
Sheikh et al. Applied Biological Chemistry           (2022) 65:30  
https://doi.org/10.1186/s13765-022-00699-6

ARTICLE

The impact of dromedary camel milk 
on mice gut microbiota
Abdullah Sheikh1*   , Faisal Almathen1,2 and Mohammed Alfattah1 

Abstract 

The gut microbiota plays an important role in the health and disease resistance of the host. Host health depends on 
the microbiota of the gastrointestinal tract, and imbalance in its composition may leads to certain diseases. This study 
analyzed the influence that dromedary camel milk has on the gut microbiota of mice. This study characterized the 
bacterial populations of untreated [Control (C) and camel milk-treated Raw (R), Pasteurized (P), and Fermented (F)] 
C57BL/6 J mice feces using high-throughput 16S rDNA sequencing on the Illumina MiSeq platform. In total, 286,606 
tags were generated, with an average of 71,651 tags being generated per group, and these tags were clustered to 
the operational taxonomic units (OTUs) at 97% sequence similarity, resulting 1090 OTUs. Significant weight gain was 
observed among all of the groups, and the total cholesterol level declined in F group followed by in group P com-
pared to group C. The F and P groups demonstrated a correlation between the beneficial microbiota structures that 
corresponded with lower cholesterol levels than those observed in the other groups. The major dominant bacteria 
correspond to the phyla Bacteroidetes and Firmicutes. The dromedary camel milk propagated the beneficial bacteria 
(Allobaculum and Akkermansia) and reduced harmful bacteria such as Proteobacteria, Erysipelotrichaceae, and Desul-
fovibrionaceae. This study provides a comparative analysis of the gut microbiota of mice based on camel milk, which 
may be helpful in understanding host health and diverse gut microbial conditions.
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Introduction
The genus Camelus constitutes two camel species, 
namely: (1) Camelus dromedarius (Dromedary camel 
or Arabian camel), and (2) Camelus bactrianus (Bac-
trian camel). The dromedary camel with a single hump 
adapted to the harsh desert environments of North 
Africa and West Asia, while the Bactrian camel with two 
humps is present in the cold and mountainous regions 
of central Asia (China and Mongolia) [46, 58]. They are a 
great source of meat, milk, wool, tourism, cosmetics, and 
racing. The Arabian Peninsula consists of about 1.6 mil-
lion camels, of which Saudi Arabia alone contributes to 
more than half (53%) of its population [21].

Camel milk serves as a great source of nutrition and is 
traditionally used against several ailments. Several stud-
ies have reported the presence of beneficial bacteria such 
as Bifidobacterium, Lactobacillus, Allobaculum, Akker-
mansia, etc., in the gastrointestinal tract due to the pres-
ence of camel milk [25, 35, 67, 68, 77]. These organisms 
provide immunity and are beneficial in the fight against 
cancer and metabolic diseases [27]. There are several 
studies on the characterization of lactic acid bacteria 
from camel milk, and it is generally used during milk 
fermentation due to its ability to maintain lower pH and 
antimicrobial properties [1, 18, 31]. Camel milk serves as 
a starter culture due to the presence of Lactococcus and 
Enterococcus [35]. Gut microbiota are diverse in nature 
and have various functions that influence a host’s physi-
ological functions such as immunity, energy balance, and 
metabolic processes [12, 57, 61]. Gut microbiota stud-
ies depend on feces and involve fecal sample collection, 
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which is non-invasive, as feces reflect the DNA of the 
gut microbiota [12, 39]. Previous studies on microbiota 
have revealed an abundance of Firmicutes followed by 
Bacteroidetes in mammals [30, 39, 67],Bacteroidetes, Fir-
micutes, and Proteobacteria were dominant in birds [65]; 
and Firmicutes, Bacteroidetes, and Proteobacteria were 
dominant in reptiles in ascending order [10, 32, 73]. Act-
inobacteria, Bacteroidetes, Firmicutes, Proteobacteria, 
and Verrucomicrobia are the five major phyla that have 
been observed in donkeys [60]. These details suggest that 
there is a close phylogenetic relationship among their 
microbial populations. A comprehensive understanding 
of microbiota characterization and their functions sup-
ports various disease treatments [30, 38, 53].

Some studies have investigated the influence of dairy 
protein on the gut microbiota and its role in the immu-
nological function of the host. As such, it has been con-
cluded that a lack of gut microbiota in germ-free mice 
[17] or antibiotic exposure would not prevent high-fat-
induced intestinal inflammation and gut barrier disrup-
tion. Furthermore, gut microbial metabolites, such as 
short-chain fatty acids (SCFA), vitamins, and secretory 
proteins, regulate the host glucose metabolism and body 
weight gain [5], Den [14]. The 16S rRNA sequencing 
method is widely used to characterize the microbial flora 
of the gut in various animal species such as cattle, sheep, 
snakes, and Bactrian camels [37, 67, 69, 70, 72, 75]. These 
microbial communities are classified based on OTUs that 
have been derived from 16S rRNA gene sequencing [56]. 
The species-specific 16S rRNA hypervariable regions 
v3 and v4 were used as target sequences to amplify and 
sequence the available flora from the isolated metagen-
omic DNA.

The present study evaluated the influence of camel milk 
on the gut microbiota of mice using 16S rRNA sequence 
analysis and, in parallel, the body weight and lipid pro-
file of the mice were analyzed. This study adds value to 
the production of camel dairy and contributes to a bet-
ter understanding of microbial diversity in host health 
through metagenomics.

Materials and methods
Samples data and processing
The milk was collected from healthy dromedary camels 
at the Camel Research Center of King Faisal University 
(KFU), AlAhsa, Saudi Arabia. During the morning feed-
ing hours, the lactating camels (n = 2) were kept adjacent 
to their calves for partial weaning. The camel udders and 
teats were sterilized and were observed for any injury or 
infection. Then, the camels were milked (two different 
times) by hand into a sterile container, and the milk was 
transferred to a lab located 1 km away from the farm and 
was stored at − 20 °C [49]. Three different milk samples 

were prepared: (1) an amount of 45  ml of the milk was 
pasteurized by heating it at 65  °C for 30  min; (2) an 
amount of 45  ml of milk was fermented with a starter 
culture after pasteurization (YF-L903, YoFlex, Chr. 
Hansen, Denmark) [2]; and (3) an amount of 45 ml of raw 
milk. Four-week-old C57BL/6  J mice (male) were used 
in this study. The mice were made to be accustomed to 
a 12 h light and dark cycle and temperature and humid-
ity conditions of 22 ± 2 °C and 45 ± 5%, respectively. The 
mice were given ad libitum access to a standard food diet 
and distilled water. Experiments were conducted follow-
ing ethical approval (KFU-REC-2021-OCT-EA00075) 
from the deanship of scientific research, KFU, and proper 
care and handling were implemented. After one week of 
acclimatization, the mice (n = 16) were randomly divided 
into four groups (n = 4 mice/group). With the exception 
of the C group, R, P and F mice groups were given 10 ml/
kg of raw, pasteurized and fermented camel milk respec-
tively through intragastrically, e.g., 0.25  ml for 25gm of 
mice per day. They were separated into different cages to 
avoid contact, and the mice were treated with the differ-
ent milk varieties for 28 days. All of the mice groups were 
maintained in a specific pathogen-free animal house 
facility, and fecal samples were collected from all of the 
mice groups on the 29th day aseptically into a sterile vial 
and stored at − 20 °C. The samples from each group were 
analyzed separately.

Determination of mice body weight and serum and liver 
lipids
All of the studied mice were monitored for any changes 
in weight weekly and the serum total cholesterol and the 
triglyceride levels (TGL) were estimated enzymatically 
using a kit according to the manufacturer’s instructions 
(Biovision CA, USA). The blood samples were centri-
fuged at 800g for 10 min to collect the supernatant and 
total cholesterol, and the TGL levels were analyzed [9, 
59].

Metagenomic DNA isolation
Metagenomic DNA was extracted from the microbiome 
that was present in the fecal samples that had been col-
lected from the mice. DNA was extracted using a com-
mercial kit (Purelink Microbiome Purif Kit) and was used 
according to the manufacturer’s guidelines [63]. The sam-
ples were evaluated for purity and concentration using a 
spectrophotometer [16].

Amplification, library construction and sequencing
The quality of the DNA was tested before the librar-
ies were constructed. It was amplified with the specific 
v3 and v4 hypervariable region of the 16  s rRNA using 
the universal primers (Table  1) [40, 62]. The amplified 
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products were trimmed to blunt ends, and the 3′ end 
was overhung with an A base to facilitate the adaptors. 
Ampure beads were used to remove the short fragments. 
Then, the qualified libraries were sequenced from the 
BGI Hongkong.

Bioinformatics
To obtain clean and reliable reads, the bioinformatics 
analyses [20] filtered out: (i) trimmed short sequences 
with that were determined to be of lower quality based 
on the phred algorithm and trimmed reads that were 75% 
smaller than the original length along the paired end; (ii) 
impure reads derived from the adaptor; (iii) reads with 
ambiguous bases (N bases) along its pared ends; and (iv) 
intricate reads with 10 repetitive identical bases. The 
overlapping paired-end reads were merged into tags. 
They were clustered into out based on 97% similarity. 
The accurate and rapid taxonomic classifications were 
assigned to the OTU sequences depending on the Ribo-
somal Database Project (RDP) Naive Bayesian Classifier 
v.2.2. These taxonomic assignments are helpful for the 
differentiation of alpha diversity and beta diversity and 
for the screening of different species.

The Illumina MiSeq platform generated the paired-
end reads and used the default setting to filter out the 
sequencing adaptors, polybase, N base, and low-quality 
reads. The FLASH [42] (Fast Length Adjustment of Short 
reads, v1.2.11) generated the consensus sequence when 
two paired reads overlapped. The 16S rDNA was used for 
the species annotation of the bacterial taxa: Greengene 
[15].

OTUs analysis
OTUs that were unmapped and unallocated to the tar-
get species were removed, such as those that targeted 
to Archeae during the 16S rDNA analysis. The filtered 
OTUs were used for downstream processing. The refined 
tags were grouped to the OTUs based on 97% similarity, 
and the OUT number represents the diversity of each 
sample. Filtered tags are clustered into the OTUs at 97% 
similarity, and the number of OTUs per group primarily 
represent the degree of group diversity. The tags are clus-
tered to the OTUs by scripts from the USEARCH soft-
ware (v7.0.1090) [19].

OTU venn chart and heatmap analysis
The common and unique OTUs in the different groups 
were displayed in Venn diagrams that were created in 
the R software (v3.1.1). Heatmaps were constructed 
using the “gplots” package from the R software (v3.1.1) 
and followed the “’euclidean” distance algorithm, after 
which point the clustering method was “complete”.

Species phylogenetic analysis
The filtered sequences were aligned against the Silva 
(Silva_108_core_aligned_seqs) using PyNAST with 
“align_seqs.py”. A representative OTU phylogenetic 
tree was constructed using the built-in QIIME (v1.80) 
scripts as well as the fasttree method for tree construc-
tion. The tags with the highest abundance of each genus 
were chosen as the corresponding genus representative 
sequences, and the genus level of the phylogenetic tree 
was obtained in the same way as that of the OTU phy-
logenetic tree. The phylogenic tree was imaged using 
the R software.

Diversity analyses
The alpha diversity indices were computed by Mothur 
(v1.31.2), and the corresponding rarefaction curves 
were drawn using the R software (v3.1.1). Each of the 
formulas that were used to calculate each index were 
determined using http://​www.​mothur.​org/​wiki/​Calcu​
lators. The beta diversity was analyzed using the QIIME 
software (v1.80) [6].

Statistical analysis
The body weight and total cholesterol experimental 
data are presented as the means and standard devia-
tion. The paired Student’s t-test was conducted with the 
2010 version of Microsoft Excel. The multiple analysis 
was conducted using one-way ANOVA to determine 
the statistical significance among the three groups 
in the animal study, with the significance level set at 
P < 0.05. Data were collected from at least three inde-
pendent experiments.

Results
Data
The mean weight of the all mice was 22.2 g. The V3-V4 
hypervariable region of the 16S rRNA gene from the 
DNA that was extracted from the mice feces were 
amplified and sequenced on the Illumina platform. The 
short-listed and filtered paired-end reads were clus-
tered into tags. There were 286,606 tags in total, which 
represented an average of 71,651 tags for each group, 
and the average length was 459  bp. Filtered tags were 
merged into the OTUs with 97% similarity. The OTUs 

Table 1  Information for the 16S rRNA primers

Primer ID Sequence Paired end read length

341F ACT​CCT​ACG​GGA​GGC​AGC​AG PE300

806R GGA​CTA​CHVGGG​TWT​CTAAT​

http://www.mothur.org/wiki/Calculators
http://www.mothur.org/wiki/Calculators
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that were acquired were R(298) < P(280) < C(274) < F(23
8). Species with an abundance of less than 0.5% in all of 
the samples were categorized into the category labeled 
“others” in the different histograms at different levels. 
In total, we obtained 7 phyla comprising 32 significant 
distinct genera.

Body weight and lipid analysis
The results indicate that the probiotic fermented milk 
had a beneficial effect on the total cholesterol and TGL 

levels of the c57bl6J mice. These values were significantly 
augmented compared to those from the C and other 
milk-treated mice groups. The total cholesterol in the F 
group showed (93.54  mg/dL) values that were relatively 
lower than those that were obtained for the C (98.67 mg/
dL) group, while the values that were obtained for the 
P and R groups were 95.36  mg/dL and 102.1  mg/dL, 
respectively (Fig. 1). On the other hand, the TGL level of 
the F group was significantly lower than the values that 
were obtained for the R and P groups however, slightly 

Fig. 1  Body weight and lipid profile of the mice groups. C control, R raw, P pasteurized, F fermented

Fig. 2  Estimation of operational taxonomic units (OTUs) in different groups. a Shared OTUs across different groups: C control, P pasteurized, F 
fermented, r raw; B Core OTU pan. The shared OTUs among the four groups are shown by a central circle and the ellipse outside of the central circle 
showing a specific number of OTUs of each group (b)
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higher than the value that was obtained for the C group 
(Fig. 1). The OTUs in each group along with their abun-
dance were used to draw the Venn diagrams (Fig.  2A). 
There were 201 OTUs that were shared among the four 
groups, and Fig. 2B shows each group of OTUs individu-
ally. The R group was observed to have the highest num-
ber of OTUs, while the F group demonstrated the lowest 
number.

Different microbiota and their relative abundance
Bacteriodetes constitute over 90% of the population in F 
group and 62%, 63%, and 75% in the R, P, and C groups, 
respectively. In the F group, Cyanobacteria was observed 
at a frequency of about 1%, whereas in the other groups, 
it accounts for 2%, 6%, and 3% in the C, P, and R groups, 
respectively. Firmicutes was found with a prevalence of 
3% in the F group and was present in the other groups at 

quantities of 13%, 23% and 25% in the C, R, and P groups, 
respectively. Proteobacteria demonstrated a prevalence 
of 5% in the C group and of 2% (P), 3% (F), and 4% (R) 
in the other groups. The amount of Verrucomicrobia was 
higher in the R group (7%) followed by the C (4%), F (3%), 
and P (2%) groups. Actinobacteria was present in every 
group except for the F group (Fig. 3A).

A large degree of similarity was observed among all 
of the studied groups at the BetaProteobacteria class 
level. DeltaProteobacteria was absent in the F group; 
however, it was present in all of other groups and in 
similar quantities. Likewise, in terms of the phyla, Bac-
teroidia (90%) dominated the class level in group F, and 
4Cod-2 was present in the lowest quantities (Fig. 3B). 
At the order level, Desulfovibrionales were absent 
in the C and F groups, and Erysipelotrichales were 
observed in of all groups excluding the P group. The 

Fig. 3  Taxonomic composition distribution histograms at different levels. a Phylum; b class; c order; d family; e genus; f species. C control, F 
fermented, P pasteurized, R raw milk groups
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highest quantity of Bacteroidales was present in the F 
group (90%) < C(75%)P < (63%) < R(62%). Clostridiales 
demonstrated its highest prevalence in the P group 
(25%) followed by in the R (20%), C (11%), and F (3%) 
groups (Fig. 3C).

At the family level of the histogram, Erysip-
elotrichaceae was not spotted in the F and P 
groups. S24-7 was the highest recorded family 
in all groups, showing prevalences ranging from 
F75% < C50% < R43% < P37%. The Verrucomicrobiaceae 
family was not noticed in the C and R groups but were 
present in the F and P groups (Fig. 3D).

Ruminococcus and Parabacteroides were present in 
all of the groups except for the F group, a finding that 
was similar to the differences that were determined at 
the family level. The unclassified genus was high in the 
F group, and in other groups, it was almost similar in 
quantity (Fig. 3E).

At the species level, the P group accounted for higher 
levels of an unclassified group of bacteria than the 
other groups and accounted for the lowest amounts of 
Helicobacter apodermus (Fig. 3F).

Heatmap analysis
The longitudinal heatmap clustering indicates similar-
ity between C and R groups followed by groups F and P. 
Hence, groups C and R followed by groups F and P were 
closely related due to the composition of the microbiota 
(Fig. 4).

Species phylogenetic analysis
The purpose of the phylogenetic tree is to analyze the 
species composition and their richness along with their 
evolutionary relationships. There were 7 phyla containing 
32 significant distinct genera (Fig.  5). The Bacteroidetes 
were abundant in terms of microbiota richness; however, 
the Firmicutes represent the highest number of genera 
among the studied groups. The Firmicutes phyla showed 
close relationships among its species due to the short 
distance between the branches of the phylogenetic tree 
(Fig. 5).

Diversity analysis
Alpha diversity was applied to measure the mean spe-
cies diversity within the sample, while the beta diversity 

Fig. 4  Log-scaled percentage heat map of the class-level and C control, F fermented, P pasteurized, R raw milk groups
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measured the differences between groups or samples. 
Both the analyses suggest that the milk-treated groups 
correlated with the microbiota (Fig. 6). The Bray–Cur-
tis distance is used to differentiate between two com-
munities, and its value ranges between zero to one. 
In the present study, the Bray–Curtis distance (0 to 1; 
0 = highly similar and 1 = highly dissimilar) demon-
strated a similarity between two communities, obtain-
ing values from 0.27 to 0.49. The clustering results 
are shown in Fig.  6D, and the short distance between 
groups C and R represents similarity. The different 
variations for the different indicies are represented in 
Table 2.

PCoA (principal coordinate analysis) was used to 
differentiate the four fecal samples and to analyze the 

beta diversity distance. The R and C samples are closer 
than the F and P samples (Fig. 7).

Discussion
Host health and disease status can be assessed by means 
of the composition of the gut microbiota [30, 38, 53]. In 
this study, we analyzed the impact of camel milk on the 
gut microbiota mice, which can be useful to understand 
the relationship between the microbiota and camel milk. 
Due to the high nutritional value of camel milk, intensive 
dairy farms are established worldwide [22]. The presence 
of immunoglobulins (IgG), lactoferrin, lactoperoxidase 
and lysozyme gives camel milk antimicrobial properties 
[44]. Furthermore, it can inhibit bacteria such as Bacillus, 
Candida, Diplococcus, Klebsiella, Listeria, Pseudomonas, 

Fig. 5  Phylogenetic tree representing different genera (each phylum shown in the same color)
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Salmonella, Staphylococcus, Streptococcus, etc. due to its 
antimicrobial peptides [47]. Different factors influence 
the gut microbiota community, such as diet, host spe-
cies, age, and gastrointestinal tract region [30, 32, 39, 65]; 
however, the diet and host species majorly contribute to 
the composition of the gut microbiota [65]. The micro-
biota restores the plasma lipid profile of the host through 

Fig. 6  Different diversity analyses. a Different curves based on observed species values (sobs), b graph with Simpson values, c beta diversity heat 
map (weighted_unifrac), and d group clustering based on the Bray–Curtis cluster tree. C control, F fermented, P pasteurized, R raw milk groups

Table 2  Alpha diversity statistics

C control, F fermented, P pasteurized, R raw milk groups

Sample 
name

Sobs Chao Ace Shannon Simpson

C 274 279.6875 279.6314 3.532195 0.08281

F 238 271 264.4693 2.951382 0.168796

P 280 285.2174 287.4687 3.699383 0.067195

R 298 312.0556 310.4243 3.648195 0.069631

Fig. 7  The 3-dimensional plot of the PCoA analysis (unweighted_
unifrac). C control, F fermented, P pasteurized, R raw milk groups
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alterations in metabolic gene expression [71]. The health 
of the microbiota has been shown to be associated with 
lean and non-obese communities. Lactobacillus acido-
philus plays a major role in lowering the lipid profile and 
in augmenting the HDL and LDL levels in the host [52]. 
The F and P groups from the present study with low cho-
lesterol levels were not observed to have large popula-
tions of Erysipelotrichaceae, which has been reported to 
be in abundance in inflammatory diseases and in colon 
cancer [34, 78]. Moreover, its affluence has been linked to 
high cholesterol and a fat diet [24, 43]. A few studies have 
shown the benefits of an enriched gut microbiota in mice 
in resisting the influence of high-fat diet induced obesity, 
and also it has also been shown to play an essential role in 
modulating host metabolism and obesity [11, 33, 50].

Alpha diversity increased in the R and P groups com-
pared to in the C group due to the presence of camel 
milk [55]. There was variation among the groups in 
terms of the quantity of microbiota. Bacteroidetes were 
abundant in the F groups, and Clostridales were domi-
nant in both the P and R groups compared to in the C 
group, with the exception of the F group. Helicobacter 
was also observed to have increased levels in the feces 
of groups who had been given milk compared to the C 
group. Populations of Oscillospira were higher in the P 
and R than they were in the C group. The heatmap analy-
sis showed that the C and R groups were related, as were 
the F and P groups, in terms of the weight and lipid data 
as well as the microbial composition.

The Bacteroidetes phyla were significantly enriched 
and abundant in all of the studied groups, meaning that 
they are likely the key phyla that are involved in metab-
olizing undigested food [51]. They are bile tolerant and 
anaerobic bacteria that are able to maintain homeostasis 
[28]. Bacteroides fragilis have been reported to play an 
anti-inflammatory role and to be involved in the mucosal 
barrier of the host gut [8, 29, 54]. There are many studies 
that have focused on Bacteroidetes due to their immu-
nity against several diseases [64]. Their abundance along 
with lower quantities of Firmicutes and Proteobacte-
ria have resulted in reduced obesity and inflammation, 
which is similar to the results determined in the cur-
rent study [41]. One such study documented an increase 
in Bacteroidetes when mice were fed a low-fat diet and 
a decrease in their lipid and weight profile, whereas a 
high-fat diet showed the opposite [13].

Firmicutes, another food-fermenting bacteria, were 
the second most abundant phyla, with the exception 
of in F group, which is similar to the results of another 
metagenomic study [26]. However, another study 
reported an increase in Firmicutes and Bacteroidetes 
after intervention with lactulose [74].

The Allobaculum genus was observed in the R group, 
which was similar to what was found in a previous 
study on Bactrian camel milk [67]. Allobaculum has 
demonstrated a number of healthful effects such as the 
production of short-chain fatty acids [76] and obesity 
control [3]. Akkermansia, a mucosal probiotic was also 
shown to be increased in the R group than it was oth-
ers and has been shown to have a beneficial effect on 
metabolic diseases and inflammation [4]. Although 
Proteobacteria are present in the healthy dogs and cats, 
they have been reported with the presence of E. coli, 
Salmonella, Yersinia, Campylobacter, and Klebsiella 
species that may affect host health [36, 48]. Proteobac-
teria decreased in C57BL/6J mice after the prebiotic 
(Fructooligosaccharides) intervention, a finding that is 
comparable to our study, where the milk treated group 
demonstrated a more reduced Proteobacterial compo-
sition than the C group did [26]. The P and F groups 
showed relatively lower quantities of Proteobacte-
ria than the other groups did, which correlates with 
lower cholesterol levels. Furthermore, a high abun-
dance of Proteobacteria was found in inflammatory 
diseases in cattle, humans, and mice as well as in obese 
groups [7, 23, 45, 66]. Harmful bacteria such as Desul-
fovibrionaceae were shown to be reduced when com-
pared to the C to milk-treated groups, which was also 
reported in C57BL/6J mice after lactulose interven-
tion [74]. The milk protein-fed mice showed enriched 
beneficial microbiota and lowered total cholesterol 
compared to the non-milk-fed mice groups [52]. In 
this study, the milk-fed mice from groups P and F dem-
onstrated a significant load of beneficial bacteria, and 
their total cholesterol levels were declined compared 
to those recorded in the C group (Fig. 1). The relation-
ship between microbiota enriched by fermented milk 
and its regulation in lipid metabolism was explored by 
metagenomics analysis in detail. These results are com-
parable to the composition and structure of the gut 
microbiota determined in previous 16S rRNA studies.

In conclusion, our study correlated with lower levels 
of total cholesterol in the F and P groups, a finding that 
corresponds to healthy microbiota composition. Fur-
thermore, the levels of harmful bacteria were shown to 
be lower in the F and P groups. Allobaculum and Akker-
mansia were also abundant in the microbiota that was 
determined from the milk-treated mice feces, which are 
likely healthful against metabolic and inflammatory dis-
orders. Hence, our study indicates that the presence of 
dromedary camel milk provides an environment that 
enables beneficial bacteria to impart positive effects on 
associated diseases and that can reduce harmful bacteria. 
Further studies on the effects of camel milk effect on the 
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gut microbiota of mice could be focused on functional 
aspects and unclassified bacteria.

Acknowledgements
The authors acknowledge the Deanship of Scientific Research at King Faisal 
University for the financial support under the Research Grants Project No. 
GRANT487.

Author contributions
All authors contributed to this research work. AS did the Conceptualization, 
methodology, formal analysis, investigation, data curation, and writing the 
original draft. FA did the supervision, project administration, investigation, 
formal analysis, data curation, writing—review and editing. MA helped in 
project administration, investigation and formal analysis. All authors read and 
approved the final manuscript.

Funding
The authors acknowledge the Deanship of Scientific Research at King Faisal 
University for the financial support under the Research Grants Project No. 
GRANT487.

Availability of data and materials
The data presented in this study are available upon request after appropriate 
Institutional Review Board approvals.

Declarations

Competing interests
The authors declare that they have no conflicts of interest.

Author details
1 Camel Research Center, King Faisal University, P.O. Box 400, Al Hufuf 31982, 
Al‑Ahsa, Saudi Arabia. 2 Department of Veterinary Public Health, College of Vet-
erinary Medicine, King Faisal University, P.O. Box 400, Al Hufuf 31982, Al‑Ahsa, 
Saudi Arabia. 

Received: 18 February 2022   Accepted: 19 April 2022

References
	1.	 Akhmetsadykova S, Baubekova A, Konuspayeva G et al (2015) Lactic acid 

bacteria biodiversity in raw and fermented camel milk. Afr J Food Sci 
Technol. https://​doi.​org/​10.​14303/​ajfst.​2015.​026

	2.	 Al-zoreky NS, Almathen FS (2021) Using recombinant camel chymosin 
to make white soft cheese from camel milk. Food Chem 337:127994. 
https://​doi.​org/​10.​1016/J.​FOODC​HEM.​2020.​127994

	3.	 Baldwin J, Collins B, Wolf PG et al (2016) Table grape consumption 
reduces adiposity and markers of hepatic lipogenesis and alters gut 
microbiota in butter fat-fed mice. J Nutr Biochem. https://​doi.​org/​10.​
1016/j.​jnutb​io.​2015.​08.​027

	4.	 Belzer C, De Vos WM (2012) Microbes insidefrom diversity to function: the 
case of Akkermansia. ISME J. https://​doi.​org/​10.​1038/​ismej.​2012.6

	5.	 Canfora EE, Jocken JW, Blaak EE (2015) Short-chain fatty acids in control 
of body weight and insulin sensitivity. Nat Rev Endocrinol. https://​doi.​
org/​10.​1038/​nrendo.​2015.​128

	6.	 Caporaso JG, Kuczynski J, Stombaugh J et al (2010) QIIME allows analysis 
of high-throughput community sequencing data. Nat Methods. https://​
doi.​org/​10.​1038/​nmeth.f.​303

	7.	 Carvalho FA, Koren O, Goodrich JK et al (2012) Transient inability to man-
age proteobacteria promotes chronic gut inflammation in TLR5-deficient 
mice. Cell Host Microbe. https://​doi.​org/​10.​1016/j.​chom.​2012.​07.​004

	8.	 Chang YC, Ching YH, Chiu CC et al (2017) TLR2 and interleukin-10 are 
involved in Bacteroides fragilis-mediated prevention of DSS-induced coli-
tis in gnotobiotic mice. PLoS ONE. https://​doi.​org/​10.​1371/​journ​al.​pone.​
01800​25

	9.	 Chiu CH, Lu TY, Tseng YY, Pan TM (2006) The effects of Lactoba-
cillus-fermented milk on lipid metabolism in hamsters fed on 

high-cholesterol diet. Appl Microbiol Biotechnol. https://​doi.​org/​10.​1007/​
s00253-​005-​0145-0

	10.	 Colston TJ, Noonan BP, Jackson CR (2015) Phylogenetic analysis of 
bacterial communities in different regions of the gastrointestinal tract of 
Agkistrodon piscivorus, the cottonmouth snake. PLoS ONE. https://​doi.​org/​
10.​1371/​journ​al.​pone.​01287​93

	11.	 Compare D, Coccoli P, Rocco A et al (2012) Gut-liver axis: the impact of 
gut microbiota on non alcoholic fatty liver disease. Nutr Metab Cardio-
vasc Dis. https://​doi.​org/​10.​1016/j.​numecd.​2012.​02.​007

	12.	 Costea PI, Hildebrand F, Manimozhiyan A et al (2017) Enterotypes in 
the landscape of gut microbial community composition. Nat Microbiol. 
https://​doi.​org/​10.​1038/​s41564-​017-​0072-8

	13.	 de Wit N, Derrien M, Bosch-Vermeulen H et al (2012) Saturated fat stimu-
lates obesity and hepatic steatosis and affects gut microbiota composi-
tion by an enhanced overflow of dietary fat to the distal intestine. Am J 
Physiol Gastrointest Liver Physiol. https://​doi.​org/​10.​1152/​ajpgi.​00488.​
2011

	14.	 Den Besten G, Bleeker A, Gerding A et al (2015) Short-chain fatty acids 
protect against high-fat diet-induced obesity via a pparg-dependent 
switch from lipogenesis to fat oxidation. Diabetes. https://​doi.​org/​10.​
2337/​db14-​1213

	15.	 DeSantis TZ, Hugenholtz P, Larsen N et al (2006) Greengenes, a chimera-
checked 16S rRNA gene database and workbench compatible with ARB. 
Appl Environ Microbiol. https://​doi.​org/​10.​1128/​AEM.​03006-​05

	16.	 Desjardins P, Hansen JB, Allen M (2010) Microvolume protein concentra-
tion determination using the NanoDrop 2000c spectrophotometer. J Vis 
Exp. https://​doi.​org/​10.​3791/​1610

	17.	 Ding S, Chi MM, Scull BP et al (2010) High-fat diet: bacteria interactions 
promote intestinal inflammation which precedes and correlates with 
obesity and insulin resistance in mouse. PLoS ONE. https://​doi.​org/​10.​
1371/​journ​al.​pone.​00121​91

	18.	 Drici H, Gilbert C, Kihal M, Atlan D (2010) Atypical citrate-fermenting 
Lactococcus lactis strains isolated from dromedary’s milk. J Appl Microbiol. 
https://​doi.​org/​10.​1111/j.​1365-​2672.​2009.​04459.x

	19.	 Edgar RC (2013) UPARSE: highly accurate OTU sequences from microbial 
amplicon reads. Nat Methods. https://​doi.​org/​10.​1038/​nmeth.​2604

	20.	 Fadrosh DW, Ma B, Gajer P et al (2014) An improved dual-indexing 
approach for multiplexed 16S rRNA gene sequencing on the Illumina 
MiSeq platform. Microbiome. https://​doi.​org/​10.​1186/​2049-​2618-2-6

	21.	 FAO-statistics (2011) http://​faost​at.​fao.​org/. Accessed 25 Mar 2020
	22.	 Faye B (2018) The enthusiasm for camel production. Emirates J Food 

Agric 15:249–50
	23.	 Fecteau ME, Pitta DW, Vecchiarelli B et al (2016) Dysbiosis of the fecal 

microbiota in cattle infected with Mycobacterium avium subsp. paratu-
berculosis. PLoS ONE. https://​doi.​org/​10.​1371/​journ​al.​pone.​01603​53

	24.	 Fleissner CK, Huebel N, Abd El-Bary MM et al (2010) Absence of intestinal 
microbiota does not protect mice from diet-induced obesity. Br J Nutr. 
https://​doi.​org/​10.​1017/​S0007​11451​00013​03

	25.	 Fugl A, Berhe T, Kiran A et al (2017) Characterisation of lactic acid bacteria 
in spontaneously fermented camel milk and selection of strains for fer-
mentation of camel milk. Int Dairy J 73:19–24. https://​doi.​org/​10.​1016/J.​
IDAIR​YJ.​2017.​04.​007

	26.	 Gu J, Mao B, Cui S et al (2019) Metagenomic insights into the effects of 
fructooligosaccharides (FOS) on the composition of luminal and mucosal 
microbiota in C57BL/6J mice, especially the Bifidobacterium composition. 
Nutrients. https://​doi.​org/​10.​3390/​nu111​02431

	27.	 He J, Yi L, Hai L et al (2018) Characterizing the bacterial microbiota in 
different gastrointestinal tract segments of the Bactrian camel. Sci Rep. 
https://​doi.​org/​10.​1038/​s41598-​017-​18298-7

	28	 Hiippala K, Jouhten H, Ronkainen A et al (2018) The potential of gut 
commensals in reinforcing intestinal barrier function and alleviating 
inflammation. Nutrients. https://​doi.​org/​10.​3390/​nu100​80988

	29.	 Hsiao EY, McBride SW, Hsien S et al (2013) Microbiota modulate behavio-
ral and physiological abnormalities associated with neurodevelopmental 
disorders. Cell. https://​doi.​org/​10.​1016/j.​cell.​2013.​11.​024

	30.	 Hu X, Liu G, Shafer ABA et al (2017) Comparative analysis of the gut 
microbial communities in forest and alpine musk deer using high-
throughput sequencing. Front Microbiol. https://​doi.​org/​10.​3389/​fmicb.​
2017.​00572

https://doi.org/10.14303/ajfst.2015.026
https://doi.org/10.1016/J.FOODCHEM.2020.127994
https://doi.org/10.1016/j.jnutbio.2015.08.027
https://doi.org/10.1016/j.jnutbio.2015.08.027
https://doi.org/10.1038/ismej.2012.6
https://doi.org/10.1038/nrendo.2015.128
https://doi.org/10.1038/nrendo.2015.128
https://doi.org/10.1038/nmeth.f.303
https://doi.org/10.1038/nmeth.f.303
https://doi.org/10.1016/j.chom.2012.07.004
https://doi.org/10.1371/journal.pone.0180025
https://doi.org/10.1371/journal.pone.0180025
https://doi.org/10.1007/s00253-005-0145-0
https://doi.org/10.1007/s00253-005-0145-0
https://doi.org/10.1371/journal.pone.0128793
https://doi.org/10.1371/journal.pone.0128793
https://doi.org/10.1016/j.numecd.2012.02.007
https://doi.org/10.1038/s41564-017-0072-8
https://doi.org/10.1152/ajpgi.00488.2011
https://doi.org/10.1152/ajpgi.00488.2011
https://doi.org/10.2337/db14-1213
https://doi.org/10.2337/db14-1213
https://doi.org/10.1128/AEM.03006-05
https://doi.org/10.3791/1610
https://doi.org/10.1371/journal.pone.0012191
https://doi.org/10.1371/journal.pone.0012191
https://doi.org/10.1111/j.1365-2672.2009.04459.x
https://doi.org/10.1038/nmeth.2604
https://doi.org/10.1186/2049-2618-2-6
http://faostat.fao.org/
https://doi.org/10.1371/journal.pone.0160353
https://doi.org/10.1017/S0007114510001303
https://doi.org/10.1016/J.IDAIRYJ.2017.04.007
https://doi.org/10.1016/J.IDAIRYJ.2017.04.007
https://doi.org/10.3390/nu11102431
https://doi.org/10.1038/s41598-017-18298-7
https://doi.org/10.3390/nu10080988
https://doi.org/10.1016/j.cell.2013.11.024
https://doi.org/10.3389/fmicb.2017.00572
https://doi.org/10.3389/fmicb.2017.00572


Page 11 of 12Sheikh et al. Applied Biological Chemistry           (2022) 65:30 	

	31.	 Jans C, Bugnard J, Njage PMK et al (2012) Lactic acid bacteria diversity 
of African raw and fermented camel milk products reveals a highly 
competitive, potentially health-threatening predominant microflora. LWT 
47:371–379. https://​doi.​org/​10.​1016/J.​LWT.​2012.​01.​034

	32.	 Jiang HY, Ma JE, Li J et al (2017) Diets alter the gut microbiome of croco-
dile lizards. Front Microbiol. https://​doi.​org/​10.​3389/​fmicb.​2017.​02073

	33.	 Jin C, Luo T, Zhu Z et al (2017) Imazalil exposure induces gut microbiota 
dysbiosis and hepatic metabolism disorder in zebrafish. Comp Biochem 
Physiol Part C Toxicol Pharmacol. https://​doi.​org/​10.​1016/j.​cbpc.​2017.​08.​
007

	34.	 Kaakoush NO (2015) Insights into the role of Erysipelotrichaceae in the 
human host. Front Cell Infect Microbiol. https://​doi.​org/​10.​3389/​fcimb.​
2015.​00084

	35.	 Kadri Z, Spitaels F, Cnockaert M et al (2021) The bacterial diversity of raw 
Moroccon camel milk. Int J Food Microbiol 341:109050. https://​doi.​org/​
10.​1016/J.​IJFOO​DMICRO.​2021.​109050

	36.	 Kil DY, Swanson KS (2011) Companion animals symposium: role of 
microbes in canine and feline health. J Anim Sci. https://​doi.​org/​10.​2527/​
jas.​2010-​3498

	37.	 King EE, Smith RP, St-Pierre B, Wright ADG (2011) Differences in the rumen 
methanogen populations of lactating Jersey and Holstein dairy cows 
under the same diet regimen. Appl Environ Microbiol. https://​doi.​org/​10.​
1128/​AEM.​05130-​11

	38	 Kundu P, Blacher E, Elinav E, Pettersson S (2017) Our gut microbiome: the 
evolving inner self. Cell. https://​doi.​org/​10.​1016/j.​cell.​2017.​11.​024

	39	 Ley RE, Hamady M, Lozupone C et al (2008) Evolution of mammals and 
their gut microbes. Science. https://​doi.​org/​10.​1126/​scien​ce.​11557​25

	40.	 Lin C, Wan J, Lu Y et al (2019) Active bacterial communities of pig 
fecal microbiota transplantation suspension prepared and preserved 
under different conditions. AMB Express. https://​doi.​org/​10.​1186/​
s13568-​019-​0787-4

	41.	 Machate DJ, Figueiredo PS, Marcelino G et al (2020) Fatty acid diets: 
regulation of gut microbiota composition and obesity and its related 
metabolic dysbiosis. Int J Mol Sci. https://​doi.​org/​10.​3390/​ijms2​11140​93

	42.	 Magoč T, Salzberg SL (2011) FLASH: fast length adjustment of short reads 
to improve genome assemblies. Bioinformatics. https://​doi.​org/​10.​1093/​
bioin​forma​tics/​btr507

	43.	 Martínez I, Perdicaro DJ, Brown AW et al (2013) Diet-induced alterations 
of host cholesterol metabolism are likely to affect the gut microbiota 
composition in hamsters. Appl Environ Microbiol. https://​doi.​org/​10.​
1128/​AEM.​03046-​12

	44.	 Mati A, Senoussi-Ghezali C, Si Ahmed Zennia S et al (2017) Dromedary 
camel milk proteins, a source of peptides having biological activities—a 
review. Int Dairy J. https://​doi.​org/​10.​1016/j.​idair​yj.​2016.​12.​001

	45.	 Méndez-Salazar EO, Ortiz-López MG, Granados-Silvestre MDLÁ et al 
(2018) Altered gut microbiota and compositional changes in firmicutes 
and proteobacteria in Mexican undernourished and obese children. 
Front Microbiol. https://​doi.​org/​10.​3389/​fmicb.​2018.​02494

	46.	 Mihic T, Rainkie D, Wilby KJ, Pawluk SA (2016) The therapeutic effects of 
camel milk: a systematic review of animal and human trials. J Evid Based 
Complement Altern Med. https://​doi.​org/​10.​1177/​21565​87216​658846

	47.	 Mohanty DP, Mohapatra S, Misra S, Sahu PS (2016) Milk derived bioactive 
peptides and their impact on human health—a review. Saudi J Biol Sci. 
https://​doi.​org/​10.​1016/j.​sjbs.​2015.​06.​005

	48	 Moon CD, Young W, Maclean PH et al (2018) Metagenomic insights into 
the roles of proteobacteria in the gastrointestinal microbiomes of healthy 
dogs and cats. Microbiologyopen. https://​doi.​org/​10.​1002/​mbo3.​677

	49.	 Nagy P, Faye B, Marko O et al (2013) Microbiological quality and somatic 
cell count in bulk milk of dromedary camels (Camelus dromedarius): 
descriptive statistics, correlations, and factors of variation. J Dairy Sci 
96:5625–5640. https://​doi.​org/​10.​3168/​JDS.​2013-​6990

	50.	 Nicholson JK, Holmes E, Wilson ID (2005) Gut microorganisms, mamma-
lian metabolism and personalized health care. Nat Rev Microbiol. https://​
doi.​org/​10.​1038/​nrmic​ro1152

	51.	 Parkar SG, Trower TM, Stevenson DE (2013) Fecal microbial metabolism of 
polyphenols and its effects on human gut microbiota. Anaerobe. https://​
doi.​org/​10.​1016/j.​anaer​obe.​2013.​07.​009

	52.	 Perazza LR, Daniel N, Dubois MJ et al (2020) Distinct effects of 
milk-derived and fermented dairy protein on gut microbiota and 

cardiometabolic markers in diet-Induced obese mice. J Nutr. https://​doi.​
org/​10.​1093/​jn/​nxaa2​17

	53.	 Rosshart SP, Vassallo BG, Angeletti D et al (2017) Wild mouse gut micro-
biota promotes host fitness and improves disease resistance. Cell. https://​
doi.​org/​10.​1016/j.​cell.​2017.​09.​016

	54.	 Round JL, Lee SM, Li J et al (2011) The Toll-like receptor pathway estab-
lishes commensal gut colonization. Science. https://​doi.​org/​10.​1126/​
scien​ce.​12060​95.​The

	55.	 Schloss PD, Westcott SL, Ryabin T et al (2009) Introducing mothur: 
open-source, platform-independent, community-supported software for 
describing and comparing microbial communities. Appl Environ Micro-
biol. https://​doi.​org/​10.​1128/​AEM.​01541-​09

	56.	 Schmidt TSB, Matias Rodrigues JF, von Mering C (2014) Ecological consist-
ency of SSU rRNA-based operational taxonomic units at a global scale. 
PLoS Comput Biol. https://​doi.​org/​10.​1371/​journ​al.​pcbi.​10035​94

	57.	 Shibata N, Kunisawa J, Kiyono H (2017) Dietary and microbial metabolites 
in the regulation of host immunity. Front Microbiol. https://​doi.​org/​10.​
3389/​fmicb.​2017.​02171

	58.	 Silbermayr K, Orozco-Terwengel P, Charruau P et al (2010) High mitochon-
drial differentiation levels between wild and domestic Bactrian camels: a 
basis for rapid detection of maternal hybridization. Anim Genet. https://​
doi.​org/​10.​1111/j.​1365-​2052.​2009.​01993.x

	59.	 Song M, Park S, Lee H et al (2015) Effect of Lactobacillus acidophilus NS1 
on plasma cholesterol levels in diet-induced obese mice. J Dairy Sci. 
https://​doi.​org/​10.​3168/​jds.​2014-​8586

	60.	 de los Soto del Rio M, Dalmasso A, Civera T, Bottero MT (2017) Charac-
terization of bacterial communities of donkey milk by high-throughput 
sequencing. Int J Food Microbiol 251:67–72. https://​doi.​org/​10.​1016/J.​
IJFOO​DMICRO.​2017.​03.​023

	61.	 Spiljar M, Merkler D, Trajkovski M (2017) The immune system bridges 
the gut microbiota with systemic energy homeostasis: focus on TLRs, 
mucosal barrier, and SCFAs. Front Immunol. https://​doi.​org/​10.​3389/​
fimmu.​2017.​01353

	62.	 Sun Y, Zhou L, Fang L et al (2015) Responses in colonic microbial com-
munity and gene expression of pigs to a long-term high resistant starch 
diet. Front Microbiol. https://​doi.​org/​10.​3389/​fmicb.​2015.​00877

	63.	 Thomas-Poulsen M, Singh BP, Freiberger T et al (2019) The impact of DNA 
extraction methods on stool bacterial and fungal microbiota community 
recovery. Front Microbiol. https://​doi.​org/​10.​3389/​fmicb.​2019.​00821

	64.	 Vaga S, Lee S, Ji B et al (2020) Compositional and functional differences 
of the mucosal microbiota along the intestine of healthy individuals. Sci 
Rep. https://​doi.​org/​10.​1038/​s41598-​020-​71939-2

	65.	 Waite DW, Taylor MW (2014) Characterizing the avian gut microbiota: 
membership, driving influences, and potential function. Front Microbiol. 
https://​doi.​org/​10.​3389/​fmicb.​2014.​00223

	66.	 Walujkar SA, Dhotre DP, Marathe NP et al (2014) Characterization of 
bacterial community shift in human ulcerative colitis patients revealed by 
Illumina based 16S rRNA gene amplicon sequencing. Gut Pathog. https://​
doi.​org/​10.​1186/​1757-​4749-6-​22

	67.	 Wang Z, Zhang W, Wang B et al (2018) Influence of Bactrian camel milk 
on the gut microbiota. J Dairy Sci. https://​doi.​org/​10.​3168/​jds.​2017-​13860

	68.	 Wen Y, He Q, Ding J et al (2017) Cow, yak, and camel milk diets differen-
tially modulated the systemic immunity and fecal microbiota of rats. Sci 
Bull 62:405–414. https://​doi.​org/​10.​1016/J.​SCIB.​2017.​01.​027

	69.	 Wright ADG, Auckland CH, Lynn DH (2007) Molecular diversity of metha-
nogens in feedlot cattle from Ontario and Prince Edward Island. Canada 
Appl Environ Microbiol. https://​doi.​org/​10.​1128/​AEM.​00103-​07

	70.	 Wright ADG, Ma X, Obispo NE (2008) Methanobrevibacter phylotypes 
are the dominant methanogens in sheep from Venezuela. Microb Ecol. 
https://​doi.​org/​10.​1007/​s00248-​007-​9351-x

	71	 Yoo SR, Kim YJ, Park DY et al (2013) Probiotics L. plantarum and L. curvatus 
in combination alter hepatic lipid metabolism and suppress diet-induced 
obesity. Obesity. https://​doi.​org/​10.​1002/​oby.​20428

	72.	 Yuan L, Qi A, Cheng Y et al (2017) Fecal microbiota of three bactrian 
camels (Camelus ferus and Camelus bactrianus) in China by high through-
put sequencing of the V3–V4 region of the 16S rRNA gene. J Arid Land. 
https://​doi.​org/​10.​1007/​s40333-​016-​0026-7

	73.	 Yuan ML, Dean SH, Longo AV et al (2015) Kinship, inbreeding and fine-
scale spatial structure influence gut microbiota in a hindgut-fermenting 
tortoise. Mol Ecol. https://​doi.​org/​10.​1111/​mec.​13169

https://doi.org/10.1016/J.LWT.2012.01.034
https://doi.org/10.3389/fmicb.2017.02073
https://doi.org/10.1016/j.cbpc.2017.08.007
https://doi.org/10.1016/j.cbpc.2017.08.007
https://doi.org/10.3389/fcimb.2015.00084
https://doi.org/10.3389/fcimb.2015.00084
https://doi.org/10.1016/J.IJFOODMICRO.2021.109050
https://doi.org/10.1016/J.IJFOODMICRO.2021.109050
https://doi.org/10.2527/jas.2010-3498
https://doi.org/10.2527/jas.2010-3498
https://doi.org/10.1128/AEM.05130-11
https://doi.org/10.1128/AEM.05130-11
https://doi.org/10.1016/j.cell.2017.11.024
https://doi.org/10.1126/science.1155725
https://doi.org/10.1186/s13568-019-0787-4
https://doi.org/10.1186/s13568-019-0787-4
https://doi.org/10.3390/ijms21114093
https://doi.org/10.1093/bioinformatics/btr507
https://doi.org/10.1093/bioinformatics/btr507
https://doi.org/10.1128/AEM.03046-12
https://doi.org/10.1128/AEM.03046-12
https://doi.org/10.1016/j.idairyj.2016.12.001
https://doi.org/10.3389/fmicb.2018.02494
https://doi.org/10.1177/2156587216658846
https://doi.org/10.1016/j.sjbs.2015.06.005
https://doi.org/10.1002/mbo3.677
https://doi.org/10.3168/JDS.2013-6990
https://doi.org/10.1038/nrmicro1152
https://doi.org/10.1038/nrmicro1152
https://doi.org/10.1016/j.anaerobe.2013.07.009
https://doi.org/10.1016/j.anaerobe.2013.07.009
https://doi.org/10.1093/jn/nxaa217
https://doi.org/10.1093/jn/nxaa217
https://doi.org/10.1016/j.cell.2017.09.016
https://doi.org/10.1016/j.cell.2017.09.016
https://doi.org/10.1126/science.1206095.The
https://doi.org/10.1126/science.1206095.The
https://doi.org/10.1128/AEM.01541-09
https://doi.org/10.1371/journal.pcbi.1003594
https://doi.org/10.3389/fmicb.2017.02171
https://doi.org/10.3389/fmicb.2017.02171
https://doi.org/10.1111/j.1365-2052.2009.01993.x
https://doi.org/10.1111/j.1365-2052.2009.01993.x
https://doi.org/10.3168/jds.2014-8586
https://doi.org/10.1016/J.IJFOODMICRO.2017.03.023
https://doi.org/10.1016/J.IJFOODMICRO.2017.03.023
https://doi.org/10.3389/fimmu.2017.01353
https://doi.org/10.3389/fimmu.2017.01353
https://doi.org/10.3389/fmicb.2015.00877
https://doi.org/10.3389/fmicb.2019.00821
https://doi.org/10.1038/s41598-020-71939-2
https://doi.org/10.3389/fmicb.2014.00223
https://doi.org/10.1186/1757-4749-6-22
https://doi.org/10.1186/1757-4749-6-22
https://doi.org/10.3168/jds.2017-13860
https://doi.org/10.1016/J.SCIB.2017.01.027
https://doi.org/10.1128/AEM.00103-07
https://doi.org/10.1007/s00248-007-9351-x
https://doi.org/10.1002/oby.20428
https://doi.org/10.1007/s40333-016-0026-7
https://doi.org/10.1111/mec.13169


Page 12 of 12Sheikh et al. Applied Biological Chemistry           (2022) 65:30 

	74.	 Zhai S, Zhu L, Qin S, Li L (2018) Effect of lactulose intervention on gut 
microbiota and short chain fatty acid composition of C57BL/6J mice. 
Microbiologyopen. https://​doi.​org/​10.​1002/​mbo3.​612

	75.	 Zhang B, Ren J, Yang D et al (2019) Comparative analysis and characteri-
zation of the gut microbiota of four farmed snakes from southern China. 
PeerJ. https://​doi.​org/​10.​7717/​peerj.​6658

	76.	 Zhang X, Zhao Y, Zhang M et al (2012) Structural changes of gut micro-
biota during berberine-mediated prevention of obesity and insulin resist-
ance in high-fat diet-fed rats. PLoS ONE. https://​doi.​org/​10.​1371/​journ​al.​
pone.​00425​29

	77.	 Zhao J, Fan H, Kwok LY et al (2020) Analyses of physicochemical proper-
ties, bacterial microbiota, and lactic acid bacteria of fresh camel milk 
collected in Inner Mongolia. J Dairy Sci 103:106–116. https://​doi.​org/​10.​
3168/​JDS.​2019-​17023

	78.	 Zhu Q, Jin Z, Wu W et al (2014) Analysis of the intestinal lumen microbiota 
in an animal model of colorectal cancer. PLoS ONE. https://​doi.​org/​10.​
1371/​journ​al.​pone.​00908​49

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1002/mbo3.612
https://doi.org/10.7717/peerj.6658
https://doi.org/10.1371/journal.pone.0042529
https://doi.org/10.1371/journal.pone.0042529
https://doi.org/10.3168/JDS.2019-17023
https://doi.org/10.3168/JDS.2019-17023
https://doi.org/10.1371/journal.pone.0090849
https://doi.org/10.1371/journal.pone.0090849

	The impact of dromedary camel milk on mice gut microbiota
	Abstract 
	Introduction
	Materials and methods
	Samples data and processing
	Determination of mice body weight and serum and liver lipids
	Metagenomic DNA isolation
	Amplification, library construction and sequencing
	Bioinformatics
	OTUs analysis
	OTU venn chart and heatmap analysis
	Species phylogenetic analysis
	Diversity analyses
	Statistical analysis

	Results
	Data
	Body weight and lipid analysis
	Different microbiota and their relative abundance
	Heatmap analysis
	Species phylogenetic analysis
	Diversity analysis

	Discussion
	Acknowledgements
	References




