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Paraprobiotics are a new group of functional compounds that result from
the inactivation of some strains of probiotics. In the present study, the effect
of using paraprobiotic Lactobacillus Gasseri and storage time (30 days) and
temperature (4 and 24 degrees Celsius) on the physicochemical and sensory
properties of grape juice drink were investigated. Characteristics such as
pH, acidity, total dissolved solids, turbidity and sensory characteristics were
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treatment (grape juice containing paraprobiotics) had significant differences
in this respect, however, temperature and storage time had no effect on
these characteristics. The addition of paraprobiotics increased the turbidity
and soluble solid matter in the paraprobiotic drink, and these two
characteristics also increased with the increase in the storage time. The
paraprobiotic beverage was very similar in sensory properties to pure grape
juice and had a similar overall acceptance score as pure grape juice, which

changed very little during storage at different temperatures.
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1. Introduction

Today, the demand for the production of
practical products is increasing all over the
world, and among the 59 practical products,
probiotic dairy products have the most
consumers in Europe and the Middle East.
According to the definition of the World
Health Organization*(WHO), probiotics are
living microorganisms that, if used in
sufficient quantities, improve the host's
condition (1, 2). In order to achieve the
health-giving effects of probiotics, it is
necessary for a certain number of probiotic
cells to survive until they enter the digestive
system. The minimum number of living
cells needed in the final product to achieve
the health benefits should be around 10
cfulg’ -10° be (3, 4). However, the use of
live probiotics in food has caused problems
in the industry, including the uncertainty of
probiotic  viability during processing,
storage, transportation, and consumption,
the possibility of pathogenic bacteria gene
transfer to probiotics, and dysfunction. Their
positive points are the possibility of causing
allergies in people with weak immune
systems or people who have recently
undergone surgeries or organ transplants and
the production of unpleasant sensory
compounds during fermentation in some
products such as juice (5). These factors
have caused the use of inactive and non-
living probiotics known as paraprobiotics to
flourish as a new method in the food
industry. Scientific research has shown that
paraprobiotics also have positive effects on
health. The production of paraprobiotics is
done in different ways, including heating,
applying ultrasound, ultraviolet radiation,
infrared radiation, ionizing rays, applying
high hydrostatic pressure, and using some
chemical compounds (6, 7).Paraprobiotics
have various health effects, which include:
regulating the immune system, reducing
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blood cholesterol, reducing respiratory
diseases,  strengthening  fatty liver,
preventing cancer growth, reducing stress,
treating colitis and preventing tooth decay
(8).

It is necessary to create a suitable substrate
to preserve the characteristics and transfer
paraprobiotics to the human body.
According to scientific studies, in general,
dairy materials are one of the suitable
substrates for the transfer of active and
deactivated probiotics. While not all people
are able to consume dairy products. Some
people are unable to consume these products
due to diseases such as lactose intolerance,
high cholesterol, and animal milk protein
allergy (5). Therefore, fruits and their water
can serve as a new platform for transferring
these deactivated microorganisms and useful
substances to the human body. Due to the
high content of nutritious and functional
compounds in fruit juice (such as vitamins
and antioxidants), these products are a very
suitable environment for the transfer of
parapsychobiotics and their beneficial
properties (9). grape (Wine vine L.) is one of
the strategic agricultural products in the
world. Grapes and its juice, especially red
grapes, are a rich source of various
polyphenols including catechin, epicatechin,
quercetin and anthocyanins. Laboratory and
clinical research has shown that red grape
flavonoids have various effects such as
antioxidant, anti-inflammatory, anti-
oxidation of fats and preventing oxidative
damage of DNA in living cells (10-12).
Different types of grapes are produced in the
country, Shahani grape is one of the most
popular varieties in Iran; So that it can be
used to produce various products including
drinks. Due to the high amount of
polyphenols in black grapes, they can be
used as a medium for the transfer of
paraprobiotics.

In the present study, the amount of changes
in some physicochemical characteristics of
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Shahani grape juice due to the addition of
paraprobioticsLactobacillus Gasseri Has
been studied.

2- Materials and methods

1-2- Materials

Grape juice concentrate was obtained from
Iran's Behnos company and active bacterial
cultureLactobacillus Gasseri It was obtained
from the Center of Genetic Resources of
Iran (Jihad Davanghi). All the chemicals
used were of laboratory grade.

2-2- Methods

1-2-2-  Production of grape drink
containing paraprobiotics

Heat-inactivated cells were produced

according to the method described below. At
first, to increase the bacterial population,
probiotic cells were cultured on MRS liquid
medium in anaerobic conditions (in the
presence of a gas pack) at 37 degrees
Celsius to reach a population of 10
cfumL®< 2 Receipt. Then, using
centrifugation and multi-step  washing,
bacterial cells were separated from the liquid
culture medium. Inactivated bacterial cells
were produced using heat (75°C for 20
minutes). In order to produce the final drink,
Shahani grape juice concentrate and water
were mixed in a certain proportion (final
Brix 14) and then the resulting juice was
pasteurized in a bain-marie at a temperature
of 90 degrees Celsius, and then inactivated
bacteria cells were added to the juice in
completely hygienic conditions; So that the
amount of population 10°x1 bacterial cell
was present in the drink. The control drink
consisted of reconstituted pasteurized juice
from Shahani red grape concentrate. The
glass containers containing the samples were
kept at two temperatures of 4 and 24 degrees
Celsius, and the changes made during one
month were checked at time intervals every
10 days (13, 14).
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2-2-2- Measurement of dissolved solids
Dissolved solids were measured using a
digital refractometer (Optech, Germany)
(15).

3-2-2- pH measurement

Using a pH meter (Inolab, Germany), the pH
of each sample was measured during storage
(15).

4-2-2- Measurement of acidity

According to the 1634 fruit juice standard,
10 ml of each sample was titrated with 0.1
normal NaOH solution until pH = 8.2 (16).
The final acidity is based on the amount of
profit consumed in terms of tartaric acid
according to the equationl Calculated.

N x 0.0075

S
x 100

Equation (1) Acidity =

where: N = amount of profit and S = sample
amount

5-2-2- Turbidity

The turbidity of beverages during
production and storage was measured using
a spectrophotometer (Epoch, USA).
According to the 1634 standard, the samples
were diluted with distilled water and then
the absorbance of each sample was
measured at the limit of visible light at a
wavelength of 440 nm (16, 17).

6-2-2- sensory characteristics

20 semi-trained evaluators in the age group
of 20 to 30 years were selected to participate
in the sensory evaluation test. Each of the
evaluators examined the main sensory
characteristics of the drink, including color
and taste, and overall acceptance on days 0,
10, 20, and 30 days after production based
on a 5-point hedonic test; A score of 5
indicates the complete desirability of a
feature and the number 1 indicates the lack
of desirability of a sensory feature (18).

7-2-2- Statistical analysis

The samples were produced in three
replicates and tested. The experimental
design was complete factorial. In order to



Iran Journal of Food Sciences and Industries

No. 141, Volume 20, November 2023

check the statistically significant difference
of the average data from the ANOVA test,
Duncan's test was performed using SPSS
version 21 software at a significance level of
0.05%.

3. Results and Discussion

1-3- Solution solids

Figure 1 shows the changes of total
dissolved solids in each of the samples
during 30 days of storage at two
temperatures of 4 and 24 degrees Celsius. as
seen in the figure. The obtained results show
the dependence of changes in the amount of
dissolved solids on the presence of
paraprobiotics. As shown in Figure 1, the
addition of paraprobiotics caused a
significant increase in the amount of soluble
solids in the drink. The findings showed that
the amount of dissolved solid matter
significantly increased from 15.01 in the
control sample to 15.65 in the drink sample
containing inactivated cells.Lactobacillus
Gasseri Increased. Applying heat to bacteria
causes some intracellular compounds to leak
out to the outside environment; As a result,
the addition of the bacterial carcass
suspension has increased the amount of
soluble solids in the drink, which is due to
the dissolution of these intracellular
substances and the increase of the total
soluble solids in the drink. Storage factors,
including temperature and storage time, also
caused changes in this parameter in drinks.
As shown in Figure 1, in the control
treatment, with the increase of the retention
time at 4 degrees Celsius, at the end of the
retention time, the amount of dissolved
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solids decreased significantly, although this
decrease in the amount is not numerically
significant. However, increasing the storage
time at 24 degrees Celsius caused a decrease
in soluble solids after 10 days (P<0.05) and
after that there was no change until thirty
days of storage. The reason for this may be
the effect of temperature on increasing the
speed of some chemical reactions. The
results of the analysis of soluble solids in
paraprobiotic drinks showed that increasing
the storage time at each temperature had an
increasing effect on the amount of total
soluble solids (P<0.05). According to the
research of Tim et al. (2020), time is one of
the necessary and effective factors for the
leakage of intracellular materials of
damaged bacteria to the surrounding
environment (19). Based on the results of
this research, with the increase in storage
time, especially at 24 degrees Celsius, there
is enough time for the intracellular solution
to leak into the grape juice, and as a result, it
has increased the total soluble solids of the
drink. This increases the bioavailability of
the health-giving compounds of probiotics.
By comparing the probiotic drinks that were
produced in the past with the current drink,
it can be concluded that due to the presence
of live bacteria in probiotic drinks, many
soluble solids (such as sugars) were
consumed by the bacteria, and the soluble
solids were reduced and the solids The
insoluble content increased, which increased
the turbidity in this type of drinks (14),
while the soluble solids did not change due
to the inability of paraprobiotics and their
inactivity.
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Figure 1. Total soluble solids of control and paraprobiotic grape drinks stored at 4 °C and 24 °C for 30 days.

2-3- pH

Figure 2 shows the pH changes of the
control and paraprobiotic drinks during the
30-day storage period at 4 and 24 degrees
Celsius. As shown in Figure 2, the storage
time and temperature had no significant
effect on the pH of the drinks. But the
addition of paraprobiotics caused a slight
significant  difference between control
treatment and paraprobiotic treatment. The
reason for the slight increase in the pH of
the sample containing paraprobiotics may be
the entry of buffer materials into the
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bacterial cells during storage. In general,
adding active probiotics to drinks causes the
consumption of sugars and the production of
lactic acid, which ultimately leads to a
decrease in the pH of dairy and non-dairy
drinks. In such a way that in non-dairy
drinks such as juices, it increases sourness
and creates an acidic taste of dairy, which
reduces the acceptance of this type of drinks
to some extent (14, 20). Therefore, this can
be prevented by adding inactivated
probiotics bacteria, in addition to using their
effective compounds and turning the drinks
into useful drinks without significant
changes in chemical properties.
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Figure 2. pH of control and paraprobiotic grape drinks stored at 4 °C and 24 °C for 30 days.

3-3- Drink acidity changes

Organic acids are effective in creating
aromatic characteristics, which play an
important role in quality indicators such as
stability, color, and flavor. Grape juice
obtained from ripe grapes contains the
highest amount of organic acid compounds.
Malic acid and tartaric acid are the main
acids in grape juice, which comprise more
than 90% of the acidity of grape juice.
Among other organic acids found in grapes,
we can mention acetic acid, citric acid,
fumaric acid and gallic acid, which are
found in small amounts in grape products
(21). Figure 3 shows the amount of changes
in the acidity of the control treatment and
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the treatment containing paraprobiotics. As
can be seen in the picture, the changes in
acidity are not noticeable, and the acidity of
none of the samples is different, and the
acidity data is in line with the pH data, and it
shows that the duration of storage and the
storage temperature had no effect on acidity
(P>0.05). According to the results of this
test, it can be said that by producing fruit
drinks containing paraprobiotics, it is
possible to eliminate the disadvantages of
using live varieties (such as increasing the
acidity and sourness of the final product)
and to produce a stable drink with health
properties that Its characteristics are similar
to pure juice. The



Qalian et al.

Investigating the physicochemical and sensory properties...

0.3

Titrtable acidity
©

o
.

O Control

10th day

a e
N
\ -
N
\ -
N
\ -
N
\ -
N
\ -
N
\ -
N
\ -
N
§ [
N

20th day

O Paraprobiotic grape drink

Figure 3. Titratable acidity of control and paraprobiotic grape drinks stored at 4 °C and 24 °C for 30 days.

4-3- Turbidity

Turbidity is a key feature in product
acceptance by consumers, because turbidity
is considered a defect in clear beverages
such as grape juice (22). In fruit drinks, it is
one of the factors in creating the turbidity of
minerals in these types of products. Grape
juice contains 2 to 6 percent of minerals
such as potassium, sodium, iron, phosphate,
sulfate, and chloride (14). As shown in
Figure 4, the addition of paraprobiotics
caused a noticeable increase in the turbidity
of the drink (P<0.05). With increasing
storage time, especially at high temperature,
the amount of turbidity increased. The
reason for this is that at the beginning of the
production of the drink, the cells of the
paraprobiotics are dispersed separately in
the drink and do not precipitate, but they are
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still capable of refracting light, and at the
same time as the shelf life of the cell
particles increases, they are interconnected
and the larger the particles are. light
refraction happens more often (22). In
general, in beverages containing bacterial
cells, with the increase in the retention time,
the deactivated cells join together and create
large particles that cause light refraction
(14). Also, the turbidity data were consistent
with the data of dissolved solids of the
drinks. According to past research, there is a
strong relationship between dissolved solids
and turbidity, which often increases with the
increase of dissolved solids in Kurt, which
indicates the phenomenon that the leakage
of substances from the bacterial cell into the
drink increases the refraction of light in the
drink and increases the numerical turbidity.
(14, 22).
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Figure 4. Turbidity (absorbance in 440 nm) of control and paraprobiotic grape drinks stored at 4 °C and 24 °C for 30

5-3- Sensory characteristics

The average scores related to each of the
features in two different treatments were
statistically analyzed and the results are
shown in Figure 5. According to the
obtained  results, the control and
paraprobiotic drinks were different in terms
of color so that the color difference was
recognized by the evaluators (P<0.05).
Storage temperature and storage time also
had a significant effect on this feature
(P<0.05). The difference in color may be
due to the increase in turbidity due to the
addition of inactivated cells to the grape
juice. In previous studies and researches, the
addition of live probiotics has also caused
changes in the color characteristics.
According to Mokhtari et al. (14), the

addition of probiotics decreased the
acceptance of color by the sensory
evaluator. Of course, in the research

conducted by Molaeiparvari et al. (13) on
yogurt, yogurt containing paraprobiotics was
not different from yogurt containing
fermented with probiotics in terms of color
characteristics. In yogurt, the bacterial cells
are the same color as the white background

days.
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of yogurt, and the color changes are not
noticeable; Meanwhile, in colored and
transparent products such as grape juice, the
presence of bacterial cells may affect the
appearance and color of the drink.

From the point of view of the taste
characteristics of the control drink and the
paraprobiotic  drink, there was no
statistically significant difference (P>0.05),
and both were favorable in terms of pleasant
acidic taste. Storage temperature conditions
and storage time did not have much effect
on this characteristic. Meanwhile, the use of
live bacteria causes noticeable changes in
the acidic taste of fruit drinks. By
fermenting environmental sugars, living
bacteria produce acid as the last product of
this process, which increases the acidity of
the product and gives the sour taste of dairy
products to the juice, which is considered an
undesirable phenomenon (23).

Considering the overall acceptance at the
end of the shelf life, there was no significant
difference between the control drink and the
paraprobiotic drink, however, the control
drink had the highest overall favorability.
One of the reasons for reducing the
desirability of paraprobiotic drink is the
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increase in turbidity and decrease in the of turbidity on the general characteristics,

color characteristics of the product, which this defect can be solved by optimizing the

has a greater effect on the drink with inactivation processes and also by choosing

increasing time. In order to reduce the effect pulpy and cloudy drinks such as citrus juice.
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Figure 5. Sensory evaluation of different treatments of grape juice during 30 days at stored at 4 °C and 24 °C:
control and paraprobiotic grape. Color (a), acidic flavor (b), and overall acceptance (c).
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4 - Conclusion

Paraprobiotic is an inactivated probiotic cell
that has many beneficial health effects on
the human body. The use of paraprobiotics
in products such as juices is preferable to the
use of their living cells, which is due to the
absence of noticeable negative effects of
these inactive cells on the characteristics of
drinks. The purpose of this research was to
introduce paraprobiotics to the juice industry
and to introduce products containing them as
practical products. The results of the present
study showed that the drink containing
paraprobiotics was almost similar to pure
grape juice from the point of view of acidity
and pH, and temperature and storage time
had a significant effect on two
characteristics. The soluble solid matter of
the paraprobiotic drink was more than that
of pure grape juice, which indicates the
release of substances inside the bacterial cell
and the increase in biological access to
bioactive and useful compounds inside the
bacterial cell, and with the increase in shelf
life, it had a positive effect on the increase
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of the solid matter of the paraprobiotic drink
solution. Addition of the inactivated
bacterial cell increased the turbidity due to
the refraction of light by the bacterial
particles. From the point of view of sensory
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5- Resources

[6] Barros CP, Guimaraes JT, Esmerino EA,
Duarte MCK, Silva MC, Silva R, et al.
Paraprobiotics and postbiotics: concepts and
potential applications in dairy products.
Current Opinion in Food Science 2020;
32:1-8.

[7] Zendeboodi F, Khorshidian N,
Mortazavian AM, da Cruz AG. Probiotic:
conceptualization from a new approach.
Current Opinion in Food Science 2020;
32:103-123.

[8] de Almada CN, Almada CN, Martinez
RC, Sant'Ana AS. Paraprobiotics: Evidences
on their ability to modify biological
responses, inactivation  methods and
perspectives on their application in foods.
Trends in food science & technology 2016;
58:96-114.

[9] Patel A. Probiotic fruit and vegetable
juices-recent  advances and  future



Qalian et al.

Investigating the physicochemical and sensory properties...

perspective. International Food Research
Journal 2017; 24.

[10] Dévalos A, Bartolomé B, Gomez-
Cordoves C. Antioxidant properties of
commercial grape juices and vinegars. Food
chemistry 2005; 93:325-330.

[11] O'Byrne DJ, Devaraj S, Grundy SM,
Jialal 1. Comparison of the antioxidant
effects of Concord grape juice flavonoids a-
tocopherol on markers of oxidative stress in
healthy adults. The American journal of
clinical nutrition 2002; 76:1367-1374.

[12] Yuan L, Meng L, Ma W, Xiao Z, Zhu
X, Feng JF, et al. Impact of apple and grape
juice consumption on the antioxidant status
in healthy subjects. International journal of
food sciences and nutrition 2011; 62:844-
850.

[13] Parvarei MM, Fazeli MR, Mortazavian
AM, Nezhad SS, Mortazavi SA, Golabchifar
AA, et al. Comparative effects of probiotic
and paraprobiotic addition on
microbiological, biochemical and physical
properties of yogurt. Food research
international 2021; 140:110030.

[14] Mokhtari S, Jafari SM, Khomeiri M.
Survival of encapsulated probiotics in
pasteurized grape juice and evaluation of
their properties during storage. Food Science
and Technology International 2019; 25:120-
129.

[15] AOAC, AOAC. Guidelines for
laboratories performing microbiological and
chemical analyses of food and
pharmaceuticals. AOAC Rockville; 2006.
[16] Iran loSalRo. grape juice -
specifications. IS NOT 1389.

[17] Burin VM, Falcdo LD, Gonzaga LV,
Fett R, Rosier JP, Bordignon-Luiz MT.

59

Colour, phenolic content and antioxidant
activity of grape juice. Food Science and
Technology 2010; 30:1027-1032.

[18] Granato D, Branco GF, Nazzaro F,
Cruz AG, Faria JA. Functional foods and
nondairy probiotic food development:
trends, concepts, and products.
Comprehensive reviews in food science and
food safety 2010; 9:292-302.

[19] Teame T, Wang A, Xie M, Zhang Z,
Yang Y, Ding Q, et al. Paraprobiotics and
postbiotics of probiotic lactobacilli, their
positive effects on the host and action
mechanisms: a review. Frontiers in nutrition
2020; 7:570344.

[20] Babaei M, Hashemi ravan M, Pour
ahmad R. Production of probiotic beverage
based on Tomato juice and mixture of Sweet
pepper, Celery and Coriander juices. Journal
of food science and technology(lran) 2018;
15:341-331.

[21] Soyer Y, Koca N, Karadeniz F. Organic
acid profile of Turkish white grapes and
grape juices. Journal of food composition
and analysis 2003; 16:629-636.

[22] Pimentel TC, Madrona GS, Garcia S,
Prudencio  SH.  Probiotic  viability,
physicochemical characteristics and
acceptability during refrigerated storage of
clarified apple juice supplemented with
Lactobacillus paracasei ssp. paracasei and
oligofructose in different package type.
LWT-Food science and Technology 2015;
63:415-422.

[23] Krasaekoopt W, Kitsawad K. Sensory
characteristics and consumer acceptance of
fruit juice containing probiotics beads in
Thailand. AU Journal of Technology 2010;
14:33-38.



VERY OLT Y pss OFY ol Ol pl e mlis s ple aloe
= ‘

ol ¥ 18 2lo g pole dlxo

www.fsct.modares.ac.ir :al>s <o lu

25 oohe s

SIELL 0lej 53 gl uslonlsSY S 115k S5 55K O (oo 5 (2 lord 550 58 Sl g (o
LSS s Ol e daa el s (8330005 aebls T UL ST OLG (stge s
Ol Do pdle oSl (iS5 5 5l eutSim 53 55l (LMK 5 s a s 03,8 —)
D) ke el o8l gy p ke saSLails ¢l S5 o3 8 Y
S p ke Rils (S lie Bl 5 4l Clidss smadl (glIs mlo 5 4di el 2Kl (1S mlis 5 el 0y ST

a.&'s.‘:- dlae SleMb|
SLa g o ol e s oS dies | e SLS Sl gl 05,5 Sms b
:du»duéjb

3 G sl Y S g5 b Sl eslizad Sl ol e gh 3 3sd e Jeols S 0
o 3 et S5 Sl part (IS (rgmdn 455 YE 5 F) (sl 5 Gy ¥4 Ol
5 D088 (JS dlome el esle canidod PH i e S5y gy LS O iy
5,8 sl andend 5 PH 5o oss s 0k 05380 (S8 8 513 s p 3550 o Sla S5
Al 3 (S Lk sl LS O S bk sl 5 (Lalls S0 O et jles
Ol .l Slo g pl 63 S Ol s b b= ol Lokl ol sl
Loy s SOams bl Sdadis 53 Jolows dalr o3le 5 S Gl bl o ge 0SS 905 2100
Al S bl Gaeds S8l RIE 5 (S s opl S Ol ode sl
Sl L slia IS ody Skl Glls 53 palls 5K OT b alie Sl oo Sl pas

3,5 oS sl s Calites lales 55 (I Ol Uk 55 &S 55 LRIl 5 K

ARERVZVA LA :&LJ"A“J.) é\_)u
VENNYY 15y b

(s wlds

LSl ol

S0k
(oot s 5 Dl sa
(eSS gles 5 Obe ke

10.22034/FSCT.20.141.49
DOR:20.1001.1.20088787.1402.20.141.4.2

Gl J s *
a.babaei@malayeru.ac.ir

60


http://www.fsct.modares.ac.ir/

