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Abstract: Obesity causes metabolic syndrome disorders that are detrimental to health. The current
study examined the effects of intermittent fasting (IF), fermented camel milk (FCM), and fermented
camel milk incorporating 10% Sukkari date (FCM-D) on weight loss, blood profile, and antioxidant
status in obese rats for 6 weeks. Subsequently, leptin and adiponectin levels and histopathological
examination of adipose tissue were carried out. Results showed that IF with FCM or FCM-D decreased
body weight by 0.92 and −5.45%, respectively. IF alone lowered non-fasting blood glucose (NFBG)
and fasting blood glucose FBG after 6 weeks, whereas adding FCM or FCM-D reduced NFBG after
4 weeks. Intermittently fasting obese rats given FCM or FCM-D had the lowest blood glucose
levels (BGL). The hypolipidemic effects of IF, FCM, and FCM-D on obese rats reduced triglycerides
(TG), cholesterols (CHO), and their derivatives. FCM-D with IF presented a superior effect on lipid
profile. A reduction rate of 40, 37, 66, and 40% for TG, CHO, low-density lipoprotein (LDL-c),
and very low-density lipoprotein (VLDL-c), respectively, and an increase in HDL-C by 34% were
noticed. Reductions of 40, 37, 66, and 40% for TG, CHO, LDL-c, and VLDL-c, respectively, and
a 34% rise in high-density lipoprotein (HDL-C) were noted. Combining IF with FCM or FCM-D
lowered the atherogenic index (AI) by 42% and 59%, respectively. Remarkably, treating rats with
FCM+IF or FCM-D+IF effectively attenuated leptin and adiponectin levels. Malondialdehyde (MDA)
was significantly decreased in a type-dependent manner. Implementing FCM-D or FCM with IF
significantly attenuated reduced glutathione (GSH), superoxide dismutase (SOD), MDA, and catalase
(CAT) levels. The most efficient treatment was giving FCM-D with IF. Histopathologically, adipocyte
lipolysis increases free fatty acids (FFAs) and promotes inflammation. Only IF+FCM-D indicated
no histopathological alteration except for a few focal areas of a few inflammatory cell infiltrations
in the parenchyma. In conclusion, combining IF and Probiotic-FCM or Probiotic-FCM-D effectively
accelerated weight loss, attenuated metabolic markers, and reversed histopathological alterations.
Thus, IF combined with Probiotic-FCM or Probiotic-FCM-D is highly recommended for weight loss,
strengthening antioxidative status, and preventing health disorders.

Keywords: obesity; fermented camel milk; adiponectin; leptin; antioxidant status; histopathologi-
cal alterations

1. Introduction

Obesity and overweight among adults and children worldwide are growing public
health concerns. This is related to numerous risk factors such as diabetes mellitus, hyper-
tension, hyperlipidemia, and other metabolic syndrome diseases [1,2]. Weight loss in obese
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people has been shown to positively impact overall health and quality of life [3]. Interest-
ingly, the association of camel milk (CM) with health benefits may be partly underlined
by its function as food for the gut microbiota (prebiotic) [4,5]. CM can improve microbial
community diversity in obese human subjects [6]. It has been scientifically proven that CM
has antiviral, antibacterial, antitumor, antifungal, antioxidant, hypoglycemic, anticancer,
antiaging, and anti-autoimmune properties [7,8]. CM also impacts many biological pro-
cesses, including metabolic reactions to nutrition absorption, digestion, the maturation
of various body parts, and the body’s ability to ward against damage [9]. The protective
proteins in CM play a crucial role in improving the body’s immunological defense mecha-
nisms, including antibacterial and antiviral activities [10]. Some of the defensive proteins
found in CM include lactoferrin (Lf), immunoglobulin (Ig) IgGs, lactoperoxidase, lysozyme,
peptidoglycan recognition protein-1 (PGRP-1), and other enzymes; these proteins are linked
to CM’s antibacterial function [10–12].

Recently, a rat model found that CM consumption results in microbial community
alteration and weight loss better than cow and goat milk [13]. Furthermore, the research
has also confirmed multiple beneficial health impacts of fermented dairy foodstuffs such
as yogurt and cheese, including regulation of food intake, satiety, and obesity-related
metabolic disorders [13–15]. Senok [16] indicated that a rich selection of probiotic drinks,
both dairy and non-dairy, is accessible in Persian Gulf countries; in particular, dairy
probiotic-fermented milk beverages are consumed daily with rich meat and rice diets. In
addition, the date fruit is an important foodstuff in the dietary system in Gulf countries,
usually consumed with unsweetened Arabic coffee. However, fermented dairy products
such as FCM have not been examined in detail. Thus, studying the effect of probiotic-
fermented CM incorporating Sukkari dates combined with intermittent fasting on diet-
induced obesity in animal model is highly motivated.

Pioneering research that compared the healthy microbiota of lean and obese subjects was
conducted by Ley et al. in 2006 [17] using 16SrRNA sequencing. Sequencing of extracted DNA
from fecal samples demonstrated that obese subjects present a greater level of Firmicutes and
a smaller level of Bacteroidetes than lean individuals [17], which validated previous murine
studies [18]. Subsequent investigations revealed that the gut microbiota composition of
obese subjects is less diverse than in lean subjects [19]. However, different results have
been also reported [20,21], and the significance of Firmicutes and Bacteroidetes abundance
remains disputed. A meta-analysis report recently found that the microbial changes
associated with obesity are not based on variations in the species but rather are the result of
various minor differences within the bacterial population [22]. Therefore, it is important to
consider the overall composition of the gut microbiota rather than the ratio of Bacteroidetes
to Firmicutes alone.

Importantly, not only different bacteria but also the metabolites they produce (post-
biotics) can play a role in obesity and metabolic syndrome. For example, patients with
type 2 diabetes have reduced levels of SCFA-producing bacteria [23], and some SCFAs
(e.g., butyrate) facilitate improved insulin sensitivity, muscle fatty acid oxidation, and
increased satiety. [24]. Because obesity has been linked to less diverse gut microbiota com-
position than in lean subjects, it may be important to increase its diversity, and nutritional
approaches to do so (via IF combined fasting with FCM consumption) can promote weight
loss. FCM by Lactococcus lactis subsp. cremoris increased SOD, CAT, and GPx activity, oxida-
tive stress, and decreased cardiac damage induced by acute exposure of mouse heart tissues
to CCl4 [25]. Because of its high antioxidant chemical content, fermented CM was found
to have a protective impact on heart tissue. These compounds include oligosaccharides,
vitamins, bioactive peptides, and conjugated linoleic acid [26]. Also, fermented CM has
large amounts of magnesium, which plays an important role in GSH biosynthesis [27], thus
lowering oxidative stress. Moreover, vitamin C scavenges free radicals, preventing cell
damage [28].

Intermittent fasting refers to fasting during the day. No energy restriction is required;
however, bodyweight variations can occur as food consumption decreases [29]. The signif-
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icant weight loss that occurs during fasting [30,31] is notable, because total daily energy
consumption does not seem to be significantly different. Importantly, approaches that rely
mostly on fasting have been generally successful for weight loss but not in sustaining the
lost weight [32]. However, the impact of CM and fermented CM (FCM) consumption on the
biodiversity of gut microbiota and its association with increased production of short-chain
fatty acids (SCFAs) has not been studied.

Gut microbiota may be contributing to the obesity epidemic: recent studies have
shown that obesity is accompanied by altered gut microbiota [33,34]. While establishing
a causal relationship between diet, gut microbiota, and obesity has been challenging,
evidence indicates that the Western diet, rich in refined carbohydrates and fat, can induce
changes in gut microbiota that promote obesity (particularly, by decreasing microbiota
diversity) [35]. Dietary patterns have changed worldwide to converge on Western-type
diets [36]. On the other hand, fasting and consuming foods rich in protein and/or fiber
have been associated with increasing gut microbiota diversity and health benefits [37–39].

Comprehensive approaches that combine fasting and consumption of FCM or FCM-
D by obese subjects can reduce body weight and fat mass by increasing gut microbiota
diversity, which is accompanied by the increased microbial production of SCFAs in the
gut. Therefore, the current study was developed to test our central hypothesis with two
approaches. The first was to study the efficacy of IF and FCM or FCM-D consumption on
weight loss, blood profile, and antioxidant status in a 6-week experimental rat module.
The second was to study the effects of IF and FCM or FCM-D consumption on leptin and
adiponectin levels and subsequent alterations in adipose tissue.

2. Materials and Methods
2.1. Camel Milk and Other Ingredients

In February and March of 2021, we purchased fresh CM from the Qassim University
College of Agriculture and Veterinary Medicine Farm. The Sukkari variety of the date
palm (Phoenix dactylifera L.) was obtained from a nearby market in the Qassim district for
the upcoming 2020 harvest. The antioxidant activity and chemical and physicochemical
properties of CM and SD were analyzed and are presented in Table S1. Chr. Hansen, Copen-
hagen, Denmark supplied their ABT-5 starter with Streptococcus thermophiles, Lactobacillus
acidophilus, and Bifidobacterium bifidum in freeze-dried direct-to-vat set form (DVS), stored
at −20 ◦C.

2.2. Preparation of Probiotic-Enriched FCM and FCM-SD

Sukkari dates were washed under running water to remove dust and microscopic
contaminants, kernels were manually removed, and then the date’s flesh was transferred
into date paste using a scraw grinder (Panasonic, MK-ZG1500, Kadoma, Japan). Before
being processed further, fresh CM was blended with 5, 7.5, 10, 12.5, or 15% SD pasta (v:w)
in a benchtop food processor (Santos, VITA-MAX CORP-Light Industrial Food Preparing
Machine Model, VM0122E, Orlando, FL, USA) at high speed (speed 6). We pasteurized CM
at 85 ◦C for 15 min, then cooled it to the inoculation temperature (42 ◦C). This was done
with both unfortified CM and CM fortified with 10% SD (v:w). Under the aseptic addition,
the Chr. Hansen ABT-5 DVS starter was introduced at a rate of 0.1 g per 100 mL (g/v) of
CM. After a 4 h incubation at 42 ◦C, samples were cooled for another 12–18 h to attain a
final pH of 4.6–4.7 [40]. The chemical, physicochemical, and antioxidant properties, as well
as probiotics count, were determined in our previous research [41] and are presented here
in Tables S2–S5.

2.3. Animals and Experimental Design

Wistar rats (48 rats) weighing 125–140 g were used in the present investigation. All ex-
periments will be approved by the Institutional Animal Ethics Committee (IAEC) of Qassim
University, KSA (21-07-13 on 26 January 2022). Animals were housed in air-conditionally
polypropylene cages under standard laboratory conditions at 25 ± 1 ◦C for a week for
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acclimatization. Rats were fed a high-fat diet formulated according to Kong et al. [42] with
a modification, as we used camel hump fat instead of used lard) and water ad libitum.
After 45 d of feeding, the rats’ boxes were divided into 6 groups (n = 8/group). Group 1:
obese rats did not receive treatment, only 10 mL kg−1 body weight (bw) intragastric normal
saline (Obese Rats group, OR). Group 2: obese rats were treated with fasting for 16 h daily
and left to have free access to diet and water for 8 h (Fasting group, OR+IF). Group 3: obese
rats received intragastric FCM at 10 mL kg−1 bw (FCM group, OR+FCM). Group 4: obese
rats treated with fasting for 16 h and received intragastric FCM at 10 mL kg−1 bw (Fasting
and FCM group, OR+F+FCM). Both groups 3 and 4 had free access to diet and water for
8 h. Group 5: obese rats received intragastric FCM-D at 10 mL kg−1 bw (FCM group,
OR+FCM-D). Group 6: obese rats treated with fasting for 16 h and received intragastric
FCM-D at 10 mL kg−1 bw (Fasting and FCM-D group, OR+IF+FCM-D). Both groups 5 and
6 had free access to diet and water for 8 h.

2.4. Blood Samples and Organs’ Relative Weight

The 12-hour-fasted rats were anesthetized with a mixture of alcohol/chloroform/ether
(1:2:3), blood samples were collected from the heart puncture of all rats, and serum was
separated by centrifugation; then, clear serum was kept at −18 ± 1 ◦C for screening of
biochemical analysis and antioxidant markers. Subsequently, animals were humanely sacri-
ficed by cervical dislocation, the abdomen was opened, and the cardiac and pyloric regions
were ligated. Then, the spleen, liver, and kidneys were excised and immediately washed
with phosphate buffer, dried with paper tissues, and weighted [43]. Moreover, abdominal
perivascular adipose tissue (PAT), e.g., perirenal adipose tissue (PAT), was removed, and
the cell size of adipocytes was diagnosed histologically, according to Bertrand et al. [44].

2.5. Biochemical Examinations
2.5.1. Adiponectin and Leptin

Adiponectin and leptin concentrations in blood serum were quantified using ELISA
kits according to the method in [45]. Leptin rat ELISA kit (ab100773) and adiponectin rat
ELISA kit (ab108784) were obtained from (Abdulla Fouad Co. Dammam, KSA as the main
distributor of Abcam Co., Cambridge, UK) for the quantification of leptin and adiponectin
concentrations. Depending on the performed standard curve and its generated line equa-
tion, the concentration of leptin and adiponectin were calculated and are presented in
ng mL−1 and µg mL−1, respectively.

2.5.2. Determination of Lipid Profile and Fasting Blood Glucose Level

All biochemical test kits were bought from Human Co. in Wiesbaden, Germany. Ac-
cording to Nwagha et al. [46], the atherogenic index (AI) was calculated. An enzymatic
colorimetric test kit was used to determine fasting blood glucose (mg dL−1). High-density
lipoproteins (HDL-c, mg dL−1), total cholesterol (CHO, mg dL−1), and triglycerides (TG,
mg dL−1), according to manufacturer instructions, were examined. According to Friede-
wald et al. [47], low-density lipoproteins (LDL-c, mg dL−1) and very-low-density lipopro-
teins (VLDL-c, mg dL−1) were mathematically calculated.

2.5.3. Oxidative Stress Biomarkers

According to the described method by Beutler et al. [48], reduced glutathione (GSH,
µg dL−1) was determined. According to Ohkawa et al. [49], lipid peroxidation was eval-
uated by detecting thiobarbituric acid reactive substance (TBARS), and the measured
malondialdehyde (MDA) concentration was expressed as nmol mL−1. Superoxide dismu-
tase (SOD, U L−1) activity was determined following the protocol of Giannopolitis and
Ries [50]. Catalase (CAT, U L−1) activity was assessed using the Aebi technique [51]. All
oxidative-stress biomarkers were determined using a blood chemistry analyzer (Huma-
Lyzer 4000, Wiesbaden, Germany).
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2.5.4. Histopathological Examinations

Autopsy samples were taken from the PAT of rats in different groups and fixed in
10% buffered neutral formalin for 24 h. Washing was done in the saline buffer; then, serial
dilutions of absolute ethyl alcohol 95% were used for dehydration. Specimens were cleared
in xylene and embedded in paraffin at 56 ◦C in an air-heated oven for 24 h. The rotary
LEITZ microtome prepared paraffin beeswax tissue blocks for sectioning at 4-micron
thickness. The tissue sections were collected on glass slides, deparaffinized, and stained by
hematoxylin and eosin stains, according to Banchroft et al. [52], for examination through
the electric light microscope.

2.6. Data Analysis

SPSS (Ver. 22.0 for Windows) was used to conduct the statistical analysis. According
to Steel et al. [53], one-way ANOVA was used to assess the statistical significance, p-values
of 0.05 were used for the post hoc test, and means of the experimental results and standard
error were presented.

3. Results
3.1. Effect of IF, FCM, and FCM-D on Weight Change and Relative Organ Weight

Table 1 shows the final bodyweight gain percentages and the relative weight of the
liver, kidneys, and spleen. All treatments reduced the final weight of rats. IF or FCM alone
significantly increased the final weight by 15.58 and 5.58% (p < 0.05) compared to G1.
Interestingly, the administration of FCM-D to obese rats increased the final weight by
3.93%. However, IF with FCM and IF with FCM-D resulted in a change of 0.92 and −5.45%,
respectively. The most efficient treatment for obese rat weight was combining IF with
FCM-D. The relative weights of the liver varied significantly across all groups, but no
significant (p > 0.05) change was found in the kidneys and spleen.

Table 1. Effect of FCM, FCM-D, and intermittent on relative organs weight in obese rats fed a high-fat
diet for 6 weeks, n = 8.

Group Initial Body Weight of
Obese Rats

% Body Weight
Change

Relative Organs Weight

Liver Kidneys Spleen

G1 247.31 ± 11.24 22.41 ± 3.8 a 3.47 ± 0.29 a 0.59 ± 0.02 a 0.30 ± 0.04 a

G2 233.64 ± 7.98 15.58 ± 5.86 b 3.46 ± 0.36 ab 0.65 ± 0.05 a 0.38 ± 0.06 a

G3 251.27 ± 11.57 5.58 ± 1.79 c 3.07 ± 0.14 abc 0.63 ± 0.02 a 0.32 ± 0.02 a

G4 235.24 ± 15.47 0.92 ± 5.96 cd 2.84 ± 0.14 bc 0.68 ± 0.05 a 0.37 ± 0.04 a

G5 241.35 ± 5.78 3.93 ± 3.34 c 2.82 ± 0.11 c 0.63 ± 0.02 a 0.31 ± 0.02 a

G6 239.78 ± 10.24 −5.45 ± 12.53 d 2.53 ± 0.08 c 0.61 ± 0.02 a 0.31 ± 0.02 a

G1–G6: experimental groups see materials and methods, Section 2.3; a,b,c,d: No significant difference (p > 0.05)
between any two means within the same column have the same superscripted letters.

3.2. Effect of IF, FCM, and FCM-D on Lipid Profile and Atherogenic Index

Data in Table 2 illustrates the effect of IF, FCM, and FCM-D individually or in combina-
tions on non-fasting and fasting blood glucose levels (md dL−1) in obese rats fed a high-fat
diet for 6 weeks. Intermittent fasting alone reduced NFBG only after 6 weeks. In contrast,
combining IF with FCM or FCM-D reduced the NFBG after 4 weeks. This cumulative effect
of IF with FCM or FCM-D significantly (p < 0.05) reduced the FBG during the experimental
period. The lowest glucose level was recorded when obese rats intermittently fasted and
were administered FCM or FCM-D.
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Table 2. Effect of FCM, FCM-D, and intermittent fasting and non-fasting on blood glucose level
(md dL−1) in obese rats fed a high-fat diet for 6 weeks, n = 8.

Group
NFBG (mg dL−1) FBG (mg dL−1)

Week 2 Week 4 Week 6 Week 2 Week 4 Week 6

G1 141.63 ± 2.44 aA 138.88 ± 2.46 aA 133.38 ± 2.32 aB 109.25 ± 2.51 abcA 106.50 ± 2.04 aA 94.25 ± 6.08 aC

G2 142.63 ± 1.77 aA 127.63 ± 1.77 bB 125.00 ± 2.02 bB 113.75 ± 2.48 aA 98.75 ± 2.48 bB 90.63 ± 2.57 aC

G3 140.38 ± 4.71 abA 129.38 ± 4.71 bB 122.25 ± 2.07 bC 108.50 ± 3.72 bcA 97.50 ± 3.72 bB 85.00 ± 3.64 bC

G4 138.13 ± 2.66 abA 124.88 ± 3.88 bB 117.13 ± 2.97 cC 110.00 ± 3.24 abcA 90.00 ± 3.24 cB 77.25 ± 3.03 dC

G5 137.88 ± 3.88 abA 128.13 ± 2.89 bB 126.13 ± 2.39 bB 106.00 ± 1.31 cA 98.00 ± 1.31 bB 80.50 ± 3.62 cC

G6 136.13 ± 2.89 bA 118.13 ± 2.66 cB 116.13 ± 2.68 cB 111.50 ± 1.48 abA 96.50 ± 1.48 bB 73.50 ± 1.74 dB

FNBG: non-fasting blood glucose; FBG: fasting blood glucose; G1–G6: experimental groups see materials and
methods, Section 2.3; a,b,c,d: there is no significant difference (p > 0.05) between any two means within the same
column have the same superscript letter; A,B,C: there is no significant difference (p > 0.05) between any two means,
within the same row have the same superscript letter.

3.3. Effect of IF, FCM, and FCM-D on Lipid Profile and Atherogenic Index

The hypolipidemic efficiency of IF, FCM, and FCM-D individually or in combinations
on obese rats was determined; data are shown in Table 3. FBG changed according to the
treatments, whereas a significant (p < 0.05) reduction was found in G2 (OR+IF) and G3
(OR+FCM). The reduction percentage was 19 and 18% for G2 (OR+IF) and G3 (OR+FCM),
respectively. This reduction effect was increased in G4 (OR+FCM+F) and G5 (OR+FCM-D) to
30 and 24%, respectively. A reduction of 40% in FBG level was recorded for G6 (OR+IF+ FCM-
D), confirming the cumulative effect of FCM-D with IF. For TG, CHO, and its derivatives
levels, fasting alone slightly attenuated the TG, CHO, HDL-c, LDL-c, and VLDL-c levels,
confirming the positive response to IF (G2, OR+IF). In G3, administrating FCM alone was
not significantly (p > 0.05) deferred compared to G2. Administration of FCM-D significantly
attenuated TG, CHO, HDL-c, LDL-c, and VLDL-c levels. Interestingly, combining FCM
or FCM-D with IF effectively attenuated the TG, CHO, HDL-c, LDL-c, and VLDL-c levels
and improved the lipid profile. Obviously, FCM-D with IF for 16 h presented a superior
effect on lipid profile, confirming the improving effect on obese rats. In G6, the lowest TG,
CHO, LDL-C, and VLDL-c levels and the highest HDL-C level were found. A reduction
rate of 40, 37, 66, and 40% for TG, CHO, LDL-c, and VLDL-c, respectively, and an increase
in HDL-C by 34% were also found.

Table 3. Effect of FCM, FCM-D, and intermittent on lipid profile (md dL−1) in obese rats fed a
high-fat diet for 6 weeks, n = 8.

Group
Mg dL−1

FBG TG CHO HDL-c LDL-c VLDL-c

G1 128.82 ± 6.51 a 148.61 ± 9.72 ab 154.41 ± 11.77 a 37.75 ± 2.35 c 86.93 ± 13.49 a 29.72 ± 1.94 a

G2 104.95 ± 2.85 b 120.83 ± 6.44 c 131.20 ± 5.07 b 40.83 ± 3.53 bc 66.20 ± 7.19 ab 24.17 ± 1.29 bc

G3 105.40 ± 3.99 b 130.93 ± 7.50 bc 129.39 ± 6.64 b 43.33 ± 2.16 abc 59.87 ± 6.86 b 26.19 ± 1.50 ab

G4 90.66 ± 2.68 c 105.28 ± 4.86 cd 112.73 ± 8.63 bc 47.50 ± 3.45 ab 44.18 ± 9.04 b 21.06 ± 0.97 cd

G5 97.64 ± 4.31 bc 121.93 ± 9.67 c 125.94 ± 4.95 b 42.75 ± 2.68 bc 58.81 ± 7.11 b 24.39 ± 1.93 bc

G6 77.18 ± 2.89 d 89.01 ± 4.42 d 98.03 ± 5.34 c 50.75 ± 2.36 a 29.48 ± 6.86 c 17.80 ± 0.88 d

G1–G6: experimental groups see materials and methods, Section 2.3; a,b,c,d: no significant difference (p > 0.05)
between any two means within the same column have the same superscripted letters.

3.4. Effect of IF, FCM, and FCM-D on Atherogenic Index

Interestingly, the AI was significantly (p < 0.05) increased in obese rats (G1), Figure 1.
All treatments effectively reduced the AI. Intermittent fasting alone reduced AI by 21%,
which correlated to the reduction in TG, Table 3. Similarly, administrating FCM to obese
rats reduced AI by 19% (G3). Also, the administration of FCM-D reduced AI by 23% (G5).
However, combining IF with FCM (G4) or FCM-D (G6) reduced AI by 42 and 59%, respec-
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tively. This cumulative effect of IF with FCM or FCM-D was correlated to obtained the data
shown in Tables 1 and 3.
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Figure 1. Effect of IF, FCM, and FCM-D on the atherogenic index in obese rats fed a high-fat diet for
6 weeks, n = 8. G1–G6: experimental groups see materials and methods, Section 2.3; a,b,c,d: bars not
sharing similar letters are significantly different (p > 0.05).

3.5. Effect of FCM, FCM-D, and IF on Leptin and Adiponectin Levels

Figure 2 shows the effect of FCM, FCM-D, and IF on leptin and adiponectin levels.
Since the amount of leptin in the blood is directly proportional to the amount of adipose
tissue, the high level of leptin (hyperleptinemia) is related to obesity. As seen in Figure 2,
the highest level of leptin hormone was recorded in G1. Interestingly, a significant (p < 0.05)
reduction in leptin level was found associatively when body weight decreased as a response
to treatments. Treating rats with IF, FCM, FCM+IF, FCM-D, and FCM-D+IF resulted in a
significant (p < 0.05) reduction of 5.95, 13.31, 18.99, 10.41, and 20.38%, respectively. The
most effective and efficient treatments were the combination of FCM+IF or FCM-D + IF.
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Figure 2. Effect of IF, FCM, and FCM-D on leptin and adiponectin levels in obese rats fed a high-fat
diet for 6 weeks, n = 8; G1-G6: experimental groups see materials and methods, Section 2.3; a,b,c,d:
bars not sharing similar letters are significantly different (p > 0.05). (A): Leptin level (ng mL−1) and
(B): Adiponectin (µg mL−1).

Adiponectin plays an important role in several metabolic and cellular functions. Its
two main functions deal with insulin sensitization and anti-inflammatory effects. Increasing
the level of adiponectin is associated with decreasing the obesity rate. Obese rats (G1)
exhibited a significant (p < 0.05) reduction in adiponectin level compared to treated groups,
Figure 2. Applying the IF, FCM, FCM+IF, FCM-D, and FCM-D+IF resulted in significant
(p < 0.05) increases of 15.51, 42.72, 61.75, 28.10, and 60.58%, respectively. Remarkably,
treating rats with FCM+IF or FCM-D+IF effectively increased the adiponectin level.

3.6. Effect of FCM, FCM-D, and IF on Oxidative Stress Biomarkers

Feeding a high-fat diet could affect GSH, SOD, and CAT levels and elevated MDA
levels in the blood serum of G1, as shown in Table 4. The activity of the antioxidant
enzymes GSH, CAT, and SOD was significantly (p < 0.05) changed as a response to different
treatments. The levels of MDA were significantly (p < 0.05) decreased in a type-dependent
manner, as shown in Table 3. IF alone did not considerably affect GSH, CAT, SOD, and
MDA levels. However, administrating FCM attenuated GSH, SOD, and MDA significantly
(p < 0.05) while keeping the CAT level with nonsignificant (p > 0.05) change. Interestingly,
administrating FCM-D or FCM with fasting attenuated GSH, SOD, MDA, and CAT levels
significantly (p < 0.05). The most efficient treatment was giving FCM-D with fasting for
16 h. A remarkable increase in the activity of antioxidant enzymes GSH, CAT, and SOD
and a significant (p < 0.05) decrease in MDA levels was observed.

Table 4. Effect of FCM, FCM-D, and IF on oxidative stress biomarkers in obese rats (mean ± SE), n = 8.

Group
Antioxidant Biomarkers

GSH (µg dL−1) MDA (nmol mL−1) CAT (U L−1) SOD (U L−1)

G1 71.40 ± 7.33 d 14.40 ± 0.86 a 103.53 ± 2.95 c 87.98 ± 1.29 d

G2 73.25 ± 9.00 d 13.40 ± 0.55 a 115.70 ± 6.62 bc 93.5 ± 3.86 cd

G3 87.13 ± 4.05 c 10.20 ± 0.70 b 103.78 ± 7.38 c 98.46 ± 1.42 c

G4 109.31 ± 11.06 ab 8.84 ± 0.48 bc 153.4 ± 4.83 a 116.45 ± 2.38 b

G5 102.62 ± 5.33 bc 9.42 ± 0.73 b 121.12 ± 4.37 b 96.34 ± 1.76 c

G6 126.25 ± 3.94 a 7.48 ± 0.37 c 156.87 ± 6.85 a 123.96 ± 2.48 a

G1–G6: experimental groups see materials and methods; Section 2.6, a,b,c,d: no significant difference (p > 0.05)
between any two means within the same column with the same superscripted letters.
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3.7. Effect of FCM, FCM-D, and IF on Histopathological Alterations of Adipose Tissues

The results of the biochemical investigations were supported by histopathological
examination. Figure 3 shows the degree of histological changes in the underlying structure
of rat PAT in various experimental groups. Our investigation noted no histopathological
alteration, confirming normal histological structure in the adipoblasts as hexagonal shapes
with a thin rim of cytoplasm, flattened nuclei, and very fine connective tissue stroma
dividing the parenchyma into lobules (G1, OR). In G2 (OR+IF), which was subjected to
fasting for 16 h, severe dilatation and congestion were observed in the stromal blood vessels
(G2.a), associated with diffuse inflammatory cells infiltration with focal hemorrhage and
sclerosis in the vascular wall of the blood vessels (G2.b). In addition, focal massive in-
flammatory cell aggregations, mainly eosinophils, were detected between the parenchyma
cells. In obese rats administrated with FCM (OR+FCM), there was inflammatory cell in-
filtration in the thick stroma between the parenchyma cells (G3.a). Diffuse inflammatory
cell infiltration, mainly eosinophils, was detected between the adiopoblasts (G3.b). Also,
there was focal inflammatory cell aggregation, mainly eosinophils, in the parenchyma.
Obese rats treated with 16 h fasting and intragastric FCM (10 mL kg−1) administration
(OR+IF+FCM) showed focal inflammatory cells infiltration, mainly eosinophils, in the
parenchyma (G4.a), associated with hyalinization of the connective tissue stroma (G4.b).
When rats in G5 (OR+FCM-D) received intragastric FCM-D (10 mL kg−1), focal inflam-
matory cell aggregation—mainly lymphocytes—in the parenchyma (G5.a) was associated
with congestion in stromal blood vessels. Focal inflammatory cells were also detected in
the parenchyma, which is associated with the hyalinization of the connective tissue stroma
(G5.b). In G6 (OR+IF+FCM-D), there was no histopathological alteration in most of the
tissue (G6), except for a few focal areas of inflammatory cell infiltration in the parenchyma
in obese rats that were fasted for 16 h and received intragastric FCM-D as 10 mL kg−1.
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Figure 3. Histopathological findings of rats’ PAT of the experimental groups (hematoxylin–eosin,
HE; x16). (G1): no histopathological alteration, and the normal histological structure of adipoblasts
as hexagonal shapes with a thin rim of cytoplasm, flattened nuclei, and very fine connective tissue
stroma dividing the parenchyma into lobules was confirmed (x16). (G2.a) and (b): severe dilatation
and congestion were observed in the stromal blood vessels, associated with diffuse inflammatory
cells infiltration with focal hemorrhages and sclerosis in the vascular wall of the blood vessels; focal
massive inflammatory cell aggregations, mainly eosinophils, were detected between the parenchyma
cells. (G3.a) and (b): inflammatory cell infiltration in the thick stroma between the parenchyma
cells with diffuse inflammatory cell infiltration, mainly eosinophils, was detected between the
adiopoblasts. (G4.a) and (b): focal inflammatory cell infiltration, mainly eosinophils, was detected in
the parenchyma, associated with hyalinization of the connective tissue stroma. (G5.a) and (b): focal
inflammatory cell aggregation, particularly lymphocytes, was detected in the parenchyma, associated
with congestion in stromal blood vessels; focal inflammatory cells were observed in the parenchyma,
associated with hyalinization of the connective tissue stroma. (G6): no histopathological alteration in
most of the tissue, except for a few focal areas of inflammatory cell infiltration of the parenchyma.
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4. Discussion

There has been much investment, both in terms of research and products, into ad-
dressing or limiting excess fat buildup in the body due to the close link between obesity
and many other metabolic illnesses and health concerns. Probiotics and gut microbiota
have only lately been recognized for their potential to alleviate dysbiosis in obese mice on
a high-fat diet [42,54]. Here, we investigated the effect of IF and consumption of probiotics
FCM or FCM-D on weight loss, blood profile, antioxidant status, leptin, adiponectin levels,
and histopathological alteration of adipose tissue in the experimental rat modules. Regard-
ing weight loss, IF with FCM and IF with FCM-D yielded a change of 0.92 and −5.45%,
respectively. IF with FCM or FCM-D is the most effective method for treating obesity in rats.
As a good indicator, liver weights varied widely across study groups, whereas kidneys
and spleen did not show any signs of alteration. In a recent study, CM or Probiotic-FCM
exhibited various gut microbiota diversity, which increased SCFA and weight loss more
than cow and goat milk [13]. These findings were also confirmed in weight gain and organ
weight, as previously mentioned [37–39,42]. FCM improved the anthropometric measures
and blood pressure of adolescents with MetS, as previously found [55].

Insulin resistance is linked to obesity, which in turn worsens type 2 diabetes and
cardiovascular disease. Obesity disrupts homeostasis pathways involved in endocrine,
inflammatory, neurological, and cellular functions. It is believed that the pathophysiology
of insulin resistance is based on the dynamic interplay of multiple of these components;
however, any one of them may play a more significant role [56]. Intriguingly, NFBG was
reduced in just 4 weeks when IF was combined with FCM or FCM-D, but IF alone had
a delayed effect of 6 weeks. This experiment also showed that the cumulative impact
of alternating fasting with FCM or FCM-D reduced the FBG measured during the study.
Obese mice treated with FCM or FCM-D and allowed to fast intermittently had the lowest
blood glucose levels. According to Cho et al. [57], IF is highly beneficial when chronic
metabolic disorders are not present, as it reduces body mass index, decreases leptin levels,
and increases adiponectin concentrations. FBG levels altered in response to treatments,
although both IF and FCM significantly reduced BGL by 19 and 18% in Groups 2 and 3,
respectively. However, research has shown that combining IF with FCM or FCM-D has
a synergistic effect and leads to a tremendous reduction. The hypoglycemic effect of CM
and FCM could be supportive [7,8], in addition to the impact of IF [29,57,58]. As predicted,
many of our findings might be attributed to camel milk properties regarding the production
insulin-like substances and its fermented state [59].

Interestingly, Deng et al. [60] indicated that IF and probiotics can improve fat metabolism,
reduce fat accumulation, promote white fat conversion to beige, and improve gut micro-
biota. In our study, fasting alone reduced TG, CHO, HDL-c, LDL-c, and VLDL-c levels,
supporting the benefits of IF (G2, OR+IF). In G3, FCM alone was not delayed compared to
G2. Combining FCM or FCM-D with IF improved lipid profile in obese rats. G6 had the
lowest TG, CHO, LDL-c, and VLDL-c and the greatest HDL-C. TG, CHO, LDL-c, and VLDL-
c all dropped by 40%, whereas HDL-C rose by 34% [58]. Morales-Suarez-Varela et al. [61]
found that a combination of IF and a healthy diet significantly lowered cardiovascular risk
in overweight or diabetic subjects. Regulation of lipid and glucose metabolism and oxida-
tive stress were outlined. Furthermore, IF changes the composition of the gut microbiota in
a beneficial way, which can reduce inflammatory immune responses [61]. All treatments
effectively lowered AI. IF alone decreased AI by 21%, which is linked to a drop in TG.
Combining IF with FCM (G4) or FCM-D (G6) lowered AI by 42 and 59%, respectively. This
cumulative effect of IF with FCM or FCM-D was correlated with observed data for the lipid
profile and showed consistent agreement [42,60].

FCM, FCM-D, and IF affect leptin and adiponectin levels. Hyperleptinemia is linked to
obesity because leptin in the blood is proportional to fat tissue [62]. Leptin levels fell as a result
of treatment-induced weight loss. IF, FCM, FCM+, FCM-D, and FCM-D+ reduced rat weight
by 5.95, 13.31, 18.99, 10.41, and 20.38%, respectively. FCM+IF or FCM-D+ intermittent was the
most effective [62,63]. Adiponectin helps in metabolic and cellular processes. It has insulin-
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sensitizing and anti-inflammatory properties [64]. Increasing adiponectin reduces obesity.
Compared to treated groups, obese rats (G1) had a lower adiponectin level (Figure 2). IF,
FCM, FCM+, FCM-D, and FCM-D+ led to increases of 15.51, 42.72, 61.75, 28.10, and 60.58%.
FCM+ or FCM-D+ IF raised adiponectin levels in rats [64]. Obesity-related increased
adipokines production may have a role in tumor progression [65]. For instance, it has been
shown that the increased plasma levels of leptin in obese patients encourage the growth of
neoplastic cells [66], although at a lower level in obese people. Adiponectin, however, was
found to suppress tumor growth and angiogenesis [67]. An increased risk of breast cancer
has been linked to low plasma adiponectin levels, which may play a role in preventing
carcinogenesis [68]. As with leptin, pro-inflammatory cytokines promote the growth of
neoplastic cells, hence causing cancer [65].

In the present study, a high-fat diet influenced GSH, SOD, and CAT levels and raised
MDA levels, as seen in obese rats. The antioxidant enzymes GSH, CAT, and SOD were
considerably altered, suggested treatments, and MDA levels fell in a type-dependent way.
FCM administration reduced GSH, SOD, and MDA while keeping the CAT level unchanged.
FCM-D or FCM with IF attenuated GSH, SOD, MDA, and CAT levels. Combining FCM-D
with IF efficiently increased antioxidant enzymes GSH, CAT, and SOD and decreased MDA
levels. Similar findings were confirmed when probiotics were accompanied with inulin as
a novel psychobiotic that could have beneficial psychotropic effects [60,69,70].

In the PAT histoarchitectures of the current study, photomicrographs of the G1 section
showed normal adipoblasts with a hexagonal shape, thin rim of cytoplasm, flattened nuclei,
and very fine connective tissue stroma dividing the parenchyma into lobules. Treating
with IF caused severe dilatation and congestion associated with diffuse inflammatory
cell infiltration with focal hemorrhages and sclerosis in the vascular wall of the blood
vessels. Focal massive inflammatory cell aggregations, mainly eosinophils, were detected
between the parenchyma cells. An inflammatory cell infiltration in the thick stroma be-
tween the parenchyma cells and diffuse inflammatory cell infiltration, predominantly
eosinophils, between the adiopoblasts were observed and associated with the adminis-
tration of FCM. Many proinflammatory adipokines (chemicals produced by fat cells) that
stimulate lipolysis were present. These include IL-1, IL-6, TNF-, and the interferon fam-
ily [71]. Suganami et al. [72] demonstrated that, during lipolysis in adipocytes, free fatty
acids are produced, activating monocytes to cause local inflammation. An increase in
free fatty acids (FFAs) drives lipolysis in adipose tissue, triggering inflammation. When
fatty acids are in excess, they have a paracrine impact that promotes more inflammation.
Lipolysis is accelerated by inflammatory cytokines, which in turn boost ATGL and HSL
activity, leading to a buildup of free fatty acids (FFA) in the interstitial adipose tissue [73].
A focal inflammatory cell infiltration, mostly eosinophils, was observed in the parenchyma
of IF and FCM treated groups and is associated with hyalinization of the connective tissue
stroma. In obesity, high levels of FFAs and proinflammatory mediators in serum could
be introduced [74]. It is known that obesity and chronic low-grade inflammation go hand
in hand, but researchers have not yet pinpointed what sets off this vicious cycle. Several
lines of evidence suggest that lipids play a significant role as mediators of both obesity and
chronic inflammation [75], eliciting a robust immune response that includes the release
of cytokines and chemokines by immune cells and adipocytes and the upregulation of
costimulatory molecules that aid in the induction of adaptive immune responses [76,77].

Intragastric FCM-D (10 mL kg−1) resulted in a focal inflammatory cell aggregation
of mainly lymphocytes in the parenchyma, which is associated with congestion in stro-
mal blood vessels. Focal inflammatory cells were also detected in the parenchyma, as-
sociated with the hyalinization of the connective tissue stroma. Possible causes include
an increase in lipolysis, which increases lipolysis-derived fatty acid levels by activat-
ing Toll-like receptor (TLR-4) signaling, stimulating the NF-kB pathway, and ultimately
upregulating the expression of several cytokines and chemokines in immune cells and
adipocytes. Thereby, a positive feedback loop is established such that lipolysis-derived
fatty acids stimulate TLR-4, increasing the inflammatory response and adipocyte release of
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pro-inflammatory adipokines [73]. Interestingly, combining IF with intragastric FCM-D
resulted in no histopathological alteration in most of the tissue, except for a few focal areas
with inflammatory cell infiltration in the parenchyma. This may be due to the synergistic
effect of IF and FCM-D, which contain probiotic microorganisms that modulate SCFAs pro-
duction [78] and generate CM-derived bioactive peptides (CM-BAPs) with functional and
therapeutical effectiveness. The health-related bioactive properties of CM-BAPs through
in vitro and in vivo studies have recently been reported [79]. CM-BAPs have been reported
to have antioxidant, anti-diabetic, anti-obesity, antihypertensive, antibacterial, antibiofilm,
anticancer, anti-inflammatory, anti-hemolytic, and anti-hyperpigmentation activities [79].
This may be due to the combined effects of the probiotic microbes in FCM-D and IF, which
influence SCFAs synthesis [78] and produce CM-derived bioactive peptides (CM-BAPs) that
have functional and therapeutic efficacy. In vitro and in vivo investigations have recently
demonstrated the health-related bioactive characteristics of CM-BAPs [79]. Antioxidant,
anti-diabetic, anti-obesity, antihypertensive, antibacterial, antibiofilm, anticancer, inflam-
matory, hemolytic, and hyperpigmentation properties are some documented benefits of
CM-BAPs [79]. Most recently, Narmaki et al. [80] suggested that probiotic supplementa-
tion may be useful in conjunction with a low-calorie diet for its appetite-suppressing and
microbial-community-altering properties.

5. Conclusions

The current investigation examined the effects of intermittent fasting (IF), fermented
camel milk (FCM), and fermented camel milk incorporating 10% sukkari date (FCM-D)
on weight loss, blood profile, and antioxidant status in obese rats for 6 weeks. Leptin and
adiponectin levels and histopathological examination of adipose tissue were also carried
out. Results indicated that IF with FCM or IF with FCM-D encouraged effective body
weight loss and reduced NFBG and FBG. The hypolipidemic efficiency of IF, FCM, and
FCM-D individually or in combination on obese rats attenuated TG, CHO, and their deriva-
tives levels. Combining IF with FCM or FCM-D considerably reduced AI. Remarkably,
treating rats with FCM+IF or FCM-D+IF effectively attenuated leptin and adiponectin lev-
els. Implementing FCM-D or FCM with IF significantly attenuated GSH, SOD, MDA, and
CAT levels. Histopathologically, lipolysis in adipocytes increased free fatty acids (FFAs),
promoting inflammation. Only IF+FCM-D exhibited no histopathological alteration, except
for a few focal areas of inflammatory cell infiltration in the parenchyma. Combining IF
with Probiotic-FCM or Probiotic-FCM-D effectively accelerated weight loss, attenuated
metabolic markers, and reserved histopathological alterations. Thus, IF combined with
Probiotic-FCM or Probiotic-FCM-D are highly recommended for weight loss, strengthening
antioxidative status, and preventing health disorders.
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