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Soy beverages are widely used in the world, but due to the unpleasant taste and smell, they need to be
combined with fruit juices, plant extracts, and fruits. Therefore, jujube extract which is rich in phenolic
and antioxidant compounds was used in this work. On the other hand, Persian gum is considered a
native gum and stabilizes the beverage. So, soy protein isolates and Persian gum-based functional
beverage enriched with jujube extract was investigated in this study. The formulations were evaluated
with ratios of 1% and 3% of Persian gum and with ratios of 1.5% and 3% of soy protein isolate. The
evaluation included pH, Brix, turbidity, sedimentation, viscosity, and sensory properties. The
outcomes showed that the highest viscosity was related to D beverage containing the highest amount
of soy protein and Persian gum and also, a vice versa relation between the spindle round and viscosity
was observed and so that increasing the speed to 100 rpm led to a decrease in viscosity. Moreover, the
highest pH and turbidity were seen in the D beverage and this had the lowest amount of sedimentation
after the C beverage. The effect of different amounts of Persian gum and soy protein on sensory
evaluation was quite evident and the best features were observed in C beverage.
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1. Introduction

The demand for people to enjoy a variety of foods with good
nutritional value and taste that have plant and natural resources
is growing in many parts of the world. One of these products
is a soy protein-based beverage that can be flavored with a
variety of extracts and juices (1). In 1999, the US Food and
Drug Administration stated that a daily intake of at least 6.5
grams of soy protein could reduce the risk of cardiovascular
disease (2). Recent studies showed that consuming soy protein
isolate can protect the body against various types of cancer
through different mechanisms (3). Sales of soy beverages have
more than doubled since 2000, and soy beverages with extracts
and juices have become an important market with annual sales
of more than $100 million (4). One of the major problems in
the production of some beverages is that they become biphasic
over time, which is due to low viscosity, low pH, and their
effect on protein sediment (5, 6, 7). Most researchers
recommend the addition of stabilizers or hydrocolloid
compounds as a solution to prevent beverages from becoming
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two-phase (8). Persian gum is found in abundance in Iran and
is secreted from the trunk and branches of the almond tree
(Amygdalus scoparia Spach). This hydrocolloid is composed
of insoluble (70%) and soluble (30%) parts (9). Persian gum is
a transparent gum and produces sticky solutions with high
viscosity in water and has medicinal, industrial, and food
applications (10). Today, fruit consumption has increased due
to its health effects. These substances are rich in polyphenolic
and antioxidant compounds and are anti-mutagenic, anti-
carcinogenic, and anti-oxidative stress. Jujube fruit is rich in
these compounds and is used as a medicinal compound and
belongs to the Rhamnaceae family. Jujube fruit is used as an
analgesic, antihypertensive, anti-diabetic, cardiotonic,
antioxidant, and wound healing. The high content of total
phenolic compounds in it as well as its pleasant and strong
smell and taste have led to the use of its extract for various
applications (11). A large share of the food products market is
related to beverages. Beverages fortified with plant proteins
and phenolic extracts of fruits can be introduced as new
functional food products. Therefore, it is very important to
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produce soy beverages with good taste, and it is also important
to use suitable gum to improve the texture of the beverage and
the stability of the ingredients in it. There are several studies
about such beverages which point to the importance of
proteins and the functional ingredients within them. In one
study, the characteristics of soy protein beverages containing
oranges and white grapes were examined. The results showed
a positive effect of fruits used in the beverages on the evaluated
properties (4). In another study, the possibility of using Persian
gum to stabilize the syrup in the presence of different amounts
of basil seeds was investigated and the results showed the
effectiveness of Persian gum for stabilization (12). However,
despite increasing consumer acceptance and consumption of
soy beverages, the industry is still facing challenges. Soy milk
and other soy beverages are often characterized by their bean
flavor and unsuitable mouth feel. Therefore, it seems
necessary to change the formulation of soy beverages to
improve their taste in order to increase the consumption of soy.
Soy beverage with juice and extracts is a new type of soy
product and a good way to get regular soy protein from your
diet. The aim of this study was to investigate the
physicochemical, sensory, and rheological properties of
beverages containing soy protein isolate and Persian gum
enriched with jujube extract, with the ability to be accepted by
the consumer.

2. Materials and methods

The chemicals used to include hydroxide sodium and
phenolphthalein reagent were prepared by the German (Merck
company). Equipment used include mill (IKA, M20), oven
(Wiseven), vacuum rotary evaporator (Heidolph, Laborota
4003, Germany), shaker (Heidolph, UNIMAX 2010), digital
pH meter (Heidolph, Germany), refractometer (ATAGO,
Japan), Turbidimeter (2100AN Laboratory Turbidimeter,
Hach, USA), Brookfield viscometer (DV-11"-RV, Brookfield
Engineering Laboratories, INC., USA) and centrifuge (Sigma,
3-18Kk). Persian gum was purchased from an Esfahan company.
Soy protein isolate was purchased from Shandong Yuxin Bio-
Tech Co., Ltd (non-GMO), China. Jujube fruits were supplied
by the local market of medicinal plants (Bojnourd, Khorasan
Razavi, Iran).

2.1. Aqueous extract of jujube fruit

Jujube fruits were dried at room temperature and then dried
in an oven at 40 °C. Jujube powder blended with distilled water
and shaken at 37 °C (180 rpm). A centrifuge device was used
to separate the extract from plant remains and concentrated by
a rotary evaporator (Heidolph, Laborota 4003, Germany) (11,
13, 14).

2.2. Preparation of beverages
Physicochemical properties (pH, Brix, turbidity, and

sedimentation) of beverages during storage and also, sensory
properties and viscosity were investigated. The functional

beverage was produced by sugar (5%) (Merk, Germany), citric
acid (0.1%) (Merk, Germany), water, SPI, Persian gum, and
Jujube extract. This study was done on four samples which can
be seen in Table 1. The formulated beverages were kept in
glass bottles for two weeks at 4 °C and the evaluation was
performed on the first, seventh, and fourteenth day.

Table 1. Beverage formulation.

Treatment names

Ingredients A B C D
Jujube extract (10%) 7% 7% 7% 7%
Water 89.99% 87.99%  87.49%  85.49%
SPI (3%) 1.5% 1.5% 3% 3%
Persian gum (4%) 1% 3% 1% 3%
Sugar 5% 5% 5% 5%
Citric acid 0.1% 0.1% 0.1% 0.1%

2.3. Beverage experiments
2.3.1.pH measurement

A digital pH meter (Heidolph, Germany) was used to
measure the pH of samples which was calibrated with Buffer
4 and 7 (15).

2.3.2.Measurement of water-soluble solids (Brix)

Read the concentration of water-soluble solids (20 °C) based
on drops of the samples on the refractometer prism (ATAGO,
Japan).

2.3.3.Turbidity measurement

The turbidity of beverages was investigated by Turbidimeter
(2100AN Laboratory Turbidimeter, Hach, USA) and was
calculated in NTU units.

2.3.4.Viscosity measurement

The measuring of the apparent viscosity of beverages was
done by a Brookfield viscometer (DV-11*-RV, Brookfield
Engineering Laboratories, INC., USA) by spindle No.l1
(speeds 30, 60, 100 rpm) (16).

2.3.5.Stability and sedimentation

To measure the phase separation of the beverage and the
stability of the product, 20 grams of each sample was poured
into graduated plastic tubes with a lid and stored at constant
conditions at 4 °C. The two-phase rate of the samples was
determined by separating the supernatant phase by Pasteur
pipette and weighing it and expressing it based on a percentage
of the total weight of the sample. The samples were stored in
the refrigerator for 2 weeks and tested (17).

2.4. Sensory evaluation

Sensory properties of the beverages (aroma, color, texture,
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taste and overall acceptance) were evaluated by using a 5-point
hedonic scale (15, 18).

2.5. Statistical analysis

SPSS 26 (SPSS Inc., Chicago, IL, USA) statistics software
was used for statistical analysis of the results and those are
expressed as mean = SD which were the result of three
repetitions. Duncan’s multiple range test was carried out for
mean analysis.

3. Result and discussion
3.1. The pH changes during storage

The changing of pH during storage was seen in Table 2. The
pH of all beverages has decreased over time. Almost, there was
a significant difference between the treatments. The highest
pH belonged to D beverage (3.21) and the lowest pH related
to A beverage (3.06) on the first day of storage. Similarly, the
highest and lowest pH was observed in the mentioned
beverages on day 14, which were 3.18 and 2.92, respectively.
Increasing the amount of hydrocolloids in beverages can lead
to an increase in pH (19, 20). About changing the pH of the
samples with more protein, it can be said that this is related to
the effect of protein on the medium. In research, the addition
of paste and puree could affect the pH content of functional
beverages which was reported by Aamer and El-Kholy (21).
Increasing the protein concentration leads to the accumulation
of more hydrophobic bonds and disulfide bridges, which
reduces the solubility of the protein and provides the basis for
slight incremental changes of pH (4). On the other hand, the
pH of soy protein is higher than the pH range (pH=3) in the
treatments, so as the amount of protein in the treatment
increases, the pH will also increase.

Table 2. The changes of pH content of beverages during storage.
Treatment names

Days A B C D
1 306+001° 313+003° 317%003™ 321+0.04"
7 294+001° 307+003¢ 315+005%  3.20 +0,02%
14 292+002° 306+004%  313+002°  3.18+0.04%

* Different letters indicate statistically significant differences at p<0.05.
3.2. The water-soluble solids content (Brix) of beverages

According to Table 3, the Brix of the beverages was constant
over time and there was no significant difference between days
but there was a significant difference between treatments.

Table 3. The changes of Brix of beverages during storage.
Treatment names

Days A B C D
1 39008  42+00% 45+0.04° 47+003
7 39+005% 424007 45+0.08 47 +0.09°
14 39+004°  42+0.09° 45+0.07 47+0.02°

* Different letters indicate statistically significant differences at p<0.05.

The highest and the lowest Brix content were seen in D
beverage (4.7) and in A beverage (3.9). An increasing trend of

Brix was observed from A to D beverages, which can be due
to the increase in SPI content in the samples. This trend was
seen in a similar study, which was reported by Rostam Miri et
al. (4). In other research, Lotfian et al. (22) depicted the
effective performance of Brix on viscosity behavior and
consistency of beverages.

3.3. Turbidity measurement

The turbidity measurement (NTU) of beverages during
storage was seen in Table 4. The turbidity content decreased
in all treatments during storage. The highest turbidity content
was related to D beverage (339 NTU) and the lowest ones
belonged to A beverage (171 NTU) in the first day. Similarly,
the highest and lowest turbidity was observed in the mentioned
samples on day 14, which were 282 and 121 NTU,
respectively, which is because the presence of more gum and
protein in the D beverage can be due to the accumulation of
double helixes and trapping of particles in this structure (23,
24). An increasing trend of turbidity was observed from A to
D beverages, which can be due to an increase in the amount of
solids (the content of SPI and hydrocolloid) in the beverages.
Persian gum was used to stabilize the beverages and its
greatest impact was observed only in the first days. In the
following days, the compounds in the beverages tended to
settle due to instability and finally, the turbidity decreased
during storage. Also, the increasing of SPI can cause seeing
more turbid in beverages which could be due to increase in the
number of intermolecular bonds between Persian gum, water
particles, soy protein, and the entrapment of compounds in the
gel network. Some studies confirmed that the existence of
hydrocolloids and proteins in beverages can change turbidity
(23, 24).

Table 4. The changes of turbidity of beverages during storage.
Treatment names

Days A B C D
1 171+011F 231+015°  256+006° 339+ 0.05°
7 150+0.10' 2074009  228+0.10°  310+0.08
14 121+002" 185+007  202+0.12" 282 +0.14°

* Different letters indicate statistically significant differences at p<0.05.
3.4. Sedimentation measurement

Sedimentation measurement (%) of beverage during storage
showed in Table 5. The sedimentation increased in all samples
during storage. The highest sedimentation was in A beverage
(90%) and the lowest one was in C beverage (85%) on the first
day. Similarly, the highest and lowest sedimentation was seen
in the mentioned samples on day 14, which were 98% and
97%, respectively, which could be due to the higher amount of
soluble solids in C and D treatments (the amount of gum and
soy protein) and also according to the outcomes, the effect of
1% Persian gum on the stability and prevention of
sedimentation was more than 3% gum, which led to less
sedimentation (23, 24). Gorjian and Raftani Amiri (25)
reported that the stability increased with increasing gum
concentration. The interaction between proteins and
polysaccharides plays an important role in the structure and
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further stabilization of food processes (26). Hydrocolloids are
usually added to protein products because of their ability to
bind to hydroxyl groups in water (27).

Table 5. The changes of sedimentation during storage.

Treatment names

Days A B C D
1 90.00+005 8830+002 8500+011 86.70%0.03
7 96.70+0.04° 9500+0.08 91.70+0.059  93.30 + 0.04'
14 98.00+007° 97.30+006° 97.00+0.12°  97.30 +0.09"

* Different letters indicate statistically significant differences at p<0.05.
3.5. The effect of different formulations on viscosity

Table 6 depicted the viscosity of different formulations of
beverages. There was a significant difference between
beverages (p<0.05). The highest and the lowest viscosity
values were seen in D beverage (9.60 cp) and A beverage (9
cp) (rotation: 30 rpm). The beverages that contain higher
soluble solids (Persian gum and SPI) have higher viscosity
which can be seen in D and B beverages. This may be related
to the interaction of these compounds with the medium and
together. Hydrocolloids like Persian gum can cause stability,
texture changing, texture thickening, etc. (28, 29), and proteins
can make structural linkages with other compounds, so some
studies explained that these characteristics can be related to the
effect of hydrophobic groups (in the protein) (30).

Table 6. The effect of different formulations on viscosity (cp).

Rotational Treatment names
speed A B C D
1 9+0.12° 9.30+0.02° 9.10+0.05° 9.60 +0.05°
7 7 +0.15° 7.25+0.03% 7.17+0.03¢ 7.33+0.07¢
14 3+0.11% 4.33 +0.06" 4+0.14 4.67 +0.03°

* Different letters indicate statistically significant differences at p<0.05.

Opposite charges in proteins and hydrocolloids (alginate
and Persian gum) can cause to form a stable network and more
viscosity changing. The protein content is an important factor
that affects the viscosity of beverages (31). Since SPI content
is more in D and B beverages (3%), the most viscosity was
seen in them. So, the addition of a higher concentration of

Persian gum and SPI can change the viscosity (32, 33).
Increasing the amount of gum increases the water binding
capacity and reduces the flow rate, and creates a stronger
network (34). Table 7 showed that there was a reverse relation
between viscosity and rotation and different cycles of 30, 60,
and 100 rpm caused to show a significant difference between
the viscosity of the treatments (increasing speed led to the
decreased viscosity). The opening of links between structural
units can be one of the reasons. By increasing the shear rate,
the molecular lattice bands break in the polysaccharide
structure and lead to a decrease in viscosity (35). Since Persian
gum is an ion-absorbing hydrocolloid, it can bind to charged
protein surfaces and increase viscosity through interactions
between polysaccharide and protein chains, and the higher the
content of this gum leads to greater impact (36, 37). The
presence of more hydrochloride in the samples can increase
the viscosity because the hydrocolloid can bond with water in
the samples (25). Beirami Serizkani et al. (38) was
investigated the effect of Persian gum and an enzyme on the
properties of kefir drink. The outcomes showed an increase in
viscosity by Persian gum. Other research has shown that
polysaccharides and hydrocolloids can increase the apparent
viscosity of some beverages.

3.6. Sensory Evaluation

The amounts of ingredients in beverages affect the changes
in the score of sensory properties (Table 7). Appearance,
texture, color, aroma, and taste scores in most of the beverages
were different. The highest score of appearance, color, and
aroma belonged to C, B, C beverages, respectively. The
highest score of texture was related to both B and C and about
the taste was the same as the texture. Finally, the most overall
acceptability was seen in C beverage. Aamer and EI-Kholy
(21) explained the addition of puree and paste to some proteins
can enhance the overall acceptability of beverages. It is stated
that the presence of gum (tragacanth) in beverages (doogh) can
improve some sensory properties (39). Behbahani and Abbasi
(12) stated that the addition of Persian gum can make the
beverages more desirable by the consumer in some treatments.

Table 7. Examination of sensory characteristics of beverages.

Sensory characteristics

Beverages types Appearance Color Texture Aroma Taste Overall acceptability
A 28+0.10° 28+0.10° 28+0.10° 28+0.10° 2+0.20¢ 2 +0.104
B 3.8+010° 48+0.10° 3.8+0.15° 3.8+0.10° 3+0.20° 3+0.10°
C 4.8 +0.10° 46+010° 3.8+0.10° 4.8+0.10° 3+0.10° 3.8+0.10°
D 2+ 0.10¢ 28+0.10° 28+0.10° 2.8+0.10° 2=+0.20¢ 2 +0.104

4, Conclusion

Soy beverages are known as a favorite beverage and
enriching it with a fruit extract (Jujube extract) can cover its
unpleasant taste since in various sources and studies, the bean
flavor and taste of this drink alone has been proven. The use
of Persian gum (as a native gum) was also considered
evaluating its effectiveness in stabilizing beverage

compounds. The novel soy beverage showed suitable
physicochemical and sensory properties. C beverage
containing depicted the highest overall acceptability score.
The amounts SPI and Persian gum could effect on different
properties of beverages. D beverage had most viscosity, pH
and turbidity. Also, the sedimentation of C beverage was
lowest and Brix of all treatments was constant. In general, due
to the nutraceutical value of beverages, these compounds
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could present suitable properties and Jujube extract improve
the taste and flavor of the beverage.
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