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ABSTRACT

Background. Camel milk contains all the essential nutrients as cow’s milk, and has potential beneficial nutri-
tive properties. The drying process has a little effect on the surface composition of milk powders. The use of
camel milk powder in the manufacture of processed cheese could produce a product with special functional
properties.

Material and methods. The effects of adding different concentrations of camel milk powder (CMP; ranging
from 5 to 15%) as a new functional source to replace the cheese base in the manufacture of processed cheese
sauces with highly acceptable quality and sensory properties were investigated.

Results. All treatments varied significantly (p < 0.05) in their properties depending on the percentage of CMP
added and the storage period (6 +0.5°C for 30 days). The pH, meltability, oil separation, viscosity and sensory
properties of cheese sauce were measured during the storage period. Also, the chemical composition of the
freshly prepared cheese sauces was examined. The moisture and total solids content decreased and increased
significantly (p < 0.05), in line with an increase of CMP in the cheese base formula, while the fat separation
decreased with an increase in the percentage of camel milk powder added to the blends. The oil separation
and meltability values increased (p < 0.05) in all treatments, even in the control, throughout the storage
period. Among treatments, the cheese sauce containing 15% CMP (T3) was characterized by higher viscos-
ity values during the examined time of shearing and presented higher upward shifting of the flow curve, as
compared with the other treatments, either fresh or during storage. All cheese treatments were more accepted
by the panelists and rated above average, particularly with an increase in the ratio of CMP added of 10%.
Conclusion. The addition of CMP improved (p < 0.05) the quality attributes of cheese sauces and could be
considered as a new different source to substitute cheeses used in base blends of processed cheese.

Keywords: camel milk powder, processed cheese sauces, chemical composition, physicochemical properties,
viscosity, sensory properties

INTRODUCTION
Camel milk contains all the same essential nutrients  camel milk has better quantities of vitamin C, ash, so-
as cow’s milk but differs from it in the absence of dium, potassium, phosphorus, zinc, iron and manganese

[-lactoglobulin and high protective whey proteins, such  than cow’s milk (Hashim et al., 2009). A previous study
as lactoferrin (ten times higher than in cow’s milk). Also,  suggested the use of camel milk in the production of
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infant formula (Moslehishad et al., 2013). Furthermore,
camel milk exhibited anti-viral and anti-bacterial proper-
ties which are effective against pathogens, and had a high
immunoglobulin content, which confers its high antimi-
crobial properties (Korashy et al., 2012). Camel milk has
potential beneficial properties, such as anti-carcinogenic
(Sharma and Singh, 2014), antihypertensive (Quan et
al., 2008) and anti-diabetic ones (Gul et al., 2015).

Spray drying is a method of producing a dry pow-
der from a liquid or slurry by rapidly drying with a hot
gas. This is the preferred method of drying of many
thermally sensitive materials, such as foods and phar-
maceuticals. Spray drying is the most used commer-
cial method for drying milk (characterized by a very
short time of heat contact) with a relatively low cost
and high rate of evaporation that gives a product of
high quality with a consistent particle size distribution
(Mujumdar, 2007). The principle of spray drying is to
remove the water from the milk concentrate as fast and
at as low a temperature as possible to minimize heat
damage to the milk solids.

A dry product is highly desirable since it possesses
a long shelf life, requires relatively low transportation
costs and has an extended storage ability (whole milk
powder has a shelf life of 12 months and skim milk
powder in excess of 2 years) when stored under suit-
able moisture and temperature conditions (Thomas
et al., 2004). The main reason for the manufacture of
camel milk powder is to extend shelf life without los-
ing nutritive value and to simplify storage and usage,
especially in desert areas. In addition, its application
in dairy products can be distributed over a wide area,
which is highly desirable.

During the production of milk powder, milk com-
ponents are assumed to be uniformly distributed in the
concentrate being dried. These components are redis-
tributed in the drying droplets, and the powder surface
composition is significantly different from that of the
bulk (Kim et al., 2005). The surface composition of
milk powders is determined to a large extent during
the spray drying process; the drying process has no or
little effect on the surface composition of milk pow-
ders. This means that the main redistribution of milk
components takes place mainly during the spray dry-
ing process (Kim et al., 2008).

Processed cheese sauces are novel cheese products
not well established in the Egyptian market despite
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being extensively used in the food sectors in equipped
and pre-prepared meals as an ingredient or a desirable
appetizer. They are becoming more widely popular be-
cause of their simple use and long shelf-life. Also, it
is considered a uniquely important source of calcium
in dairy foodstuffs in a stable diet and an important
source of protein and other nutrients. The food manu-
facturing industry is motivated to produce lower pric-
es, good health and suitable products as well as meet
consumer requirements (Mohamed et al., 2011).

Cheese sauces can come in several forms, includ-
ing frozen, semi-liquid, shelf-stable or as dry mixtures.
Also, there are no principles of legal characteristics for
cheese sauce. Nowadays, manufacturers use a lot of
varieties of cheese ingredients such as natural cheese,
cheese powder and processed cheeses, and other dried
ingredients can be used in the formula (Childs et al.,
2009). The texture of a cheese sauce is improved by
industrial texturizing ingredients such as xanthan gum
or other mixed hydrocolloids. These components are
useful in the control of viscosity, suspension of parti-
cles, emulsification, prevention of separation and the
offering of qualities such as body and stability (Solow-
iej et al., 2010).

There is a trial to modify and develop the nutrition-
al value of processed cheese to obey consumer needs.
The use of camel milk powder in the manufacture of
processed cheese could present a product with special
functional properties. To the best of our knowledge,
no studies have previously considered the drying tech-
nique for camel milk in the manufacture of processed
cheese sauce. The broad objective of the study was to
determine the suitability of adding different levels of
camel milk powder to enhance the quality attributes of
processed cheese sauce with an acceptable shelf-life
during storage and functional and health properties.

MATERIALS AND METHODS

Materials

Fresh, raw camel milk was collected from a herd of
camels belonging to the Desert Research Center in the
North Western Coastal area of the Matrouh Governo-
rate, Egypt. The milk was immediately preserved and
stored under refrigerated conditions until use. Bulk
camel milk samples contained 12.52 +0.85% total
solids, 3.82 +0.07% fat, 3.54 +0.06% total protein,
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4.32 +£0.10% carbohydrates (by the difference), 0.84
+0.01% ash and a pH of 6.6 +0.54. Cheddar cheese
was obtained from a local market, Cairo, Egypt. Corn
starch was obtained from the starch and glucose com-
pany, Cairo, Egypt. Commercial fine grade salt was
obtained from El-Nasr saltines Co. Alexandria, Egypt.
Emulsifying salts were obtained from JOHA BK Lad-
enburg Corp., GmbH, Ladenburg, Germany.

Methods

Preparation of camel milk powder by spray dry-
ing. The milk samples were transferred to a spray
drier model co-current Mini Spray Dryer B-290
(BUCHI, Flawil, Switzerland). The drying conditions
were 180°C, a flow rate of 20 ml/min, and a pressure
of 1.5 bars. The dried milk samples were immediately
removed from the spray dryer, cooled, weighed and
packaged in stainless steel containers. The yield was
calculated as follows: yield, % = weight of milk pow-
der / weight of liquid milk x 100. The composition
of whole camel milk powder was as follows: 89.52
+4.07% total solids, 29.20 £2.85% fat, 20.72 +1.64%
total protein, 32.52 +2.10% carbohydrates (by the dif-
ference), 6.64 £0.87% ash and 6.30 £0.74 pH.

Preparation of cheese sauce manufacture using
camel milk powder. The cheese sauce formulation
used in this study was described by Li et al. (2004).
To prepare the cheese sauce, water was heated to
82-93°C in a kettle. Disodium phosphate and sodium
citrate were added with agitation, followed by the
chopped cheese. Camel milk powder was added at dif-
ferent ratios: 5%, 10% and 15% for T1, T2 and T3,
respectively, while the control treatment formula was
without camel milk powder. The emulsifier was added
for all blends at a ratio of 0.2%. High shear mixing
continued until the cheese was entirely melted. Starch
and salt were then added to the blend under high agi-
tation. This process took no more than 5 minutes and
resulted in a smooth sauce with a creamy consistency.
The sauce was then placed into stainless steel contain-
ers and stored overnight at 7°C for processing the next
day. The sauce was heated in a kettle to about 100°C
with agitation until it was uniformly melted without
chunky particles. Cheddar cheese was substituted with
camel milk powder at different ratios: 0%, 5%, 10%
and 15%. All treatments were poured into glass jars
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(50 g) and capped directly after filling. The resultant
cheese sauces were cooled at room temperature before
storage then stored in a refrigerator (at 6 £0.5°C) till
the end of the storage period. Samples of the cheese
sauce were analyzed for chemical and physical prop-
erties, and sensory attributes were determined when
fresh and during storage. The experiment was carried
out in triplicate. Data were reported as the average of
three replicates.

Chemical analysis. The cheese sauce samples were
tested for moisture, fat and ash contents as mentioned
by AOAC (2007). Total nitrogen (TN) content was
measured using the semi-micro Kjeldahl method ac-
cording to the method described by Ling (1963).

Physicochemical properties. Values of pH were
measured using the electric HANNA instrument, pH
213 microprocessor pH meters by inserting the pH
combined glass electrode (Electric Instruments lim-
ited) directly into the sample. Values of pH were re-
ported to the nearest 0.01 units.

Physical properties. The oil separation index (OSI)
of the cheese sauces was determined as described by
Thomas (1973). Meltability of the cheese sauce sam-
ples was determined according to the method designed
by Olson and Price (1958) as modified by Savello et al.
(1989). The viscosity of the cheese sauce samples was
measured according to Viturawong et al. (2008) using
a Brookfield viscometer (LV-DT H05390, Brookfield
Engineering Lab., Inc., Stoughton, MA, spindle no. S93).

Sensory evaluation. Sensory evaluation was carried
out according to the scheme of Meyer (1973). The
evaluation was done when fresh and during storage up
until 4 weeks in a refrigerator (6 £0.5°C) by regular
scoring panel members of the Animal Production Di-
vision, Desert Research Center and Dairy Department,
National Research Center (NRC).

Statistical analyses. All experiments and analysis
were done in triplicate. Statistical analyses were car-
ried out using the General Linear Models procedure of
the SPSS 16.0 Syntax Reference Guide (SPSS, 2007).
The results were expressed as least square means with
standard errors of the mean. Statistically different
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groups were determined by the LSD (least significant
difference) test (p < 0.05).

RESULTS AND DISCUSSION

Chemical composition
The chemical composition of the processed cheese
sauce manufactured by adding different concentra-
tions (0%, 5%, 10% and 15%) of camel milk pow-
der to the base formula is presented in Table 1. The
moisture content of the processed cheese sauce ranged
from 64.92 to 60.72% in all treatments, including the
control. The moisture content decreased significantly
(p <0.05) with an increase in camel milk powder in the
base formula. This decrease in moisture content was
reflected in an increase in the total solids. The highest
total solids were noted with T3 (15% camel milk pow-
der) while the lowest total solids percentage was in
the control treatment. The ash content in the processed
cheese sauce also presented in Table 1 decreased to
record the lowest value of 3.43% in T3 (15% camel
milk powder), which may be due to the higher amount
of cheddar cheese during substitution with camel milk
powder at different ratios: 0%, 5%, 10% and 15%.
The cheddar cheese was high in ash and salt com-
pared with the camel milk powder. The data of ash
content is in agreement with Hassan et al. (2007), who
noted that the ash content decreased with an increase
in the substitution ratio of soybean flour or flaxseed.
The protein contents of the processed cheese sauce
treatments were 8.70%, 8.61%, 8.89% and 9.17%
in the control and treatments with camel milk powder

in ratios of 5%, 10% and 15%, respectively. These re-
sults show that the control treatment had the lowest
protein values among all substitutions of the cheese
base in the processed cheese sauce formula with camel
milk powder leading to higher protein values in treat-
ments. The higher values of protein in treatments with
a cheese base substitution of camel milk are due to
the differences in protein content, since it is higher in
camel milk powder than in the cheese base. The data
regarding protein content are also in agreement with
Hassan et al. (2007). As presented in Table 1, the per-
centage of fat decreased with an increase in the sub-
stitution of the cheese base with camel milk powder
to record the highest fat content in the control treat-
ment (15%), while the lowest fat was recorded with
T3 (12%), which had a substitution of 15% camel milk
powder from the cheese base. F/DM ratios were relat-
ed to that of fat and moisture contents in the processed
cheese sauce treatments. Therefore, the F/DM ratios
showed a value ranging from 42.76 to 30.55.

The data presented in Table 2 refers to the moisture
and total solids content of the processed cheese sauce
manufactured by different ratios of camel milk pow-
der, fresh and during the storage period. The moisture
when fresh was higher in the control treatment and
decreased in the treatment with an increase in the sub-
stitution of cheddar cheese with camel milk powder at
different ratios from 5% to 15%. This lower moisture
content in the treatments was due to a lower moisture
content in camel milk powder when compared with
cheddar cheese and also the high level of whey protein
in camel milk powder (Kappeler et al., 2016). During

Table 1. Chemical composition of fresh processed cheese sauce manufactured using different ratios of camel milk powder

Chemical composition

Treat-
ments moisture ash protein fat T.S F/DM
Control 64.924+£3.71 4.324+0.81 8.708 £1.08 15.04£1.20 35.08+£2.16 42.76* £2.51
T1 64.304 £3.22 4.268 +£0.79 8.618 +£0.96 14.548 £1.17 35.71€£2.19 40.608 £2.37
T2 62.998 +3.14 3.948 +0.65 8.8948 +(0.99 14.08 £1.16 37.018 £2.23 37.83¢£2.19
T3 60.72€ £3.05 3.438 +0.62 9.17* £1.14 12.0¢ £1.11 39.2844+2.27 30.55° +£2.05

Control — processed cheese sauce made without camel milk powder (CMP), T1 — 5% CMP, T2 — 10% CMP, T3 — 15% CMP.
The means with the different capital (A—D) superscript letters within the same column indicate significant (P < 0.05) differences

between treatments for concentrations of camel milk powder.
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Table 2. Moisture and total solids content of processed cheese sauce manufactured using different ratios of camel milk

powder fresh and during storage period

Moisture, %

Total solids, %

Treatment storage period, days
fresh 10 20 30 fresh 10 20 30
Control 64.92:4 63.46%8 64.31A8 65.04A 35.08"E 36.54%FC 35.69% 34.97F
+3.25 +3.09 +3.20 +3.37 +2.17 +2.24 +2.18 +2.11
T1 64.3048 63.86%8 63.5208¢ 63.29%¢ 35.71% 36.12:bGE 36.49:FC 36.72F
+3.18 +2.82 +3.11 +3.08 +2.23 +2.21 +2.20 +2.23
T2 62.99:C 61.840 61.47°P 60.28°F 37.01¢F 39,72 38.16% 38.53%E
+2.98 +2.74 +2.56 +2.38 +2.25 +2.31 +2.28 +2.29
T3 60.72:PF 59.96%F 59.07°F 58.07d 39.28¢% 40.05¢ 40.93% 41.94
+2.44 +2.15 +2.08 +2.05 +2.29 +2.33 +2.32 +2.35

Control — processed cheese sauce made without camel milk powder (CMP), T1 — 5% CMP, T2 — 10% CMP.
The means with the different small (a—c) superscript letters within the same row indicate significant (P < 0.05) differences between

treatments for storage period treatments.

Means with the different capital (A—G) superscript letters within the same column are significantly (P < 0.05) different between
storage period and concentrations of camel milk powder treatments.

the storage period of 10 to 30 days, the moisture de-
creased, and the total solids increased to record the
lowest moisture and highest total solids at the end of
the storage period. The increase in total solids with
the increase in the substitution of cheddar cheese with
camel milk powder may be due to the water holding
capacity of camel milk powder that revealed the high

concentration of whey protein in camel milk powder
compared to other types of milk. The same finding was
reported by Hailu et al. (2016).

The pH values of the processed cheese sauce with
camel milk powder in different ratios when fresh and
after 10, 20 and 30 days of storage at refrigerator tem-
perature are presented in Table 3.

Table 3. pH values of processed cheese sauce manufactured using different ratios of camel milk powder fresh and during

storage period

Storage period

Treatments / pH values

days control Tl T2 T3

Fresh 5,65 +0.51 5.75%C £0.53 5,798 10 60 5.8134 £0.63
10 5,635 £0.50 5,65 +0.49 570 £0.54 5.681P £0.52
20 5,536 +0.49 5.57EF 40,46 5.68°° +0.52 5,61 +£0.51
30 5.42% 40,44 5.5396 £0.45 5,549 £0.47 5.49%6 +£0.48

Control — processed cheese sauce made without camel milk powder (CMP), T1 — 5% CMP, T2 — 10% CMP, T3 — 15% CMP.
The means with the different small (a—c) superscript letters within the same row indicate significant (P < 0.05) differences between

treatments for storage period treatments.

Means with the different capital (A—H) superscript letters within the same column are significantly (P < 0.05) different between
storage period and concentrations of camel milk powder treatments.
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Table 4. Meltability of processed cheese sauce manufactured using different ratios of camel milk powder fresh and during

storage period

Storage period Treatments / Meltability, mm
days control Tl V) !
Fresh 11.4%F +£0.72 10.9%F +£0.66 9.6 +£0.63 8.4H +0.60
10 12.2:€ £0.75 11.6°°F +£0.69 11.2%5+0.70 11.2%5 +0.68
20 13.4%8 +0.84 12.6°5¢ £0.73 12.25€ £0.72 11.8° £0.70
30 14.4*4 +0.86 13.4%5 +£0.81 13.6"8 +0.85 12.2¢€ £0.71

Control — processed cheese sauce made without camel milk powder (CMP), T1 — 5% CMP, T2 — 10% CMP, T3 — 15% CMP.
The means with the different small (a—c) superscript letters within the same row indicate significant (P < 0.05) differences between

treatments for storage period treatments.

Means with the different capital (A—H) superscript letters within the same column are significantly (P < 0.05) different between
storage period and concentrations of camel milk powder treatments.

The pH values of the processed cheese sauce treat-
ments were 5.65, 5.75, 5.79 and 5.81 for the control
and treatments with the camel milk powder, respec-
tively. Results indicated that the control has a lower
pH value than that of all other treatments. This could
be due to the higher cheddar cheese ratio in the base
blend. Treatments with camel milk powder generally
showed higher pH values than the control. Among all
treatments, processed cheese sauce with camel milk at
a ratio of 15% has the highest pH value. During stor-
age of the cheese sauce samples, the pH decreased
with an extension in the storage period. The pH values
in stored samples up to 30 days at 5 £1°C were 5.42,
5.53, 5.54, and 5.49 for the control and cheddar cheese
substituted with camel milk powder at 0%, 5%, 10%
and 15% respectively. The changes in pH values dur-
ing storage could be due to the changes occurring in
emulsifying salt form, lactose content, and SN con-
tents. The data are agreed with by Aly et al. (1995),
Awad (2003) and Hassan et al. (2007).

The results presented in Table 4 refer to the melta-
bility of the processed cheese sauces manufactured by
different ratios of camel milk powder, fresh and during
the storage period. They were recorded as cheese flow
[mm]. The processed cheese sauce exhibited meltabil-
ity values of 10.9 mm, 9.6 mm and 8.4 mm at ratios of
5%, 10% and 15%, respectively, compared to 11.4 mm
for the control treatment. The results indicated that
meltability values of the processed cheese sauce with
camel milk powder decreased with an increase in the
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camel milk powder addition to the cheese base for-
mula, which may be due to the moisture content,
total solids, and high whey protein content in camel
milk powder. The meltability of the processed cheese
sauce during the storage period increased to its high-
est meltability after 30 days with the control treatment
(14.4 mm). The data indicated that during storage the
meltability values of the processed cheese sauce in-
creased in all treatments, even the control. This might
be due to the higher soluble nitrogen content of all
treatments as confirmed by Hassan et al. (2007).
Table 5 shows the oil separation index of the cheese
sauce treatments during the storage period. Fresh pro-
cessed cheese sauce exhibited an oil index value of
0.148 for the control while it was 0.34, 0.30 and 0.034
for the treatments of camel milk powder in ratios of
5%, 10% and 15% respectively. The data showed that
the processed cheese sauce with camel milk powder
has relatively lower oil index values than the control.
The fat separation decreased with an increase in the
percentage of camel milk powder added to the blends.
The differences in oil separation values among the
treatments are mainly due to the nature of the protein
in the blend and/or the emulsification degree of the
product. The protein in cheddar cheese (mainly ca-
sein) produced a network in the final product while the
protein of camel milk powder would be better able to
do the same as its high amount of whey protein (Hailu
et al., 2016). With a higher ability to produce a net-
work, the product became more emulsified, showing
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Table 5. Oil separation index of processed cheese sauce manufactured using different ratios of camel milk powder fresh and

during storage period

Treatments / Oil separation index

Storage period
days control Tl ) !
Fresh 0.148°° £0.01 0.34%8 £0.04 0.30°® +0.03 0.034°F +£0.04
10 0.214°¢ +0.03 0.105P +£0.008 0.87%A £0.06 0.071% £0.001
20 0.231°¢ +0.03 0.138° +0.01 0.1129° +0.009 0.84** £0.05
30 0.258* +£0.04 0.231%€ £0.02 0.148°° +0.01 0.129°° £0.01

Control — processed cheese sauce made without camel milk powder (CMP), T1 — 5% CMP, T2 — 10% CMP, T3 — 15% CMP.
The means with the different small (a—d) superscript letters within the same row indicate significant (P < 0.05) differences between

treatments for storage period treatments.

Means with the different capital (A—E) superscript letters within the same column are significantly (P < 0.05) different between
storage period and concentrations of camel milk powder treatments.

a lower oil separation index in the treatment compared
with the control. Although the addition of camel milk
powder to the formula leads to more casein networks,
the cheese sauce was able to bind fat better than the
control. This may be due to the fact that the camel milk
powder contains high amounts of whey protein which
have a stabilizing and emulsifying effect that may play
a role in lowering the oil separation. The oil index of
the processed cheese sauce in both the control and
with camel milk powder was affected by the storage
period. The free oil increased with an extension in the
storage period. After 30 days of storage, the processed
cheese samples had an oil separation index of 0.258,
0.231, 0.148 and 0.129 for the control, 5%, 10% and
15% with the camel milk powder, respectively. The in-
crease in oil separation in the stored processed samples
could be correlated to the increase in soluble nitrogen
contents (more decomposition of protein) which result
in a lower degree of emulsification and higher fat leak-
age. These results are in accordance with the findings
of Abd El-Hamid et al. (2000) and Awad (2003).
Differences in viscosity [cP] of all the processed
cheese during storage are illustrated in Figure 1. It
could be observed that increasing the ratio of CMP
from 5% to 15% significantly (p < 0.05) increased the
viscosity. The flow behavior exposed that the viscosity
values decreased in all treatments when the viscome-
ter speed increased. Samples of cheese sauce T3 (15%
CMP), either fresh or during storage, were character-
ized by the highest viscosity values compared with all
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the other treatments and the control. This could be due
to the nature of the camel milk protein added to the
recipe, which plays the role of a colloidal and thicken-
ing agent that may help to bind more water than solu-
ble material (Al-Shamsi et al., 2018). While a lower
viscosity in the control could be due to the higher lac-
tose and ash content as soluble matter (Noisuwan et
al., 2008). Viscosity values (p < 0.05) decreased dur-
ing the storage period, which is due to the fact that vis-
cosity is affected by several factors, such as pH values,
state of the protein network and moisture content. The
data agree with those of Awad et al. (2014).

Among treatments, the cheese sauce containing
15% CMP (T3) was characterized by higher viscos-
ity values and showed a higher upward shift of the
flow curve, as compared with the other treatments
(Fig. 1D).

The sensory evaluation scores of the processed
cheese sauce made using different ratios of camel milk
powder during storage periods at 6 +0.5°C for 30 days
are presented in Table 6.

All treatments were acceptable with significant
differences (p < 0.05) between them, where camel
milk powder concentration and time of storage were
the principal factors influencing the sensory proper-
ties. All treatments, as well as the control, had a good
general appearance, body and texture and a pleasant
creamy flavour. It is clear that no changes occurred
in colour or appearance, either in fresh or in stored
treatments. The data also indicated that the sensory
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Fig. 1. Viscosity values (cP) of processed cheese sauces manufactured using different camel milk
powder when fresh (A), after 10 days (B), 20 days (C) and 30 days (D) of storage 6 +£0.5°C
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Table 6. Changes in sensory evaluation of processed cheese sauce manufactured using different ratios of camel milk powder

during cold storage period

Storage period Character Treatments

days assessed control Tl v) T3
Fresh 0.A (20) 160 £1.34 18 +1.65 19.5 £1.82 19** +1.76
B&T (40) 35 4214 36 +£2.24 388 +2.28 38.5*4+£2.30
A&F (40) 359 4217 360 +£2.21 394 £2 .33 39.5°4+£2.31
total 86 £3.89 90°¢ +4.07 96.5% +4.11 974 +4.12
10 O.A 17°¢ £1.64 17°¢ +1.68 188 +1.75 18 +1.80
B&T 3396 +£2.09 35 £2.12 360 +£2.18 38 +2.26
A&F 359 +2.11 37°C+2.18 388 +2 .27 394 4+2.29
total 854 +3.74 89H +3.76 92°F +4.09 95 +4.10
20 O.A 160 £1.28 17°¢ £1.34 17°¢ £1.31 18 +1.45
B&T 324 +1.92 34F +2.15 37°C £2.24 38 +2.26
A&F 349 £2.09 36 +£2.21 37°C£2.23 38 +2.27
total 82M +3.54 879 +3.71 91°F +3.85 940 +4.08
30 O.A 15% +1.20 16" £1.25 16°° £1.26 16" +£1.28
B&T 31 +1.85 35" 4+2.13 360 £2.16 360 +2.17
A&F 3396 £2.06 35 £2.10 35bE +£2.12 360 +2.18
total 79N £3 .41 86K +£3.52 87" £3.56 884 +£3.61

Control — processed cheese sauce made without camel milk powder (CMP), T1 — 5% CMP, T2 — 10% CMP, T3 — 15% CMP.
O.A — outer appearance, B&T — body & texture, A&F — aroma & flavor.
The means with the different small (a—d) superscript letters within the same row indicate significant (P < 0.05) differences between

treatments for storage period treatments.

Means with the different capital (A—E) superscript letters within the same column are significantly (P < 0.05) different between
storage period and concentrations of camel milk powder treatments.

quality attributes of all the processed cheese sauce
treatments, including the control, slightly decreased
with an extension in the storage period. These dates
agree with the findings of Awad et al. (2014). Also, the
body and texture of the cheese sauce improved and the
cheese was easier to slice with an increase in the ratio
of camel milk powder in the blend. The highest values
camel milk powder were in the T3 treatments, which
were very smooth, more homogenous and less viscous
than the other treatments, including the control, either
fresh or throughout the storage periods. This may be
due to the fact that the camel milk powder contains
high amounts of whey proteins which have stabilizing

www.food.actapol.net/

and emulsifying properties that may play a role in im-
proving texture properties, Al-Shamsi et al. (2018). As
is shown by the scores listed in Table 6, the flavour of
processed cheese sauce becomes more preferable with
an increase in the camel milk powder in the blend up
to 10% compared to the control. These scores proved
that sauces with 15% camel milk powder possessed
the highest scores and were the most bright and shiny
compared with all the other sauces. Meanwhile, the
control scored the lowest points for outer appearance,
exhibited a less viscous, thinner body and was less
preferable to the panelists. Aroma and flavour scores
of the processed cheese sauces were highly affected
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(p < 0.05) by the ratio of camel milk powder in the
blends. The aroma and flavour were acceptable in all
formulas being the least in the control and the best
in T3. Increasing the ratio of camel milk powder in
processed cheese blends could be recommended up
to 10% and the final products displayed the highest
chemical, physical and sensory properties during the
storage period.
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