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A B S T R A C T

The current study was designed to explore the effect of fermented camel milk, plant sterols and their combination
on the blood levels of sd-LDL and atherogenicity in rats fed on high-fat-cholesterol diets (HFC). Forty male Wistar
rats were distributed into five groups: Normal control (NC), Positive control (PC, HFC), plant sterol (PS, HFC
containing 1% (w/w) β-sitosterol:Stigmasterols; 9:1), FM (HFC containing 4% (w/w) lyophilized fermented camel
milk), and PSFM (HFC containing 1% (w/w) plant sterols þ4% (w/w) lyophilized fermented camel milk).
Antioxidant activity showed that β-sitosterol had the highest radical scavenging activity, followed by fermented
camel milk and stigmasterol (p < 0.05). Feeding rats on HFC for 8 weeks resulted in a significant (p < 0.05)
increase in blood lipids of PC group compared with NC group. Administration of PS, FM, and PSFM resulted in a
significant reduction in atherogenic index (50, 24.5, and 41.5 %, p < 0.05), and sd-LDL levels (73, 45, and 59%, p
< 0.05), respectively. Only the FM group showed a significant reduction in triglycerides levels of rats. Admin-
istration of PS, FM and PSFM decreased serum MDA levels significantly by 58.7, 45.4, and 69% (p < 0.05), and
increased total antioxidant capacity by 35.9, 84.8, and 38.3% (p < 0.05), respectively. This is the first report to
the best of our knowledge that shows fermented camel milk enriched with plant sterol could reduce atherogenesis
and cardiovascular diseases activity via inhibition of the status of small dense LDL and oxidative stress.
1. Introduction

Globally, the principal causes of deaths are cardiovascular disease
(CVD). It was responsible for 17 million mortalities in 2015 (Roth et al.,
2017). In Saudi Arabia, CVD is a significant public health problem, as
45.7% of all deaths were linked to CVD, with an estimated 41,000 deaths
each year (WHO, 2019). Furthermore, 12.5% of the total cost of
healthcare in 2015 is spent on CVDs and diabetes. Both diseases cost the
Saudi healthcare system about $13 billion every year (WHO, 2017).

Low-density lipoprotein (LDL) has been recognized as a leading risk
factor in CVDs, and therefore it is continuously addressed in prevention
of CVDs (Hoogeveen et al., 2014). However, LDL is not a single unit but is
rather made up of different components (Hanig and Lauffer, 1952; Havel
et al.,1955). Scientific reports have shown that small dense LDL (sd-LDL),
a fraction of LDL cholesterol (LDL-C), possesses increased atherogenic
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potential (Hoogeveen et al.et al., 2014). The characteristic nature of
sd-LDL particles makes them achieve atherogenesis easily due to their
small size, extended availability in the subendothelial space (Anber et al.,
1996), remaining in the blood stream longer (Kulanuwat et al., 2015),
and increased chances of oxidation (Hirayama and Miida, 2012). A
combination of these factors explains why sd-LDL particles of all types
tend to be more atherogenic than others, and are even more precise
markers for CVD than total LDL.

On the other hand, it has been found that the cardiovascular risk can
be mitigated significantly when people make adjustments to their diet
(K€ohler et al., 2017). In this regard, studies for over 6 decades show the
lowering effect of phytosterols on LDL-C (Peterson, 1958; Pollak, 1953).
Phytosterols are compounds that are naturally found in plants and can be
found in a wide variety of plant-based food, vegetable oils and grain
products (Salehi et al., 2021). A meta-analysis of 124 randomized
ember 2022
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controlled trials concluded that a phytosterol dose of 0.6–3.3 g daily
gradually reduced the level of LDL-C by 6–12% where plant sterols and
stanols show similar effects. the mean phytosterol dose was 2.1 g/day
(doses ranged from 0.2 to 9.0 g/day) (Ras et al., 2014). Other studies
showed that plasma total cholesterol and LDL-C can be reduced with
plant sterol in hamsters fed high-fat-diet (Meijer et al., 2003; Piironen
et al., 2000).

The main mechanism that allows phytosterols to cause a reduction in
cholesterol is their inhibitory action to intestinal cholesterol absorption,
as both plant sterols and cholesterol compete for absorption in the in-
testine (Trautwein et al., 2003). A study conducted by some scientists
discovered that plant sterols can decrease the occurrence of cardiovas-
cular diseases by mechanisms different from the cholesterol-lowering
effect (Oliveira Godoy Ilha et al., 2020). The study demonstrated that
plant sterol causes a marked decrease in plasma levels of endothelin-1
and could improve endothelial function, apart from reducing plasma
levels of cholesterol and LDL-Cholesterol.

Various food products have been fortified with phytosterol for in-
dividualswho desire to reduce the level of LDL-cholesterol concentration in
their blood (Clement et al., 2010). However, one common and readily
available food carrier of phytosterols is dairy food (Cheung et al., 2017).
Different experimentswithdifferent studydesigns havebeenundertaken to
study how plant sterol/stanols-fortified milk affects the plasma lipid pro-
file. Human studies suggest that LDL-C concentration and cholesterol
metabolismmarkers generally improves with the intake of phytosterol-rich
milk (Andrade et al., 2015; Ba~nuls et al., 2010; Ribas et al., 2017). A ran-
domized controlled trial demonstrated that subjects who were given
powder milk fortified with 1.5 g of phytosterols daily over three weeks
showed a marked decrease in their LDL-cholesterol levels, without the use
of cholesterol-lowering drugs or diabetes mellitus. The study, conducted in
Southern China, was a double-blind trial with 221 subjects. Compared to
the control group, the group receiving the fortified milk showed a differ-
ence of (9.5� 2.0%; P< 0.0001) in their level of LDL-cholesterol (Cheung
et al., 2017).

In animal models, a study carried out in hamsters fed high-fat-high-
cholesterol diet showed a reduced level of serum total cholesterol, LDL-
cholesterol, and LDL-cholesterol/HDL-cholesterol ratio, as well as he-
patic lipid levels when administered with phytosterol-containing lactic-
fermented milk powder (Chien et al., 2010). This milk powder, con-
taining 0.74% and 1.85% phytosterol/phytostanol, also caused an in-
crease in fecal cholesterol and phytosterol levels, due to the inhibitory
absorption of the intestines of dietary cholesterol, as well as the
re-absorption of biliary cholesterol.

Milk is important in nutrition, as it contains a unique composition of
proteins, vitamins, carbohydrates, and minerals (Hussain et al., 2021).
Camel milk, a famous dairy food in many parts of the word, particularly
in arid and semi-arid regions (Ashraf et al., 2021). Camel milk's thera-
peutic properties against hypocholesterolemia were studied in several
animal models. However, the way these properties work is not fully
understood. Some studies found that bioactive peptides in camel milk,
obtained from milk proteins, interact with cholesterol and lowered its
absorption (Li and Papadopoulos, 1998). Other studies found that orotic
acid in camel milk may be reducing agent of cholesterol levels either in
humans (Buonopane et al., 1992) or in rats (Rao et al., 1981).

Therefore, this study aims to evaluate the effects of phytosterol and
fermented camel milk combination on the blood levels of sd-LDL particles
in rats fed on high-fat-cholesterol diet.

2. Material and methods

2.1. Material

Camel milk used in this study was collected from the experimental sta-
tion of animal production at Qassim University. Yoghurt DVS culture (YF-
L811) - consists of Lactobacillus bulgaricus and Streptococcus thermophilus -
was obtained from Chr. Hansen's (Denmark). Plant sterols (β-sitosterol and
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Stigmasterols) were purchased from HIMEDIA (HiMedia Laboratories Pvt.
Ltd., India). The components of the experimental diets were locally pur-
chased. All chemicals used in the study were of analytical grade.

2.2. Methods

2.2.1. Preparation of yoghurt
Yoghurt was prepared as described by (Tamime and Robinson, 2007) in

the food processing pilot plant of the Food Science and Human Nutrition
Department, QassimUniversity, Saudi Arabia. Camelmilk compositionwas
measured using Funke Gerber Lactostar milk analyzer (Waring Laboratory
Products, Canada). Milk fat was removed from Camel milk by using milk
separator. Then, camel milk (3.1% protein, 0.1% fat, 4.9% lactose and 0.73
salts)was heated inawater bath at 85 �C for 5min, cooled to approximately
43 �C., inoculated with a starter culture (YF-L811, 3% v:v), and incubated
at 43 �C until themilk pH-value reached 4.6. The final fermentedmilk then
stored at -18 �C, and then freeze-dried (Laboratory freeze-dryer, Martin
Christ Gefriertrocknungsanlagen GmbH, Germany).

2.2.2. Experimental design

2.2.2.1. Animals & diets. Male Wistar rats (5–7 weeks old, body weight
of 150–200 g) were purchased from the experimental animal unit, Col-
lege of Pharmacy, King Saud University, Riyadh, Saudi Arabia. Rats were
housed in laboratory polypropylene rats’ cages (4 per cage/2 cages per
group) under standard laboratory conditions of 22–23 �C, 12 h light/dark
cycle, under relative humidity of 50% � 5 in experimental animal house
at the Department of Food Science and Human Nutrition, College of
Agriculture and Vet. Med., Qassim University. The experimental protocol
of this study was approved by the Qassim University Committee for
Scientific Research Ethics (Approval #21-5-14).

The high-fat-cholesterol (HFC) diet was selected as it has been shown
to induce similar metabolic responses and atherosclerosis development
in animals compared to humans (Watanabe et al., 2017). The composi-
tion of standard basal diet is according to AIN-93 guidelines (Reeves
et al., 1993) The HFC diet was formulated according to the standard
formula of Research Diets Inc. (Hyeran, 2017) and as described by (Naito
et al., 2019). All experimental HFC diets were formulated to contain 1%
cholesterol and to represent 20% and 45% of energy from protein and fat,
respectively, by the addition of casein and coconut oil.

2.2.2.2. Experimental groups. Forty rats were distributed into five groups
(n ¼ 8 for each group) as follow:

NC: Normal control group (rats were fed on standard basal diet).
PC: Positive control group (rats were fed on HFC diet).
PS: Rats were fed on HFC diet containing 1% (w/w) plant sterols
consists pf β-sitosterol and Stigmasterols (9:1).
FM: Rats were fed on HFC diet containing 4% (w/w) lyophilized
fermented camel milk.
PSFM: Rats were fed on HFC diet containing 1% (w/w) plant sterols
consists pf β-sitosterol and Stigmasterols (9:1) þ 4% (w/w) lyophi-
lized fermented camel milk.

The detailed compositions of the experimental diets are shown in
Table 1. All groups were fed on experimental diets for 8 successive weeks.
The dose of plant sterols (1% in diet) was chosen according to the (Carr
et al., 2002). The dose of fermented camel milk (4% in diet) was selected
depends on a previous report (Yahya et al., 2018).

Food consumption and body weight for each animal were recorded at
the beginning of experimental period and at 7 days intervals. Initial and
final body weights were recorded and body weight gain was calculated.
At the end of the experiment and after an overnight fasting (12 h), rats
were sacrificed by decapitation, blood samples were collected in plane
tubes and centrifuged at 3000 rpm to harvest the serumwhich was stored
at (–20 �C) for biochemical analysis.



Table 1. Composition of the experimental diets.

Components (g/kg diet) Groups

NC PC PS FM FMPS

LFCM* - - - 40 40

βSitosterol - - 9.2 - 9.2

Stigmasterol - - 0.8 - 0.8

Casein 200 220 220 200 200

Coconut oil - 130 130 130 130

Cholesterol - 10 10 10 10

Corn oil 50 50 40 50 39

α-corn starch 150 100 100 100 100

Sucrose 400 240 240 220 220

Cellulose 50 50 50 50 50

AIN-76 Minerals Mix 35 35 35 35 35

AIN-76 Vitamins Mix 10 10 10 10 10

D,L-methionine 3 3 3 3 3

Energy Density (kcal/g diet) 3.75 4.55 4.55 4.55 4.55

Energy (kcal, %)

Protein 19.5 18.7 18.7 18.5 18.5

Carbohydrate 66.5 36.3 36.3 36.5 36.5

Fat 14.0 45.0 45.0 45.0 45.0

* Lyophilized fermented camel milk.
NC: Normal control, PC: Positive control, PS: Plant Sterols, FM: Fermented camel
milk, PSFM: Fermented camel milk enriched with plant sterols.

Table 2. Radical-scavenging activity (DPPH and ABTS) of β-sitosterol, Stigmas-
terol and Fermented camel milk.

Test β-sitosterol Stigmasterol Fermented camel milk

DPPH 77.64 � 2.200a 60.98 � 1.692c 67.01 � .861b

ABTS 84.47 � .438a 71.68 � .469b 51.62 � 1.620c

Values in the same row bearing different superscript letters (a to c) are different
(P < 0.05).
Values are means � SD. (n ¼ 3).
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2.2.3. Determination of serum lipid profile
Commercial kits were utilized for measurement of Cholesterol (Allain

et al., 1974), and Triglyceride (Stein and Myers, 1995), HDL (Kostner
et al., 1979). The concentration of LDL was calculated according to the
formula of (Friedewald et al., 1972) (LDL ¼ Total cholesterol – HDL
cholesterol – Triglyceride/5).

2.2.4. Determination of atherogenic index of plasma (AIP)
Atherogenic Index of Plasma (AIP) values were calculated according

to formula of (Dobia�sova, 2004).

AIP ¼ log TG/HDL-c

2.2.5. Determination of sd-LDL particles
Small and dense LDL particles were calculated according to formula

of (Srisawasdi et al., 2011) small, dense particles in mg/dL ¼ 0.580
(non–HDL-C)þ 0.407 (direct LDL-C) – 0.719 (calculated LDL-C) – 12.05,
where calculated LDL-C ¼ Total cholesterol – HDL-C – (Triglycerides/5)
was calculated.

2.2.6. Malondialdehyde (MDA)
The collected serum was used to determine lipid peroxides as

malondialdehyde (MDA) according to the method described by (Namı-
duru et al., 2011).

2.2.7. DPPH radical-scavenging activity
DPPH radical scavenging activity of camel milk and plant sterols were

determined according to the method of (Musa et al., 2011).

2.2.8. ABTS radical scavenging assay
Free radical scavenging activity of camel milk and plant sterols was

determined according to (Re et al., 1999).

2.2.9. Determination of glutation peroxidase (GPx) activity
Commercial reagents were purchased from Nanjing Jiancheng

Bioengineering Company, Nanjing, China to determine the activity of
glutathione peroxidase (GPx) according to the method of (Paglia and
Valentine, 1967).
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2.2.10. Determination of total antioxidant capacity
Total antioxidant capacity was determined in serum according to

(Koracevic et al., 2001).

2.2.11. Statistical analysis
Results were presented as means � SD and the data were subjected to

one-way analysis of variance (ANOVA) followed by Tukey's multiple
comparisons by using SPSS ver. 22.0 statistical package software (IBM
SPSS Statistics for Windows, Version 22.0. Armonk, NY: IBM Corp.).
Differences were considered to be statistically significant at P < 0.05.

3. Results

3.1. Antioxidant activity of β-sitosterol, stigmasterol and camel milk

Results from (Table 2) show that β-sitosterol had the highest (77.6%)
DPPH radical scavenging activity, followed by camel milk (67%) and
stigmasterol (60.9%). In the ABTS assay, β-sitosterol again had the
highest (84.4%) scavenging activity of all the ingredients, followed by
stigmasterol (71.6%) and camel milk (51.6%). A significant difference (P
< 0.05) between all the components was observed.

3.2. Body and liver weights

There were no significant differences (P < 0.05) observed in body
weights between experimental groups (Table 3). All rats gained weight
comparably regardless of treatments. Liver weight was decreased signifi-
cantly in all treated groups as compared with the PC group (P < 0.05). As
for the liver weight relative to body weight (liver index), PS and PSFM
produced a slight reduction, while FM remarkably decreased the relative
liver weight by 13.7% (P < 0.05) compared with PC group rats (Table 2).

3.3. AIP and sd-LDL values

Eight weeks after feeding the HCF diet, a significant increase was
observed in the AIP and sd-LDL in PC group compared to the NC group (P
< 0.05). After administration of PS, FM, and PSFM, the AIP values was
decreased by 50% (P < 0.05), 24.5% (P < 0.05), and 41.5 % (P < 0.05)
when compared to the PC group (Figure 1A). Similarly, PS, FM, and
PSFM significantly reduced sd-LDL levels by 73 % (P < 0.05), 45 % (P <

0.05), and 59 % (P < 0.05), respectively (Figure 1B).

3.4. Lipid profile serum levels

The results show that feeding rats a high-fat-cholesterol diet for 8
weeks resulted in a significant (P < 0.05) increase in LDL, TC, and TG
levels and slightly lower HDL levels in the PC group compared to the NC
group. However, after administration of PS, FM, and PSFM, the LDL and
TC levels decreased significantly.

The PS and PSFM groups had a slight but not significant decrease in
serum TG, but the FM groups had a significant decrease in comparison
with the PC group. Moreover, FM and PSFM produced a slight increase in
the HDL serum level, whereas PS alone remarkably increased the HDL
serum level compared with PC group rats (Table 4).



Table 3. Some growth parameters of rats fed on high -fat -cholesterol diet containing plant sterols, fermented camel milk and their combination.

Groups Initial body weight (g) Final body weight (g) Weight gain (g) Liver weight (g) Liver Index (% of FBW)

NC 286.3 � 20.8a 346.7 � 36.6a 67.0 � 37.5a 9.7 � 1.4b 2.7 � 0.2b

PC 286.5 � 21.1a 371.9 � 30.1a 78.3 � 30.6a 11.8 � 0.5a 3.1 � 0.08a

FM 277.0 � 18.2a 339.3 � 18.9a 57.9 � 21.3a 9.4 � 0.8b 2.7 � 0.3b

PS 277.7 � 18.1a 353.4 � 31.0a 75.8 � 28.8a 9.7 � 0.9b 2.8 � 0.2ab

PSFM 277.2 � 17.8a 358.6 � 25.1a 81.5 � 37.7a 9.8 � 0.9b 2.7 � 0.4ab

Values are means � SD. (n ¼ 8).
Values in the same column bearing different superscript letters are different (P < 0.05).
NC: Normal control, PC: Positive control, PS: Plant Sterols, FM: Fermented camel milk, PSFM: Fermented camel milk enriched with plant sterols.
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3.5. Oxidative stress parameters (GSH-Px activities, total antioxidant
capacity, and MDA level)

Statistical analyses indicated significantly higher MDA and lower
GSH-Px and TAC levels in the PC group compared with normal control
Figure 1. Changes in atherogenic index of plasma (A), and sd-LDL levels (B) in rats fe
their combination. NC: normal control, PC: positive control, PS: Plant Sterols, FM: F
Different letters indicate a significant difference between groups (P < 0.05).
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(Table 4). However, PS and FM groups decreased serum MDA levels by
58.7% (P < 0.05) and 45.4 % (P < 0.05) respectively, whereas PSFM
group decreased it by 69 % (P < 0.05). PS, FM and PSFM groups
significantly increased the TAC level by 35.9% (P < 0.05), 84.8 % (P <

0.05) and 38.3 % (P < 0.05), respectively, in comparison with that of PC
d on high fat cholesterol diet containing plant sterols, fermented camel milk and
ermented camel milk, PSFM: Fermented camel milk enriched with plant sterols.



Table 4. Serum Lipid profile of rats fed on high -fat -cholesterol diet containing
plant sterols, fermented camel milk and their combination.

Groups LDL HDL TC TG

NC 85.47 � 12.20b 45.88 � 23.19ab 160.20 � 19.33b 195.76 � 7.90b

PC 194.3 � 24.45a 24.39 � 10.56b 252.53 � 18.63a 228.72 � 16.48a

FM 91.33 � 36.22b 30.90 � 1.90ab 157.04 � 20.42b 203.52 � 12.40b

PS 86.73 � 37.22b 62.66 � 19.49a 111.87 � 26.25c 207.07 � 12.17ab

PSFM 54.23 � 16.78b 45.28 � 11.58ab 154.28 � 18.16b 207.92 � 2.63ab

Values are means � SD. (n ¼ 8).
Values in the same column bearing different superscript letters are different (P <

0.05).
LDL: low-density lipoprotein cholesterol, HDL: High-density lipoprotein choles-
terol, TC: Total cholesterol, TG: Triacylglycerol.
NC: Normal control, PC: Positive control, PS: Plant Sterols, FM: Fermented camel
milk, PSFM: Fermented camel milk enriched with plant sterols.

Table 5. Oxidative stress parameters of rats fed on high -fat -cholesterol diet
containing plant sterols, fermented camel milk or their combination.

Groups MDA GSH-Px TAC

NC 2.15 � 0.91b 27.56 � 12.15a 6.33 � 0.38a

PC 6.09 � 0.51a 7.62 � 2.37b 3.23 � 0.39c

FM 3.32 � 1.24b 25.46 � 7.89a 5.97 � 1.03a

PS 2.52 � 0.74b 17.15 � 5.22ab 4.39 � 0.451b

PSFM 1.88 � 0.96b 14.07 � 2.28b 4.47 � 0.65b

Values are means � SD. (n ¼ 8).
Values in the same column bearing different superscript letters are different (P <

0.05).
MDA: Malondialdehyde, GSH-Px: Glutathione Peroxidase, TAC: Total Antioxi-
dant Capacity.
NC: Normal control, PC: Positive control, PS: Plant Sterols, FM: Fermented camel
milk, PSFM: Fermented camel milk enriched with plant sterols.
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controls. PS and PSFM groups produced a slight but not significant in-
crease in serum GSH-Px, whereas FM groups possessed a significant in-
crease, in comparison with that of PC group (Table 5).

4. Discussion

Many researchers have been able to demonstrate that phytosterols
indeed have a lipid-lowering effect (Ba~nuls et al., 2010; Racette et al.,
2010; Ribas et al., 2017). In addition, studies have also reported that
camel milk has numerous health benefits, one of which is a significant
effect on serum lipid profile (Korish and Arafah, 2013; Yahya et al.,
2018). In this current study, both PS and FM elicited diverse
lipid-lowering abilities, whether when used singularly or combined with
each other.

According to the results, administration of PS and FM alone or in
combination improved serum TC levels. These findings are consistent
with those of (Chien et al., 2010) who found that the TC levels in the
serum of hamster fed phytosterol-containing lactic-fermented milk
powder inoculated with probiotic mixture (L. acidophilus, B. lactis,
S. thermophilus and L. bulgaricus) was lower than the TC level of control
group rats.

Serum TG levels were also reduced by FM. These results agree with
the results from a study by (Yahya et al., 2018) who observed that the
consumption of fermented skim camel milk made with each of the
L. helveticus and S. thermophilus strains lowered the concentration of TG in
rats fed a cholesterol-enriched diet. Additionally, in the PS and PSFM
groups, there was a reduction in TG levels, but such changes had little
statistical impact. These slight decreases are consistent with results from
an analysis of 12 randomized controlled trials which demonstrated that a
daily phytosterol intake of about 2g can lower TG levels insignificantly.
5

However, they suggested that the changes in TG construction appear to
depend on the baseline TG level (Demonty et al., 2013).

In the present study, there was an increase in HDL levels in the PS
group and a slight increase in the FM and PSFM groups compared with
the PC group. Plant sterols usually have a small or no effect on HDL
cholesterol concentrations (Gylling and Miettinen, 1994; Katan et al.,
2003; Moreau et al., 2002). However, a rise in HDL was observed in a
study employing orange juice with plant sterols (Devaraj et al., 2006).
For camel milk, various levels of HDL-improving effects were observed in
some previous studies (Ali et al., 2013; Yahya et al., 2018).

As for low-density lipoprotein, plant sterols have a significant impact
on it. This is further corroborated by clinical trials, which have contin-
ually proven that a daily plant sterol intake of 2–3g can reduce LDL levels
by 4.1–15% (Abumweis et al., 2008; Malinowski and Gehret, 2010).
Furthermore, a study by (Ali et al., 2013) showed that rats who were
given fermented camels milk possessed lower LDL levels, compared to
their counterparts who were given cow's milk. Similarly, lactic acid
bacteria-fermented milk proved to be particularly effective in lowering
the concentration of LDL in the blood of hamsters (Chiu et al., 2006). This
is consistent with our results that showed that PS and FM considerably
lower serum LDL levels. Furthermore, when PS and FM were given
together, there was a slight additive effect of PS and FM on LDL. How-
ever, as mentioned earlier, when LDL particles are small and dense, they
will have greater atherogenicity, due to the fact that they penetrate faster
into the walls of arteries, have a lower binding capacity as regarding LDL
receptors and less resistance to oxidative stress among various other
features (Manabe et al., 2015). Moreover, previously conducted studies
have found a strong link between sd-LDL particle concentration and CVD
events (Nakou et al., 2008). Therefore, the occurrence of cardiovascular
diseases and atherosclerosis should likely be prevented by a marked
reduction in the concentration of sdLDL particles. Based on this evidence,
our study is able to establish one key point that plant sterol and camel
milk, either alone or in combination, lower sdLDL proportions. The re-
sults also display that serum sd-LDL-lowering effect of FM was further
strengthened when combined with PS. In agreement with our results,
several studies have already shown the benefits of regular consumption
of foods containing phytosterols in decreasing sd-LDL-C concentrations
(Garoufi et al., 2014; Sialvera et al., 2012). A reduction in sd-LDL par-
ticles can be theorized by an improvement in oxidative status in the body.
Less oxidative stress might result in a reduced production of sd-LDL
simply because small LDL are found to increase almost always in pe-
riods of high oxidative stress (Kotani et al., 2012). This improvement in
oxidative status could be achieved by ingredients with antioxidant
properties, which is what our components possess, as shown in Table 1,
where the antioxidant activity of plant sterol and camel milk was eval-
uated based on the radical scavenging activities using both methods,
DPPH and ABST.

We also examined atherogenic indices of plasma since it is a strong
predictor of atherosclerosis (Niroumand et al., 2015) and studies have
shown that it can predict cardiovascular risk and treatment efficacy
(Bhardwaj et al., 2013). Our data indicated that the PSFM was more effi-
cient in lowering AIP than the FM alone. The FM showed a slight decrease
in AIP, while the PS and PSFM showed an obvious decrease in AIP.

Atherosclerosis is an inflammatory process primarily precipitated by
oxidative stress. Studies show that atherosclerosis and hyper-
cholesteremia are intertwined, hypercholesteremia being a dominant
risk factor for oxidative stress. The condition does this by encouraging
the formation of free oxygen radicals, which may lead to the formation of
malondialdehyde (MDA) caused by lipid peroxidation (Dikshit et al.,
2016; Lovri�c et al., 2008). MDA is an important product of lipid hydro-
peroxides degradation and hence, makes it a suitable marker for checking
the degree of lipid peroxidation (Del Rio et al., 2005). This study showed
that MDA levels were high in animals who were fed a high-cholesterol
diet, indicating a decrease in antioxidant status, which is consistent
with other studies (Korish and Arafah, 2013; Küskü-Kiraz et al., 2010). A
decrease in MDA occurred when PS and FM alone or in combination were
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co-administered with high fat cholesterol. Data from our treatment
groups suggested that both substances can effectively reduce lipid per-
oxidation and enhance antioxidant status. Moreover, present study also
showed that PS, FM and PSFM groups not only decreased the level of
MDA but also increased the level of TAC in serum of rats. This is
consistent with the finding in other antioxidants, such as omega-3 fatty
acids (Ali and Rifaai, 2019) and Cinnamon Polyphenol Extract (Tuzcu
et al., 2017).

We also investigated the effect of PS and FM alone or in combination
on serum antioxidant enzyme GSH-Px activity. There was a decrease in
GSH-Px activity in rats fed on HFC diet compared to normal control
group. The reduction in GHS-Px activity could be caused by the role it
plays in the neutralization of free radicals generated by hyperlipidemia
(Jiangwei et al., 2011). FM group showed an increase in GSH-Px activity.
The result was supported by a study (Zuberu et al., 2017) which
demonstrated that camel milk raises the level GSH-Px in the blood,
probably as a result of the milk's magnesium content. Magnesium, along
with glycine, γ-glutamyl cysteine, and ATP is a key ingredient in the
biosynthesis of glutathione synthetase and thus glutathione. PS and
PSFM groups showed slight increase in GSH-Px activity. Previous in vitro
studies have also shown that PS can enhance GSH-Px antioxidant enzyme
activity (Vivancos and Moreno, 2005) and in vivo studies (Yuan et al.,
2021). The results above showed that PSFM might be a useful dietary
supplement against excessive oxidative stress and could improve anti-
oxidant status.

5. Conclusion

The results of this study show that the combination of PS and FM
could be useful in the development of effective natural products for
improving oxidative state and lowering blood lipids, particularly sd-LDL,
which has been linked to significant reductions in atherogenesis and CVD
events. However, further research is needed to understand the exact
mechanisms of action and to what extent this mixture of plant sterols and
camel milk can influence the sd-LDL level. Further studies on the
expression of key genes are clearly needed to better understand the ef-
fects on the molecular level.
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