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Currently, camel milk has been considered around the world due to awareness of its unique health benefits. Camel milk is considered a superfood with special nutrients
and therapeutic values. In diabetes or hyperglycemia, the cells may not respond properly to insulin or defects in insulin secretion by the pancreas, therefore glucose level of
blood is excessive. Chronic hyperglycemia is associated with dysfunction in the eyes, heart, nerves, kidneys, liver, and blood vessels. Insulin and oral hypoglycemic drugs
are used for diabetes, but a high percentage of patients cannot use allopathic drugs and rely on natural alternative healings. Furthermore, coagulation of oral insulin in an
acidic environment neutralizes and decreases the efficacy of insulin. Camel milk contains insulin-like proteins and may be an effective alternative for insulin to treat type 1
and 2 and gestational diabetes. Camel milk may prepare about 60% of the insulin in diabetic patients and reduce blood sugar and required insulin doses of about 30% - 35%
in type 1 diabetes patients. This milk is believed to be a suitable hypoglycemic agent in improving long-term glycemic control in experimental animals and diabetic patients,
as well as improving diabetes risk factors such as liver and kidney failures and cardiovascular challenges. It appears that more scientific studies are needed to confirm the
efficacy of processed camel milk on diabetes. This review represents scientific studies on how camel milk as a superfood can be effective in diabetes.

Introduction

Camels are the fifth largest dairy animals in the world after
cow, buffalo, goat, and sheep; producing approximately 2.91
million tons of milk per year, which is equivalent to 0.36%
of the world’s milk production [1]. Age, geographical area,
pregnancy, nutrition, seasonal changes, health, and genetics
affect the composition of camel milk [2]). The average fat content
of camel milk was 3.82%, protein 3.35%, and lactose 4.12 %.
Also in another study, the chemical composition of camel milk
including 3.4% protein, 3.5% fat, 4.4% lactose, 0.79% ash,
7.9% total solids, and 87% water was reported [3]. The average
fat is 1.2 and 6.4 % and the amount of short-chain fatty acids
is low; But the levels of long-chain fatty acids, linoleic acid,
and unsaturated fatty acids which are important for nutrition
and health, are high (Zibaee, et al. 2015). Triacylglycerols of
camel milk contain 66.1% saturated fatty acids and 30.5%
unsaturated fatty acids. The unsaturated to saturated fatty

acids ratio in camel’s milk is more favorable compared to cows
and other mammalians [4].

Camel milk has a high amount of unsaturated fatty acids,
immunoglobulin, insulin-like protein, and protective enzymes
like lactoferrin and lysozyme [1]. Camel milk contains insulin-
like protein and may help to heal diabetes of type 1 and 2 and
gestational diabetes. According to the studies, camel milk
contains insulin-like proteins that do not form a coagulum
in the acidic condition of the stomach, can be absorbed
from the intestine, and may be an effective alternative for
insulin to treat type 1 and 2 and gestational diabetes. Raw
camel milk has immune-modulatory effects on the pancreas
beta-cells, increases insulin secretion, and reduces insulin
resistance in type 1 diabetes patients [5]. It contains small-
size immunoglobulins which strengthen the immune system
[6]. In addition, camel milk reduces blood cholesterol, avoiding
psoriasis disease, healing inflammation, and improving
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cardiovascular issues. Camel milk may be effective as a unique
superfood in many health issues of humans [7-9].

Anti-diabetic effects of camel milk

Type 1 diabetes is a serious disease with many complications
that are increasing worldwide. Three-quarters of the world’s
population cannot use allopathic medicines and therefore have
to rely on medicines made from natural products of animals and
plants [6]. Camel milk contains insulin-like proteins, which
do not form a coagulum in the acidic media of the stomach
that can be an effective alternative for insulin [10]. Camel milk
improves glycemic control and decreases insulin resistance
in diabetes patients [11]. It is detected high amount of insulin
in camel milk (about 52 units.litre'), causes to reduction in
blood sugar and insulin requirements [12]. The presence of
fat micelles in camel milk covers insulin and transfers it to
the circulatory system in diabetic patients [13]. Camel milk
improves obesity, inflammation, wounds, and oxidative stress
damage as diabetes complications [14]. Therefore, camel
milk and some of its active compounds influence pancreatic
B-cells and insulin receptor function in the insulin-sensitive
tissues, therefore increasing insulin secretion [15]. Daily
drinking of camel milk may meet about 60% of the insulin in
diabetic patients [16]. The whey proteins of camel milk with
anti-oxidative activity enhance immune cell proliferation and
diabetic wound healing by increasing glutathione synthesis
and improving the function of the cellular antioxidant defense
system [5,17].

The beneficial immune-stimulating effects of camel’s
whey proteins as natural antioxidants have been reported to
accelerate the healing process of diabetic wounds in laboratory
animals [5]. Therefore, camel milk is safe in long-term
glycemic control that significantly reduces the required insulin
doses in diabetic patients of type 1 [5] and type 2 [6].

Mechanism of anti-diabetic effects

The effects of camel milk on diabetes included; its effect
on insulin synthesis, secretion, and insulin receptor function.
Also, direct effects on insulin receptor function and glucose
transport in the insulin-sensitive tissues, direct and/or
indirect effects on insulin secretion by the pancreatic 8-cells,
and the normal activity of the pancreatic B-cells [15]. Insulin-
like proteins (52 units/liter) in camel milk are related to the
lactation period and the storage condition, that transfer to the
circulatory system [18].

The bioactive proteins of camel milk are effective by
direct or indirect action on specific pathways controlling
insulin synthesis and secretion by the pancreatic R-cells.
Hormones like glucagon and glucose-dependent insulinotropic
polypeptides, such as Gastric Inhibitory Polypeptide (GIP) and
Glucagon-Like Peptide-1 (GLP-1), as well as enzymes such
as the endoprotease dipeptidyl peptidase IV (DPP-IV) and its
proteolytic effects on GIP and GLP-1, have a key role in the
control of insulin synthesis and secretion by the pancreas.
The non-coagulation of camel milk in the stomach and the
protective effects of small Igs of camel milk on pancreatic

B-cells have also been suggested to explain the hypoglycemic
effects of camel milk [15,19].

Among whey proteins, iron-binding glycoproteins of camel
milk (lactoferrin) have an important role in insulin function
and the signaling of insulin receptors and insulin resistance
that influence diabetes disorders such as inflammation and
obesity [15]. The known metabolic pathway through the PI3-
kinase / Akt insulin activating axis controls the expression and
transport of GLUT4 to the plasma membrane, and this is an
important step in the transport and utilization of glucose by
insulin-sensitive tissues through its receptor [20].

However, camel milk proteins may increase insulin
secretion by the following mechanisms: (1) stimulation of
glucose-mediated insulin secretion, (2) inhibition of glucagon
secretion by pancreatic o-cells, and (3) inhibition of major
enzymes such as dipeptidyl Peptidase IV (DPP-1V), which
indirectly controls insulin secretion [15].

These effects, together with the inhibitory effects on DPP-
IV and the positive pharmacological effects on GI and GLP-1
receptors, may explain the cellular and molecular reasons for
the beneficial effects of camel milk on the management of
diabetes mellitus [21]. In addition, the potential target selection
of insulin-sensitive tissues and their regulation by camel milk
compounds may also be possible by positive regulating of GLUT
activity, thereby increasing glucose uptake [15].

The small size Igs of camel’s milk may potentially induce
regulatory cells by interacting with host cell proteins, ultimately
reducing the regulation of the immune system and preserving
pancreatic B-cells. The high concentration of antioxidants in
camel’s milk is effective in reducing body fat in the individual
with type 1 diabetic patients, as insulin receptors become more
sensitive to available insulin [15].

Camel milk against diabetes complications

There are serious acute problems due to high blood sugar
like diabetic ketoacidosis and non-ketotic hyperosmolar
coma. Chronic hyperglycemia causes long-term damage and
dysfunction of various organs; eyes, kidneys, nervous system,
heart, and blood vessels in the body. However, control of sugar
metabolism can be improved through diet and exercise with
or without antidiabetic drugs, which significantly reduces
the risk of these complications [15]. The effects of camel milk
have been proven to improve the pathophysiological aspects
of diabetes, such as insulin resistance, obesity, inflammation,
wound healing, and oxidative damage [22].

Liver disease and decreased liver enzyme levels are common
in people with diabetes mellitus. The researchers observed a
significant improvement in liver enzyme function in diabetic
rats treated with camel milk compared to cow and buffalo milk
[6]. Camel milk plays an important role in controlling the level
of microalbuminuria in type 1 diabetic patients [23]. The level
of microalbuminuria in patients with type 1 diabetes treated
with camel’s milk decreased after 24 hours. A significant
reduction in microalbuminuria has been reported after adding
camel’s milk to the diet for 6 months [21].
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Delayed wound healing occurs in diabetic patients and is
one of the most serious complications associated with diabetes.
Milk whey proteins accelerate wound healing in diabetics by
increasing the immune response of injured tissue cells and
reducing some of the complications of diabetes [24]. Recent
studies suggest that camel milk increases antioxidant activity
in the body and has therapeutic effects in the treatment of
diseases caused by oxidative stress [15]. Some of the effects of
camel milk whey proteins or their peptide fragments have been
attributed to the antioxidant activity of camel’s whey proteins,
which increase the proliferation of immune cells and accelerate
the wound healing process in diabetes [24]. Increased oxidative
stress may lead to diabetes mellitus and the development of
vascular and neurological complications [25]. Hyperlipidemia
and hypercholesterolemia happen with diabetes and increase
the risk of cardiovascular disease [26]. The high degree of
oxidative stress may lead to the development of vascular
complications caused by diabetes mellitus. Thus, diabetes
is associated with cardiovascular diseases [5]. Probiotic and
bioactive peptides obtained from proteolytic activity in camel
milk have hypocholesterolemic properties. The interaction
between its milk’s bioactive peptides decreases cholesterol
[6]. Cholesterol-lowering peptides also prevent cholesterol
absorption by electrostatic and hydrophobic reactions or
through decreasing cholesterol solubility [6]. These friendly
bacteria deconjugate bile salts and inhibit cholesterol
reabsorption, thus reducing cholesterol absorption in the
intestine [27] Also, probiotics make short-chain fatty acids
in the gut from the fermentation of carbohydrates that affect
cholesterol synthesis and transfer from plasma to the liver
[28].

Studies on the anti-diabetic properties of camel milk

The researchers found that consuming 500 mL of camel
milk daily reduced glucose and required insulin dose by 30% to
35%, But it does not affect the concentration of blood lipids [3].
Camel milk also reduced cholesterol and triglycerides in type 2
diabetic patients and rats [29]. Consumption of camel’s milk
could increase serum insulin levels in type 2 diabetic patients,
but fasting blood sugar, blood lipid, and blood pressure
changes were insignificant in camel’s and cow’s milk may help
to control type 2 diabetic patients [30].

In this experiment, type 2 diabetes cases, of the same age
(10 people per treatment) were given 500 mL camel milk daily
in the morning and evening for two months, and patients did
not drink any other milk. After milking, camel’s milk and cow’s
milk were first pasteurized at 70 for 15 minutes and stored in
the refrigerator. After two months, the results showed that
camel milk reduced insulin requirements in diabetic patients
(30].

Twenty-one patients with type 1 diabetes consumed 500
mL of camel milk daily for six months in one experiment.
Lipid factors such as LDL and triglycerides the required insulin
dose and albuminuria were reduced. Urine albumin level
before treatment with camel milk was about 93.5 u/kg, and
after treatment was approximately 60.64 u/kg. However, the
required insulin amount before treatment with camel milk was

£41.6 u/day and after treatment with camel milk reached 28.32
u/day [31] (Table 1).

In this case, 54 diabetic patients aged 17 to 22 years were
selected, and the first group took insulin according to their
routine. Group 2 consumed 500 mL of camel milk daily for 68
weeks, and some were considered healthy controls [10]. Fresh
milk samples were cooled and frozen until used in patients. The
results showed that consuming camel milk reduced the need for
insulin [10]. In this experiment, after two years, a significant
reduction in insulin requirements (46.15%) occurred in type 1
patients consuming camel milk; However, the required insulin
reached zero in three cases. A significant decrease in HbAic
level (7.81% to 5.44%) was observed as a glycemic control
index in the camel milk receiving group. A significant increase
in peptide C may improve pancreatic beta-cell function, which
increased from 0.18% to 0.24% after one year of camel milk
supplementation. In this test, patients’ fasting insulin levels,
an indicator of insulin resistance, also decreased [32] (Figures
1,2).

In this experiment, two groups of 15 people with type 1
diabetes aged 18 to 19 years and between 2 and 15 years old
with diabetes consumed 500 mL camel milk in the morning
and evening for a year under similar conditions. Their blood

Table 1: The effect of camel milk on blood parameters of diabetic patients [31].

_ Before using camel milk | After using camel milk

HBA1 (%) 9.54+0.44 8.65+0.38
Insulin dose (u/day) 41.61+£3.08 28.32+£2.66
Mean plasma glucose (mg/dl) 128.7+1.17 125.46 +1.24
Microalbuminuria (mg/dl) 119.48 +1.68 22.52+2.68
Total cholesterol (mg/dl) 77.22 +0.03 76.32+0.04
HDL (mg/dl) 26.82 +0.02 26.28 +0.03
LDL (mg/dl) 65.18+0.14 45.54+0.1
VLDL (mg/dl) 6.84 +0.02 6.3 +0.02
Triglyceride (mg/dl) 92.7+0.18 31.5+0.17
C-peptide (nmol/I) 0.18+0.14 0.24+0.17
Plasma insulin (pmol/I) 127.08 £2.86 130.63 + 3.86
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Figure 1: Average of required insulin dose in the control group and the group

receiving camel milk over two years [32].
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Figure 2: Mean dose of insulin required in the control group and the group receiving

camel milk over 16 weeks [14].

conditions were checked every day for two months. The raw
camel milk was collected weekly and stored in the refrigerator
[33]. The results showed that the required insulin dose was
reduced by 46%, from 75 to 42 u/day. Fasting blood sugar
decreased by 67% from 286 to 95 mg / dL. Blood postprandial
sugar fell by 65% , from 264 to 93 mg / dL. HbAic decreased
by 37% from 7.3 to 4.6; Thus, camel milk as therapeutic
insulin can regulate blood sugar and improve carbohydrate
metabolism in type 1 diabetics in the absence of insulin. For
this purpose, camel milk can be used on an empty stomach or
after each meal and prevent other risk factors for diabetes [33].
In one experiment, the effects of camel milk on risk factors and
blood sugar control in type 1 diabetic cases were investigated.
In this experiment, 500 mL raw camel milk was used for
three months in type 1 diabetic patients, which reduced blood
sugar from 115 to 100 and the required insulin from 41 to 30 u/
day. LDL also decreased significantly from 92 to 72, and total
cholesterol and triglycerides reduced insignificant ly [34]. 20
patients with type 2 diabetes were considered in two groups.
One group was fed daily raw camel milk for three months,
and one group was fed sterilized cow milk. Patients did not
consume any other dairy during these three months [35].
After three months, camel milk reduced insulin resistance,
and HbA1c and significantly decreased blood sugar. Still, blood
lipid parameters such as LDL, HDL, and triglycerides did not
change and were almost the same in both groups. The results
showed that although changes in fasting blood glucose and
lipid profiles in the camel milk group were not significant
compared to cow milk; However, regular consumption of camel
milk significantly reduced blood sugar and long effect insulin
dose in type 2 diabetes patients [35].

250 mL diluted kefir and yogurt, or camel dough was
used daily for eight weeks in diabetic patients with the
same conditions [36]. The results showed that IL6 and TNF
decreased and glucose metabolizing hormone GIP and GLP1
increased significantly. GLP - 1 levels increased with shubat
in type 1 diabetic mice, which may be due to the probiotic
action on the release of GLP - 1. An increase in IL6 levels and
a decrease in TNF were also observed with fermented products

or shubat [16]. Among other studies on fermented camel milk
[37,38] some presented that there was no effect on TNF with
fermented milk in diabetic cases [36]. Camel milk was able to
lower blood sugar and postprandial blood sugar, HbAic, and
HOMA - IR in type 2 diabetes patients; But had no effect on
glucose tolerance; Therefore, peptide C levels were higher with
the consumption of fermented camel milk. Proper function of
the pancreatic islets and stimulation of endogenous insulin
secretion was observed by 250 to 500 mL shut [36].

Another study investigated the effect of camel milk on
glucose metabolism in type 2 diabetic patients in the Raika
community, India. In this study, 28 males of the Raika and non-
Raika communities were divided into diabetic and non-diabetic
groups. 500 mL of raw camel milk was given daily to the diabetic
group for three months, and the non-diabetic group consumed
boiled cow’s milk [32]. In the diabetic group, improvement
in blood glucose was observed. HbAic levels decreased, and
insulin levels improved. Improvements in fasting blood sugar
and blood sugar were observed two hours after taking camel
milk, which shows the hypoglycemic effect of camel milk. In
the diabetic group, insulin levels decreased significantly at o,
60, and 120 min after camel milk supplementation, suggesting
that camel milk plays a crucial role in controlling insulin
resistance [32]. Overall results showed that in type 2 diabetic
patients, camel milk reduced fasting blood sugar, postprandial
blood sugar, HbA1c, and insulin resistance [32].

In this experiment, 24 patients with type 1 diabetes were
randomly selected. Group 1 (n = 12) received routine or usual
care (diet, exercise, and insulin), and group 2 (n = 12) received
500 mL of camel milk daily in addition to regular care for three
months. After three months of treatment with camel milk,
the results showed a significant improvement in fasting blood
sugar and a significant reduction in insulin requirements.
The quality of life of diabetic patients improved [12]. In 92%
of patients in group 2, a 30% reduction in insulin dose was
observed; But no changes were observed in the lipids profiles,
plasma insulin, and C-peptide [12].

In another study, the effects of camel milk on long-term
glycemic control in type 1 diabetes were studied in a 52-week
study. During the study period, 12 patients were under routine,
or usual diabetes treatment (diet, exercise, and insulin), and
12 patients consumed 500 mL of raw camel milk per day in
addition to the standard treatment [39]. In the camel milk
group, a significant decrease in HbA1c, mean blood glucose, and
required insulin dose was observed compared to the beginning
of the study [12]. For two years, this study evaluated camel
milk’s efficacy, safety, and acceptance as adjunctive insulin
therapy in type 1 diabetes patients. Twenty-four patients with
type 1 diabetes were divided into two groups. The first group
(12 patients) received routine care, i.e., diet, exercise, and
insulin; the second group (12 patients) received 500 mL camel
milk and common or usual care. In the camel milk group, mean
blood glucose, hemoglobin Aic, and insulin dose decreased.
Insulin requirements in 3 people were also reduced to zero
[32]. The average dose of required insulin before consuming
camel>s milk in type 1 diabetes patients was 41.16 + 10.32 u/
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day. This amount gradually decreased to 30.06 + 12.06 u/day
three months after treatment [12].

The effectiveness of camel milk as a drug treatment in young
type 1 diabetes patients was evaluated for 16 weeks. Fifty-four
type 1 diabetic patients (mean age 20 years) were divided into
two groups of 27 members. The first group (control) was under
regular treatment (diet, exercise, and insulin), and the second
group, in addition to conventional therapy, was treated with
500 mL camel milk. After 16 weeks, they observed a significant
difference between the control group and the camel milk group
[10]. After 16 weeks, fasting blood sugar and daily insulin
requirements decreased. In addition, a combination of camel
milk and insulin reduced postprandial blood glucose levels
in type 1 diabetic patients by 52% compared with camel milk
alone (30% reduction) or insulin alone (12% reduction) [10,40].

The effect of camel milk insulin on the lipid profile of
type 1 diabetic patients was evaluated compared to insulin
injection alone or camel milk. After three months, triglyceride
and cholesterol levels decreased by 9% and LDL by 7% in type
1 diabetic patients who received insulin injections (control
group). Reverse reductions of threefold for triglycerides and
twofold for cholesterol and LDL were reported in diabetic
patients treated with camel>s milk. Also, a significant decrease
in triglyceride, cholesterol (approximately 45%), and LDL
(about 30%) was shown in the diabetic patients treated with
insulin and camel milk together compared with the control
group. There was also a significant increase in HDL levels in
patients treated with insulin and camel>s milk, from 41 mg/dL
to 49 mg/dL in patients treated with the mixture [41].

Significant improvement in fasting blood sugar,
postprandial blood sugar, and HbA1c were observed. There was
a substantial decrease in insulin requirements in the group
receiving insulin and camel milk compared to other groups;
Therefore, camel milk and insulin were effective supplements
in managing type 1 diabetes [41].

In this experiment, 50 mL of raw camel milk per day
was used in each diabetic rat. High concentrations of insulin
in camel milk activate the lipoprotein lipase, and raw camel
milk causes favorable changes in the lipid profile of diabetic
mice by acting on lipid metabolic pathways, reducing the risk
of heart disease and clogged arteries [42]. The atherogenic
index decreased in camel milk-fed diabetic rats, leading to a
decrease in the ratio of LDL to HDL and an increase in HDL.
High levels of vitamin C in camel’s milk also play an essential
role in reducing peroxides in the blood, glucose, cholesterol,
triglycerides, and LDL in diabetic cases [42].

Camel milk prevents collagen glycosylation due to reduced
glucose availability. Also, camel milk vitamin C can effectively
produce hydroxyproline, which is involved in collagen structure
[43].

This study gave 40 mL/kg/day of raw camel milk for 100
days. Camel milk contains components that can increase
erythropoietin production (a hormone that increases the
production of red blood cells in the bone marrow). High

antioxidants and vitamin C concentrations in camel milk also
reduce diabetic-induced blood hemolysis by preventing lipid
peroxidation in cell membranes [44]. Camel milk normalizes
uterine tissue history during pregnancy in people with
diabetes toward normal and improves neonatal growth [44].
Fasting blood sugar levels significantly decreased due to
insulin-like protein in camel milk, which is not degraded in
the stomach, and the presence of IGF-1, which stimulates the
energy substrate by reducing lipolysis and stimulating glucose
oxidation [44].

Increased lipid profile, increased antioxidant enzymes, and
normalization of liver enzymes and kidney health factors were
observed with camel milk [45].

Consuming camel’s milk can reduce hyperlipidemia, which
is also associated with the risk of developing diabetes mellitus.
In this study, total levels of cholesterol, triacylglycerol, free
fatty acids, phospholipids, LDL, and VLDL were significantly
reduced compared to normal levels in the plasma and tissue
(e.g., liver, kidney, and heart); Plasma HDL was improved
considerably in diabetic rats after treatment with camel milk
for 45 days [46].

The effect of camel milk powder on diabetes

Since fresh camel milk is not available for all people globally,
most clinical trials are on fresh camel milk, and information on
the antidiabetic effects of camel milk powder is rare. There is
only one study on using camel milk powder for diabetes [47]
(Table 2).

In one trial, type 2 diabetic patients, 35 years - 68 years,
without gastrointestinal issues were divided into two groups.
They received camel milk powder and cow milk powder two
times daily, 10 g each for four consecutive weeks. 14 and 13
participants received camel milk powder and cow milk powder
after breakfast and dinner [47].

The results showed a significant decrease in fasting blood
glucose in patients fed camel milk powder and a nonsignificant
reduction in 2-hr postprandial blood glucose [47]. Previous
studies confirmed the hypoglycemic effects of camel milk.
There was a significant decrease in fasting blood glucose in type
I diabetes and type II diabetes. The patients’ insulin content
and insulin resistance (HOMA-IR) were not influenced.

The total cholesterol decreased in the camel milk powder
group after 4 weeks, but there were no significant effects
on the total triglyceride, LDL-C/HDL-C before and after the

Table 2: Composition of camel and cow milk powder [47].

Camel milk powder Cow milk powder

Fat 32.6 28.2

Total protein 30.3 25.1
Whey protein 8 4.5

Casein 20.8 20.2
Carbohydrates 37.1 42
H,0 4.3 2.1
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consumption of camel milk powder [47]. Among a few studies
on type II diabetic patients, one study obtained the same results
[48], but Ejtahed, et al. [30] reported different results in lipid
profiles. A decrease in total cholesterol and HDL-C by camel
milk indicates decreased vascular risk. After 4 weeks, there
was a significant decrease in the inflammatory cytokines IL-6
in the camel milk powder group [47]. Camel milk has more
excellent antioxidant and immunomodulatory activities than
other whey proteins [15]. Defects in the immune systems and
increasing oxidative stress destroy the pancreatic beta-cells
[49]. And camel milk or camel milk whey proteins reduce the
proinflammatory IL-1p, IL-6, and TNF-a [22].

There was a noticeable decrease in serum resistin and
lipocalin-2 (adipokines) in camel milk powder which improved
diabetes [47]. After 4 weeks of applying 10 g camel milk powder,
two times daily, there was a decrease in fasting blood glucose,
2-hr postprandial blood glucose, and total cholesterol. Camel
milk powder exhibited antidiabetic activity in type 2 diabetic
patients [47].

Heat processing on the anti-diabetic properties of camel
milk

In this experiment, skimmed milk was heated at 65, 75,
85, and 100 °C for 10, 20, and 30 min. Heating at 65 for 30
min had no significant effect on lysozyme and lactoferrin,
but immunoglobulin G was significantly affected in three
kinds of milk. In contrast, 69% was lost in camel milk [50].
Antimicrobial agents of camel milk were more heat resistant
than the other two kinds of milk [50]. Researchers reported
no effect on the whey proteins, alpha-lactalbumin, and beta-
lactoglobulin in cow and camel milk at 63 for 30 min; Camel
milk proteins are even more resistant to 100 °C. At 100 °C for 30
min, total lysozyme activity was eliminated in cow and buffalo
milk; But 94% of the lysozyme activity of camel milk was
destroyed [50] (Figure 3).

Pasteurization at 71 °C for 9 s maintained 75% of
immunoglobulin. Camel milk had a high loss of immunoglobulin
G at 85 ° C for 30 min and was similar to 85 and 100 °C. But 75
° C in 30 min caused a substantial loss in the activity of this
enzyme [50]. Camel milk whey proteins were higher and more
resistant than the other two kinds of milk [50,51].

The effect of temperature processing of camel milk on the
therapeutic efficacy of diabetic rats was investigated [52]. After
eight weeks, the results showed that the highest reduction
in blood glucose levels was related to raw camel milk. Also,
the therapeutic activity of camel milk was eliminated after
heating at 100 °C (boiled camel milk). Heat, cold, and freeze-
drying treatments have reduced the concentration of insulin in
camel milk, reducing camel milk’s efficiency in lowering blood
glucose levels [52].

The insulin-like protein activity of camel milk is reduced
by boiling [53]. Heating camel milk to 100 °C, reduced alpha-
lactalbumin and immunoglobulin G more than in cow’s
milk, and lactoferrin was completely denatured [50]. Raw
camel milk, pasteurized and refrigerated for 2 to 4 days and
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Figure 3: Effect of heat treatment on lysozyme, immunoglobulin G, and lactoferrin in

camel, cow, and buffalo milk [50].

freeze-dried decreased triglyceride, LDL, and VLDL levels and
increased HDL compared with the diabetic group [52]. Thus,
raw, pasteurized, refrigerated, freezer, and freeze-dried milk
reduced LDL, VLDL, and increased HDL, reducing the risk of
heart diseases [52]. Also, the atherogenic index decreased due
to a significant decrease in the LDL to HDL ratio in the groups
fed raw, pasteurized, refrigerated, frozen, and freeze-dried
camel milk compared to the control [52].

Fifty camel milk samples were divided into different
sections and studied in raw, pasteurized forms at 62.3 for 30
min and in the microwave at 10, 20, 30, 40, and 50 seconds
at 2450 MHz. The results showed that pasteurization with
these conditions is insufficient for the microbial count, but 40
seconds in the microwave is enough to reduce the microbial
load. Both methods have the opposite effect on the bioactive
components of camel milk, such as insulin, immunoglobulin
G, vitamin C, and glutathione, which lead to an increase in
malondialdehyde [54]. Camel milk microwave treatment has
promising results in microbiological quality that heating
camel milk in the microwave for 10 seconds had a reducing
effect on Ecoli; Microwave heating is more promising and less
damaging than conventional heat treatment to preserve camel
milk components [54]. This experiment’s pasteurized and
microwave temperatures did not affect insulin or anti-diabetic
effects. Pasteurization, freeze-drying, and storage at 4 degrees
for four days and freezing at 20 degrees below zero resulted in
a significant reduction in insulin levels [54].

The insulin level of camel milk

In an experiment, colostrum and camel milk samples
were tested for insulin levels during the first five months of
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lactation [55]. The results showed that the highest insulin level
was 1856.8 + 804 .4 pmol / mL at 0 hours after calving in the
first lactation, which was constant after two weeks to 5 months
with no significant difference according to the sampling time;
About 55.1 + 33.2 pmol / mL, which was higher in blood than
in colostrum and milk but had no correlation with blood. The
insulin amount in camels receiving concentrate was higher
than in those grazing naturally [55]. The concentration of
insulin in the colostrum at the time of zero lactation was the
highest, reaching 367.5 + 286.1 pmol / mL in 24 hours, which is
20% of the initial rate. After 24 hours, the insulin concentration
gradually decreases to 101.3 + 65.6 pmol / mL after seven days
and remains constant for two to 5 months [55-58].

The amount of insulin in the collected milk in lactation 1
and 2 was higher than in other lactations; the most elevated
amount was in lactation two about 61.8 + 16.1 pmol / mL, which
was not significantly different from the amount in lactation 1;
However, the lowest rate was for lactation 4, 15.7 + 10.3 umol
/ mL, which was not substantially different from lactation 3.

Conclusion

In most studies, the beneficiary impacts of raw camel milk
on diabetes proved; to improve risk factors like cardiovascular
challenges, and hepatic and renal failures due to diabetes.
Consuming camel milk for 180 days lowers triacylglycerol
and LDL in diabetes (type 1), and a 1% decrease in cholesterol
diminishes the cardiac disease risks by about 2% to 3%. More
trials are required to prove the efficacy of processed camel
milk like making powder for diabetes complications and CVDs.
The number of evidence shows that the milk of camel is safe
without any side effects and effective for diabetic persons for
long-term hypoglycemic effects.
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