al., (2013, 2105) found that diabetic rats rabbits that consumed camel milk whey protein 

replenished antioxidant substrates and enzymes such as glutathione (GSH), superoxide dismutase 

(SOD), and catalase (CAT) compared with untreated diabetic rats rabbits that did not consume 

camel milk whey protein.  
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CONCLUSION 

 

Our findings show that camel milk can play an important role in reducing oxidative stress 

due to high levels of antioxidant activity. Even though, camel milk has been shown to have low 

to comparable levels of minerals and vitamins, more work should be done with a greater number 

of samples, and include geographic, diet, and seasonal variables. Goat milk contained high levels 

of most minerals that play a crucial role as co-factors in metalloenzymes indicating that goat 

milk could be considered a medicinal food that works against the oxidative stress that causes 

diseases.  
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CHAPTER 6: CONCLUSION 

 Insulin is considered the most effective treatment for patients with diabetes. Once the 

insulin treatment starts, it will be life-long. Additionally, studies show that insulin treatment 

negatively affects insulin sensitivity in the long run. Camel milk showed high concentrations of 

insulin. The daily camel milk consumption caused an up to 13.7% reduction in the required 

insulin dose (Fallah, 2020). In fact, studies have shown that regular consumption of camel milk 

increases glucose sensitivity. 

Drugs used to treat diabetes are costly and have side effects; natural nutritional 

alternatives intended to prevent and control diabetes are associated with low cost (Mahan, Escott 

Stump, & Raymond, 2012). Recent work has found that camel milk has hypoglycemic and 

hypocholesterolemia outcomes, as well as possible therapeutic outcomes for multiple diseases 

including tumors, hepatitis, asthma and hypertension (Al Kanhal, 2010; Gader and Alhaider, 

2016; Ejtahed et al., 2015). Additionally, camel milk may be effective at reducing diabetes 

prevalence (Mirmiran et al., 2017). This might be due to camel milk's insulinogenic proteins that 

mimic insulin action in blood-glucose lowering effects (Malik et al., 2012, Sboui et al., 2012).  

Several glucoregulatory hormones play a crucial role in balancing glucose hemostasis. 

These hormones were found to be impaired in individuals with diabetes. For example, a study 

found that GIP and GLP-1 which account for 50 -60% of insulin secretion are found to be 

impaired in individuals with diabetes (Gao, 2020). The daily consumption of camel milk was 

found to have a positive impact on glucoregulatory hormones. For example, Nongonierma, et al., 

(2017), found that camel milk hydrolysates contain Dipeptidyl Peptidase IV (DPP-IV), inhibitory 

peptides which inhibit (DPP-IV), which is responsible for GIP and GLP-1 inhibition. This 

research study suggests that further studies should be carried out to investigate camel milk  
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 Diabetes is an oxidative stress disease. Chronic elevated blood glucose leads to oxidative 

stress. The accumulation of free radicals promotes diabetes complications as well as causes 

deprivation of endogenous antioxidant enzymes (Power, 2013). Studies have shown that camel 

milk administration replenishes the antioxidant enzymes (Eibid, 2013 and 2015). This indicates 

that camel milk can be used to manage diabetes and delay the progression of the disease. 

Camel milk is traditionally consumed raw; especially, if used as medicinal food.  In this 

dissertation, pasteurization showed no significant impact on insulin, glucoregulatory hormones, 

and antioxidant activity in camel milk suggesting that future work should be carried out to 

investigate the variation of heat treatment on camel milk’s active components. 
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Appendix A: The Relationship between Diabetes and Mammalian Milk: Systematic Review 

Appendix A1: Flow Diagram of the Systematic Literature Review. 
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Appendix A2: The Effect of Camel Milk on Type 1 Diabetes in Human Trials. 

 
Study Study 

Population 

Control 

group 

Intervention 

Group 

Study 

Period 

Results 

Agrawal 

et al, 

(2003) 

N=24 N=12, usual 

care 

N=12, usual 

care +500 ml 

camel milk / 

day 

3 months    Camel milk group    

Lower fasting blood glucose,      

HbA1c,, and  Insulin dose 

 

  

Agrawal 

et al, 

(2005) 

N=24 N=12, usual 

care 

N=12, usual 

care +500 ml 

camel milk / 

day 

I y Camel milk group    

Lower fasting blood glucose,      

HbA1c,, and  Insulin dose 

 

Agrawal 

et al, 

(2011) 

N=24 N=12, usual 

care 

N=12, usual 

care +500 ml 

camel milk / 

day 

2 y Camel milk group    

Lower fasting blood glucose,       

HbA1c,, and  Insulin dose 

 

Mohamad 

et al. 

(2009) 

N=54 N=27, usual 

care 

N=27, usual 

care +500 ml 

camel milk / 

day 

35 days Camel milk group    

Lower fasting blood glucose,       

HbA1c,, and  Insulin dose 

Increased plasma insulin 

 

Fallah et 

al., 

(2020) 

N=40 N=20, 

Sterile cow 

milk 

N=20, 500 

ml/day raw 

camel milk 

3 months    Camel milk group    

Lower fasting blood glucose,        

HbA1c,, and  Insulin dose 

 

 

Appendix A2: The Effect of Camel Milk on Type 1 Diabetes in Human Trials. 

 
Study Study 

Population 

Control 

group 

Intervention 

Group 

Study 

Perio

d 

Results 

Ejtahed 

et al. 

(2015) 

N= 20 N=9; cow 

milk 500 

ml/day 

N=11; camel 

milk 500 ml/day 

2 

month

s 

no change between the two groups 

on blood glucose, lipid profile, and 

blood pressure 

 Increased Plasma insulin in camel 

milk  

Wang et 

al, (2009) 

N=12 N=6, usual 

care 

N=6; usual care+ 

camel milk 500 

ml/ day 

      Camel milk group    

Lower fasting blood glucose,        

HbA1c,, and  Insulin dose, plasma 

insulin, cholesterol, and TG 
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Appendix A3: The Effect of Camel Milk on Type 2 Diabetes in Human Trials. 

 
Study Study Population Control group Intervention Group Study 

Period 

Results 

AlNumair et al 
(2010) 

N=30; 
streptozotocin-

diabetic-male 

albino rats 

N=18 no treatment  N=6; diabetic rats given 
camel milk 250 ml/day  

 

45 d Camel milk group  

  

Decrease Hyperglycemia and 

Hyperlipidemia 

Ebaid et al, 

(2013, 2015) 

N= 36 

streptozotocin-
diabetic-male 

albino rats 

N= 30  N=6 diabetic rats fed 

250 μl/rat/day of camel 
whey protein 

8 days Camel milk:         

   Lower TNFa and NFKb 
 

  Lower GSH, CAT, SOD, 

Gene expression of TNF a 
       

No change lipid profile   
      

Kebir et al, 

(2017) 

N= 30 

Alloxan type1 

male albino rats 

N=10; Nondiabetic 

no treatment 

 n= 10 diabetic no 
treatment 

N= 10 diabetic + camel 

milk  

4 weeks Camel milk group  

  

Decrease Hyperglycemia and 
Hyperlipidemia 

Korish et al, 

(2019) 

N=60 

streptozotocin-

diabetic- male 

wister 

N= 30 with no 

treatment 

N= 20: 

N=10 diabetic rats fed 
camel milk 

N=10 diabetic rats fed 

bovine milk 

8 weeks Camel milk and bovine milk: 

Lower fasting blood glucose 
and increased glucose 

sensitivity 

Bovine milk: 
Increased anticoagulant 

activity 

Korish et al, 

(2014) 

N=60 STZ male 

wister 

N= 40 N= diabetic + camel milk 

50 ml / day  

8 weeks Camel milk  
Lowered FBG, improved 

lipid profile, and suppressed 

weight loss. GLP-1 and GIP 

Liu et al, (2019) N=60 Sprague 

Dawley rats, type 

1 

N= 40 N=10 diabetic rats fed goat 

based high fat diet  

N=10 diabetic rats fed cow 
based high fat diet 

24 

weeks 

Goat milk: 

 Lower OGTT, ITT, FBG 

Bovine milk: 
lower    ITT 

 

Meena et.al, 

(2016) 
 

N= 48, Type1 

albino Wistar rats 
 

N=16 

N=8; normal 
nondiabetic 

N=8; diabetic no 

treatment 

N= (32): 

N=8; 5oml/ day goat milk 
N=8; 5oml/ day camel 

milk 

N=8; 5oml/ day bovine 
milk 

N=8; 5oml/ day buffalo 

milk 
 

4 weeks Camel milk: 

Lower A1c, normal insulin 
level, and normal lipid profile. 

Goat milk: 

Lower (LDL) level, and high 
(HDL) level 

All milks increased 

antioxidants enzymes 

Nurliyani et.al, 

(2015) 

N= 30 STZ-NA) 

rats male Wistar 

N= 12: 

N=6 nondiabetic rats 
N=6 diabetic rats  

N=6; diabetic rats fed goat 

milk kefir 
N=6; diabetic rats fed soy 

kefir, and n=6 diabetic rats 

fed a combination of goat 
milk and soy kefir 

35 days Kefir made of goat and soy 

combination Lower blood 
glucose. conserved β-cell  

.GPx activity increased in all 

kefir  

Sboui et al (2012) N=20; alloxan 

monohydrate- 
induced dogs 

N=4  

500ml/day cow milk 

N=4 diabetic dogs fed 

500ml/day camel milk 

4 weeks 

with the 
intervent

ion  

Camel milk and bovine milk: 

Lower blood glucose and 
lower cholesterol 

Bovine milk: 

Higher blood glucose and 
higher cholesterol N=4; no treatment 500ml/day camel milk  

N=4 diabetic dogs fed 

500ml/day camel milk+ 
an-insulin 

4 weeks 

without 

intervent
ion 
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Appendix B: The Effect of In-vitro Digestion on Milks’ Insulin and IGF-1 

Appendix B1: Insulin Concentration in Milk from Different Species Raw and Pasteurized before 

and after In Vitro Digestion. 
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Appendix B2: Insulin Concentrations among three different insulin ELISA kits. 

 

Milk source Ray Bio Tech 

 

My 

BioSource 

ALPCO Mean of kits 

Raw camel milk 1 19.5b 23.8b 50.37a 31.22AB 

HP camel milk 1 17.64 14.74 12.78 15.05B 

HTST camel milk1 23.46 17.04 17.36 19.28B 

Raw camel milk 2 27.77 17.77 34.79 24.05AB 

HP camel milk 2 17.84 14.83 11.02 14.56 

HTST camel milk 2 29.16 17.39 19.39 24.65AB 

Raw goat milk 58.13a 21.33b 34.79ab 38.08A 

HP goat milk 19.84 16.6 21.06 19.17B 

HTST goat milk 30.97 20.49 21.03 24.42B 

Raw bovine milk 16.21 14.79 18.6 16.53B 

HP bovine milk ND 12.87 14.12 13.49B 

HTST bovine ND 14.01 15.5 14.76B 

Raw human milk 19.77a 16.19b 6.69c 14.21B 

Camel powder 29.6 21.7 32.7 28.51AB 

Goat powder 31.5 NM 4.37 17.93 

Overall Mean 26.26A 17.5B 20.34AB  

 

Abbreviations: HP Holder Pasteurization, HTST: High Temperature Short Time. ND: not 

detected. NM: Not measured. 
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Appendix B3: Comparison of the effect of in vitro digestion on insulin levels in milk samples 

before and after digestion using RayBiotech human insulin ELISA and MyBioSource camel 

insulin ELISA kits. 

 

Milk source 

Source 

Ray Bio Tech  My BioSource 

Before digestion    After digestion Before digestion After digestion 

Raw camel milk 1 19.5 25.155 23.8 21.13 

HP camel milk 1 19.64 ND 14.74 16.9 

HTST camel milk1 23.46 ND 17.04 18.89 

Raw camel milk 2 27.77 16.02 17.77 19.51 

HP camel milk 2 17.84 17.44 14.83 16.28 

HTST camel milk 2 29.155 21.05 17.39 19.52 

Raw goat milk 58.13 40.84 21.33 19.02 

HP goat milk 19.84 17.11 16.6 15.53 

HTST goat milk 30.97 31.48 20.49 15.72 

Raw bovine milk 16.21 ND 14.79 11.98 

HP bovine milk ND ND 12.87 11.51 

HTST bovine ND ND 14.01 12.35 

Raw human milk 19.77 ND 16.19 15.01 

Camel powder 29.6 34.01 23.22 20.08 

Goat powder 31.5 18.51 NM NM 
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Appendix B4: The Effect of in vitro-digestion and pasteurization on insulin and IGF-1 levels in 

milk samples. 

 

Hormones Camel Milk Goat Milk Bovine Milk Human 

Milk 
Camel 

Milk 
Goat 

Milk 

Raw HP HTST Raw HP HTST Raw HP HTST Raw Powder Powder 

IGF-1 (Before in 

vitro digestion) 

ND ND ND 4.56 ND ND ND ND ND ND ND ND 

IGF-1 (After in 

vitro digestion) 

ND ND ND ND ND ND ND ND ND ND ND  ND  
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Appendix C: Glucose Regulatory Hormones in Camel, Cow, Goat, and Human Milk 

Appendix C1: C-peptide concentrations in milk samples. 

 

 

Source 

Hu C-peptide (72) pg/mL 

Raw HP HTST Mean 

Camel milk 1 27.15 ND ND 27.15 

Camel milk 2 23.81 ND ND 23.81 

Goat milk ND ND ND  

Human milk 23.1 25.02 23.45 23.86 

Bovine milk ND ND ND  

 

Appendix C2: GIP concentrations in milk samples.  

 

 

 

Source 

Hu GIP (14) pg/mL 

Raw HP HTST Mean 

Camel milk 1 54.86 65.68 68.9 63.15B 

Camel milk 2 64.15 68.01 64.93 65.70B 

Goat milk 61.76 60.06 65.1 61.75B 

Human milk 78.93 88.5 87.73 85.05A 

Bovine milk 40.46 34.39 35.55 36.80C 
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Appendix C3: GLP-1 concentrations in milk samples.  

 

Source 

Hu GLP-1 (27) pg/mL 

Raw HP HTST Mean 

Camel milk 1 62.09 ND 593.83 595.9B 

Camel milk 2 74.41 119.1 593.83 577.5B 

Goat milk 94.46 86.35 281.46 598.9B 

Human milk 25.58 14.3 1152.67 1206A 

Bovine milk ND ND 516.94 519.3B 

 

Appendix C4: Glucagon concentrations in milk samples.  

 

 

Source 

Hu Glucagon (15) pg/mL 

Raw HP HTST Mean 

Camel milk 1 647.73 544.97 593.83 595.9 B 

Camel milk 2 621.85 516.94 593.83 577.5B 

Goat milk 621.85 593.3 281.46 598.9B 

Human milk 1224.85 1241.92 1152.67 1206.A 

Bovine milk 450.97 562.92 516.94 519.3B 
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Appendix C5: Insulin concentrations in milk samples. 

 

Source 

Hu Insulin (12) pg/mL 

Raw HP HTST Mean 

Camel milk 1 ND ND ND  

Camel milk 2 ND ND ND  

Goat milk 161.26 140.81 ND 151.0A 

Human milk 164.08 185.35 213.5 187.6A 

Bovine milk 13.05 10.9 5.02 9.65B 

 

Appendix C6: Ghrelin concentrations in milk samples.  

 

Source 

Hu Ghrelin (26) pg/mL 

 

Raw HP HTST Mean 

Camel milk 1 95.69 73.87 77.39 83.32A 

Camel milk 2 27.4 1.42 ND 19.21B 

Goat milk ND ND ND  

Human milk 74.28 77.11 79.83 77.07A 

Bovine milk ND ND ND  
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Appendix C7: Leptin concentrations in milk samples.  

 

Source 

Hu Leptin (78) pg/mL 

Raw HP HTST Mean 

Camel milk 1 ND ND ND  

Camel milk 2 ND ND ND  

Goat milk ND ND ND  

Human milk 117.63A 12.26B 15.00B 48.29 ± 21.9 

Bovine milk Raw HP HTST  

 

 

Appendix C8: PAL-1 concentrations in milk samples. 

 

 

Source 

Hu PAL-1 (61) pg/mL 

Raw HP HTST Mean 

Camel milk 1 ND ND ND  

Camel milk 2 ND ND ND  

Goat milk ND ND ND  

Human milk 58.89 38.12 35.87 44.29 ± 8.57 

Bovine milk ND ND ND  
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Appendix C9: Visfatin concentrations in milk samples.  

 

Source 

       Hu Visfatin (22) pg/mL 

Raw HP HTST Mean 

Camel milk 1 3961.68 2057.05 1192.28 2404 

Camel milk 2 3946.81 2019.5 2011.77 2659 

Goat milk 1020.37 938.15 ND 979 

Human milk 217510.49 52219.54 18681.54 96137 

Bovine milk 325.75 ND ND  

 

Appendix C10: Resistin concentrations in milk samples. 

 

Source 

Hu Resistin (65) pg/mL 

 

Raw HP HTST Mean 

Camel milk 1 46.14 45.18 42.4 44.57B 

Camel milk 2 53.56 50.55 55.93 53.35B 

Goat milk 5.11 ND ND 5.11B 

Human milk 430.87 544.29 748.58 574.58A 

Bovine milk 13.99 15.55 18.97 16.17B 
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Appendix D: CAMEL MILK’S VITAMIN, MINERAL AND ANTIOXIDANT 

ACTIVITIES 

Appendix D1: The levels of vitamin A in all milk samples. 

 

Appendix D2: The levels of vitamins E in all milk samples. 

 

 

 

Column1 Area units transform the area units to  

account for 

concentration 

Sample at 326nm mg A/mL solution via stnd curve mg A per mL milk 

ETOH Blank -   

Camel milk 1 0.111 0.239 0.095 

Camel milk 2 0.287 0.319 0.127 

Goat milk 0.748 0.528 0.211 

Bovine milk 0.816 0.559 0.223 

Human milk 1.840 1.024 0.409 

Camel milk 

powder 0.409 0.374 0.150 

Goat milk 

powder 0.743 0.526 0.210 

 

Area 

units transform the area units to 

account for 

concentration 

Sample at 296 nm mg E/mL solution via stnd curve 

mg E per mL 

milk 

ETOH Blank -   

Camel milk 1 -   

Camel milk 2 -   

Goat milk -   

Bovine milk                -  

Human milk 0.227 1.063 0.425 

Camel milk powder 0.707 7.225 2.890 

Goat milk powder -   
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Appendix D3: The content of minerals in milk samples.   

 

 

Appendix D4: Antioxidant capacity in milk samples. 

 

Source 

 Raw HP HTST 

Camel milk 1 

 315.9 298.41 298.4 

Camel milk 2 

 133.43 177.23 15.17 

Goat milk 

 ND ND ND 

Human milk 

 352 NM NM 

Bovine milk 

 ND ND ND 

Camel milk powder 

 ND ND ND 

Goat milk powder 

 ND ND ND 

 

 

 

Source 

Mg 

- mg/L - 

Zn 

- mg/L - 

Cu 

-µg/L- 

Mn 

-µg/L- 

Se 

-µg/L- 

Camel milk 1 68.73 2.89 58.6 23.45 30.38 

Camel milk 2 83.17 4.88 71.11 34.58 63.41 

Goat milk 121.85 3.5 94.74 39.58 86.38 

Human milk 35.45 2.84 458.5 9.6 25.02 

Bovine 113.43 4.77 104.63 27.67 26.66 

Source 

Mg 

- mg/kg - 

Zn 

- mg/kg - 

Cu 

-µg/kg- 

Mn 

-µg/kg- 

Se 

-µg/kg- 

Camel milk powder 654.95 35.68 828.3 235.6 308.5 

Goat milk powder 1066.8 33.84 1174.2 391.1 310.3 


