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Abstract
Sheep milk cheese analogues were made from whole sheep's

milk with the addition of 0.03% Xanthan gum (XG) and Quinoa
seed flour (QSF) at rates of 1, 2 and 3% (w/w). The chemical,
rheological, sensory properties and yield of sheep milk cheese
analogues were studied. The addition of QSF and XG reduced the
moisture and fat content of sheep milk cheese analogues, while
the protein content increased with the addition of QSF up to 2%
and decreased slightly thereafter. The carbohydrate, crude fiber
and ash content also increased significantly with the addition of
QSF. The results also indicated a significant increase in the yield
of cheese analogues with the increase in the level of QSF added.
Texture profile analysis showed that the hardness, gumminess,
and chewiness values generally increased with increasing levels
of QSF added with xanthan gum, while cohesiveness and
springiness values decreased in the cheese analogues compared
to the control. Cheese analogues supplemented with 1% or 2%
QSF with added xanthan gum received the highest scores for
flavor, body, texture, appearance, and overall acceptability, while
the addition of 3% QSF had the lowest overall acceptability
score.

Keywords: Sheep milk cheese analogues, Quinoa seeds,

Xanthan gum.
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INTRODUCTION

Sheep milk has a high nutritional value
and contains high levels of proteins, fats,
minerals and vitamins, making it particularly
useful for making cheese (Jooyandeh and
Aberoumand, 2010). Furthermore, sheep's milk
fat is mostly short- and medium-chain fatty acids
that give it a unique flavour. Products made
from sheep's milk, like cheese, have this flavor
(Barlowska et al. 2011; Balthazar et al., 2017).
World-famous  classic  cheeses such as
Roquefort, Pecorino, Manchego, Feta, and
Halloumi are among the delicious and broad
category of cheeses made from sheep's milk.
However, the high price and scarcity of sheep's
milk causes the cost of cheese made from it to
rise, prompting customers to look for less
expensive products (Rivas et al., 2019). One
important strategy that can help expand the
sheep milk cheese market is the availability of
functional and healthy alternative products such
as sheep milk cheese analogues. Cheese
analogues are products that mimic or substitute
traditional cheese; they are also referred to as
imitation cheeses or cheese substitutes. In such
products, the milk fat, milk protein, or both may
be partially or completely replaced by non-dairy
ingredients, usually of plant origin (Chavan and
Jana, 2007). Cheese analogues have been
manufactured primarily because of their cost-
effectiveness and simplicity of manufacture
(Cunha et al., 2010). Currently, the production
of cheese analogues is also focused on obtaining
products that promote health or have new
functional properties. Recent interest in plant-
based products and healthier alternatives,
especially those high in protein, has led to
increased interest in  developing cheese
analogues (Solowiej et al., 2015; Kamath et
al., 2022; Aschemann-Witzel et al., 2021;
McClements and Grossmann, 2021; Pua et al.,
2022). Quinoa (Chenopodium quinoa Willd) is a
pseudocereal of Chenopodiacee family which
was cultivated and consumed since 5000 years
ago by the indigenous Indian region populations
(Vega-Galvez et al., 2010). Quinoa has gained
renewed interest as an alternative cereal crop due
to its excellent nutritional value, and is regarded
as a super food called the “golden grain”.

Accordingly, the Food and Agriculture
Organization of the United Nations (FAO, 2011)
identified quinoa as “one of humanity's most
promising crops” that can help achieve food
security in the 21st century and declared 2013
the International Year of Quinoa. Quinoa is
particularly rich in carbohydrates, proteins,
lipids, minerals and vitamins, and significant
amounts of other bioactive compounds, such as
polyphenols and is also gluten-free. The protein
content of quinoa seeds is higher than other
cereals. Quinoa proteins are mainly albumin and
globulin, with a better distribution of essential
amino acids similar to casein. So, it can be used
as an alternative to milk proteins (Gordillo-
Bastidas et al., 2016; Angeli et al., 2020; Mu et
al., 2023). However, the consumption of quinoa
is limited due to its bitter and astringent taste,
due to saponins (Suarez-Estrella et al., 2018). In
addition, some sedimentation occurs due to the
presence of large undissolved particles of quinoa
seeds due to its high content of insoluble fiber
and phytic acid. This is often overcome by
adding some additives such as emulsifiers and
stabilizers (Lamothe et al., 2015). Gums are one
type of hydrocolloid that can be used to produce
cheese analogues by acting as stabilizers, and
water-binding agents (Badem, and Ucar, 2016;
Solowiej and Nastaj, 2016). Therefore, the
present study was conducted as an attempt to
increase the quantities of cheese produced from
sheep milk by manufacturing soft sheep milk
cheese analogues of acceptable quality by
adding different levels of Quinoa seed flour and
Xanthan gum as functional ingredients.

MATERIALS AND METHODS

1. Materials

Whole sheep's milk used in this work
(17.69% total solids, 6.40% fat, 5.85% protein,
4.52% lactose, 0.92% ash) was collected from
the animal production farm of the Faculty of
Agriculture, Sohag University, Egypt. Quinoa
(Chenopodium quinoa, Chenopodiaceae) seeds
were obtained from the Agricultural Research
Centre, Giza, Egypt. Xanthan gum was supplied
by Food chem. International Corporation, China.
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2. Methods
2.1. Preparation of Quinoa seeds flour (QSF)
Quinoa seeds were washed several times
and soaked for 4 h in distilled water at a 1:3 w/v
ratio to remove saponins and bitterness then
dried in an oven at 60°C for 12 h. The dried
seeds were ground using a laboratory mill to
obtain a fine powder. The seed flour was packed
in a plastic container and kept at refrigerator
temperature until use (Quispe-Fuentes et al.,
2013).

2.2. Preliminary experiments

In  preliminary  experiments, the
appropriate level of XG to be used in the
analogue cheese formulations was determined,
which could trap insoluble suspended particles
of QSF in the system and not settle under the
force of gravity. XG of 0.03% (w/w) was most
suitable (data not shown).

2.3. Manufacture of soft sheep's milk cheese
analogues

Soft sheep's milk cheese analogues were
manufactured following the method described
by Abdelmontaleb et al. (2021), with some
modifications. The sheep's milk was divided into
four equal parts. The first part represents a
control, and QSF was added to the remaining
three parts at 1.0%, 2.0%, and 3.0% (w/w),
respectively. XG was added at a rate of 0.03%
(w/w) to each of the three treatments. To aid in
the dissolution and hydration of the ingredients
in milk, all treatments were continuously stirred
for 45 minutes at 45°C, pasteurized for 30
minutes at 63°C, quickly cooled to 4°C, and
maintained at this temperature overnight. The
following day, all treatments were again
pasteurized for 30 minutes at 63°C, cooled to
40°C, (microbial) and fresh liquid rennet
(Reniplus 2000 IMCU/qg, Spain) was added. The
mixture was then incubated at 40°C for 1.5-2
hours. After complete coagulation, the resulting
curds were sliced, poured into stainless steel
molds lined with cheese cloth, and left for 18
hours to solidify under light pressure. After
producing cheese analogues, the products were
weighed, chopped, and packed into plastic
containers with 5% saline solution. The
containers were then kept refrigerated.

Throughout a 60-day storage period, samples
were examined every 15 days for sensory
assessment as well as for chemical composition,
texture, and yield while still fresh. Every
analysis was carried out in triplicate.

2.4. Analytical Methods
2.4.1. Chemical analysis

Chemical analyses of sheep milk and
cheese analogues including moisture, total
solids, fat, ash, fiber and salt were determined
according to AOAC (2012). Total nitrogen (TN)
was determined by the semi-micro kjeldahl
method. The protein content was obtained by
multiplying the percentage of TN by 6.38.
Carbohydrates content was calculated by
difference using the formula: % Carbohydrates =
100 — (% moisture + % protein + % fat + % ash
+ % fiber).

2.4.2. Determination of cheese yield

According to Fox et al. (2000), the mass
ratio between the curd obtained after the
pressing stage and the weight of the milk was
used to calculate the cheese vyield. Every
measurement was done three times.

2.4.3. Texture Profile Analysis

Three days after manufacture, cheese
analogues underwent texture profile analysis
(TPA) using the Mecmesin Multi Test 1-d
Texture Analyzer (Slinfold, West Sussex, UK),
and Specific Expression PC Software was used
to compute the results. A compression test was
used in the experiments to create a plot of force
(N) versus time (sec). Samples were compressed
twice at a rate of two centimeters per minute.
From the obtained TPA curve, the following
parameters were calculated: hardness (N),
cohesiveness (B/A area), springiness (mm),
gumminess (N), and chewiness (mJ). Three
evaluations of each texture parameter were
conducted according to IDF (1992).

2.4.4. Sensory assessment
Nine staff members of Dairy Science

Department, Faculty of Agriculture, Sohag
University/ Egypt, evaluated the cheese
analogue samples based on their sensory

evaluation according to the scheme described by
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Nelson and Trout (1956). Taste received 50
points, body and texture received 35 points, and
appearance received 15 points. The overall
acceptability score was 100. Initial descriptions
of sensory attributes were given by the subjects,
followed by point values.

2.5. Statistical examination

The data obtained from the current study
was analyzed by ANOVA. In all analyses, the
data means test was utilized to assess the
variation between the samples when a significant
difference (p < 0.05) was found in a particular
variable. The Statistical Analysis System for
Windows software was utilized to analyze the
data (SAS, 2008).

RESULTS AND DISCUSSIONS

1. Chemical composition of Quinoa seeds
flour

The chemical composition of Quinoa
seeds flour showed that the percentage of
protein, fat, ash, carbohydrates, and crude fiber
were 14.02%, 5.43%, 2.82%, 65.10%, and
7.05%, respectively (Table 1). These results are
consistent with those previously reported in
detail regarding the chemical composition of
quinoa seeds (Pereira et al., 2019 and Olivera et
al., 2022).

Table (1): Chemical composition of quinoa seed flour (g/100 g dry weight)

Literature
Nutglents Sample* Abugoch Vilcacundo & Hernandez- | Hussain et al.
(%) James Led 2017 2021
(2009) edesma ( ) ( )
Protein 14.0 12-23 13.1-16.7 10-18
Fat 54 1.8-9.5 5.5-7.6 4.4-8.8
Ash 2.8 ND ND 2.3-3.7
Carbohydrates 65.1 73.6-74.0 32-69 32-60
Crude fiber 7.1 7.0-9.7 7-11.7 1.1% - 134

*Values are mean of three replicates
- ND: not detected

2. Chemical composition of cheese analogues:

The chemical composition of soft
sheep's milk cheese analogues supplemented
with XG and different levels of QSF is shown in
Table 2. The results showed that the moisture
content of cheese analogues decreased
significantly (P <0.05) with increasing
percentages of QSF. This was accompanied by
an increase in total solids in the cheese
analogues in terms of carbohydrates, protein, ash
and fiber. Khalifa et al. (2020) found that the
addition of QSF to low-fat camel milk processed
cheese spread at different levels (1%, 3%, and

5%) resulted in a significant increase in the
content of total solids, protein, carbohydrates,
and fiber compared to the control while moisture
content decreased slightly with increasing QSF
levels. Similar results were also noted by
Abdelmontaleb et al. (2021), who found that
adding QSF to UF-soft cheese at three different
levels (1.0%, 2.0%, and 3.0%) significantly
increased the dry matter content of the cheese in
terms of fat, protein, ash, total dietary fiber, and
carbohydrates while decreasing the moisture
content in comparison to the control sample.
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Table (2): Chemical composition of soft sheep's milk cheese analogues fortified with different levels of
Quinoa seed flour and Xanthan gum during refrigerated storage

Treatments

QSF QSF QSF
Storage 1.0% 2.0% 3.0%

Constituents period Control* + + +

(%) (days) XG XG XG
0.03% | 0.03% | 0.03%
1 59.02° | 58.24° | 57.89°
15 59.54% 58.51° 57.67° | 56.91° | 56.92°
Moisture 30 57.93%57.78° 57.08° | 56.17¢ | 56.64°
45 57.11° 56.77° | 55.62° | 56.35°
60 56.51° | 55.35° | 56.20°
1 15.56° 15.75° 15.42°¢
15 15.48%¢ 15.86"° 16.05° 16.12° 15.65°¢
Protein 30 16.02¢16.21°¢ 16.22° 16.57° 15.93¢
45 16.30¢ 16.37° | 16.64° | 16.08¢
60 16.62° | 16.87* | 16.12¢
1 18.92% | 18.50° | 18.25°
15 19.17° 20.00° 19.83% | 19.25° | 19.00°
Fat 30 20.67% 21.00° 20.25° | 19.92° | 19.50¢
45 21.50° 20.67% | 20.50* | 19.83°
60 21.00° | 20.75¢ | 20.08¢
1 3.27¢ 3.32° 3.40°
15 3.24°3.28¢ 3.32¢ 3.64° 3.48°
Ash 30 3.56*3.71¢ 3.54¢ 3.71° 3.64%
45 3.93¢ 3.68¢ 4.07° 3.79°
60 3.90¢ 4.25° 4.12°
1 3.12¢ 3.90° 4.63°
Carbohydrate 15 2.57¢2.35¢ 2.92¢ 3.74° 4.48°
30 1.82¢ 2.54¢ 3.15° 3.71°
45 1.3091.16¢ 2.05°¢ 2.58° 3.14°
60 1.40°¢ 2.11° 2.56°
1 o¢ 0.11¢ 0.29° 0.41°
15 o¢ 0.21¢ 0.35° 0.47°
Crude fiber 30 o¢ 0.37¢ 0.48° 0.58°
45 o¢ 0.46¢ 0.59° 0.81°
60 o¢ 0.57¢ 0.67° 0.92°
1 a b 1.60° 1.54%° 1.48°
15 1'6222;?8 2.03? 1.92° 1.75°¢
Salt 30 2' 5ob 2.35° 2.04¢ 2.29%
45 2.85° 2.82° 2.37¢ 2.80°
60 ' 3.25° 2.83¢ 3.06°

Control*: Cheese made from sheep's milk without additives.
Values are mean of three replicates
The values with different superscript letters within the same row are significantly different (p<0.05)
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From the results of the chemical
composition of the Quinoa seed flour used in our
study shown in Table (1), it is clear that the main
component is carbohydrates, which constitute
more than 65% of the total chemical
composition of the Quinoa seed flour. Abugoch
James (2009) stated that starch is the main
carbohydrate component in quinoa, and is
present at a rate ranging between 52.2% and
69.2%. Therefore, it has a high ability to absorb
water and a great ability to swell. On the other
hand, XG with its high water absorption
capacity, likely contributes to this effect.
Nateghi et al. (2012) found that by increasing
the level of XG in reduced-fat cheddar cheese,
the moisture and protein content increased
significantly. According to the data in Table 2,
the results also showed that compared with the
control cheese, the protein content of the cheese
analogs increased significantly (P < 0.05) with
the addition of QSF up to 2% but slightly
decreased with the addition of 3%, which may
be related to the increased vyield increase.
Khalifa et al. (2020) and Abdelmontaleb et al.
(2021) reported similar results. Conversely,
Quinoa paste was found to significantly lower
the protein content of processed cheese spread,
according to El-Dardiry et al. (2017). The fat
content of the cheese analogues decreased as the
percentage of QSF added increased (Table 2).
This may be due to the lower fat content of QSF
(5.4%), as well as the increased yield of cheese
analogues. These results are consistent with the
results of Khalifa et al. (2020) who reported that
the fat/DM content of low-fat camel milk
processed cheese decreased significantly with
increasing QSF addition. However, El-Dardiry
et al. (2017) found that the fat/DM content of the
obtained processed cheese spread was not
affected by the addition of Quinoa paste. On the
contrary, Abdelmontaleb et al. (2021) found that
the addition of QSF significantly increased the
fat content of UF-soft cheese. These conflicting
results may be a result of differences in the type
of milk used and its fat content. In our study, we
used sheep's milk, which has a higher fat content
(6.4%) compared to quinoa seeds (5.4%). As for
the ash content, the data presented in Table (2)
indicate that there was a significant increase (P <

0.05) in the ash content with an increase in the
percentage of QSF added. This might be because
QSF has more ash (2.8%) than sheep milk
(0.92%). These findings align with the findings
of Abdelmontaleb et al. (2021). However,
research by El-Dardiry et al. (2017) and Khalifa
et al. (2020) showed that the ash content
decreased significantly as the amount of added
quinoa increased. The salt content of fresh
cheese analogues was significantly (P < 0.05)
reduced by the addition of QSF (Table 2). El-
Dardiry et al. (2017) achieved similar results.
Table 2 shows that as the QSF ratio increased,
the amount of crude fiber and carbohydrates in
the cheese analogues increased significantly (P <
0.05). This can be attributed to the high
carbohydrate and crude fiber content in QSF
(65.1% and 7.1%, respectively). El-Dardiry et
al. (2017) and Khalifa et al. (2020) obtained
similar results. However, Abdelmontaleb et al.
(2021) found that there were no statistically
significant variations in total dietary fiber
between 1.0% and 2.0% QSF treatments in UF-
soft cheese with varying percentages of QSF.
When compared to the other treatments, only the
QSF 3.0% treatment exhibited statistically
higher values. Quinoa is an excellent source of
dietary fiber, which makes up 2.6% to 10% of
the total weight of the grain. According to
Gonzalez-Martin et al. (2014) and Lamothe et
al. (2015), 22% of the fiber content is soluble
and the remaining 78% is insoluble. From a
health and nutritional perspective, it is critical to
increase functional components like fiber in the
resulting cheese analogues. Eating dietary fiber-
rich flour is linked to reduced blood pressure,
better  glucose tolerance, and lowered
cholesterol, which support healthy digestion and
the prevention of some cancers, including colon
cancer (Nirmala Prasadi and Joye, 2020). The
results of the current study are consistent with
those of El-Dardiry et al. (2017) who found that
38.82-42.45% dry matter, 17.57-18.39% fat,
9.5-13.27% protein, 2.01-3.74% ash, and 1.06—
1.62% salt were present in processed cheese
spread with different percentages of quinoa paste
(10-40%). Khalifa et al. (2020) reported 40.09—
42.84% dry matter, 8.80-10.10% fat, 10.62—
11.24% protein, and 2.95-456% ash in
processed low-fat cheese fortified with QSF
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(1%-5%). Abdelmontaleb et al. (2021) found
that UF-soft cheese with 1-3 percent added QSF
had 35.02-36.81% dry matter, 17.5-18.0% fat,
10.67-11.21% protein, and 2.6-2.89% ash.
According to a recent study by Guneser et al.
(2023), processed cheese made with added (3%)
QSF contains 37.10% dry matter, 18.31% fat,
11.93% protein, and 3.46% ash. Karimpour et al.
(2023) found that the dry matter and fat content
of imitation whey-less cheese increased while
the moisture and protein content decreased as
the amount of quinoa germs (3-9%) increased.

3. Yield of cheese analogues

The yield of soft sheep's milk cheese
analogues is shown in Figure 1. The results
showed that increasing the percentage of QSF
and XG greatly increased the yields of cheese
analogues. The yield of cheese analogues ranged
from 30.25% to 33.17% with an increase in yield
ranging from 8.89% to 19.40%. This may be
because QSF has a high fiber and carbohydrate
content, which could cause the resultant cheese
analogues to bind more water than the control
cheese (Ogungbenle, 2003). Similar results were
reported by Abo Ali et al. (2022), who found
that compared to control cheese, Kareish cheese
fortified with varying concentrations (1, 3, and
5%) of germinated quinoa seed paste
significantly increased in yield.

H Yield (%) ™ Yield increase (%)

33.17%
30.25% 31.59% °

27.78%

Control QSF (1%) + QSF (2%) + QSF (3%) +
XG (0.03%) XG(0.03%) XG (0.03%)
Treatments

Fig. (1): Percentages of yield and yield increases
in soft sheep’s milk cheese analogues fortified
with different levels of quinoa seed flour with
xanthan gum.

As we mentioned previously, studies
have shown that the primary ingredient in

Quinoa seeds is starch, which makes up between
52.2% and 69.2% of the dry matter. Quinoa is
also an outstanding source of soluble and
insoluble dietary fiber, which consists of
approximately 7% to 9.7% of the total seed
(Abugoch James, 2009). Quinoa seeds have an
average protein content of 13.8% to 16.5%
(USDA, 2015). Therefore, the functional
properties of starch, fiber, and protein
contributed significantly to the increased yield of
the resulting soft sheep's milk cheese analogues.
Furthermore, xanthan gum has been shown to
increase cheese yields. Shendi et al.(2010)
reported that adding xanthan gum to cheese
increases yield because the cheese retains a
greater amount of water, due to the water
absorption  property of xanthan  gum.
Additionally, Nateghi et al. (2012) found that a
higher xanthan gum content in reduced-fat
cheddar cheese led to a significant increase in
moisture and protein content, which was
reflected in higher yield.

3.4. Textural characteristics of cheese
analogues
Texture  profile  analysis  (TPA)

parameters of fresh soft sheep's milk cheese
analogues are shown in Table 3. The hardness
values increased significantly (p<0.05) with
increasing QSF levels. This is explained by the
high fiber and carbohydrate content of QSF.
These results were in line with those of El-
Dardiry et al. (2017) and Khalifa et al. (2020),
who found that as QSF levels increased, the
hardness of processed cheese increased
significantly. Similar findings were also reported
by Abdelmontaleb et al. (2021), who found that
samples supplemented with QSF exhibited
higher hardness and greater internal bond
strength in comparison to the control. This is
likely because QSF's high dietary fiber content
forms a spongy network, and QSF also affects
protein-protein interactions, which increases
hardness and compression force. Compared with
the control cheese, the cohesiveness and
springiness values of the cheese analogues
decreased significantly (P<0.05) with increasing
QSF level (Table 3). These results are consistent
with the findings of El-Dardiry et al. (2017) and
Khalifa et al. (2020).
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Table (3): Texture parameters values of fresh soft sheep's milk cheese analogues fortified with different
levels of Quinoa seed flour and Xanthan gum

Texture parameters
Treatments Hardness | Cohesiveness | Springiness | Gumminess | Chewiness
(N) (B/A area) (mm) (N) (mJ)
Control* 3.80d 0.493a 0.677a 1.873c 1.268b
SM + 1.0 QSF + 0.03% XG 4.15¢ 0.442b 0.582b 1.834d 1.068d
SM + 2.0 QSF + 0.03% XG 5.70b 0.405c 0.579b 2.309b 1.337a
SM + 3.0 QSF + 0.03% XG 6.37a 0.374d 0.493c 2.382a 1.175¢c

Control*: Cheese made from sheep's milk without additives.

SM: Sheep's milk
Values are mean of three replicates

The values with different superscript letters within the same column are significantly different (p<0.05)

Gumminess and chewiness values of
cheese analogues decreased with the addition of
1% QSF then increased with addition of 2% or
3% QSF (Table 3). These results are consistent
with those of Abdelmontaleb et al. (2021), who
found that samples with QSF added had
chewiness and gumminess values that were
higher than those of control cheese. They
proposed that the stronger internal bonds in those
samples were a result of their harder network.
According to Abo Ali et al. (2022), Kareish
cheese fortified with quinoa seed paste that had
germinated exhibited high gumminess and
chewiness values. In a recent study, Karimpour et
al. (2023) found that the whey-less cheese
containing quinoa germs had significantly lower
cohesiveness and springiness values than control
cheese. However, samples containing higher
amounts of quinoa had higher values of
gumminess and chewiness compared to those
containing lower amounts of quinoa. On the other
hand, Shendi et al. (2010) examined the effects
of xanthan gum on the rheological properties and
texture of low-fat Iranian white cheese and found
that the cheese's texture improved with an
increase in  xanthan gum  concentration.
According to research by Nateghi et al. (2012),
the hardness of reduced-fat cheddar cheese was
reduced by adding a high concentration of
xanthan gum (0.045%, w/w) to the cheese
formulation. They reported that the addition of
xanthan gum enhanced the protein matrix's
ability to bind water, suggesting that changes in
the pressure of the protein matrix were likely the
cause of the cheese's decreased hardness.

However, Salari et al. (2017) found that the
cream cheese treatments with the highest fat
content and the lowest amount of xanthan gum
had the highest hardness.

5. Sensory properties

Table 4 shows a wide variation in
sensory profile data for soft sheep's milk cheese
analogues supplemented with different levels of
QSF along with xanthan gum during refrigerated
storage. Fresh cheese analogues showed that the
addition of QSF resulted in lower flavor scores,
especially as the addition level increased. The
flavor became less palatable as the added level
of QSF was increased to 3.0%. In UF-soft
cheese produced with the addition of 1, 2, and
3% QSF, Abdelmontaleb et al. (2021) noticed
the same pattern. However, Karimpour et al.
(2023) found that quinoa additions up to 6%
greatly enhanced the flavor of whey-less cheese.
In our study, panelists described the flavor of the
control cheese as tangy, while the cheese
analogues were described as nutty with a slightly
bitter aftertaste similar to delicious dark
chocolate, with a slightly grainy texture, which
may be due to the natural properties of QSF. The
bitter aftertaste may be due to the presence of
some residues of saponin, which is responsible
for bitterness, in quinoa seeds. Table 4 also
shows that the analogue cheese containing 1%
and 2% QSF did not differ significantly (p >
0.05) in body and texture scores compared to the
control cheese; however, the addition of 3%
QSF resulted in a significant decrease in scores
(p < 0.05). In contrast to our findings, Khalifa et
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al. (2020) found that high QSF levels (3% and low-fat camel milk processed cheese spread.
5%) improved the body and texture scores of

Table 4: Sensory properties of soft sheep's milk cheese analogues fortified with different levels of quinoa
seed flour with xanthan gum during refrigerated storage

Treatments
QSF QSF QSF
. Storage 1.0% | 2.0% | 3.0%
Attributes period | Control* + + +
(days) XG XG XG
0.03% | 0.03% | 0.03%
1 37.32 36.32 | 32.7° | 25.1°
Flavour 15 39.22 37.0® | 34.6° | 28.7°
(50) 30 4252 41.3* | 38.9% | 32.0°
45 44.8? 43.1° | 41.2¢ | 36.5¢
60 48.02 46.8% | 44.0° | 39.3°
1 28.42 28.1° | 26.5% | 23.7°
15 28.9% 30.0% | 28.1° | 26.5°
Body ‘é;)e’““re 30 | 306 | 302¢ | 201% | 27.3°
45 32.12 31.7¢ | 29.7° | 28.0°
60 33.78 32.9% | 30.6° | 28.1°
1 11.72 10.5° | 10.1° g8.2d
colour & Appearance 15 12.12 12.02 | 10.8° 9.3¢
(15) 30 12.92 12,72 | 11.7° 9.6°
45 13.0° 13.02 | 12.3* | 10.0°
60 13.6° 13.3* | 12.5° | 10.1¢
1 77.42 74.9° | 69.3¢ | 57.0¢
Overall acceptability 15 80.2° 79.0° | 735 | 64.5°
(100) 30 86.0% 84.28 | 79.7° | 68.9°
45 89.92 87.8> | 83.2¢ | 74.5¢
60 95.32 93.0° | 87.1° | 77.5°

Control*: Cheese made from sheep's milk without additives.
Values are mean of three replicates
The values with different superscript letters within the same row are significantly different (p<0.05)

=¢=—Flavour =l=—Body & Texture Appearance =><=Total acceptability

Control
80

QSF (1%) + XG (0.03%) % QSF (3%) + XG (0.03%)

QSF (2%) + XG (0.03%)
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Fig. (2a): Comparative profilogram of attributes from the sensory evaluation of soft sheep's milk cheese
analogues fortified with different levels of quinoa seed flour with xanthan gum when fresh.

—¢—Flavour —li—Body & Texture

QSF (1%) + XG (0.03%)

Control
100 »

QSF (2%) + XG (0.03%)

Appearance =><=Total acceptability

QSF (3%) + XG (0.03%)

Fig. (2b): Comparative profilogram of attributes from the sensory evaluation of soft sheep's milk cheese
analogues fortified with different levels of quinoa seed flour with xanthan gum at the end of the storage

period.

Table 4 shows that as QSF levels
increased the color and appearance values of the
cheese analogues decreased. This may be due to
the natural color of QSF. The same result was
observed by Abdelmontaleb et al. (2021), who
reported that the addition of QSF caused the
color of the cheese samples to change. On the
other hand, Shendi et al. (2010) observed that
the xanthan gum addition resulted in more whey
pockets in the cheese, which in turn enhanced
the whiteness of low-fat white cheese. Overall
acceptability scores indicated that cheese
analogues containing 1.0% or 2.0% QSF were
more acceptable than the sample containing
3.0% QSF (Table 4). This may be because this
sample produces a slightly bitter taste and
unsatisfactory color with the high QSF level. On
the other hand, the inclusion of XG may have
enhanced the sensory perception of the cheese
analogues. Numerous studies have examined the
impact of xanthan gum on the sensory
characteristics of cheese. Shendi et al. (2010)
found that low-fat white cheese treated with
xanthan gum was the most desirable in terms of
taste and texture, and had the greatest
advantages in  appearance and overall
acceptability. Nateghi et al. (2012) reported that
the addition of a high percentage of xanthan gum
led to favorable economic outcomes, such as

increased yields and acceptable textural
characteristics of reduced-fat cheddar cheese. As
the storage period progressed, the sensory
attribute scores for all samples increased
(Figures 2, A and B). Overall, the results showed
that the most acceptable cheese analogues were
produced by adding 1 and 2% QSF along with
0.03% XG.

CONCLUSION

This study concluded that adding 1% or
2% QSF with 0.03% XG to whole sheep milk
can successfully produce functional analogues of
soft sheep milk cheese with acceptable sensory
properties, good health benefits, high nutritional
value, high yield and low cost. This could serve
as an expansion of the sheep milk cheese supply
chain in the markets.
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