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An increase in bread production has been achieved to meet the increasing demand of the growing population. During the
manufacturing process, reﬁned wheat ﬂour, the main ingredient for bread making, loses its nutritional qualities. Hence, it is
necessary to use additional nutritional sources to maintain nutritional value. In this study, the rheological, physicochemical, and
sensory qualities of bread, prepared using camel milk and water, were evaluated. The increase in the camel milk content resulted in
the signiﬁcant increase in the protein, oil, and ash contents of bread and a decrease in the carbohydrate content. The protein
content was increased from 11.95% (100% water) to 14.01% (100% camel milk). The use of camel milk resulted in the progressive
increase in the content of two essential fatty acids, α-linolenic acid and linoleic acid (P < 0.05; maximum increase: 1.65% and
20.9%, resp.). The rheological properties of bread (peak viscosity, gelatinisation temperature, and water absorption capacity) could
be improved using camel milk. However, reduced dough stability and peak viscosity–temperature were also observed. The
increase in the water absorption capacity from 61% to 67% indicated that the supplemented dough was more suitable than the
original dough for preparing bread. The physical properties of bread prepared using camel milk (30%) and water (70%) were better
than the properties of the control bread sample. Improved sensory attributes were observed under these formulation conditions.
Bread containing ≥70% camel milk received lower sensory scores. The results indicated that the use of the formulation consisting
of camel milk (30%) and water (70%) could enhance the nutritional value of bread without signiﬁcantly aﬀecting the acceptability.
The results can provide a platform for extending the application of camel milk, primarily used to produce fermented milk, in the
food industry. It could be potentially used to address the global problem of acute malnutrition.

1. Introduction
Bread, a basic foodstuﬀ consumed daily worldwide, is
usually made using wheat ﬂour [1]. The production and
consumption of foods such as bread have increased considerably owing to the rapid population growth [2]. There is
a demand for the incorporation of functional ingredients to
improve the quality of wheat-based bread products [3] and
to compensate for the loss of important nutrients, such as
dietary ﬁbre, antioxidant compounds, and various vitamins
and minerals, during wheat milling processes [4]. Additionally, wheat ﬂour is considered low in protein content
because of its lack of essential amino acids, such as lysine and
threonine [5]. Hence, the enrichment of bread with bioactive
components is an important goal for improving the health of

consumers [6] (particularly the health of consumers residing
in Saudi Arabia who regularly consume bread).
As one of the most important animals for Bedouins in
the Arabian Peninsula, camels are a main source of livelihood (primarily camel milk). Approximately 30 million tons
of camel milk are produced each year, mostly in the Middle
East, according to the FAO [7]. Furthermore, fresh milk and
dairy products made from camel milk are becoming increasingly available in European markets [8]. Camel milk is
considered a good source of protein, with a protein content
of 3.00–3.90%. Caseins, including β-casein (65%) and whey
proteins (20–25%), are the major proteins in camel milk [9].
Additionally, camel milk is characterised by high levels of
vitamins (0.50–2.50%) and minerals (0.60–0.90%). Iron
(0.21–0.29 mg/100 g), sodium (58–59 mg/100 g), zinc
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Table 1: Bread making method.

Ingredient
Wheat ﬂour
Water
Camel milk
Salt
Sugar
Instant yeast
Margarine
Dough mixing time/mixing
speed
Dough fermentation
conditions
Dough prooﬁng conditions
Baking conditions

C0 : W100
100%
100%
0
2%
5%
3%
3%

C30 : W70
(%)

C50 : W50
(%)

C70 : W30
(%)

C100 : W0
(%)

70
30

50
50

30
70

0
100

5 min/235 rpm
30°C,

RH 75%, 90 min (transﬁxion after
60 min)
30°C, RH 75%, 60 min
230°C, 30 min

RH: relative humidity.

(0.19–0.53 mg/100 g), potassium (156–179 mg/100 g), magnesium
(10.40–14.00 mg/100 g),
and
cholesterol
(3.00–5.00 g/kg of milk fat; low content) are also found in
camel milk [10–12]. Several studies on camel milk have
identiﬁed various health beneﬁts, such as anticarcinogenic,
antidiabetic, and antiviral eﬀects [9, 13]. Camel milk is a
good choice for children allergic to bovine milk [8]. It reduces cholesterol and blood pressure [9]. Therefore, camel
milk is considered a good source of nutrition [14]. Accordingly, the enrichment of food products with camel milk
has the potential to enhance the rheological, nutritional, and
organoleptic properties [15]. Although camel milk has recently been used to prepare various food items, such as
cheese, beverages, ice cream, and yogurt, its use to prepare
baked goods is not common [16–20]. Thus, the main aim of
this study was to evaluate the eﬀects of camel milk present in
bread formulations on the physicochemical and sensory
attributes of bread.

2. Materials and Methods
2.1. Materials. Wheat ﬂour (75% extraction) was purchased
from the Grain Silos and Flour Mills Organization (Jeddah,
Saudi Arabia). Camel milk was obtained from the Emirates
Industry for Camel Milk and Products (EICMP, Dubai,
United Arab Emirates). Margarine, salt, and sugar were
obtained from local markets in Jeddah, Saudi Arabia. All
chemicals used in the study were of analytical grade.
2.2. Bread Preparation. Bread samples were prepared based
on the oﬃcial standard method [21]. To obtain diﬀerent
composite dough formulations, the water was replaced with
0%, 30%, 50%, 70%, or 100% camel milk (Table 1). The
baking conditions are outlined in Table 1. The formulation
containing 100% water was used as the control for the
characterisation of diﬀerent properties.
2.3. Sample Characterisation. To determine the moisture
content, the samples were weighed before and after drying in
an oven (AOAC 935.29). The Kjeldahl method was used to

determine the protein content (AOAC 988.05). The oil and
ash contents were determined using the Soxhlet method
(AOAC 963.15) and the drying method (AOAC 942.05),
respectively. The ﬁbre content was also determined using an
enzymatic–gravimetric method (AOAC 985.29). The carbohydrate content was calculated by the diﬀerence method
by subtracting the sum of other components from 100. Gas
chromatography (AOC-20i; Shimadzu, Tokyo, Japan) was
used to determine the fatty acid compositions of the dough
and bread samples. For these measurements, fatty acid
methyl esters were prepared according to the European
standard [22]. Lipid standards (Sigma Aldrich, St. Louis,
MO, USA) were used to identify the fatty acids.
The rheological properties of the wheat dough samples
containing various concentrations of camel milk were investigated following the standard methods of the American
Association of Cereal Chemists [23]. Farinograph and
amylograph measurements were based on AACC54-21 and
54-10, respectively, and were conducted using instruments
obtained from C.W. Brabender Instruments, Inc. (South
Hackensack, NJ, USA).
Loaf weight, loaf volume, and speciﬁc loaf volume were
evaluated to determine the physical characteristics of the
bread samples. A laboratory scale (CE- 410I; Camry Emperors, China) was used to measure the loaf weight 0.5 h
after removal from the oven. The loaf volume was measured
using the modiﬁed rapeseed displacement method, as reported by Giami et al. [24]. As described by Araki et al. [25],
the speciﬁc loaf volume was determined as follows: speciﬁc
loaf volume � loaf volume/loaf weight.
To the best of our knowledge, a limited number of
studies have been conducted in the presence of liquid dairy
using a farinograph. We followed the procedure outlined in
the previously reported studies [26, 27]. The standard
methods reported by the American Association of Cereal
Chemists were modiﬁed to prepare the dough. Breads were
manufactured in 1000 g ﬂour batches, using the modiﬁed
straight dough method. The dry ingredients (ﬂour, sugar,
yeast, salt, and margarine) were homogenized at slow speed
for 1 min. Following this, varying amounts of water and
camel milk (30, 50, and 100% of the added water) were added
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Table 2: Proximate compositions of wheat bread samples with diﬀerent concentrations of camel milk.
Parameter
Moisture (%)
Protein (%)
Ash (%)
Fat (%)
Linoleic acid (%)
α-Linolenic acid (%)
Carbohydrate (%)
Fibre (%)
Energy (kcal/100 g)

C0 : W100
8.45e ± 0.12
11.95a ± 0.21
2.45a ± 0.55
2.19a ± 0.23
19.1a ± 0.22
1.17a ± 0.12
79.21e ± 0.29
2.12c ± 0.16
320.1a ± 0.01

C30 : W70
7.17b ± 0.09
12.21b ± 0.45
2.57b ± 0.41
2.33b ± 0.10
19.2b ± 0.65
1.21b ± 0.28
75.10d ± 0.32
1.91a ± 0.10
371.1b ± 0.48

C50 : W50
6.14a ± 0.27
12.75c ± 0.43
2.66c ± 0.19
3.11c ± 0.11
20.1c ± 0.34
1.57c ± 0.21
75.04c ± 0.92
2.21d ± 0.11
376.4c ± 0.57

C70 : W30
7.25c ± 0.10
13.47d ± 0.31
2.71d ± 0.93
3.27d ± 0.21
20.4d ± 0.15
1.62d ± 0.33
73.21b ± 0.24
2.27e ± 0.19
383.4d ± 0.55

C100 : W0
8.13d ± 0.01
14.01e ± 0.21
2.91e ± 0.01
3.34e ± 0.01
20.9e ± 0.23
1.65e ± 0.61
70.15a ± 0.34
2.11b ± 0.45
291.2e ± 0.20

Mean ± standard deviation (n � 3). Diﬀerent letters in the same row represent signiﬁcant diﬀerences between samples (P ≤ 0.05). C0 : W100: 100% water
(control), C30 : W70: 70% water and 30% camel milk, C50 : W50: 50% water and 50% camel milk, C70 : W30: 30% water and 70% camel milk, and C100 : W0:
100% camel milk.

based on the optimum absorption capacity of the ﬂour
sample (55–100 g−1 f.b.), as determined by farinograph,
considering the water present in camel milk, discounting its
soluble solids content. Further mixing was carried out
during 5 min (235 rpm). A ball-shaped dough was formed,
which was fermented at 30°C (RH: 75%; time: 90 min;
transﬁxed after 60 min). Following this, the fermented
dough was passed through a bread-forming machine and
placed on baking pans. After fermentation, the dough was
baked for 30 min at 230°C using an electric rotary oven.
Loaves were removed from the moulds and cooled for 0.5 h
at room temperature 23°C before analysis.
Sensory assessments of the bread samples were performed 2 h after baking by 50 females selected from the
students, staﬀ, and faculty members of King Abdulaziz
University, Jeddah, Saudi Arabia. The sensory qualities of the
external and internal properties of the bread were evaluated
using a ﬁve-point hedonic scale (5 � like, 1 � dislike). The
colour, texture, taste, ﬂavour, and overall acceptability of the
bread were evaluated. The bread samples were coded with a
three-digit random number and served to the panelists in
random order. The sensory analysis was performed in three
sessions, and the mean values of 50 evaluations were calculated and used for each sample and session during the data
analysis.
2.4. Statistical Analysis. The means and standard deviations
of the obtained data were analysed using SPSS version 26
(SPSS Inc., Chicago, IL, USA). Three measurements were
obtained for each sample. The diﬀerences between the
treatment means were analysed by conducting the one-way
analysis of variance (ANOVA) and Tukey’s tests. Diﬀerences
were considered statistically signiﬁcant at P ≤ 0.05.

3. Results and Discussion
3.1. Proximate Composition of Bread. The proximate compositions of the bread samples made from wheat ﬂour
supplemented with diﬀerent concentrations of camel milk
(0%, 30%, 50%, 70%, or 100% of added water) are displayed
in Table 2. Overall, the incorporation of camel milk in bread
formulations signiﬁcantly increased the protein, fat,
α-linolenic acid (omega-3 fatty acid), linoleic acid (omega-6

fatty acid), and ash contents of the bread samples and decreased the carbohydrate content. The increases in protein,
fat, and ash can be directly attributed to the added camel
milk, which contains appreciable amounts of these constituents. The bread supplemented with 100% camel milk
(C100 : W0) in Table 2 had the highest protein, fat, and ash
contents, whereas the control sample (C0 : W100) had the
lowest values, suggesting that these constituents depend on
the concentration of camel milk.
In agreement with our ﬁndings, several studies have
reported that the supplementation of wheat ﬂour with
various legume ﬂours, whey protein concentrate, or milk
powder increases the protein, oil, and ash contents but
reduces the carbohydrate content of fortiﬁed bread
[6, 28, 29]. Therefore, it could be inferred that an increase in
the protein content could improve the nutritional quality of
bread. Animal proteins are considered more nourishing and
have higher amino acid contents when compared to the
cereal proteins. Accordingly, breads supplemented with
camel milk could have beneﬁcial eﬀects on the nutritional
and health status of the consumers.
3.2. Rheological Properties of Dough. Farinograph and
amylograph analyses were used to determine the rheological
properties of the dough samples consisting of wheat ﬂour
supplemented with diﬀerent concentrations of camel milk.
The farinograph results indicated that supplementation with
camel milk considerably aﬀected the water absorption capacity, degree of softening, and dough stability (Table 3). As
the concentration of camel milk in the dough gradually
increased, the absorption of water increased (P ≤ 0.05) from
61% for the control (C0 : W100) to 67% for the sample
supplemented with 100% camel milk (C100 : W0). This
increase may result from the increase in the protein solubility and protein content following the addition of camel
milk, as the proteins are characterised by high absorption
capacity, hydrophobicity, and solubility [26]. Moreover, the
addition of camel milk could lead to structural changes in
the dough, allowing greater water absorption via increased
hydrogen bonding [26]. The water absorption capacity is an
indicator of the dough consistency. A high-water absorption
capacity is attractive for bread making. Additionally, the
quantity of water is important for the distribution and
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Table 3: Rheological properties of wheat dough samples with diﬀerent concentrations of camel milk.

Characteristic
Water absorption (%)
Dough stability (min)
Degree of softening (BU)
Gelatinisation temperature (°C)
Peak viscosity (BU)
Temperature at peak viscosity (°C)

C0 : W100
61.0a ± 0.34
9.4e ± 0.45
23.0c ± 0.20
61.1a ± 0.12
671a ± 0.11
88.1e ± 0.12

C30 : W70
62.5b ± 0.21
8.6d ± 0.45
23.0c ± 0.23
61.9b ± 0.12
783b ± 0.65
86.2d ± 0.09

C50 : W50
64.0c ± 0.12
8.4c ± 0.15
22.0b ± 0.40
63.2c ± 0.13
832c ± 0.21
83.9c ± 0.16

C70 : W30
65.0d ± 0.01
8.2b ± 0.12
21.0a ± 0.01
63.9d ± 0.12
896d ± 0.34
82.5b ± 0.10

C100 : W0
67.0e ± 0.45
8.1a ± 0.30
21.0a ± 0.20
64.2e ± 0.45
956e ± 0.05
80.9a ± 0.21

Mean ± standard deviation (n � 3). Diﬀerent letters in the same row represent signiﬁcant diﬀerences between samples (P ≤ 0.05). C0 : W100: 100% water
(control), C30 : W70: 70% water and 30% camel milk, C50 : W50: 50% water and 50% camel milk, C70 : W30: 30% water and 70% camel milk, and C100 : W0:
100% camel milk.

hydration of dough materials as well as the development of a
gluten protein network.
Hassan et al. [29] claimed that the replacement of water
with various concentrations of buttermilk in bread formulations signiﬁcantly raises the water absorption capacity
of the dough in a concentration-dependent manner. Furthermore, various studies have shown that the addition of
dairy products, nut or legume ﬂours, and vegetable or
protein isolates to wheat ﬂour signiﬁcantly increases the
capacity for water absorption [30, 31]. In contrast, Madenci
and Bilgiçli [32] asserted that the addition of dairy by
products (whey protein concentrates and buttermilk powder) to wheat ﬂour decreases the water absorption capacity
of dough.
The stability of the dough decreased as the concentration
of camel milk in the dough increased. This reduction in
stability could be explained by camel milk components able
to disrupt the wheat gluten–starch network by competing
with the proteins from wheat ﬂour for water. The proteolytic
activity exhibited by the camel milk hydrolysate likely reduced the stability of wheat gluten. In line with our ﬁndings,
Hassan et al. [29] reported a decline in dough stability for
bread formulations with high contents of acidic whey,
buttermilk, and skim milk powder. Gadallah et al. [33] noted
a similar reduction in dough stability with the addition of
increasing amounts of legume ﬂour.
Although camel milk fortiﬁcation had a generally positive impact on the water absorption capacity and an adverse
eﬀect on dough stability, its eﬀects on the degree of softening
were minor. However, as shown in Table 3, compared to
100% water, the fortiﬁcation of wheat ﬂour with camel milk
signiﬁcantly increased the gelatinisation temperature and
peak viscosity. A reduction in the temperature at peak
viscosity (P ≤ 0.05) was also observed. The increase in the
peak viscosity and gelatinisation temperature could be
attributed to the properties of lactose (which promotes
starch gelatinisation) present in camel milk. The substitution of water by lactose sugar results in a decrease in the
moisture content inside the starch granule, resulting in an
increase in gelatinisation temperature [34]. The pasting
properties were aﬀected by the carbohydrate and protein
contents of ﬂour. The improvement in the pasting properties could be attributed to the decrease in the carbohydrate and increase in the protein contents [35]. In
our study, we substituted water with milk. The starch
(carbohydrate) content of bread did not decrease. An
increase in the starch content could be attributed to the

lactose content of milk. The pasting properties improved as
the temperature decreased. The results are consistent with
the previously reported result obtained by studying wheat
ﬂour supplemented with cereal, legume, vegetable, or sago
ﬂour [28, 30, 31, 36]. However, the addition of protein
isolates from legumes reduced the maximum viscosity of
the dough [37]. This inconsistency could be due to the
diﬀerence in materials, as protein isolates are free of sugars
or starches, whereas all other materials contain sugars and
starches that can increase the viscosity and gelatinisation
temperature.
3.3. Physical Characteristics of Bread. Table 4 shows the
physical characteristics of the composite bread samples with
diﬀerent percentages of camel milk. Compared with the
control (C0 : W100), wheat ﬂour supplemented with camel
milk resulted in a signiﬁcantly higher (P ≤ 0.05) bread
weight and volume. Bread loaves with higher weights and
volumes are typically preferred by consumers. The heaviest
loaf was obtained at 100% camel milk supplementation
(C100 : W0) (P ≤ 0.05). The observed increase in bread
weight at higher concentrations of camel milk may be due to
the increased ability of the supplemented dough to absorb
water (Table 3). Furthermore, the increase in the value
weight for camel milk bread could be attributed to the large
size and distribution of casein micelles in camel milk. The
size distribution of casein micelles in camel milk was approximately 468 ± 1.00 nm. It was 137 ± 1.50 nm for cow
milk [8, 38, 39]. The loaf volume (1019.3 ± 0.21 cm3) and
speciﬁc volume (4.15 ± 0.34 cm3/g) were highest for 30%
camel milk supplementation (P ≤ 0.05), followed by 50%,
70%, and 100% camel milk supplementation. Although the
loaf speciﬁc volume was reduced by supplementation with
high amounts of camel milk (70% and 100%), the values
were still within 3.0–6.0 cm3/g, which is characteristic of
regular bread, as identiﬁed by the China Grain Products
Research and Development Institute [40]. The reductions in
loaf volume and speciﬁc volume observed for 70% and 100%
camel milk (P ≤ 0.05) may be associated with a decrease in
the structure formed by wheat proteins and a low ability of
the dough to trap air.
A high dough resistance during handling and preparation may aﬀect the retention of gas in the dough and bread
during baking. This can potentially result in a decrease in the
loaf volume. In this regard, Moktan and Ojha [6] found that
increasing the percentage of germinated horse gram ﬂour
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Table 4: Physical characteristics of wheat bread samples with diﬀerent concentrations of camel milk.
Characteristic
Weight (g)
Volume (cm3)
Speciﬁc volume (cm3/g)

C0 : W100
222.5a ± 0.1
898.1b ± 0.1
4.03e ± 0.1

C30 : W70
245.1b ± 0.4
1019.3e ± 0.2
4.15d ± 0.3

C50 : W50
269.6c ± 0.1
999.5d ± 0.4
3.70c ± 0.3

C70 : W30
287.1d ± 0.1
914.1c ± 0.2
3.18b ± 0.1

C100 : W0
290.9e ± 0.1
887.7a ± 0.2
3.05a ± 0.1

Mean ± standard deviation (n � 3). Diﬀerent letters in the same row represent signiﬁcant diﬀerences between samples (P ≤ 0.05). C0 : W100: 100% water
(control), C30 : W70: 70% water and 30% camel milk, C50 : W50: 50% water and 50% camel milk, C70 : W30: 30% water and 70% camel milk, and C100 : W0:
100% camel milk.

Table 5: Sensory evaluation of wheat bread samples with diﬀerent concentrations of camel milk.
Parameter
Crumb colour
Crumb texture
Taste and ﬂavour
Overall acceptability

C0 : W100
4.50b ± 0.11
4.53e ± 0.23
4.70d ± 0.53
4.62c ± 0.10

C30 : W70
4.55d ± 0.23
4.51d ± 0.10
4.82e ± 0.12
4.66e ± 0.45

C50 : W50
4.56e ± 0.15
3.69c ± 0.30
4.72c ± 0.10
4.64d ± 0.12

C70 : W30
4.48a ± 0.14
2.82b ± 0.21
4.15b ± 0.55
3.32b ± 0.22

C100 : W0
4.53c ± 0.12
2.77a ± 0.11
3.95a ± 0.73
3.13a ± 0.77

Mean ± standard deviation (n � 3). Diﬀerent letters in the same row represent signiﬁcant diﬀerences between samples (P ≤ 0.05). C0 : W100: 100% water
(control), C30 : W70: 70% water and 30% camel milk, C50 : W50: 50% water and 50% camel milk, C70 : W30: 30% water and 70% camel milk, and C100 : W0:
100% camel milk.

C0 :W100

C30 :W70

C50 :W50

C70 : W30

C100 : W0

Figure 1: Samples used for the sensory evaluation of bread. C0 : W100: 100% water (control), C30 : W70: 70% water and 30% camel milk,
C50 : W50: 50% water and 50% camel milk, C70 : W30: 30% water and 70% camel milk, and C100 : W0: 100% camel milk.

reduces the loaf volume and speciﬁc volume but increases
the loaf weight. In addition, Gani et al. [37] revealed that
casein, casein hydrolysates, whey proteins, and whey protein
hydrolysates signiﬁcantly decrease the speciﬁc volume of the
loaf.
3.4. Sensory Evaluation of Bread. Sensory evaluations are
fundamental for assessing the quality of newly developed
food products from the perspective of consumer preferences
and needs [41]. The selection of a food product relies on
many factors, including health and nutrition, sensory
properties, price, value, mood, and experience [42]. Sensory
evaluation results for bread made from wheat ﬂour supplemented with diﬀerent concentrations of camel milk are
presented in Table 5. The incorporation of camel milk in the
bread formulations did not aﬀect the surface and crumb
colour. In contrast, Gani et al. [37] found that increasing the
amount of milk protein concentrates and hydrolysates causes
a signiﬁcant change in colour. This colour change can be
attributed to a higher degree of browning via the Maillard
reaction, which is inﬂuenced by the water distribution and the
reduction of amino acids and sugars. The results did not agree
with the results reported by Gani et al. [37]. They used a
diﬀerent type of milk. The lack of colour change in the current

study could be attributed to the lower protein concentration
in loaves of bread supplemented with camel milk.
However, supplementation with camel milk did aﬀect
other sensory attributes. As compared to the control and the
bread supplemented with 30% camel milk, the inclusion of
70% and 100% camel milk signiﬁcantly reduced the texture of
the crumb. The quality scores for taste and ﬂavour ranged
from 3.95 to 4.82 (on a 5-point scale), with the highest score
observed for the bread prepared with 30% camel milk, followed by the bread prepared using 50% camel milk. This trend
may reﬂect the bitter taste of some camel milk components.
The overall assessment also indicated that the pieces of bread
containing 30% and 50% camel milk were preferable to those
containing 70% and 100% camel milk. Although not signiﬁcant, the scores of bread containing 30% camel milk were
higher than the scores of the control sample and the bread
sample formulated using 70% and 100% camel milk in all
sensory attributes. These ﬁndings indicate that replacing 30%
of the water in bread formulations with camel milk can
improve the sensory characteristics of bread (Figure 1).
Similarly, it has been reported that the inclusion of
various nut, legume, mushroom ﬂour, and protein isolates in
bread aﬀects the sensory qualities of products in a concentration-dependent manner [6, 28, 30, 36, 42]. Supplementing wheat ﬂour with various concentrations of whey

6
protein isolate and buttermilk powder aﬀects the sensory
characteristics of bread [29, 32]. Generally, the results of this
study indicated that the nutritional and sensorial attributes
of bread could be improved by supplementing bread formulations with 30% camel milk.

4. Conclusions
The present study focused on the use of camel milk to
improve the rheological and nutritional qualities of bread
without signiﬁcantly aﬀecting consumer acceptability. The
use of camel milk (30%) and water (70%) during the
preparation of bread signiﬁcantly improved the rheological
properties (water absorption, gelatinisation temperature,
and peak viscosity), physical properties (bread weight,
volume, and speciﬁc volume), and sensory quality of bread.
Therefore, supplementation with 30% camel milk has the
potential to improve the nutritional and sensory quality of
the bread samples. As people in Saudi Arabia regularly
consume bread, this approach could have positive eﬀects on
the nutritional and health status of these communities. The
use of camel milk for the production of fermented milk is
limited (compared to cow milk or milk obtained from other
sources). The limited use can be potentially attributed to the
chemical structure of camel milk proteins. Therefore, its
utilization in the production of bread products may extend
the applications of camel milk. The results of this work can
also provide a basis for the development of high-energy
nutritious mixes. The results of this study can help address
the problem of acute malnutrition, which is recognized by
the World Health Organization as a major global issue.
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