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Abstract
Metabolic syndrome (MetS) is a public health concern even in apparently healthy individuals. This study was conducted 
with the main objective to evaluate the potential role of prebiotic enriched camel milk (PECM) as a functional food, against 
different biomarkers of MetS in comparison to fresh camel milk (CM) and other prebiotic sources, i.e., chicory root powder 
(CRP) and galacto-oligosaccharides (GOS) in rat’s model. The MetS was induced through a high-fat diet and streptozotocin. 
The PECM, CM, CRP, and GOS were fed to rats for 8 weeks, and different biochemical parameters were measured on baseline 
(0th day), 20th day, and 40th day. Prebiotics were able to significantly reduce the concentration of low-density lipoprotein, 
triglycerides, total cholesterol, and glucose compared to the control group with PECM being the most effective of all groups, 
whereas liver enzymes (ALT, AST, and AP) were significantly reduced and antioxidants improved by CM and PECM than 
other prebiotics and control. Histopathology results revealed improvement in degeneration and hydropic atrophies in the 
hepatocytes of the treatment group. It is concluded that PECM is effective in the management of MetS biomarkers and can 
improve the parameters of hyperlipidemia, liver enzymes, antioxidants, and glycemic control.

Keywords: metabolic syndrome x; prebiotic; antioxidants; hyperlipidemias; glycemic control. 

Practical Application: Lactose in camel milk was converted to prebiotic galacto-oligosaccharides through an enzyme, and the 
novel product is effective in the management of MetS.  

Efficacy assessment of prebiotic enriched camel milk along with various  
prebiotic combinations against metabolic syndrome using animal model
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1. Introduction
The traditional way to manage diseases especially non-com-

municable diseases (NCDs) by using allopathy is fading away 
due to huge cost, side effects, as well as the rise of functional 
foods and nutraceutical concept. The functional food and nu-
traceuticals provide extra benefits to the host beyond basic 
nutrition (Roberfroid et al., 2010). Being organic and natural 
in origin, they can provide benefits in the prevention and man-
agement of various medical conditions without causing side 
effects. Therefore, the idea of nutraceutical and functional foods 
being novel can lead us to a new era of medicine and health 
(Sreeramya et al., 2018). 

Metabolic syndrome (MetS) is a public health concern 
around the globe and is characterized by increased waist cir-
cumference, triglycerides, high blood pressure, fasting blood 
glucose, and decreased high-density lipoprotein cholesterol 
(McCracken et al., 2018). Major risk factors for MetS include age, 
gender, family history, genetics, menopausal status, and dietary 
and lifestyle factors. In developing countries, like Pakistan, it is 
highly prevalent even in apparently healthy individuals (Adil 
et al., 2023). If not addressed, it can lead to the development of 
cardiovascular diseases (CVDs), hypertension, and diabetes. 

Improved dietary approaches, including functional foods and 
nutraceuticals, can be introduced to manage the abovemen-
tioned syndrome (Pandey et al., 2019; Roberfroid et al., 2010).

Camel milk (CM) contains a high amount of iron, salts, 
immunoglobulins, and insulin-like factors. People with anemia, 
immunity issues, diabetes, and hypertension can consume the 
CM for all the aforementioned medical conditions (Sakandar 
et  al., 2018). Various clinical trials have been performed to 
assess the effectiveness of CM consumption for the prevention 
of diabetes (Mohamad et  al., 2009), hyperlipidemia (Elayan 
et al., 2008), and liver disorders. The protein content of CM 
ranges between 2.15 and 4.9%, fat 1.2 and 6.4%, lactose 2.4 and 
5.8%, and overall mineral content 0.6 and 0.9%. The CM is also 
rich in vitamins A, D, and E and contains higher amounts of 
cyanocobalamin, folic acid, and pantothenic acid compared to 
bovine milk (Haddadin et al., 2008) as well as high amounts of 
immunoglobulins and lacto-peroxidases (Konuspayeva, 2020). 
This extraordinary composition makes CM a functional food. 
For lactose-intolerant individuals, it is very difficult to con-
sume milk and other dairy products due to gastrointestinal 
problems. However, bioconversion of lactose to prebiotic galac-
to-oligosaccharides (GOS) using β-galactosidase (Iqbal et al., 
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2010; Iqbal et al., 2011; Raza et al., 2018) will not only reduce 
problems of lactose intolerant individuals but would also in-
crease its nutritional value, and prebiotic enriched camel milk 
(PECM) may further improve the functional properties of the 
CM. Furthermore, the efficacy of prebiotic GOS depends on the 
degree of polymerization and complexity of glycosidic bonds 
in the product. The enzyme used in this study is sourced from 
Kluveromyces lactis which produces β-(1-4) and β-(1-6) linkage 
while commercially available GOS mainly have β-(1-4). 

Prebiotics are the non-digestible oligosaccharides that pro-
vide beneficial effects to the host when consumed in daily life 
by improving the growth of beneficial intestinal microbiota. 
Among prebiotics, GOS, fructo-oligosaccharides (FOS), and 
inulin have received much attention in the last few decades. 
The prebiotics provide benefits to the host in terms of immu-
nity, antipathogenic activities, and prevention against various 
NCDs, including cancer, diabetes, and CVDs (Hill et al., 2014; 
Roberfroid et al., 2010). Probiotics, prebiotics, and synbiotics 
provide immunity and antidiabetic, anticancer, antihyperlipid-
emic, antihypertensive, and anti-inflammatory effects via the 
regulation of various neurological and immunological pathways 
(Pandey et al., 2019; Quigley, 2019). They are also involved in the 
production of short-chain fatty acids (SCFAs), including butyr-
ate that can be used in gut remodeling providing regulation of 
gut barrier and facilitates the exclusion of pathogens (Hill et al., 
2014). The results of trials suggested that prebiotics are effective 
in reducing the lipid profile (i.e., low-density lipoprotein (LDL), 
triglycerides, and cholesterol), markers of inflammation (i.e., 
nitric oxide, interleukins, tumor necrotic factor, etc.), and MetS 
(Quigley, 2019; Roberfroid et al., 2010). 

The natural diet, mainly plant-based foods, provides fiber 
that is a rich source of prebiotics and can enhance the growth 
of probiotics and healthy gut bacteria. On the contrary, ani-
mal-based foods like milk are poor sources of fiber; however, 
milk sugars can be converted to prebiotic GOS. The transgalac-
tosylation of the CM can also enhance the prebiotic value and 
can add more benefits to the consumer. Keeping in mind the high 
prevalence of MetS and the importance of functional foods like 
prebiotics, this study was conducted to answer the question that 
whether prebiotic GOS produced through transgalactosylation 
of lactose in CM are effective in the management of MetS bio-
markers in comparison to other prebiotics in the animal model. 

2. Materials and Methods
All chemicals, reagents, and standards were purchased 

from Sigma-Aldrich, Darmstadt, Germany, otherwise stated. 
Fresh CM was obtained from the institute research farm, while 
the ingredients for rat feed were purchased from the local mar-
ket. Chicory roots were obtained from the local market followed 
by drying in an oven at 70°C and grinding in a kitchen grinder. 

2.1. Animal trial

Male albino Wister rats of 6–7 weeks of age were purchased 
from the animal breeding center of the University of Veterinary 
and Animal Sciences, Lahore, and kept in an animal room at a 
controlled temperature (23±2°C), under a 12-h light and dark 

cycle. For the induction of MetS in rats, a high-fat diet (HFD) 
was prepared with 40% saturated fats, 10% protein (casein), 5% 
vitamin and mineral mixture, 15% sugar, 15% corn flour, and 
15% maize starch. The rats were kept on HFD for 4 weeks, and 
afterward, a low dose of streptozotocin (45 mg/kg body weight) 
was administered intraperitoneally for the induction of diabetes.

2.2. Confirmation of metabolic syndrome

Anthropometric assessment (i.e., weight and length), blood 
chemistry analyses (i.e., blood glucose and lipid profile), and 
liver histopathology were randomly performed on six rats to 
confirm the induction of MetS before starting the intervention. 

2.3. Prebiotic product development

The CM was transgalactosylated to produce PECM by using 
β-galactosidase enzyme from K. lactis at specific pH, tempera-
ture, and time. In enzymatic transgalactosylation, the enzyme 
transfers a nucleophile mainly a monosaccharide to lactose, 
resulting in a trisaccharide and so on. After pasteurization at 
85 °C for 15 s, milk was cooled to 45°C followed by the addition 
of 5 mL of the enzyme to start transgalactosylation, and the 
process was continued for 60 min with continuous agitation at 
300 rpm in a closed container. After 1 h, the milk was heated 
to 90°C for 3 min for enzyme deactivation and again cooled to 
4°C. A detailed scheme is mentioned in our previous study (Raza 
et al., 2018). In this study, ~70% lactose was transgalactosylated 
to produce ~10 g of GOS per liter of CM.  

2.4. Study design

All rats with MetS were divided into five different groups 
(18 in each)—Group 1 (Control) with no intervention, Groups 
2 and 3 received 6.30 mL/kg body weight of plain CM (CM 
group) and PECM, respectively, and Groups 4 and 5 received 10 
g/kg body weight of chicory roots powder (CRP) and prebiotic 
GOS (Bimuno Daily by Bimuno, Berkshire, UK), respectively. 
All the rats received ad libitum basal diet and water throughout 
the study. The basal diet was prepared following the instruction 
described by Miller and Bender (1955). The doses for GOS, CRP, 
CM, and PECM were calculated using the human equivalent 
dose formula (HED (mg/kg): Animal dose (mg/kg) × [(Animal 
Weight (kg)/Human Weight (kg))×0.33]) (Reagan-Shaw et  al., 
2008). All the doses were updated weekly as per the mean 
weight of each group. The doses of interventions of Groups 2 
and 3 were provided orally by tube-feeding methods for 6 weeks, 
whereas CRP (Group 4) and GOS (Group 5) were mixed in a 
basal diet. To equalize the stress due to dose administration, the 
control group and Groups 4 and 5 were administered with equal 
amounts of plain water throughout the trial. The blood chem-
istry analysis, lipid profile, and histopathology were performed 
at baseline (0th day), 20th day, and 40th day of intervention for 
all groups using six rats from each group.  

2.5. Blood chemistry analysis

The blood was taken from rats through the heart puncture 
technique (Hoggatt et  al., 2016) and collected in the yellow 
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clotting activator vacutainers for plasma and blood chemistry 
parameters. For blood chemistry analysis, glucose, insulin, liver 
enzymes, lipid profile including triglyceride, HDL, cholesterol, 
and LDL, antioxidants including catalase, glutathione peroxi-
dase (GPx), and superoxide dismutase (SOD), kidney function 
tests, urea, and creatinine were analyzed using Human diag-
nostic kits (USA) following the methods given in the manual. 
The microplate reader (Synergy HTX Multi-mode reader; Com-
pany; Biotek, Country; USA) and the 96-well plate were used 
to measure the absorbances of plasma samples against various 
blood chemistry parameters.  

2.6. Histopathology of multiple organs

After dissection of the rat, major organs, including intestine, 
liver, and pancreas, were separated and stored in neutral buffered 
formalin. Dehydration form of various concentrations of alcohol 
and pure xylene was used for tissue clearance. After clearing, 
the tissues were impregnated in paraffin wax. Tissue sectioning 
was performed using a microtome with a 5 μm thick blade, and 
then tissues were placed on a transparent glass slide after slight 
warming in a water bath. Hematoxylin and eosin staining was 
performed following the instructions of Bancroft and Gamble 
(2008). The critical evaluation of histopathology images was 
done by an experienced clinical pathologist, and the interpre-
tations were recorded for all the groups with the intervention 
as well as the control groups. 

2.7. Ethical consideration

All the methods and procedures opted in this study were 
approved by the animal ethical committee of the institute prior 
to conducting the trial, and an ethical certificate was issued.

2.8. Statistical analysis

All the collected and recorded data through the trial was 
entered and analyzed using Statistical Package for Social Sci-
ences (SPSS; version 25, SPSS Inc., Chicago, IL, USA). Data are 
presented as mean and standard deviation using tables and fig-
ures. Complete factorial analysis was run against each parameter 
of blood chemistry analysis and anthropometric assessment to 
assess the effect of different interventions (treatment group), 
duration of the intervention (days), and their combination 
(treatment*days). The level of significance was set at 5%. For 
the significant parameters, Duncan’s multiple range test was 
performed to assess the differences between the groups and 
days as a whole.  

3. Results

3.1. Lipid profile of various groups at different time intervals

The HFD consumption disturbed the lipid profile: total 
cholesterol, triglyceride, and LDL were increased, while HDL 
was decreased (Table 1). The triglycerides, total cholesterol, and 
LDL levels were significantly reduced in all treatment groups as 
compared to control at the 20th and 40th days with maximum 
reduction in the PECM group for all three above-mentioned 

parameters followed by CM, prebiotic GOS, and CRP. At the 
end of the trial, HDL levels were significantly higher in the 
PECM group as compared to all other treatment and control 
groups (Table 1).

3.2. Glucose and insulin levels of rats fed with  
prebiotic combinations on different intervals

The day-wise data state a decreasing trend in glucose from 
the 0th day to the 20th and 40th days (p<0.05) in all treatment 
groups except the control. On the 40th day, a maximum reduction 
in blood glucose level was observed in the PECM group compared 
to the control and treatment groups, whereas GOS, CRP, and CM 
groups had significantly the same level of glucose on the same 
day but less than the control group (Table 2). The concentration 
of insulin was significantly increased with respect to different 
intervals of the trial as evidenced by p-value<0.05. The day-wise 
data showed an increasing trend in insulin from the 0th day to 
the 20th and 40th days. In the case of treatment groups, insulin 
levels were significantly higher in the CM group followed by the 
PECM and prebiotics groups. The control group without any 
treatment was having significantly lower levels of insulin (Table 2).

3.3. Catalase, GPx, and SOD of rats fed with  
prebiotics combinations on different intervals

The concentrations of catalase, GPx, and SOD were signifi-
cantly increased in all treatment groups in comparison to the 

Table 1. Lipid profile of rats fed on different treatments*.
Triglycerides (mg/dL)

0th Day 20th Day 40th Day
Control 167.7Ac±2.9 197.4Ab±2.1 223.7Aa±3.0
CM 167.3Aa±3.2 149.1Cb±2.1 127.3Dc±1.8
PECM 168.4Aa±4.3 139.8Eb±2.1 117.6Ec±2.2
CRP 168.6Aa±2.1 154.6Bb±2.6 139.7Bc±2.1
GOS 170.1Aa±3.9 142.6Db±2.2 133.6Cc±2.1

Total cholesterol (mg/dL)
Control 165.3Ac±2.2 208.5Ab±2.6 241.8Aa±2.4
CM 165.2Aa±2.1 145.5Cb±1.9 84.6Dc±1.9
PECM 165.5Aa±3.5 132.0Eb±2.0 77.6Ec±2.5
CRP 167.2Aa±2.5 152.7Bb±1.9 92.8Bc±1.9
GOS 165.4Aa±2.9 143.5Db±2.3 89.0Cc±1.9

HDL (mg/dL)
Control 20.1Aa±2.5 18.5Db±2.2 17.1Ec±2.3
CM 20.2Ac±2.5 24.7Bb±2.3 29.2Ba±2.8
PECM 20.5Ac±2.7 27.4Ab±2.3 31.8Aa±2.2
CRP 20.4Ac±2.2 22.5Cb±2.1 26.8Ca±1.9
GOS 20.2Ac±2.3 22.5Cb±2.9 25.4Da±2.2

LDL (mg/dL)
Control 49.2Ac±2.1 80.1Ab±2.9 111.5Aa±2.3
CM 48.8Aa±2.7 43.2Bb±2.2 34.2Cc±2.2
PECM 47.3Aa±3.4 34.1Cb±2.5 23.6Dc±2.0
CRP 47.8Aa±2.9 41.9Bb±3.2 37.8Bc±2.4
GOS 45.9Aa±2.7 41.6Bb±2.6 33.6Cc±2.4

*Data are expressed as mean±standard deviation. Mean values having different supers-
cript CAPITAL letters in a column on a specific day and small letters in a row for treat-
ment are statistically different; N=6 for each treatment as well as for each day. 
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the control group. An exactly similar pattern was observed for 
the AST enzyme. However, in the case of AP, the GOS performed 
best, resulting in the lowest level followed by other treatments 
in comparison to the control at the completion of the study (Ta-
ble 4). The urea and creatinine levels (Table 4) were significantly 
decreased due to treatment of various prebiotic sources and CM 
on the 20th and 40th days in comparison to the control group 
evidenced by p-value<0.05. Maximum reduction in urea on the 
40th day was observed in the CM group while creatinine was 
observed in the PECM group. 

3.5. Histopathology of hepatocytes, pancreas,  
and intestine of different treatment groups

Severe degeneration and hydropic atrophies can be ob-
served in the hepatocytes of the control group. Treatment of 
various prebiotics showed improvements, while the PECM was 
most effective among treatment groups. Infiltration of inflam-
matory cells can be observed in the portal vein of hepatocytes 
from the control group which became attenuated in the other 

Table 2. Glycemic control of rats fed on various treatments*
Glucose (mg/dL)

0th Day 20th Day 40th Day
Control 159.2Ac±2.09 188.6Ab±2.9 230.8Aa±4.55
CM 158.5Aa±3.14 109.8Eb±1.8 97.5Bc±2.16
PECM 158.9Aa±1.92 114.9Db±2.0 92.3Cc±2.55
CRP 158.4Aa±3.49 116.7Cb±2.1 96.7Bc±2.01
GOS 158.1Aa±4.06 124.1Bb±1.9 95.4Bc±2.63

Insulin (μU/mL)
Control 4.5Aa±0.06 4.2Eb±0.03 4.0Dc±0.1
CM 4.5Ac±0.08 7.4Ab±0.19 10.1Aa±0.16
PECM 4.5Ac±0.06 6.8Bb±0.03 9.4Ba±0.24
CRP 4.4Ac±0.10 5.2Db±0.04 7.2Ca±0.04
GOS 4.4Ac±0.09 6.5Cb±0.12 7.2Ca±0.09

*Data are expressed as mean±standard deviation. Mean values having different supers-
cript CAPITAL letters in a column on a specific day and small letters in a row for treat-
ment are statistically different; N=6 for each treatment as well as for each day. 

Table 3. Antioxidant levels of rats fed on various treatments*.
Catalase (U/mL)

0th Day 20th Day 40th Day
Control 44.39Aa±0.59 40.40Cc±1.61 42.52Cb±0.22
CM 44.40Ab±0.61 42.07Ac±1.30 45.51Aa±0.21
PECM 44.41Ab±0.57 42.12Ac±1.42 45.43Aa±0.50
CRP 44.37Aa±0.56 41.73ABb±1.37 44.57Ba±1.03
GOS 44.39Aa±0.54 41.01BCb±1.58 44.40Ba±0.80

Glutathione peroxidase (U/mL)
Control 23.13Aa±0.45 19.19Cc±1.61 21.26Db±0.77
CM 23.08Ac±0.48 30.98Ab±1.54 44.72Aa±0.23
PECM 23.10Ac±0.51 30.57Ab±1.46 44.70Aa±0.43
CRP 23.11Aa±0.46 20.53Bb±1.52 23.49Ca±1.71
GOS 23.13Ab±0.49 20.83Bc±1.66 24.41Ba±1.50

SOD (U/mL)
Control 2.13Aa±0.02 1.99Cb±0.02 1.80Dc±0.04
CM 2.17Ac±0.05 2.85Ab±0.02 3.53Aa±0.04
PECM 2.19Ac±0.03 2.84Ab±0.02 3.52Aa±0.04
CRP 2.11Ac±0.02 2.65Bb±0.01 3.13Ba±0.02
GOS 2.10Ac±0.04 2.64Bb±0.02 3.11Ca±0.04

*Data are expressed as mean±standard deviation. Mean values having different supers-
cript CAPITAL letters in a column on a specific day and small letters in a row for treat-
ment are statistically different; N=6 for each treatment as well as for each day. 

control group on the 20th and 40th days of the trial. Howev-
er, among all treatment groups, CM and PECM performed best 
and significantly improved all antioxidants at all study intervals 
after baseline, whereas other prebiotics CRP and GOS were less 
effective as evidenced by p-value<0.05 (Table 3).

3.4. Liver enzymes and kidney function  
parameters of different study groups

The ALT, AST, and AP levels (U/L) were significantly de-
creased with respect to different study intervals of the trial as 
evidenced by p-value<0.05. After 40 days of treatment with 
different prebiotic sources, ALT was significantly lower in the 
CM group followed by PECM, GOS, and CRP as compared to 

Table 4. Liver enzymes and kidney function parameters of rats fed on 
various treatments*.

ALT (U/L)
0th Day 20th Day 40th Day

Control 121.9Ab±1.74 122.5Ab±1.65 131.1Aa±2.86
CM 121.6Aa±1.66 90.6Eb±1.56 67.7Ec±2.15
PECM 121.7Aa±1.68 92.1Db±1.85 70.1Dc±2.17
CRP 121.6Aa±1.67 105.6Bb±1.90 97.2Bc±2.13
GOS 121.5Aa±1.67 101.1Cb±2.95 89.3Cc±4.48

AST (U/L)
Control 130.7Ac±2.81 138.9Ab±2.69 152.5Aa±3.87
CM 131.1Aa±2.26 122.5Cb±2.52 120.5Ec±3.17
PECM 130.2Aa±3.12 122.7Cb±2.47 122.1CDb±3.00
CRP 130.9Aa±3.30 125.3Bb±2.92 125.8Bb±3.49
GOS 131.1Aa±3.36 123.8Cb±2.67 123.1Cb±2.79

AP (U/L)
Control 221.2Ac±3.94 236.2Ab±3.70 257.1Aa±5.72
CM 222.0Aa±4.46 183.0Bb±4.78 150.6Bc±7.09
PECM 220.3Aa±5.21 181.3Bb±9.70 148.3Bc±6.43
CRP 223.7Aa±4.51 183.0Bb±4.09 149.9Bc±7.14
GOS 225.1Aa±2.75 180.3Bb±3.85 140.3Cc±6.56

Urea (mg/dL)
Control 53.75Ab±1.78 53.02Ab±2.22 57.83Aa±1.71
CM 54.20Aa±1.74 46.31Cb±2.19 45.55Db±1.68
PECM 53.88Aa±1.70 46.64Cb±1.88 46.80Cb±1.71
CRP 54.54Aa±1.73 48.68Bb±1.58 49.14Bb±1.71
GOS 53.65Aa±1.79 47.13Cb±1.91 47.26Cb±1.75

Creatinine (mg/dL)
Control 1.92Ac±0.02 2.08Ab±0.00 2.24Aa±0.02
CM 1.92Aa±0.02 1.81Cb±0.05 1.69Cc±0.10
PECM 1.91Aa±0.01 1.67Db±0.01 1.42Dc±0.01
CRP 1.93Aa±0.02 1.87Bb±0.01 1.81Bc±0.02
GOS 1.92Aa±0.02 1.86Bb±0.01 1.79Bc±0.03

*Data are expressed as mean±standard deviation. Mean values having different supers-
cript CAPITAL letters in a column on a specific day and small letters in a row for treat-
ment are statistically different; N=6 for each treatment as well as for each day. 
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prebiotic supplementation groups along with the prebiotic en-
riched CM group (Figures 1A–1E). Islets cells of the diseased 
control group (Figure 2A) were irregular in shape with unclear 
margins and few endocrine cells, while the prebiotic treatment 
groups showed normal round with clear boundaries and dense-
ly distributed endocrine cells (Figures 2B–2E). Several short, 
blunt-shaped villi and epithelial damage were seen in the small 
intestine due to MetS. There were intense fibrosis, infiltration, 
and cell inflammation in mucosal degeneration areas. Due to 
the preventive treatment of prebiotics, mucosa became smooth 
having long thin villi and Lieberkühn crypts on its bases. The villi 
surface was seen in normal histological appearance, and among 
them, prebiotic enriched CM was the most effective group 
(Figures 3A–3E).

4. Discussion
This study was conducted to assess the impact of fresh CM 

and various sources of prebiotics, including PECM-containing 
GOS, inulin-containing CRP, and commercially available GOS on 
the parameters of lipid profile, glycemic control, liver enzymes, 
antioxidants, and kidney function tests using an animal model of 
MetS. As the conventional methods for managing and preventing 
diseases, e.g., the use of drugs and medicinal agents comes with 

unwanted side effects, and therefore the idea of using natural 
bioactive components is gaining attention all over the world. 

The results from this study revealed that fresh CM and 
transgalactosylated CM are very much effective in the reduction 
of triglycerides, total cholesterol, and LDL and can improve 
HDL and even perform better than pure prebiotic sources (Table 
1). This is due to the hypolipidemic potential of CM (Isa et al., 
2019), while newly produced prebiotic GOS have further added 
to it. This shows that CM consumption can be vital in delaying 
the progression of coronary heart disease.

A number of free oligosaccharides are available in mam-
malian milk which are not only important for the growth and 
development of offspring but also provide various benefits be-
yond basic nutrition. CM oligosaccharides named “medalose” 
are proven to be effective in resolving and managing dry piles, 
anemia, asthma, and diabetes (Gangwar et al., 2018). The re-
sults of this study showed that fresh CM consumption only is 
effective in the management of MetS biomarkers. Similar results 
were observed in a double-blind clinical trial conducted in the 
MetS adolescents where fermented CM consumption was found 
effective against glycemic control, hyperlipidemia, and insulin 
resistance without any significant change in inflammation bio-
markers (Fallah et al., 2018a). This is most probably due to the 
presence of bioactive ingredients in fresh CM mainly immu-
noglobulins, proactive proteins, and lacto-peroxidases which 
are heat labile and destroyed during the heat processing of CM 
(Konuspayeva, 2020).  

The prebiotic GOS are fermented by lactobacilli and bifido-
bacteria, resulting in the production of SCFAs which reduces 
the pH of the gut and help in the growth of beneficial bacteria in 
the colon. These play crucial roles in decreasing blood glucose 
levels, mitigating insulin resistance, inflammation reduction, 
and stimulating the secretion of glucagon-like peptide 1 in the 
host, and this accounts for the observed decline of metabolic 
diseases. The daily consumption of prebiotics in a designed 
diet has a major effect on gut microbiota by reducing gut per-
meability, bacterial translocation, and reducing LPS-induced 
inflammation. This diet increases SCFAs and gut bifidogenicity 
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Figure 1. Histopathology of hepatocytes on the 40th day at 100× re-
solution after hematoxylin and eosin staining. (A) Control. (B) CM. 
(C) PECM. (D) CRP. (E) GOS.
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Figure 2. Histopathology of pancreatic cells on the 40th day at 100× 
resolution after hematoxylin and eosin staining. (A) Control. (B) CM. 
(C) PECM. (D) CRP. (E) GOS.
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Figure 3. Histopathology of intestine on the 40th day at 100× resolu-
tion after hematoxylin and eosin staining. (A) Control. (B) CM. (C) 
PECM. (D) CRP. (E) GOS.
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and lowers TC levels, LDL, triglycerides, and adiposity, even-
tually resulting in lowering risk factors of MetS (Megur et al., 
2022). Furthermore, the presence of insulin-like factors in CM 
and the low glycemic nature of GOS also help in the reduction 
of blood glucose and higher insulin level as compared to other 
treatment groups (Table 2). 

Naturally, lipid-based encapsulated insulin, high minerals, 
and other functional ingredients in CM make it a potential ther-
apeutic food against diabetes, dyslipidemia to cancer (Abrhaley 
& Leta 2018). In this study, the consumption of CM and PECM 
significantly reduced the concentration of glucose in the blood 
as well as increased the circulating insulin, especially fresh CM 
(Table 2), resulting in an improvement of the glycemic response 
of the MetS animal model.

The findings of a double-blind clinical trial conducted to 
assess the effects of fermented CM on lipid parameters and gly-
cemic control revealed positive results against the parameters. 
The consumption of fermented camel has shown to reduce the 
liver enzymes, lipids, as well as weight of the participants in the 
clinical trial compared to the control group (Fallah et al., 2018b).

The supplementation of CM and PECM was associated with 
increased activity of antioxidants such as SOD, catalase, and 
GPx (Table 3) even after 20 days of treatment in comparison to 
the control and other prebiotic groups. It is proven that higher 
levels of reactive oxygen species are strongly related to cellular 
dysfunction, resulting in several chronic diseases, including 
diabetes, MetS, and hypertension (Kargar et al., 2021). 

In another study, the hypolipidemic and antioxidant poten-
tial of CM was assessed using hyperlipidemic animals. The re-
sults revealed a significant reduction in liver enzymes (i.e., ALT, 
AST, and AP) as well as in urea and creatinine levels (Isa et al., 
2019). In this study, fresh CM was the most effective group in 
lowering liver enzymes mainly ALT and AST in the MetS rat 
model after 40 days of study (Table 4). 

Functional foods (e.g., pre- and probiotics and CM) en-
hance health effects, diminish the danger of a few illnesses (e.g., 
cholesterol-bringing down items), and could even be utilized 
for the management of severe chronic diseases such as obesity, 
heart diseases, diabetes type 2, and MetS. The CRP and pure 
GOS were also effective to reduce the parameters of MetS ef-
fectively compared to the control group; however, the effect 
of CM and PECM was more prominent. This might be due to 
the presence of other bioactive compounds in CM, glycosidic 
linkage, and degree of polymerization of GOS in PECM. The use 
of prebiotics and probiotics is becoming a pharmaco-nutrition-
al strategy focusing on the reversal of diet-related disorders 
(MetS) frequently observed among obese people and people 
with dysbiosis (Cani & Delzenne, 2011). Prebiotics therapy is 
essential in the rehabilitation of a healthy microbiome disturbed 
by dysbiosis related to the progression of MetS (Quigley, 2019). 
The prebiotics not only modulates the intestinal microbiota to 
healthy one, especially bifidobacteria, increases the production 
of anti-hypertensive peptides, SCFAs, and immunoglobulins, 
and increases fecal excretion of bile salts and cholesterol through 
physical binding but also decreases the production of various 
interleukins, mainly IL-6, IL-8, and tumor necrosis factor-α. 

All these factors improve satiety, appetite, and glycemic con-
trol and reduce insulin resistance and obesity, resulting in the 
management of MetS (Xavier-Santos et al., 2020). 

The prebiotic and probiotic help in moderate pathological 
alterations in hepatic cells, renal tissues (cortex and medulla), 
and minimal histology changes of the intestinal mucosa with 
occasional areas of degeneration of villi and necrosis with loss 
of villi (Shahzad et al., 2022). This study also revealed that the 
consumption of CM and PECM reduces the fatty vacuoles and 
inflammation in hepatocytes as well as in pancreas and intestine 
(Figures 1–3). 

5. Conclusion
The consumption of prebiotics, probiotics, such as GOS, 

FOS, and chicory roots, and dairy sources, including CM plain 
or after prebiotic enrichment, has a preventive effect on cho-
lesterol, LDL, triglyceride, ALT, AST, AP, urea, and creatinine. 
Consumption of these functional foods can reduce the risk of 
various chronic non-communicable diseases, which can lead to 
a better and healthy increase in life expectancy and a decline in 
medical and hospital costs due to these diseases.

References
Abrhaley, A., & Leta, S. (2018). Medicinal value of camel milk and meat. 

Journal of Applied Animal Research, 46(1), 552-558. https://doi.or
g/10.1080/09712119.2017.1357562

Adil, S. O., Islam, M. A., Musa, K. I., & Shafique, K. (2023). Prevalence of 
Metabolic Syndrome among Apparently Healthy Adult Population 
in Pakistan: A Systematic Review and Meta-Analysis. Healthcare, 
11(4), 531. https://doi.org/10.3390/healthcare11040531

Bancroft, J. D., & Gamble, M. (2008). Theory and practice of histological 
techniques. Elsevier Health Sciences.

Cani, P. D., & Delzenne, N. M. (2011). The gut microbiome as ther-
apeutic target. Pharmacology & Therapeutics, 130(2), 202-212. 
https://doi.org/10.1016/j.pharmthera.2011.01.012

Elayan, A. A., Sulieman, A., & Saleh, F. (2008). The hypocholesterolemic 
effect of Gariss and Gariss containing bifidobacteria in rats fed on 
a cholesterol-enriched diet. Asian Journal of Biochemistry, 3(1), 
43-47. https://doi.org/10.3923/ajb.2008.43.47

Fallah, Z., Feizi, A., & Kelishadi, R. (2018a). Effect of fermented camel 
milk on glucose metabolism, insulin resistance, and inflammato-
ry biomarkers of adolescents with metabolic syndrome: A dou-
ble-blind, randomized, crossover trial. Journal of Research in Medical 
Sciences, 23(1): 32. https://doi.org/10.4103/jrms.JRMS_1191_17

Fallah, Z., Feizi, A., Hashemipour, M., & Kelishadi, R. (2018b). Positive 
effect of fermented camel milk on liver enzymes of adolescents 
with metabolic syndrome: A double blind, randomized, cross-over 
trial. Materia Socio Medica, 30(1), 20-25. https://doi.org/10.5455/
msm.2018.30.20-25

Gangwar, L., Singh, R., & Deepak, D. (2018). Structure elucidation 
of a novel oligosaccharide (Medalose) from camel milk. Journal 
of Molecular Structure, 1153, 157-161. https://doi.org/10.1016/j.
molstruc.2017.10.006

Haddadin, M. S., Gammoh, S. I., & Robinson, R. K. (2008). Seasonal 
variations in the chemical composition of camel milk in Jordan. 
Journal of Dairy Research, 75(1), 8-12. https://doi.org/10.1017/
S0022029907002750

https://doi.org/10.1080/09712119.2017.1357562
https://doi.org/10.1080/09712119.2017.1357562
https://doi.org/10.3390/healthcare11040531
https://doi.org/10.1016/j.pharmthera.2011.01.012
https://doi.org/10.3923/ajb.2008.43.47
https://doi.org/10.4103/jrms.JRMS_1191_17
https://doi.org/10.5455/msm.2018.30.20-25
https://doi.org/10.5455/msm.2018.30.20-25
https://doi.org/10.1016/j.molstruc.2017.10.006
https://doi.org/10.1016/j.molstruc.2017.10.006
https://doi.org/10.1017/S0022029907002750
https://doi.org/10.1017/S0022029907002750


Food Sci. Technol, Campinas, 43, e130322, 2023 7

ASHRAF et al.

Hill, C., Guarner, F., Reid, G., Gibson, G. R., Merenstein, D. J., Pot, B., 
Morelli, L., Canani, R. B., Flint, H. J., & Salminen, S. (2014). Expert 
consensus document: The International Scientific Association for 
Probiotics and Prebiotics consensus statement on the scope and 
appropriate use of the term probiotic. Nature Reviews Gastroen-
terology & Hepatology, 11(8), 506-514. https://doi.org/10.1038/
nrgastro.2014.66

Hoggatt, J., Hoggatt, A. F., Tate, T. A., Fortman, J., & Pelus, L. M. (2016). 
Bleeding the laboratory mouse: Not all methods are equal. Exper-
imental Hematology, 44(2), 132-137. https://doi.org/10.1016/j.
exphem.2015.10.008

Iqbal, S., Nguyen, T.-H., Nguyen, H. A., Nguyen, T. T., Maischberger, T., 
Kittl, R., & Haltrich, D. (2011). Characterization of a heterodimeric 
GH2 β-galactosidase from Lactobacillus sakei Lb790 and formation 
of prebiotic galacto-oligosaccharides. Journal of Agricultural and 
Food Chemistry, 59(8), 3803-3811. https://doi.org/10.1021/jf103832q

Iqbal, S., Nguyen, T.-H., Nguyen, T. T., Maischberger, T., & Haltrich, 
D. (2010). β-Galactosidase from Lactobacillus plantarum WCFS1: 
biochemical characterization and formation of prebiotic galac-
to-oligosaccharides. Carbohydrate Research, 345(10), 1408-1416. 
https://doi.org/10.1016/j.carres.2010.03.028

Isa, S. A., Ibrahim, K. G., Onu, A., Shinkafi, S. K., Ismail, R. N., & Shinkafi, 
T. S. (2019). Hypolipidemic and antioxidant effects of camel milk 
in high fat diet fed hyperlipidemic rats. International Journal of 
Biomedical Science, 3(2). https://doi.org/10.32553/ijmbs.v3i2.131

Kargar, B., Zamanian, Z., Hosseinabadi, M. B., Gharibi, V., Moradi, 
M. S., & Cousins, R. (2021). Understanding the role of oxidative 
stress in the incidence of metabolic syndrome and obstructive 
sleep apnea. BMC Endocrine Disorders, 21(1), 77. https://doi.
org/10.1186/s12902-021-00735-4

Konuspayeva, G. S. (2020). Camel milk composition and nutritional 
value. In Alhaj, O. A., Faye, B., & Agrawal, R. P. (eds.). Handbook of 
Research on Health and Environmental Benefits of Camel Products 
(pp. 15-40). IGI Global.

McCracken, E., Monaghan, M., & Sreenivasan, S. (2018). Pathophys-
iology of the metabolic syndrome. Clinics in Dermatology, 36(1), 
14-20. https://doi.org/10.1016/j.clindermatol.2017.09.004

Megur, A., Daliri, E. B., Baltriukienė, D., & Burokas, A. (2022). Prebi-
otics as a Tool for the Prevention and Treatment of Obesity and 
Diabetes: Classification and Ability to Modulate the Gut Micro-
biota. International Journal of Molecular Sciences, 23(11), 6097. 
https://doi.org/10.3390/ijms23116097

Miller, D., & Bender, A. E. (1955). The determination of the net utiliza-
tion of proteins by a shortened method. British Journal of Nutrition, 
9(4), 382-388. https://doi.org/10.1079/BJN19550055

Mohamad, R. H., Zekry, Z. K., Al-Mehdar, H. A., Salama, O., El-Shaieb, 
S. E., El-Basmy, A. A., Al-said, M. G. A. M., & Sharawy, S. M. 
(2009). Camel milk as an adjuvant therapy for the treatment of 
type 1 diabetes: verification of a traditional ethnomedical practice. 
Journal of Medicinal Food, 12(2), 461-465. https://doi.org/10.1089/
jmf.2008.0009

Pandey, L., Mogra, R., & Singh, S. (2019). Therapeutic applications of 
probiotic and prebiotic in metabolic syndrome and chronic kidney 
diseases. Research & Reviews, Pharmacognosy and Phytochemistry, 
8(2), 939-945.

Quigley, E. M. (2019). Prebiotics and probiotics in digestive health. 
Clinical Gastroenterology and Hepatology, 17(2), 333-344. https://
doi.org/10.1016/j.cgh.2018.09.028

Raza, A., Iqbal, S., Ullah, A., Khan, M. I., & Imran, M. (2018). Enzymat-
ic conversion of milk lactose to prebiotic galacto-oligosaccharides 
to produce low lactose yogurt. Journal of Food Processing and 
Preservation, 42(4), e13586. https://doi.org/10.1111/jfpp.13586

Reagan-Shaw, S., Nihal, M., & Ahmad, N. (2008). Dose translation 
from animal to human studies revisited. The FASEB Journal, 22(3), 
659-661. https://doi.org/10.1096/fj.07-9574LSF

Roberfroid, M., Gibson, G. R., Hoyles, L., McCartney, A. L., Ras-
tall, R., Rowland, I., Wolvers, D., Watzl, B., Szajewska, H., & 
Stahl, B. (2010). Prebiotic effects: metabolic and health benefits. 
British Journal of Nutrition, 104(Suppl. 2): S1-S63. https://doi.
org/10.1017/S0007114510003363

Sakandar, H. A., Ahmad, S., Perveen, R., Aslam, H. K. W., Shakeel, A., 
Sadiq, F. A., & Imran, M. (2018). Camel milk and its allied health 
claims: a review. Progress in Nutrition, 20(Suppl. 1): 15-29. https://
doi.org/10.23751/pn.v20i1-S.5318

Shahzad, T., Iqbal, S., Nasir, M., Anjum, A. A., Imran, M., Saeed, F., 
Mahomoodally, M. F., Mehmood, T., Zengin, G., Mushtaq, Z., Hus-
sain, M., & Al Jbawi, E. (2022). Comparative analysis of preventive 
role of different probiotics and prebiotics against the markers of 
liver damage, oxidative stress markers and inflammatory markers 
in the non-alcoholic fatty liver disease induced rats. International 
Journal of Food Properties, 25(1), 2514-2529. https://doi.org/10.1
080/10942912.2022.2144881

Sreeramya, G., Nalini, C., Ramalakshmi, N., Sahini, K., & Lakshmi, 
S. A. (2018). A new Era in Medicine–Neutraceuticals. Research 
Journal of Pharmacy and Technology, 11(8), 3572-3576. https://
doi.org/10.5958/0974-360X.2018.00657.1

Xavier-Santos, D., Bedani, R., Lima, E. D., & Saad, S. M. I. (2020). Im-
pact of probiotics and prebiotics targeting metabolic syndrome. 
Journal of Functional Foods, 64, 103666. https://doi.org/10.1016/j.
jff.2019.103666

https://doi.org/10.1038/nrgastro.2014.66
https://doi.org/10.1038/nrgastro.2014.66
https://doi.org/10.1016/j.exphem.2015.10.008
https://doi.org/10.1016/j.exphem.2015.10.008
https://doi.org/10.1021/jf103832q
https://doi.org/10.1016/j.carres.2010.03.028
https://doi.org/10.32553/ijmbs.v3i2.131
https://doi.org/10.1186/s12902-021-00735-4
https://doi.org/10.1186/s12902-021-00735-4
https://doi.org/10.1016/j.clindermatol.2017.09.004
https://doi.org/10.3390/ijms23116097
https://doi.org/10.1079/BJN19550055
https://doi.org/10.1089/jmf.2008.0009
https://doi.org/10.1089/jmf.2008.0009
https://doi.org/10.1016/j.cgh.2018.09.028
https://doi.org/10.1016/j.cgh.2018.09.028
https://doi.org/10.1111/jfpp.13586
https://doi.org/10.1096/fj.07-9574LSF
https://doi.org/10.1017/S0007114510003363
https://doi.org/10.1017/S0007114510003363
https://doi.org/10.23751/pn.v20i1-S.5318
https://doi.org/10.23751/pn.v20i1-S.5318
https://doi.org/10.1080/10942912.2022.2144881
https://doi.org/10.1080/10942912.2022.2144881
https://doi.org/10.5958/0974-360X.2018.00657.1
https://doi.org/10.5958/0974-360X.2018.00657.1
https://doi.org/10.1016/j.jff.2019.103666
https://doi.org/10.1016/j.jff.2019.103666

