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Abstract: Oxidative stress can lead to chronic inflammation, nephrotoxicity, and renal damage.
The consumption of plant-based dairy alternatives has increased rapidly worldwide due to their
health effects. Bioactive components from natural sources, such as plants, are effective in protecting
against oxidative stress. The present study evaluated the physicochemical and sensory properties of
fermented camel milk made from camel milk mixed with pumpkin seed milk. Fermented camel milk
consists of camel milk mixed with 25% and 50% pumpkin seed milk. This blend (fermented camel
milk containing 50% pumpkin seed milk) was evaluated as an antioxidant agent in oxidative stress
induced rats. A total of thirty-two male adult albino rats of Sprague Dawley® Rat strain weighing
150–180 g were randomly divided into four groups (n = 8). The first group was solely administered
the standard diet and served as the negative control. The other rats (n = 24), received a basal diet,
including being intraperitoneally injected with carbon tetrachloride, with a single dose at a rate
of 2 mL/kg body weight) as a model for oxidative stress. The oxidative stress rats were divided
into three groups; the first group did not receive any treatment and served as the positive control.
The second and third groups were administered 10 g/day fermented camel milk and fermented
camel milk containing 50% pumpkin seed milk. The results revealed that mixing the camel milk
with pumpkin seed milk was more effective in increasing the total solids, protein, ash, fiber, acidity,
viscosity, phenolic content, and antioxidant activity. These enhancements were proportional to the
mixing ratio. Fermented camel milk containing 50% pumpkin seed milk exhibited the highest scores
for sensory properties compared with the other fermented camel milk treatments. The group of rats
with oxidative stress treated with fermented camel milk containing 50% pumpkin seed milk showed
a significant decrease (p ≤ 0.05) in the levels of malondialdehyde (MDA), low-density lipoprotein
(LDL), cholesterol (CL), triglycerides (TGs), AST, ALT, creatinine, and urea, and increased (p ≤ 0.05)
high-density lipoprotein (HDL) and total protein and albumin compared with rats with oxidative
stress. Consumption of fermented camel milk containing 50% pumpkin seed milk by the oxidative
stress rat groups caused significant improvement in all of these factors compared with the positive
control group. This study revealed that the administration of fermented camel milk containing
50% pumpkin seed milk to rats with oxidative stress prevented disorders related to oxidative stress
compared with the untreated oxidative stress group. Thus, incorporating fermented camel milk
might play a beneficial role in patients with oxidative stress.
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1. Introduction

Milk and its products are considered essential foods for human development and
can benefit in the oxidative defense of consumers. Furthermore, milk and dairy products
with protective properties have the potential to act as coadjuvants in metabolic disor-
ders, intestinal health, conventional therapies, addressing cardiovascular diseases, and
chemopreventive properties [1]. Among others, camel milk has high nutritional and health
value as it contains immune proteins such as lysozyme (which is an antioxidant and anti-
inflammatory compound) and aminoglobulins, but no beta-lactoglobulin, which may cause
allergic reactions in some people. It contains iron, potassium, and vitamins C, E, and A [2,3].
Most camel milk is traditionally consumed fresh as raw milk or when soured. However,
recently, fresh pasteurized camel milk has been made available in the Middle East and
Arab lands [4]. Importantly, Camel milk contains more free amino acids and peptides than
cow’s milk [5]. Moreover, non-protein-bound amino acids in camel milk are easily digested
by microorganisms, thus, camel milk has higher metabolic activity when used in the starter
culture preparation [6]. Fermented camel milk has several health benefits: antioxidant
activity, angiotensin-converting enzyme inhibitory activity, a hypocholesterolemic effect,
antimicrobial activity, anti-diarrhea activity, and anticancer activity [7]. There is increased
attention to improving fermented dairy products as a result of their health benefits [8–16].

Oxidative stress is an imbalance between the production of reactive oxygen species
and their elimination by protective mechanisms, which can lead to chronic inflamma-
tion [17]. Oxidative stress can activate various transcription factors, thus leading to the
differential expression of various genes involved in inflammatory pathways [18,19]. The
inflammation triggered by oxidative stress causes many chronic diseases [20]. Polyphenols
might be useful as adjuvant therapy based on their potential anti-inflammatory effect,
associated with their antioxidant activity and inhibition of enzymes involved in the pro-
duction of eicosanoids [21,22]. Moreover, the kidneys are vital organs that are essential
for the excretion of metabolic wastes and maintaining chemical homeostasis, among other
functions [23]. Several studies have reported oxidative stress as a potential cause of differ-
ent forms of renal damage and nephrotoxicity. Increased oxidative stress caused by free
radical generation is a likely result of inflammatory responses [24]. Adding supplementary
antioxidants from natural sources, such as plants, is efficient in protecting against oxidative
stress. This may prompt more food manufacturers to replace synthetic antioxidants with
ingredients containing natural antioxidative compounds. Therefore, natural additives have
gained increased attention as they pose no health risk to consumers [25]. The antioxidant
protection mechanism acting against the reactions of free radicals comprises enzymatic and
non-enzymatic elements, part of which are synthesized in plants exclusively, and the body
can obtain them only from foods [26]. Several antioxidants, e.g., flavonoids, phenolic acids,
tannins, vitamin C, and vitamin E, interact synergistically with other reducing compounds
and have diverse biological properties, such as anti-inflammatory, anti-carcinogenic, and
anti-atherosclerotic effects [21]. Moreover, foods that are rich in bioactive compounds are
advantageous as they boost the immune system.

It is noteworthy to state that cereals and their components have been accepted as
functional foods as they provide the vitamins, dietary fiber, protein, antioxidants, energy,
and minerals required for human health [8,10–16]. Moreover, cereals can be fermentable
substances for the growth of probiotic bacteria [27,28]. Pumpkin (Cucurbita pepo L.) is a
plump nutritious vegetable that belongs to the Cucurbitaceae family, with several varieties
grown throughout the world, e.g., from South–Central America, to Mexico, Argentina,
Chile, Europe, Asia (India and China), and Western America [29–31]. The pumpkin seed oil
has been used since the end of the 19th century to treat urinary tract problems [32]. Pump-
kin contains various biologically active components, such as sterols, proteins, peptides,
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polysaccharides, para-aminobenzoic acid [33], carotenoids, and γ-aminobutyric acid [34].
In addition, pumpkin seeds have a high protein content and essential fatty acids [35],
mainly linoleic acid, stearic acid, oleic acid, and palmitic acid. Furthermore, it contains
non-essential amino acids and phytosterols, e.g., sitosterol and stigmasterol [36]. Moreover,
pumpkin seeds contain tocopherol (vitamin E), microelements (Na, K, and Cr), [37,38],
and phenolic compounds, such as coumarins, flavonoids, pigments, pyrazine, and triter-
penoids [39–41]. Importantly, a pumpkin seed extract promotes wound healing and has
anti-arthritis, hair-growth-stimulating [42], anthelmintic [43], antitumor [44], hepatopro-
tective [45], and antioxidant effects [46]. In addition, the therapeutic activities of pumpkin
seed extracts include the relief of symptoms associated with urinary bladder complications
and prostate disorders [47]. A previous study [48] explained that pumpkin seeds and their
different types are of high nutritional value as they are a good source of protein, fats, fiber,
minerals, squalene, tocopherols and β-carotene, and therefore can be used as a good nutri-
tional source in the food industry. Pumpkin seeds also have good antimicrobial properties
and can be used for medicinal purposes. The chromatographic analysis showed Pumpkin
seeds contain many phenolic compounds such as protocatechuic acid, myricetin, injectable
acid, vanillin, quercetin, hydroxybenzoic acid, apigenin, etc., which are famous for their
anti-inflammatory and anti-cancer activity. Revising the available literature, no information
is available about the potential effect of adding pumpkin seed milk to fermented camel
milk manufacturing. The present study aimed to investigate the impact of incorporating
pumpkin seed milk into fermented camel milk manufacture, to fortify different proportions
of fermented camel milk regarding its functional properties. Furthermore, the fortified
fermented camel milk was tested for its therapeutic effect as a functional food in rats with
high oxidative stress induced by carbon tetrachloride.

2. Material and Methods
2.1. Materials and Reagents

Fresh bulk camel milk was obtained from the Desert Research Center, Dokki, Egypt.
Pumpkin seeds were obtained from the Crops Research Institute, Agricultural Research
Center, Ministry of Agriculture Giza, Egypt. All solvents used for extraction and analyses
were of analytical grade. Folin–Ciocalteu, gallic acid, and 2,2-diphenyl-1-pic-rylhydrazyl
(DPPH) were purchased from Sigma (St. Louis, MO, USA). The kits that were used for
the biochemical analyses were from Gamma Trade Company (Cairo, Egypt). The protocol
reported by Reeves et al. 1993 [49] was used to prepare the standard basal diet. The yogurt
cultures that were added included Lactobacillus delbruekii subsp. bulgaricus and Streptococcus
salivarius subsp. thermophilus were purchased from the Ain Shams University, Agriculture
Faculty, Microbiological Resources Center, Egypt.

2.2. Preparation of Pumpkin Seed Milk (PSM)

PSM was prepared as per Hassan et al., 2012, with some modifications [50]. Seeds
(100 g) were cleaned, dehulled, and soaked in water at a 1:4 w/v ratio overnight at room
temperature. The soaked seeds were blended in a grinder. The resulting emulsion was
then filtered through a double-layer muslin cloth, boiled for 5 min with constant stirring,
cooled to room temperature (22 ◦C), and kept at a refrigerator temperature before product
formulation was used within 24 h.

2.3. Fermented Camel Milk Manufacture

Fermented camel milk was manufactured according to the method reported by Tamime
and Robinson, 1999 [51]. Raw camel milk was divided into three equal portions; the first
portion served as the control (C), the second portion was mixed with 25.0% PSM (T1), and
the third portion was mixed with 50.0% PSM (T2). The milk used for all treatments was
homogenized at 55 ◦C–60 ◦C for 2 min using a high-speed mixer (22,000 rpm), heat-treated
in a thermostatically controlled water bath at 85 ◦C for 30 min, cooled to 42 ◦C in an ice
bath, inoculated with 5% (w/v) yogurt culture, and incubated at 42 ◦C until a firm curd was
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obtained (around 12 h). The curd was then refrigerated at 4 ◦C overnight, stirred using the
mixer, stored at 4 ◦C ± 1 ◦C, and analyzed 1 day after manufacture for its physicochemical
and sensory properties.

2.4. Chemical Composition, Physicochemical Analysis, and Sensory Evaluation of the Fermented
Camel Milk Treatments

In the fermented camel milk samples, the total solids, fat, protein, ash amounts, and
titratable acidity were determined as described elsewhere [52]. The total solids of camel
milk, pumpkin seed milk and fermented camel milk samples were determined using a
drying oven for 24 h at 100 ◦C. The percentage of moisture content was calculated by the
following formula.

% moisture = W1 − (W2 × 100)/W1

where, W1 = initial weight of sample; W2 = weight of the dried sample

Total solids % = 100 − moisture content

For fat content of camel milk and fermented camel milk samples, the Gerber method
was applied, whereas for pumpkin seed milk, the Soxhelt apparatus method was used. The
total nitrogen content (TN) was determined using the micro-Kjeldahl method, and protein
content was calculated by multiplying the percentage of TN by 6.38 for milk components
and 6.25 for pumpkin seed milk. To determine ash content, a 5 g sample was heated in
a muffle furnace at 550 ◦C overnight. The titratable acidity, expressed as a percentage of
lactic acid (%), was determined by mixing 10 g of fermented camel milk with 10 mL of
distilled water and titrating with 0.1 N NaOH using phenolphthalein as an indicator to an
end-point of faint pink color. Their pH values were monitored using a pH meter equipped
with a glass electrode (HANNA, Instrument, Portugal). The viscosity of the fermented
camel milk was determined according to Aryana, 2003 [53] using Rotational Viscometer
Type Lab. Line Model 5437. Measurements were determined at a temperature of 30 ◦C
after 15 s; the results were expressed as centipoise (cP). The total phenolic content (TPC; as
mg GAE (gallic acid equivalents)/100 g) and antioxidant (AO) activity (%) of the prepared
fermented camel milk treatments were assessed according to Maksimović et al. 2008 [54]
and Apostolidis et al. 2007 [55], respectively. The sensory evaluation of the fermented
camel milk treatments was carried out by ten trained panelists as described elsewhere [28].

2.5. Experimental Design of the Biological Study

A total of 32 male adult Sprague Dawley albino rats (weight range, 150–180 g) were
provided by the Agricultural Research Center of Giza (Egypt) and housed in wire cages at
25 ◦C. After acclimation to a basal diet for 7 days, they were divided randomly into four
groups (eight rats n each group), as follows: eight rats were kept as the normal control
and were fed a standard diet as the negative control (group 1). Twenty-four rats were
intraperitoneally injected with a single dose of carbon tetrachloride at a 2 mL/kg of body
weight (oxidative stress rats), as described elsewhere [56]. Oxidative stress rats were then
organized into three groups (eight rats in each group), as follows: oxidative stress rats
as a positive control (group 2), oxidative stress rats fed a basal diet with 10 g/day plain
fermented camel milk via an epigastric tube (group 3), and oxidative stress rats fed a basal
diet with 10 g/day PSM-fermented camel milk (fermented camel milk manufactured from
blended milk; i.e., 50% camel milk and 50% PSM) via a epigastric tube (group 4).

2.6. Biochemical Analysis

After five weeks, the rats were lightly anesthetized with diethyl ether. Blood samples
were collected from the hepatic portal vein, submitted to centrifugation (to separate the
serum) at 3000 rpm for 15 min, and stored at −40 ◦C. Caraway’s method [57] was used
to determine serum uric acid. In contrast, the serum creatinine level was measured using
Bonsens’ method [58], and serum urea was determined according to Marsch et al., 1965 [59].
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Malondialdehyde (MDA) was determined in the serum according to Kei, 1978 [60]. The
alanine amino transferase (ALT) and aspartate amino transferase (AST) enzymes were
measured according to the methods described by Bergmeyer and Harder, 1986 [61]. The
total cholesterol was determined according to the method of the Enzymatic Colorimeter [62].
Total lipids and triglycerides were determined according to the method of Devi and Sharma,
2004 [63]. LDL-cholesterol was calculated using the Friedewald formula [64], as follows:

LDL-cholesterol = total cholesterol − (HDL-cholesterol) − (triglycerides/5) (1)

2.7. Statistical Analysis

The obtained data were statistically evaluated using analysis of variance, as reported
by McClave and Benson, 1991 [65]. All data were subjected to one-way analysis of variance
(ANOVA) software. Significant treatment means were separated by Duncan’s new multiple
range tests. Differences were considered significant at (p ≤ 0.05).

3. Results and Discussion
3.1. Chemical Composition of Raw Camel Milk and PSM

Table 1 presents the approximate chemical composition of the PSM compared with
the camel milk. The PSM had a higher protein content (7.84% vs. 3.94%), whereas it had a
much higher fat content (6.90%) than camel milk (3.12%). The PSM was characterized by
the unique presence of fibers and much higher levels of TPC (mg GAE/100 g) and DPPH
inhibition % activity than present in the camel milk, i.e., 234.20 and 56.7 vs. 4.60 and 12.86,
respectively. These results of approximate chemical composition are in line with those
reported previously for PSM and camel milk [50,66]. The low TPC detected in camel milk
was consistent with Bouhaddaoui et al., 2019 [67], who reported a level of 35.54 mg GAE/L.
The high phenol content of PSM agreed with Peiretti et al., 2017 [68], who reported that
pumpkin seeds contain a higher total phenolic level.

Table 1. Chemical composition of fresh camel milk and pumpkin seed milk.

Components (%) Camel Milk Pumpkin Seed Milk

Total Solids 14.14 ± 0.46 b 21.60 ± 1.04 a

Protein 3.94 ± 0.14 b 7.84 ± 0.82 a

Fat 3.12 ± 0.18 b 6.90 ± 0.55 a

Ash 0.82 ± 0.05 b 0.92 ± 0.04 a

Fiber 0.00 b 3.42 ± 0.24 a

Total phenolic content
(mg/100 g) 3.62 ± 0.28 b 234.20 ± 5.62 a

DPPH inhibition % activity 12.86 ± 0.92 b 56.70 ± 2.14 a

Values (means ± SD) with different superscript letters are statistically significantly different (p ≤ 0.05).

3.2. Chemical, Physicochemical, and Phytochemical Properties of Fermented Camel Milk
Containing PSM

Table 2 shows the chemical composition of fermented camel milk containing PSM.
Control fermented camel milk had a lower total solid (TS), protein, fat, ash, and fiber
content. This difference was significant (p ≤ 0.05) compared with the fermented camel
milk containing PSM treatments. The TS, protein, fat, ash, and fiber content of fermented
camel milk containing PSM increased gradually by increasing the mixing ratio, which was
attributed to the high TS, protein, fat, ash, and fiber content of the prepared PSM compared
with the camel milk used in this study (Table 1). These results are in agreement with those
reported by Atwaa et al., 2020 [28], who found that partial replacement of camel milk with
oat milk, of up to 40%, increased the TS, protein, ash, and carbohydrate content of the
resultant fermented camel milk compared with camel milk yogurt. Moreover, the data
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illustrated in Table 2 indicated that the titratable acidity (TA) of the control fermented camel
milk had the lowest value, which might be attributable to the high level of antimicrobial
components, such as lysozyme, lactoferrin, and immunoglobulins in camel milk, which
decreased the viability of the starter culture [69]. The acidity of fermented camel milk
made from camel milk mixed with PSM increased gradually by increasing the mixing ratio;
this may be attributed to the hypothesis that the PSM fermentable substance improves the
viability of the starter culture [70].

Table 2. Chemical, physicochemical, and phytochemical properties of fermented camel milk contain-
ing pumpkin seed milk.

Items
Treatments

C T1 T2

Chemical composition (%)

Total Solids 14.22 ± 0.86 c 15.94 ± 0.74 b 16.54 ± 0.48 a

Protein 3.98 ± 0.32 c 4.92 ± 0. 48 b 5.86 ± 0.28 a

Fat 3.18 ± 0.24 c 4.04 ± 0.12 b 4.96 ± 0.32 a

Ash 0.85 ± 0.06 c 0.87 ± 0.04 b 0.90 ± 0.03 a

Fiber 0.00 c 0.82 ± 0.03 b 1.55 ± 0.09 a

Physicochemical properties

Acidity [as lactic acid
percentage (%)] 0.75 ± 0.04 c 0.80 ± 0.02 b 0.84 ± 0.03 a

pH values 4.82 ± 0.06 a 4.76 ± 0.04 b 4.68 ± 0.05 c

Viscosity (cP) 2160 ± 54 c 2420 ± 84 b 2590 ± 98 a

Phytochemical properties

Total phenolic content
(mg/100 g) 4.06 ± 0.22 c 58.54 ± 1.64 b 108.65 ± 4.42 a

DPPH inhibition %
activity 13.40 ± 0.34 c 15.24 ± 0.56 b 18.12 ± 0.74 a

Values (means ± SD) with different superscript letters are statistically significantly different (p ≤ 0.05).
C: fermented camel milk made from camel milk as a control (C); T1: fermented camel milk made from camel milk
mixed with 25% pumpkin seed milk; T2: fermented camel milk made from camel milk mixed with 50% pumpkin
seed milk; cP:centipoise (Unit of dynamic viscosity).

Furthermore, the addition of vegetarian milk to camel milk reduces the concentration
of the components of camel milk. The pH values of all treatments exhibited an opposite
trend to that of TA. Similar results were obtained by Atwaa et al., 2020 [28], who found
that partial replacement of camel milk with oat milk increased the TA and decreased the
pH values of the resultant camel milk yogurt. The mixing of camel milk with PSM greatly
increased the viscosity of fermented camel milk. Dabija et al., 2018 [70] and Johari et al.,
2021 [71] reported similar results. They observed that the addition of pumpkin seed powder
to milk caused an increase in the viscosity of the yogurt gel. Moreover, the addition of oat
milk to camel milk caused an increase in the viscosity of fermented camel milk [28].

The TPC of fermented camel milk made from camel milk mixed with PSM was
increased by increasing the mixing ratio compared with the control fermented camel milk.
This might be attributed to the higher TPC of PSM vs. camel milk [72,73]. These results are
consistent with those reported by Barakat and Hassan, 2017 [74], who found that the TPC
and radical scavenging activity of yogurt increased when milk was fortified with different
types of pumpkin. In addition, Atwaa et al., 2020 [28] found that adding oat milk to camel
milk increased the TPC and radical scavenging activity of fermented camel milk.
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3.3. Sensory Properties of Fermented Camel Milk Containing PSM

The data presented in Table 3 showed that mixing camel milk with PSM greatly
increased the sensory attributes of the resultant fermented camel milk, particularly its
flavor and, body and texture, compared with the control fermented camel milk. Moreover,
this improvement was proportional to the mixing ratio. The control fermented camel
milk had the lowest score for sensory properties, which may be attributed to the weak
body and texture and inferior flavor of the curd produced from camel milk [73]. This
finding is consistent with the observation reported by Atwaa et al., 2020 [28], who found
that fortification of camel milk with oat milk increased the sensory attribute scores of the
resultant fermented camel milk. Dabija et al., 2018 [70] and Johari et al., 2021 [71] observed
that the addition of pumpkin seed powder to milk caused an improvement in the sensory
attributes of the resultant yogurt.

Table 3. Sensory properties of fermented camel milk containing pumpkin seed milk.

Attributes
Treatments

C T1 T2

Flavor (60) 40.7 ± 2.30 c 44.3 ± 2.60 b 46.2 ± 3.12 a

Body and Texture (30) 22.2 ± 1.18 c 25.4 ± 1.74 b 27.9 ± 1.58 a

Appearance (10) 7.8 ± 0.50 c 8.4 ± 0.82 b 9.2 ± 0.60 a

Total Scores (100) 70.7 ± 3.10 c 78.1 ± 3.24 b 83.3 ± 3.46 a

Values (means ± SD) with different superscript letters are statistically significantly different (p ≤ 0.05).

3.4. Effect of Fermented Camel Milk Containing PSM on Final Weight and Body Weight Gain in
Rats with Oxidative Stress

The data presented in Table 4 showed that final weight (FW) and body weight gain
(BWG) was significantly (p < 0.05) affected by the treatments. Using 10 g/day fermented
camel milk containing 50% PSM in oxidative stress rats induced the best values of FW
(216.4 g) and BWG (21.80%) compared with the positive control group, which had an FW
f 202.6 g and a BWG f 16.28%. This improvement may be ascribed to the high vitamin,
mineral, and antioxidant content of PSM, which may protect the body’s cells from the
damage caused by free radicals [72]. Accordingly, Barakat and Mahmoud, 2011 [75], and
Ghahremanloo et al., 2018 [76], found that adding pumpkin seed or pumpkin seed extract
to the diet of obese rats promoted a significant increment (p ≤ 0.05) in the BWG and
enhanced their nutritional status compared with non-treated rats (positive control group).
Dikhanbayeva et al., 2021 [77] found that the addition of camel milk curd masses to rat
diets promoted a significant increment (p ≤ 0.05) in the BWG and enhanced the nutritional
status compared with the control group. Therefore, the group fed with fermented camel
milk containing PSM exhibited the best outcomes as a result of the combined action of
fermented camel milk and PSM.

Table 4. Final weight and body weight gain of oxidative stress rats treated with fermented camel
milk containing pumpkin seed milk.

Group
Parameters

Initial Weight (g) Final Weight (g) Percentage of Increase in Body Weight (%) BWG (%)

Group (1) 168.2 ± 3.8 a 222.3 ± 4.8 a 32.16 ± 1.3 a 24.33 ± 1.5 a

Group (2) 169.6 ± 2.9 a 202.6 ± 3.5 d 19.45 ± 0.96 d 16.28 ± 1.4 d

Group (3) 168.3 ± 4.3 a 210.5 ± 4.8 c 25.07 ± 1.7 c 20.04 ± 1.6 c

Group (4) 169.1 ± 4.6 a 216.4 ± 4.4 b 27.97 ± 1.6 b 21.80 ± 1.2 b

Mean values of six rats ± SD. a–d of the small letters in the same column are significantly different at p ≤ 0.05).
Group (1), non-treated non-oxidative stress rats (negative control). Group (2), oxidative stress rats (positive
control). Group (3), oxidative stress rats treated with fermented camel milk. Group (4), oxidative stress rats treated
with fermented camel milk containing 50% pumpkin seed milk.
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3.5. Effect of Fermented Camel Milk Containing PSM on the Serum Lipid Profile of Oxidative
Stress Rats

As depicted in Table 5, among the various groups of rats with oxidative stress, group
4 (treated with fermented camel milk containing PSM) had the lowest total cholesterol
(75.6 mg/dL) compared with the positive control group, which had the highest total choles-
terol (92.4 mg/dL). Regarding the triacylglyceride and LDL levels, the positive control
group had the highest content of these components (103.4 and 43.12 mg/dL, respectively)
compared with rats treated with fermented camel milk containing PSM, which exhibited a
significant decrease in triacylglyceride and LDL content (78.50 and 23.50 mg/dL, respec-
tively). In contrast, HDL content in the positive control group was the lowest (28.60 mg/dL)
compared with the other groups. A diet supplemented with fermented camel milk con-
taining PSM increased HDL levels significantly (33.40 mg/dL). Moreover, treatment with
fermented camel milk containing PSM decreased total cholesterol, triglycerides, and LDL-c
significantly compared with the positive control group. Pumpkin seed exerts a remarkable
hypolipidemic effect by reducing total cholesterol and LDL, associated with a significant el-
evation of HDL [75,76,78]. Carbon tetrachloride causes oxidative stress, with a consequent
increment in the formation of reactive oxygen species, which can promote the oxidation
of pivotal cellular components (e.g., membrane lipids, proteins, and DNA), leading to
cellular damage [79]. Therefore, the beneficial hypolipidemic effect on the lipid profile of
the pumpkin seed observed here may be attributed to the phenolic compounds (as natural
antioxidants) present in pumpkin seeds [68]. This hypolipidemic action has also been
ascribed to the modulation of the lipid metabolism by phenolics and flavonoids, leading
to a decrease in total cholesterol, triglycerides, and LDL (not associated with the increase
in HDL levels) by upregulating the hepatic peroxisome proliferator-activated receptor α
(PPAR-α) [80]. In addition, the high insulin concentration in camel milk can cause the acti-
vation of the lipoprotein lipase enzyme [81]. Ashraf et al., 2021 [82] reported that the high
mineral content of camel milk (sodium, potassium, zinc, copper, and magnesium), as well
as its high vitamin C level, may act as antioxidant agents by removing free radicals. Similar
results were obtained by Ghahremanloo et al., 2018 [76] and Dikhanbayeva et al., 2021 [77],
who found that pumpkin seed or fermented camel milk had a hypocholesterolemic effect.
The group fed with fermented camel milk containing PSM exhibited the best outcomes
regarding lipid profiles due to the combined action of fermented camel milk and PSM.

Table 5. Effect of fermented camel milk containing pumpkin seed milk on the lipid profile of
experimental rats.

Groups
Parameters

Total Cholesterol
(TC) (mg/dL)

Triglycerides
(TG) (mg/dL)

HDL
(mg/dL)

LDL
(mg/dL)

Group (1) 70.6 ± 2.5 d 80.2 ± 2.2 c 39.4 ± 1.8 a 15.16 ± 1.1 d

Group (2) 92.4 ± 3.2 a 103.4 ± 3.2 a 28.6 ± 1.5 d 43.12 ± 1.3 a

Group (3) 85.8 ± 2.8 b 87.3 ± 2.4 b 32.9 ± 1.7 c 35.44 ± 1.2 b

Group (4) 75.6 ± 2.3 c 78.5 ± 2.6 c 36.4 ± 1.6 b 23.50 ± 1.6 c

Mean values of six rats ± SD. a–d of the small letters in the same column are significantly different at p ≤ 0.05.

3.6. Effect of Fermented Camel Milk Containing PSM on Liver Function Parameters in Oxidative
Stress Rats

The data illustrated in Table 6 showed that the untreated group (positive control)
showed a significant (p ≤ 0.05) increase in ALT and AST and a decrease in total protein
and albumin compared with the normal control group. Conversely, the rats treated with
fermented camel milk containing PSM showed a significant (p ≤ 0.05) increase in total
protein and albumin and decreased ALT and AST compared with the positive control group.
This decrease in aminotransferase enzymes and restoration of various vital functions by
hepatocytes can be attributed to the high content of phenolic and bioactive compounds in
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pumpkin seed, such as phenolic acids and flavonoids. They help the integrity of the plasma
membrane in hepatocytes and protect it from damage and the release of the cytosol loaded
with these enzymes [68]. Moreover, camel milk’s high vitamin C and mineral content
may act as antioxidants, restoring aminotransferase enzymes’ values [83]. These results
are in harmony with Ghahremanloo et al., 2018 [76] and Dikhanbayeva et al., 2021 [77],
who reported that pumpkin seed or fermented camel milk significantly reduced the levels
of ALT and AST and increased TP and albumin levels in the serum. Our results are
also in agreement with a previous study [84], which found that the administration of
pumpkin seed oil in sodium nitrate (NaNO3)-induced oxidative damage in rats restored
most hematological and biochemical parameters, including ALT, AST, TP and albumin,
to their normal level. Given the above findings, the rats fed with fermented camel milk
containing PSM exhibited the best results regarding liver function parameters due to the
combined action of fermented camel milk and PSM.

Table 6. Effect of fermented camel milk containing pumpkin seed milk on liver function parameters
in experimental rats.

Group
Aspartate

Aminotransferase
(AST U/L)

Alanine
Aminotransferase

(ALT U/L)

Total Protein
(g/dL)

Total Albumin
(g/dL)

Group (1) 37.2 ± 1.14 d 44.2 ± 2.12 d 6.22 ± 0.48 a 3.94 ± 0.22 a

Group (2) 82.5 ± 2.30 a 85.6 ± 3.25 a 5.54 ± 0.62 c 2.82 ± 0.17 c

Group (3) 44.6 ± 1.62 b 52.9 ± 2.14 b 5.86 ± 0.35 b 3.18 ± 0.20 b

Group (4) 39.8 ± 1.26 c 46.8 ± 3.10 c 6.04 ± 0.32 ab 3.74 ± 0.24 a

Mean values of six rat’s ± SD. a–d of the small letters in the same column are significantly different at (p ≤ 0.05).

3.7. Effect of Fermented Camel Milk Containing PSM on Kidney Function and Oxidative Stress
Markers in Oxidative Stress Rats

The data presented in Table 7 showed that the positive control group had a significant
increase in creatinine and urea levels (p < 0.05) compared with the normal control group. In
contrast, the group treated with fermented camel milk containing PSM showed a significant
decrease in creatinine and urea compared with the positive control group. The creatinine
and urea levels were reduced in the negative control groups, rats treated with fermented
camel milk containing PSM, and rats treated with fermented camel milk compared with
the positive control group. This conspicuous change may be partially attributed to the
high content of bioactive components in pumpkin seeds, such as minerals, vitamins, and
phenolic and flavonoid compounds, which may indirectly reduce uric acid levels and
keep the kidney protected from the disorders potentially caused by oxidative stress [72].
These bioactive components act as superoxide scavengers, resulting in suppressing reactive
oxygen species and uric acid formation [85]. Moreover, plant-based nutrition yielded a
lower mean uric acid serum concentration than animal-based nutrition [86]. A previous
study [87] reported that a higher plant protein intake was significantly associated with a
lower risk of prevalent CKD. A 20 g increase in plant protein intake reduced the risk of
developing CKD by 16%. In addition, the high mineral content of camel milk (sodium,
potassium, zinc, copper, and magnesium) and its high vitamin C level may act as antiox-
idants, thereby affording an improvement in kidney function [77,81]. Furthermore, the
positive control group exhibited the highest mean value of MDA (68.40 µmol/L) compared
with the negative control, which showed the lowest value (43.60 µmol/L).
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Table 7. Effect of fermented camel milk containing pumpkin seed milk on kidney function and
oxidative stress markers in experimental rats.

Group Creatinine
(mg/dL)

Urea
(mg/dL)

Malondialdehyde
(MDA) (µmol/L)

Group (1) 0.48 ± 0.04 d 16.2 ± 0.42 d 43.60 ± 1.5 d

Group (2) 0.84 ± 0.06 a 25.8 ± 0.25 a 68.40 ± 2.2 a

Group (3) 0.66 ± 0.03 b 21.3 ± 0.34 b 51.92 ± 1.6 b

Group (3) 0.54 ± 0.02 c 18.2 ± 0.22 c 46.38 ± 1.2 c

Mean values of six rats ± SD. a–d of the small letters in the same column are significantly different at p ≤ 0.05.

In addition, there was a significant decrease in MDA in the group treated with fer-
mented camel milk containing PSM (46.38 µmol/L). MDA exerts an adverse effect as it
alters the cell membranes structure and function [88]. The increase in the MDA level can
lead to oxidative mechanisms, high cytotoxicity, and inhibitory actions. MDA acts as a
tumor promoter and co-carcinogenic agent [89]. These results are in harmony with the
finding of Barakat and Mahmoud, 2011 [75], who reported that pumpkin seed supplemen-
tation effectively decreased the level of creatinine, urea, and malondialdehyde. Previous
studies [90,91] have found that fermented camel milk supplementation decreased creati-
nine, urea, and malondialdehyde compared with the positive control group. Therefore, the
group fed with fermented camel milk containing PSM exhibited the best results regarding
kidney function and decreased oxidative stress markers as a result of the combined action
of fermented camel milk and PSM.

4. Conclusions

Based on the information provided above, the mixing of camel milk with PSM im-
proved the chemical, antioxidant, viscosity, and sensory properties of fermented camel milk,
and these improvements were proportional to a mixing ratio up to 50%, which improved
the technological problems associated with camel milk such as weak texture and salty
taste, and increased the content of phenolic components and antioxidants dietary fiber,
thus increasing the nutritional value and healthy benefits to fermented camel milk. The
consumption of fermented camel milk containing 50% PSM in oxidative stress rats caused
a significant decrease in the levels of malondialdehyde (MDA), low-density lipoprotein
(LDL), and cholesterol (CL), triglycerides (TGs), AST, ALT, creatinine, and urea. It increased
high-density lipoprotein (HDL), total protein, and albumin compared with the non-treated
group. The present findings suggest that more extensive studies of PSM are warranted.
Incorporating it into dairy products may be beneficial, particularly in non-traditional milk,
which has an undesirable taste.
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