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Abstract

The main purpose of the study was to obtain symbiotic juices of fruit origin, which can successfully
substitute the well-known symbiotic dairy products and thus be introduced into the diet of
vegetarians or people with certain intolerances to animal products. In this regard, 2 fermented
blueberries juices were obtained: NC, using kefir cultures and NP with L. plantarum inoculation. In
the analysis of these functional products, 2 more simple blueberries juices were used as control
products: NCM, thermostated at 24°C and NPV, at 37°C. The 4 types of juices were physicochemical
and microbiological evaluated. Thus, it can be concluded that NP juice corresponds the most from
the physicochemical point of view, presenting the highest polyphenols content and the highest
antioxidant activity after the refrigeration storage of 5 days. Also, the microbiological results of the
analyzed juices can recommend these products for industrial production.
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1. Introduction

Berry fruits are highly consumed throughout the world because they have attractive colors and
their chemical composition highlights their sweet taste, fruity aroma, and beneficial health properties
[1]. Due to the exceptional properties that blueberries possess, they have been certified by the
International Food and Agriculture Organization (FAO) as one of the five healthy human foods [2].
Blueberry shrub is a member of Vaccinium genus of the Ericaceae family with small fruits known for
their important content in organic acids, phenolic acids, flavonoids, anthocyanins and other active
substances [3].

The bioactive compounds are the secondary metabolites of the plant tissues which include
vitamins and polyphenols. Polyphenols can be divided into flavonoids and non-flavonoids.
Flavonoids are comprised of anthocyanins, flavonols, flavanols, flavones and flavanones, while non-
flavonoids of tannins, stilbenes and phenolic acids like hydroxybenzoic and hydroxycinnamic acids [4].
The most encountered flavonols in blueberries are quercetin, myricetin, and kaempferol and
flavanols are catechin, epicatechin, and gallocatechin [5-7]. Anthocyanins, the most potent
antioxidants in blueberries, are natural pigment composed of 2 benzene rings linked by 3 carbon
atoms which can react with glucose, rhamnose, galactose and arabinose. There are 5 kinds of typical
anthocyanins: delphinidin, malvidin, peonidin, cyanidin, and pelunidin [8]. After the human
ingestion, the anthocyanins are deglycosylated in the small intestine and degraded into
anthocyanidins for further absorbtion [9].

Fruits and vegetables regular consumption is recommended for a healthy lifestyle due to their
content of fibers, vitamins, minerals and phytochemicals [1]. Blueberries can be considered as
functional food due to their high anthocyanin content which generates the health increase due to the
antioxidant capacity [10]. But all the bioactive compounds of the blueberry’s composition lead to the
health improvement through their multiple roles as antioxidants, anti-inflammatory, antiseptic,
antiproliferative, antiaging, astringent, neuroprotective, cardio, vision and kidney protective [8].
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The highest disadvantage of this superfood exploitation is the fact that it is very perishable
because it can be easily damaged under the influence of mechanical or microbiological factors. Thus,
blueberries present a strong seasonal availability, a reduced shelf life, and accordingly economic
losses [11]. Thereby, it is necessary to enhance the blueberries consumption mainly by functional
derived-products in order to make their active compounds available to a more diversified market.
Among these derived-products the blueberries juice is the most popular because it is highly palatable
and healthy [12].

Saud et al. (2024) [13] consider the fruit and vegetable juices obtained by lactic acid fermentation
as a novel nutritional approach for improving health. Especially as fermentation is a simple and
sustainable technology that involves low-costs but also extends the shelf life of fruits and vegetables
[14]. A series of new compounds are generated following the fruits fermentation process that improve
the sensory characteristics of the finished product and bring great benefits to the consumers health;
in addition, this process can maintain a series of essential nutrients and degrade toxic components
[15]. Thus, the content of phenolic compounds, exopolysaccharides, vitamins and minerals increases,
determining a series of functional properties in the finished product, such as antioxidant,
hypoglycemic and antihypertensive activity [16]. Fermented juices also help maintain a healthy gut
microbiota, which prevents or improves chronic metabolic diseases such as obesity, diabetes,
cardiovascular and cerebrovascular diseases [17].

Lactobacillus plantarum fermented jujube generated more aroma, volatile organic components
and exhibited lower bitterness, astringency, and aftertaste [18]. Combination of Lactobacillus
plantarum and Pichia pastoris may supply a new mixed fermentation agent towards fermented jujube
products and provides reference values for flavor regulation in the co-fermentation of jujube juice
[19]. Probiotics-fermented blueberry juice is more effective than blueberry juice in preventing obesity
and hyperglycemia in mice [20]. Litchi juice fermented with probiotics enhanced immunomodulatory
function and protected the intestinal tract better than unfermented litchi juice [21]. Furthermore,
fermented apple juice (FAJ) has stronger biological activities and hypoglyvcemic effects than

unfermented apple juice (A]) [22]. However, the effects of FA] by probiotic strains on gut dysbiosis
remain largely unknown.

The quality of the fermented fruit juices is influenced by factors such as the microorganisms
used for fermentation, the fermentation conditions, and the type and quality of the fruits used [17].

In this study, the use of kefir and Lactobacillus plantarum cultures for the production of fermented
blueberry juices was explored. The aim of the study was to evaluate the impact of these cultures on
the physicochemical and microbiological properties of the fermented blueberry juices, as well as their
stability during the refrigerated storage of 5 days.

2. Materials and Methods

2.1. Preparation of the Blueberry Juices

Blueberries were provided by the Bluettes Saveur blueberry plantation from Satu Mare,
Romania. The blueberries juice was obtained by crushing and pressing fresh blueberries, followed by
filtering the resulting juice. After pasteurization (71.7 °C/15 s), the obtained juice was divided into 4
equal parts. 2 parts were used to produce the 2 functional juices: one with 0.1 % Lactobacillus plantarum
(L. Plantarum Probiotic by Swanson) and one with 0.1 % kefir cultures (Probiotic ferment for kefir, eco-
bio, by My.Yo, Germany) and 2 parts represented the simple control juices. All juices were subjected
to thermostatation at different temperatures for 24 hours: the ones for Lactobacillus plantarum study
were kept at 37°C, and those for kefir cultures at a temperature of 25°C.

Codification of the 4 types of juice experimentally analyzed in the laboratory:

NPM = control blueberries juice for the product fermented with Lactobacillus plantarum;

NP = blueberries juice fermented with Lactobacillus plantarum;

NCM = control blueberries juice for the product fermented with kefir cultures;

NC = blueberries juice fermented with kefir cultures.
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The 4 types of juices were analyzed at:

e  Moment 0 - the day before fermentation, when the cultures were added (M0),
e  Moment 1 - the day when the fermented juices were obtained (M1),

e Moment 2 - 3 days after opening and keeping under refrigeration (M2),

e  Moment 3 - 5 days after opening and keeping under refrigeration (M3).

2.2. pH Determination by the Potentiometric Method

The determination was carried out using the Voltcraft PH-100 ATC pH Meter which measures

the potential difference between a reference electrode and a measuring electrode, introduced into the
juice sample. The calibration of the device was done using two buffer solutions with a pH close to the
possible pH of the sample. The electrodes were introduced into the sample to be analyzed and after
1-2 minutes the pH was read. The pH measurement was performed three times for each sample, the
pH value being thus given by the arithmetic mean of the 3 measurements as long as the difference
between the extreme values does not exceed 0.15 pH units.

2.3. Determination of the Refractive Index

It was performed using the PAL-RI digital refractometer (ATAGO). For the fruit juices, the
refractive index depends on the sugar concentration and also on the concentration of other soluble
materials (organic acids, minerals, amino acids, etc.).

The juices must be thoroughly mixed before determination and brought to a temperature of
approx. 20 °C (= 0.5 °C). A small portion of the sample was placed on the lower prism of the
refractometer, then the measurement was carried out according to the instructions of the device.
Three determinations were made on the same sample according to the International Federation of
Fruit Juice Producers (IFU) methods [23].

2.4. Determination of Vitamin C by the lodometric Method

According to Varga et al. 2004 [24], the iodometric method for determining the vitamin C content
is based on the oxidation of this vitamin (ascorbic acid) to dehydroascorbic acid in an acidic medium,
using iodine. Starch is used as an indicator, which turns blue when all the vitamin C has been
oxidized. The iodine required for the reaction came from a prior reaction between potassium iodate
and potassium iodide in an acidic medium. For the vitamin C extraction, 5 ml of the sample were
mixed with 20 ml of 2% hydrochloric acid solution. The mixture was left to stand for 15-20 minutes
and then filtered. Meanwhile, the sample was prepared for titration: in a 50 ml Erlenmeyer flask, 1
ml of the vitamin C solution (or the obtained filtrate) was added together with 3 ml of distilled water,
0.5 ml of potassium iodide (KI) solution and 2 ml of starch solution. The mixture was immediately
titrated with a potassium iodate solution until a persistent blue color appeared. The blank sample
was processed under identical conditions, replacing the vitamin C solution with 1 ml of 2%
hydrochloric acid solution.

The vitamin C concentration was expressed in mg% according to the relationships:

N=Pd-Pm
C =Nx0.088x100
where:

Pd - the number of ml of potassium iodate solution used for the analyzed sample,

Pm - the number of ml of potassium iodate solution used for the blank sample,

C - vitamin C concentration, in mg%.

2.5. Antioxidant Activity Determination

The antioxidant activity was determined spectrophotometrically using a Perkin Elmer Lambda
35 spectrometer. The method was proposed by Tongnuanchan et al. (2012) [25]. A quantity of 0.5 g
sample was treated with 10 mL methanol and homogenized for 3h. Then it was filtered and a volume

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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of 3 mL methanolic extract was treated with 3 mL of 0.15mM DPPH ethanolic solution (DPPH in 95%
ethanol) and kept in the dark for 30 minutes at room temperature. The mixture was stirred. For the
blank sample, 3 ml of methanol was mixed with 3 ml DPPH solution and kept in the dark for 30
minutes. The absorbance was read at 517 nm and the antioxidant activity was determined with the
formula:

Antioxidant activity (%) = [1 — (As17nm sample/ Asi7nm blank)] x 100

2.6. Determination of the Total Polyphenol Content

For the polyphenol’s analysis, the method based on their oxidation reaction under the action of
the Folin-Ciocalteu reagent was used, which is a mixture of sodium phosphotungstate,
phosphomolybdic acid and phosphoric acid according to an adapted procedure based on the method
proposed by [26] and used in other researches [27,28]. The analysis method comprises three
important steps, such as drawing the calibration curve with gallic acid (standard polyphenol),
polyphenols extraction from the samples to be analyzed using an extractant solution consisting of 1%
HCI in 40% methanol or 1% HCI in 40% ethanol, and the spectrophotometric determination of
polyphenols from the extract with the Folin-Ciocalteu reagent.

To plot the calibration curve, a series of gallic acid standard solutions were prepared with
concentrations ranging from 10-500 mg/L. Then 1 mL of each standard solution was mixed with 60
mL of distilled water and 1 mL of Folin-Ciocalteu reagent, left to stand for 1 minute, and finally 15
mL of 7.5% Na2COs solution was added and the mixture was made up to 100 mL in a volumetric
flask. The solution was left to stand for 30 minutes for the color development, then the absorbance
was read at 750 nm against distilled water. A blank was also prepared containing the same reagents,
but instead of 1 mL of the gallic acid standard solution, 1 mL of 1% HCl solution in 40% methanol
was added (the solution used to extract polyphenols from fruits or plants).

The spectrophotometric determination of the polyphenols for the liquid samples using Folin-
Ciocalteu reagent was done by mixing 1 mL of the liquid sample with 60 mL of distilled water in a
100 mL volumetric flask. Then 1 mL of Folin-Ciocalteu reagent was added and left to stand for 1
minute. Afterwards, 15 mL of 7.5% Na2COs solution was mixed with the solution and made up to 100
mL in a volumetric flask. The absorbance of the resulting solution was measured after 30 minutes at
a wavelength of 750 nm against distilled water, and the results were expressed in mg/L gallic acid
equivalents (GAE).

2.7. Microbiological Determinations

The microbiological profiles of the blueberries juice samples were determined by ISO
standardized analyses: aerobic mesophilic bacteria [29] and yeasts and molds [30].

For each analysis, the samples were mixed with sterile saline solution (NaCl, 8.5%) in a ratio of
1:9, and subsequently, a series of dilutions were performed according to the mentioned standards.

For the total number of aerobic mesophilic bacteria, the PCA (Plate Count Agar) culture medium
was used. It was sterilized and cooled to 45°C, then poured onto the inoculated plates. The inoculum
was mixed with the culture medium, left for solidification, and then the Petri dishes were incubated
at 30°C for 72 hours. To calculate the number of aerobic mesophilic bacteria/ml sample, plates
containing less than 300 colonies were taken into account.

For the enumeration of yeasts and molds, the Sabouraud Chloramphenicol medium was used.
It was distributed in the Petri dishes over the inoculum, and after solidification, incubation at 25°C
for 3-5 days followed. The selected plates were the ones where the number of colonies was up to 200,
taking into account both yeast colonies that are smooth, moist, raised or superficial and mold colonies
that show abundant hyphal growth and may appear in different colors.

For the detection of Staphylococcus sp. in the juice samples, the standard ISO 6888-1:2021 method
[31] was applied. The inoculum was dispersed in Petri dishes containing Baird-Parker agar medium
and incubated for 24-48 hours at 37 °C. After 48 hours of incubation, specific colonies of staphylococci
may be observed, which are shiny black with a narrow white border, surrounded by a clear halo.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Isolation and identification of Escherichia coli was performed according to ISO 16649-2:2007 [32],
with slight modifications. 1 ml of each dilution of the juice sample was transferred to two sterile Petri
dishes and then tryptone bile X-glucuronide (TBX) agar (~15 ml selective medium) precooled to 44-
47 °C was poured. The solidified mixture was incubated at 44 °C for 24 hours, and the development
of blue-green colonies was monitored.

After all incubation steps of bacteria, yeasts and molds, the obtained results were presented as
log CFU/ml. All measurements were performed in triplicate.

3. Results

The 4 types of juices obtained after fermentation were monitored over 5 days of storage under
refrigerated conditions.

3.1. pH Values Variation for the 4 Types of Blueberries Juices

According to Table 1, it can be seen that the control blueberries juice for L. Plantarum, NPM, is
characterized by a pH value of 3.66 on the day before thermostation at 37°C, and then the pH registers
an increase in value to 3.67 at M1 and to 3.86 at M2. Five days after opening and storage under
refrigeration conditions, the pH increases slightly to a value of 3.93. The NP blueberries juice also
registers an increase in pH from the day of L. plantarum seeding until post-fermentation time M1,
because this bacterium ferments plant substrates at low pH values, contributing to the increase of the
environment pH from approximately 3.5 to values around 4.0. After opening, with storage under
refrigeration conditions, the pH remains almost constant from 3.94 at 3 days to 3.95 at 5 days.

Table 1. pH values of the blueberries juices at M0, M1, M2 si M3.

 Bluberries Mo M1 M2 M3
juice code/pH
NPM 3.66+0.01°a", i™" 3.6740.02¢, i 3.86+0.02¢,] 3.930.03b, j
NP 3.6740.01 a,i 3.94+0.02b,] 3,94+0.03b,k 3.95:0.02b,]
NCM 3.86+0.02 b,j 3.67+0.03a, i 3.64+0.03a,i 3.65+0.024, i
NC 3.93 +0.02 bk 3.65 +0.02a,i 3.65+0.02a,i 3.66+0.034, i

"Data are expressed as mean and standard deviation of triplicate samples. "Different letters a, b, ¢, d, in the same
line indicate statistically significant differences at p =95% according to Fisher’s least significant difference (LSD)
procedure for the pH indicator at different moments. ™The letters ijk indicate the statistically significant

differences at p = 95% between the data in column respective between the variant (type) of blueberries juices.

In the case of the juices prepared for the kefir culture study, a decrease in pH value can be
observed both in the case of the control and in the juice inoculated with kefir-specific strains. Thus,
NCM records a decrease in pH value from 3.86 to 3.67 following the thermostatation operation at
24°C, reaching 3.65 after 5 days of opening and storage under refrigerated conditions. NC is
characterized by the most pronounced decrease in pH value, from 3.93 on the day of inoculation to
3.65 after thermostatation and to 3.66 after 5 days of opening. The decrease in pH value is due to the
dissociation of organic acids and the use of sugars by lactic bacteria of the kefir culture for the
production of lactic acid, but also to the formation of carbon dioxide [33].

3.2. Refractive Indices Variation for the 4 Types of Blueberries Juices

The refractive index value increases on the day of thermostatation in the case of juices treated at
37°C, NPM and NP and then remains almost constant during the 5 days of post-opening storage
under refrigerated conditions. Regarding the values recorded in the case of NCM and NC juices, the
refractive index decreases almost constantly in the case of NC juice inoculated with kefir culture from
moment MO corresponding to thermostatation at 24°C until the fifth day after opening due to the
fermentation phenomenon, but remains almost constant in the case of NCM juice from MO0 until M3.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Table 2. Refractive indices values of the blueberries juices at moments M0, M1, M2 si M3.
Bluberries
juice code/ Mo M1 M2 M3
refractive
index
NPM 1.3531+0.00027a”,i™ 1.3554+0.0002b,j 1.3553+0.0002b,i 1.3555+0.0002b,j
NP 1.3542+0.0003a, j 1.3553+0.0002b,j 1.3552+0.0002b,i 1.3551+0.0003b,ij
NC 1.3554+0.0001b, 1.3552+0.00014,ij 1.3550+0.0002b,i 1.3546+0.0003a,i
NCM 1.3550+0.0002a, k 1.3550+0.0002a,1 1.3549+0.0003a,i 1.3549+0.00044a,i

"Data are expressed as mean standard deviation of triplicate samples. “Different letters a, b, ¢, d, in the same line
indicate statistically significant differences at p = 95% according to Fisher’s LSD procedure for the refractive
index at different moments. “"The letters i, j, k, 1 indicate the statistically significant differences at p = 95%

between the data in column respective between the type of blueberries juice.

3.3. The Variation of the Ascorbic Acid (AA) Concentration for the 4 Types of Blueberries Juices

According to the previous table, the vitamin C content at M0, corresponding to the thermostation
day, is equal for all 4 type of juices, with a value of 1.76 mg %. After thermostation, it decreases only
in the case of NCM treated at 24°C. The vitamin C concentration decreases in the same proportion
for NPM, NP and NC after 3 days after opening, reaching the same concentration with NCM, 1.32
mg %, which has remained constant since M1 moment.

Table 3. Ascorbic acid (AA) concentration values of the blueberries juices at moments M0, M1, M2 si M3.

Bluberries juice
code/AA concen- Mo M1 M2 M3
tration, mg %
NPM 1.7620.02%c**, i*** 1.76+0.02 ¢, i 1.3240.020b, i 0.88+0.03a, j
NP 1.76+0.02b,i 1.76+0.02b, i 1.3240.02a, i 1.32+0.02 a. k
NCM 1.76+0.02¢,i 1.32+0.03b, j 1.3240.030b, i 0.44+0.02,a, i
NC 1.76 £0.02¢, i 1.76 £0.02¢, i 1.3240.030, i 1.32+0.01b, k

" Data are expressed as mean standard deviation of triplicate samples. "Different letters a, b, ¢, d in the same line
indicate statistically significant differences at p = 95% according to Fisher’s least significant difference (LSD)
procedure for the AA concentration of juice at different moments. “"The letters i, j, k indicate the statistically
significant differences at p = 95% between the data in column respective between the type of blueberries juice

treatment.

At five days after opening - M3 moment, the highest concentration of vitamin C is recorded by
the samples inoculated with the 2 cultures, kefir and L. plantarum, with a value of 1.32 mg %. This
may be due to the reaction between pectin and functional components of the juices through
hydrophobic or hydrogen bonds [34]. The control juices suffer a significant decrease in vitamin C
concentration, reaching 0.88 mg % in the case of NPM or even 0.44 mg % in the case of NCM.

3.4. Antioxidant Activity Variation for the 4 Types of Blueberries Juices

The antioxidant activity values increase from M0 to M1, in the case of NP, NCM and NC juices.
The highest antioxidant activity at M1 is recorded by the juice inoculated with kefir culture, of 56.77%,
which starts from an activity of 40.88% at the moment before the thermostation operation at 24°C.
For 3 days after opening, the NC juice remains with the highest antioxidant activity value, of 51.2%,
which decreases to 40.66% five days after opening. For the juice inoclated with L. plantarum, the
antioxidant activity remains quite high even after 5 days after opening, recording a value of 47.74%.
The control juices present an antioxidant activity whose value is reduced quite drastically after 5-day
storage in refrigeration.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Table 4. Antioxidant activity (AA) as DPPH scavenging capacity of the blueberries juices at moments M0, M1,

M2 si M3.
Bluberries juice
code/anti- Mo M1 M2 M3
oxidant activity, %
NPM 38.55+0.87°c"," i™ 34.33+1.10 b,i 46.23+0.96d, i 18.37+0.48a, j
NP 38.40+0.92a,i 51.20+0.494,k 48,64+0.69 ¢, j 47.74+0.410b, |
NCM 41.4120.56b, 48.6420.87¢,] 49.39+0.98¢, j 16.71+0.62 a, i
NC 40.88 +0.90 a,j 56.77 +0.68c,1 51.20+0.63D, k 40.66+0.584a, k

" Data are expressed as mean standard deviation of triplicate samples. “ Different letters a, b, ¢, d, in the same
line indicate statistically significant differences at p = 95% according to Fisher’s LSD procedure for the AA at
different moments. ™ The letters i, j, k, 1 indicate the statistically significant differences at p = 95% between the

data in column respective between the type of blueberries juice.

3.5. The variation of the polyphenols concentration for the 4 types of blueberries juices

In the previous table, it can be observed a significant increase of the polyphenols content in all
types of inoculated juices after the thermostation operation. This fact is due to the disintegration of
macromolecular polyphenols into smaller phenolic compounds, possibly through deglycosylation
[35]. 3 days after opening, the polyphenols content decreases to values close to the MO moment. At 5
days after opening, the M3 moment, the values are similar to those at the M2 moment, the highest
value of the polyphenols content being recorded by the juice inoculated with L. plantarum NP, of
132.63 mg EAG/100 ml juice, followed by NC of 130.74 mg EAG/100 ml juice.

Table 5. Polyphenols concentration of the blueberries juices at moments M0, M1, M2 si M3, in mg equivalent
gallic acid (EAG)/100 mL.

Bluberries juice
codelpoly- Mo M1 M2 M3
phenols in
mgEAG/100mL
NPM 125.61+1.02°b", j*  127.41+1.18 b, i 120.91+1.15a, j 126.85+1.25 b, j
NP 123.83+1.10a,1j  274.84+1.41¢, | 122,72+1.254a,§ 132.63+1.14 b, k
NCM 123.74+1.31¢, i 126.07+0.74d,i  114.34+1.354a,i 120.32+1.51b, i
NC 129.22+0.95a, k 275.83+1.48c,j  135.62+1.23 b, k 130.74+1.08 a, k

" Data are expressed as mean standard deviation of triplicate samples. “ Different letters a, b, ¢, d, in the same
line indicate statistically significant differences at p = 95% according to Fisher’'s LSD procedure for the
polyphenols concentration at different moments. ™ The letters i, j, k, 1 indicate the statistically significant

differences at p = 95% between the data in column respective between the type of blueberries juice.
3.6. The Microbiological Determinations Results of the 4 Types of Blueberries Juices

3.7.1. Determination of the Total Number of Aerobic Mesophilic Bacteria

In order to highlight the microbiological evolution of the blueberries juices during the five days
of refrigerated storage, the total number of aerobic mesophilic bacteria was determined. Thus, in
Figure 1, the average values obtained, expressed as log CFU/mL, are presented.

Juices inoculated with L. plantarum and kefir cultures present a high number of aerobic
mesophilic bacteria, with values ranging between 7.24-7.65 log CFU/mL on moment MO. Then these
values decrease as storage progresses, due to their sensitivity to refrigeration conditions, reaching
values of 6.27-6.55 log CFU/mL on day 5. The control juices do not show any viable microorganisms
due to the pasteurization operation within their production flow during the first days. The slight
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growth observed after 3 and 5 days shows a weak contamination, possibly from the storage
environment.

; N

-
E
=
[T
(]
o
o
3
2
Juice Type
1 NPM
—e— NP
—e— NCM
0 —e— NC
0 1 3 5
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Figure 1. Evolution of the total number of mesophilic aerobic bacteria (log CFU/mL) in the blueberries juices
during the 5 days of storage.

3.7.2. The Total Yeast and Mold Counts

The presence of yeasts and molds in the blueberries juices was determined in order to evaluate
the microbiological quality, safety for consumption and shelf life of the products under refrigerated
conditions. As a result of the juices pasteurization, a good efficiency of the process was found, with
yeasts and molds being detected only on the fifth day of refrigeration storage and in a reduced
number, both in the control samples and in the one inoculated with L. plantarum. In the case of the
blueberry juice inoculated with kefir cultures, the analysis evaluated the microbiological behavior of
the product during refrigeration, as well as the monitorization of the controlled fermentative activity
of the introduced cultures.

The recorded values are expressed in log CFU/mL and are graphically represented in Figure 2.

6 Juice Type
—e— NPM
—— NP
—e— NCM
5F —e— NC
4t
-
E
2 3f
o
o
o
2|
1 -
ol
0 1 3 5
Day

Figure 2. Yeasts and molds evolution (log CFU/mL) in the blueberries juices during the 5 days of storage.
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The juice inoculated with kefir culture has a high number of yeasts and molds, which decrease
with storage due to sensitivity to refrigeration conditions and to the phenolic composition of the juice.
The microbial density decreased over the 5-days interval from 5.97 to 4.06 log CFU/mL. This
reduction may limit the probiotic potential of the final product, indicating the need to adjust the
fermentation conditions (e.g., higher temperature or addition of nutrients) to maintain high viability
of the probiotic strains.

3.7.3. Detection of Staphylococcus sp. and Escherichia coli

During the microbiological analysis of the blueberries juices, specific tests were performed to
detect the presence of pathogenic bacteria Staphylococcus sp. and Escherichia coli.

Thus, it was found that during the storage period of 5 days at 4°C, these bacteria were not
detected, being a short interval for a possible significant proliferation of these microorganisms,
especially in pasteurized acidic juices.

4. Discussion

The control juice and the one inoculated with L. plantarum subjected to the thermostating
operation at 37 °C recorded a slight increase in pH, due to the fermentation conditions of this
microorganism, but also the maintenance of almost constant pH values during the storage period.
Instead, the control juice and the one inoculated with the kefir culture thermostated at 24 °C, showed
a decrease in the pH values due to the resulting acids and the carbon dioxide [33].

The refractive index values increased in the case of the juices intended for inoculation with L.
Plantarum, NPM and NP, from M0 moment to M1 moment, due to the fermentation operation at 37°C.
This process is accompanied by exopolysaccharides generation [36], an increase in the content of B
vitamins [37,38] and mineral salts, through the decomposition of mineral-polyphenol compounds
[39], but also by hydrolysis processes with water consumption, which lead to the concentration of the
products and thus to higher valuesof the refractive index [13]. Then, during the refrigeration storage,
the refractive index values of these types of juice remained almost constant. In the case of the juices
studied for the kefir cultures, the refractive index decreased slightly due to the fermentation process
and the binding of sugars to anthocyanidins (malvidin) with the generation of anthocyanins [40], and
then remained almost constant.

After the fermentation process, the polyphenol content increased remarkably: in the case of NP
juice, it recorded the highest increase of 2.22 times at M1 compared to M0, and for NC, 2.13 times at
M1 compared to MO0. The significant increase of the polyphenol content is also correlated with other
studies [2,41-46], the changes in the phenolic compounds being generated by the glucosidase
produced by lactic bacteria, which led to phenolic metabolism and their release.

Also, the fermentation process produced by lactic bacteria led to a significant increase in the
antioxidant activity in the case of the juices inoculated with the 2 studied strains. Thus, in the case of
NP juice, there is a 33.33% increase in the antioxidant activity of MImoment compared to M0, and in
the case of NC juice this increase is even about 38.86% at the moment M1 compared to MO0. This
increase in the antioxidant activity is also found in other studies [47,48], according to which the
radical scavenging abilities of the blueberries juices were significantly improved by the inoculation
of lactic bacteria due to structure and compositions of these bacteria or their metabolites; also,
antioxidant activities of phenolic compounds and anthocyanin have been specified, because these
compounds could break the chain reaction of free radicals by transporting hydrogen atoms, or
chelating metal ions through passing a single electron. Also, the antioxidant activity values remained
the highest for the 2 juices inoculated with lactic acid strains during the refrigerated storage period,
recording after 5 days quite high values of 47.74% for NP and 40.66% for NC, which also presented
the highest values of vitamin C concentration, of 1.32 mg%.

The microbiological characteristics of the analyzed juices are favorable, this being due to both
the effect of pasteurization and the natural properties of blueberry juice.
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The research of Nualkaekul et al. 2011 [49], shows that L. plantarum inoculated to fruit juices
survives excellently at 4 °C, with a modest decrease in viability over several weeks. Thus, in the case
of the blueberries juice with L. plantarum addition a decrease in cell viability of ~0.5-1 log over 5 days
is normal [50].

The initial value of 7.65 log CFU/mL and the decline to 6.55 log CFU/mL on moment M3
indicated the survival of L. plantarum under cold storage. Also, in the case of the blueberries juice
inoculated with kefir, values ranged between 7.24-6.27 log CFU/mL over the same period. This aspect
is beneficial for the analyzed juices, because other studies [51-53] also mentioned that maintaining a
concentration above 6 log CFU/mL is recommended to ensure the probiotic effect, as well as to confer
a biopreservation effect, through mechanisms such as acidification and competition against
undesirable microflora.

In pasteurized juices case, yeasts/molds are usually below the detection limit immediately after
the treatment [54]. If there is a minimal contamination during storage after opening the containers,
yeasts remain undetectable until around day 3 and can slowly reach ~0.5-1 log CFU/mL by day 5
[55]. This fact was also observed in the samples analyzed as a control, respectively with the addition
of L. plantarum. For the juice with kefir inoculation, the yeasts gradually decreased at 4 °C, with a
modest decline of ~0.5-1 log in the first five days, a fact also indicated by the research of Fan et al.,2018
[56], whose study took place for several weeks. Usually, in acidic environment and under
refrigeration temperatures, molds are not significantly evident in the first 5 days.

Regarding the presence of pathogenic bacteria, various fruit juices heat-treated and stored at 4
°C, showed undetectable levels of E. coli and S. aureus immediately after pasteurization and
maintained this level for up to 7 days [57]. Blueberries juices have naturally an acidic pH which,
together with the heat treatment, leads to the complete inactivation of vegetative bacteria, including
S. aureus and E. coli, immediately after their processing [58], this being also observed in the analyzed
samples. An analysis of the effect of the phenolic fractions from blueberries demonstrated that
residual extracts actively inhibit E. coli O157:H7 and S. aureus in liquid media [59], suggesting that
the growth of these pathogens remains strongly inhibited.

5. Conclusions

The purpose of these 4 types of juices analysis was to evaluate if the addition of lactic
microorganisms cultures can lead to the production of plant origin fermented juices, with optimal
characteristics of symbiotic products. These juices contained also the prebiotics represented by the
carbohydrates of the blueberry juice in addition to the added probiotics. The behavior of these
functional products was also evaluated during a refrigeration storage of 5 days. The both symbiotic
juices present optimal physicochemical and microbiological characteristics and can be considered for
further industrial production.
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