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Abstract: Plant-based foods can be an alternative to dairy products as a source of probiotic microorganisms,
especially aimed for lactose intolerant people. In this work, the nutritional profile, antioxidant activity and
organoleptic characteristics of four beverages elaborated with different vegetables and fruits and enriched with
the plant-derived probiotic microorganism Lactiplantibacillus pentosus LPG1 were studied. Results show that is
possible to reach more than 3 million of CFU/mL of the probiotic at the end of storage at 4°C, without presence
of spoilage or pathogenic microorganisms. On the other hand, the developed beverages could be classified as
a high-value-added product due to their high antioxidant capacity, considerable total polyphenol content, and
adequate nutritional composition. Additionally, sensory analysis via an flash profile and acceptance test
revealed that all probiotic beverages were appropriate in terms of odor and taste, rendering them suitable for
market introduction.
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1. Introduction

In the ever-evolving landscape of health and wellness, the rise of probiotic beverages has
acquired significant attention from both the scientific community and the general public. The term
‘probiotics’” was first used by Lilly and Stillwell [1] to designate unknown growth-promoting
substances produced by a ciliate protozoan that stimulated growth of another ciliate. Currently this
term encompasses a much larger group of organisms. The joint Food and Agriculture Organization
of the United Nations (FAO) and World Health Organization (WHO) Working Group [2] defined
probiotics as “live micro-organisms which when administered in adequate amounts confer a health
benefit on the host”. Also, the International Scientific Association for Probiotics and Prebiotics widely
accepted and adopted this definition [3].

The mechanism of action of probiotics relates to their influence on the microbes that inhabit the
gastrointestinal tract. Normal microbial colonization of the human body is dependent on the
conditions of the local chemical environment, the degree of oxygenation, the nutritional intake of the
host tissue, and the intervention of the immune system, and for these reasons, the mechanisms of
action of probiotics are complex and often strain-specific. The benefits of a probiotic are the result of
the interaction between the probiotic strain, the resident microbiota, and the host [4]. The effect of
probiotics on human health has been studied under different conditions and has been shown to play
a wide role in the prevention and treatment of numerous diseases. Scientific data show the benefits
of probiotics in certain types of gastrointestinal diseases, cardiovascular disease, allergic diseases,
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non-alcoholic fatty liver disease, obesity, type 2 diabetes, different types of cancer and the side effects
associated with cancer, osteoporosis, immune health, prevention of covid, among many others [4-7].

Most clinically documented and validated health effects have been studied using fermented milk
products containing viable probiotic cultures. In addition, these probiotic beverages have been
positively valued by consumers principally due to their distinctive taste and because they are easy to
consume long-term in everyday life [8]. However, in recent years there has been a notable increase in
consumer demand for plant-based probiotic beverages. Furthermore, there is a rising demand for
plant-based and dairy-free probiotics, especially designed for intolerance lactose people. As such,
researchers and industry players have directed their efforts towards developing innovative plant-
based probiotic formulations that not only meet various dietary preferences but also provide health
benefits [9-11]. These new plant-based beverages, majority derived from fruits and vegetables, are a
promising solution by providing a rich source of probiotics without the limitations of dairy products.
Recent research has highlighted the great potential of these plant-based probiotic beverages, which
not only serve as a sustainable way to upcycle food waste but also possess numerous functional
properties [12-15]. Likewise, the interaction between probiotic strains and the phytochemical
compounds present in the plant-based substrates produces a wide array of functional bioactive
compounds, expanding health. Phenolic compounds of the vegetable matrices have been also
associated with plant health-promoting activities; moreover, their potential prebiotic activity as well
as of their process-derived bioactive molecules have been recently recognized [16-18].

Technological innovations can contribute to the evolution of production systems and the
attainment of more sustainable and healthier food products. Despite their various health and
environmental benefits, food innovations sometimes encounter resistance from a portion of the
population [19-21]. Several factors explain this situation, including changes in sensory properties
related to innovative processes, fear of loss of traditionality, distrust of new technologies, and cultural
habits [22]. Therefore, it is important to analyze these tensions and evaluate under what conditions
an innovation can contribute to the development of products that generate health benefits, in a way
that is compatible with consumer preferences. Certainly, a better understanding of the factors
influencing consumer perception of these new foods is needed to highlight certain possibilities for
overcoming any reluctance [23, 24].

In the scope of food and beverage research, the evaluation of sensorial characteristics,
particularly aroma and taste, plays a crucial role in determining the overall acceptability of a product
by consumers. The development of new foods involves achieving an aroma and flavor profile that is
desirable for consumers, with an identifiable aroma, and with a minimal presence of unknown
aromas [25, 26]. It is noteworthy at this point that while trained panels have provided valuable data
on the sensory properties of foods, there is increasing emphasis on understanding how untrained
consumers perceive food flavours, as their integrated perceptions may better determine preferences
and acceptance.

However, the acceptance of plant-based probiotic beverages depends not only on the choice of
the substrate, but also on the adaptation of the probiotic strain to it, in this case to the vegetal
beverage. In recent years, there has been a growing interest in obtaining probiotic bacteria from plant
origins. This is the case of Lactiplantibacillus pentosus LPG1, a lactic acid bacterium isolated from table
olive biofilms which has shown remarkable technological features such as esterase and phytase
activity, production of lactic acid, bacteriocin production, etc. [27]. A recent genomic analysis of the
L. pentosus LPG1 strain has revealed various genes involved in adhesion, biofilm formation,
bacteriocin production, degradation of carbohydrates, and metabolism of phenolic compounds,
among these important technological features [28, 29]. This microorganism has also shown important
potential probiotic features, proving to be an anti-inflammatory agent, reducing cholesterol levels
and inhibiting foodborne pathogens [27, 30]. Moreover, L. pentosus LPG1 has recently shown the
capacity to modulate the intestinal microbiota of healthy individuals in a clinical trial [31]. Therefore,
using plant-based probiotics with L. pentosus LPG1 to modulate gut microbiota is a promising
strategy for enhancing gastrointestinal health in humans.
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Thus, in view of the current market demand of non-dairy probiotic foods, this study aimed to
develop four different non-dairy functional beverages containing L. pentosus LPG1, using different
fruit and vegetable matrices.

2. Materials and Methods

2.1. Probiotic Fruit and Vegetable Beverage Sample Preparation

For this study four different juices were prepared with diverse raw materials, such as fruits and
vegetables. Table 1 shows the specific information regarding the raw materials used for each type of
beverage, which were produced by Probiotic Biotech & Pharma (Cordoba, Spain) in commercial shots
of 100 mL (see Figure S1, supplementary material). Juices were fortified with the commercial
probiotic of vegetable origin L. pentosus LPG1. For this purpose, we used the commercial lyophile
denominated as Oleica Starter Vegetable (Oleica, Seville, Spain), which had a dose of 1 x 102 CFU of
the L. pentosus LPG1 strain by 75 g of product. Juices were fortified using 1 g of lyophile by 1 L of
juice, making a theoretical initial inoculation of 13.3 mill CFU/mL (1.33 x 10° CFU by shot). The
lyophile was added once the juice was already prepared, subsequently proceeding to a slight
homogenization of product by shaking 200 rpm for 5 min. Shots were not pasteurized. Probiotic
vegetal beverages (PFVBs) were stored at 4 °C during storage (52 days) until analysis.

Table 1. Raw materials used to produce probiotic fruit and vegetal beverages (PFVBs).

Beverage code Raw materials*

PFVB1
turmeric concentrate, and lemon juice concentrate (2.13 %).
Orange juice (74.24 %), mango (15.59 %), carrot (5.94 %), ginger, and safflower concentrate
PFVB2
(4.23 %).
PFVB3 Apple juice concentrate (81.67 %), red fruits (10.89 %), beetroot (2.72 %), and water (4.72 %).
PFVB4 Pineapple, apple, and grape juice (72.51 %), green apple (10.57 %), spinach (7.05 %), cucumber

(5.64 %), and ginger (4.23 %).

*1 g/L of potassium sorbate was also added to the juices to avoid growth of fungi & molds

2.2. Microbial Analysis

The microbial population levels in the different PFVBs were controlled at initial (3 days) and
final (52 days) of beverage storage for lactic acid bacteria (LAB), fungi/molds, Enterobacteriaceae, and
pathogen populations. Appropriate dilutions were carried out in 0.9 % sterile saline solution and then
plated on selective media using a spiral plate maker model easySpiral Dilute (Interscience, Saint Nom
la Bréteche, France). Enterobacteriaceae were plated on VRBD (Crystal-violet Neutral-Red bile glucose)
agar (Merck, Darmstadt, Germany), LAB on MRS (Man, Rogosa, Sharpe) agar supplemented with
0.02 % sodium azide (Sigma, St. Luis, USA), and fungi/molds on YM (yeast-mal-peptone-glucose)
agar (Difco™, Becton and Dickinson Company, Sparks, MD, USA) supplemented with
oxytetracycline and gentamicin sulfate as selective agents. Plates were subsequently incubated at 37
°C for 24 h and 48 h for Enterobacteriaceae and LAB, respectively, or 30 °C for 48 h for fungi/molds.
Counts were performed using an automatic image analysis system model Scan4000 (Interscience,
SaintNom la Bréteche, France) and results were expressed as logio CFU/mL. For the analysis of
foodborne pathogenic bacteria (Staphylococcus, Salmonella and Listeria), the method based on ISO
standards [32-35] was used, respectively.

For characterization and genotyping of the lactobacilli population, repetitive bacterial DNA
element fingerprinting analysis (rep-PCR) with primer GTGs was followed using the protocol
described in Versalovic et al. [36]. The PCR reaction in a final volume of 25 uL contained: 5 puL of 5x
MyTaq reaction buffer (6mM dNTPs and 15 mM MgClz), 0.1 uL of My Taq DNA polymerase
(BiolineReactives, United Kingdom), 1 uL GTGs primer (25 uM), 13.9 uL deionized H:0, and 5 pL
DNA (~20 ng/uL). PCR amplification was carried out in a thermal cycler (Master Cycler Pro,
Eppendorf) with the following program: 95 °C for 5 min as initial step plus 30 cycles at: 1)

d0i:10.20944/preprints202411.1089.v1

Pineapple, apple, and grape juice (82.24 %), coconut milk (12.34 %), passion fruit (3.29 %),
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denaturation at 95 °C for 30 s, 2) annealing at 40 °C for 1 min, and 3) extension at 65 °C for 8 min,
with a final step of 65 °C for 16 min to conclude the amplification. This methodology was used to
determine the recovery frequency of the L. pentosus LPG1 strain at the end of storage (52 days). For
this purpose, 3 isolates were randomly picked from each juice, making a total of 12 isolates for
comparison with the LPG1 standard. Their pattern profiles of bands (from 100 up to 3,000 bp) were
compared with the strains used to inoculate the juices (LPGI1). Thereby, PCR products were
electrophoresed on a 2 % agarose gel and visualized under ultraviolet light by staining with ethidium
bromide.

2.3. Nutritional Information and pH Measurement

Sodium, protein, sugar, carbohydrates, fat, saturated fatty acid content and total energy were
analyzed using the AOAC procedures [37]. Values were expressed in g/100g of PFVBs. pH was
measured using a pH meter model Five Easy Plus (Mettler Toledo, Switzerland).

2.4. Color

Color was determined according to the recommendations of the International Commission on
INlumination [38], with the illuminant D65 (daylight source) and 10° standard observer (perception
of a human observer). The parameters calculated were a* (red/green values), b* (yellow/blue values),
and L* (lightness). All spectrophotometric measurements were obtained after the centrifugation of
the samples for 15 min at 3000 rpm, in a Beckman DU-640 spectrophotometer provided with quartz
cells of 1 cm path length.

2.5. Total Phenolic Content (TPC)

For the determination of total phenolic content, the Folin-Ciocalteu method was used, with some
modifications [39]. For this, 1.25 mL of Folin-Ciocalteu reagent diluted in distilled water (1:5) was
added to 50 pL of the sample filtered by 0.45 um. This was stirred vigorously and allowed to stand
for 1 min. Then, 1 mL of 10 % w/v sodium carbonate was added, and the mixture was allowed to
react in the dark for 30 min. After this time, the blue coloration produced was measured at 760 nm
using a Beckman DU 640 spectrophotometer. A calibration curve for gallic acid was carried out using
different concentrations of standard in the range between 0.01 g and 1 g gallic acid/L.

2.6. Antioxidant Activity (AA)

The free radical scavenging activity was measured using the DPPH assay according to Katalinic
et al. [40], with some modifications. 200 pL of the sample or 200 uL of water in the case of the control
were added to 3 mL of a 45 mg/L DPPH solution. The absorbance of the control was measured at zero
time at 517 nm, while the absorbance of the sample was measured after 30 min of incubation at room
temperature and in the dark, using a Beckman DU 640 spectrophotometer. The percentage inhibition
of DPPH was calculated with the equation (1):

% DPPH Inhibition = ((Absorbancecontrol — Absorbancesample)/ Absorbancecontror) * 100 1

2.7. Sensory Analysis

Two sensory analyses were carried out with different objectives, the first to obtain the aromatic
profile of each of the probiotic beverage’s formulation and the second to determine their degree of
acceptability after addition of L. pentosus LPG1.

A Flash Profile (FP) was carried out according to the protocol described by Dairou and
Sieffermann [41]. An in-house trained sensory panel comprising 16 panelists, 9 women and 7 men,
aged from 24 to 61 years, conducted the sensory evaluations of probiotic formulations. All had broad
experience in sensory evaluation and had participated in previous studies of different food matrices.
The sensory analysis was carried out in two sessions. During the first session, the four coded PFVBs
were simultaneously presented. The panelists were asked to generate the vocabulary to describe the
essential descriptors, which should be sufficiently discriminant to differentiate the samples
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concerning the aroma and taste. In the second session, the panelists grouped in odorant terms, by
consensus, the descriptors previously obtained, to reduce the variables to be judged. Then, they
evaluated to rank all probiotic beverages formulations on their attributes according to citation
frecuency intensity. The samples (40 mL) were coded with random three-digit numbers and
presented individually to each panelist in black glasses to prevent the color of the samples from
interfering with the tasters' assessment. It was served at consumption temperature (12.0 + 1.0 °C), and
mineral water was provided for rinsing the mouth between samples.

The acceptance test of the different formulations probiotic beverages was conducted by a panel
of 50 judges recruited from the staff and undergraduate and master's degree students at the
University of Cordoba. The judges (28 women, 22 men) were between 22 and 55 years old. As in the
previous sensory analysis, all 40 mL samples were coded with 3-digit random numbers and
presented to the panelists in black cups to prevent the color of the samples from interfering with the
tasters' evaluation. The acceptance testing of attributes (aroma, taste and overall liking) used a 6-point
hedonic scale, as follows: 1-dislike very much, 2-dislike moderately, 3-neither like nor dislike, 4-like
slightly, 5-like moderately, 6-like very much [42]. The evaluation data were recorded and mean scores
for each attribute were calculated. The index calculation for the acceptability (AI) of probiotic
beverages was performed according to the equation (2):

Al (%) = g* 100 )

Where X = average score for the product obtained and n = maximum score given to the product.

2.8. Statistical Analysis

An analysis of variance (ANOVA) at the 95 % confidence level was performed in triplicate using
the Statgraphics v. 5.0 software package from Statistical Graphics Corp (Statgraphics Technologies,
Inc. Technologies, Inc., Plains, Virginia). This analysis establishes homogeneous groups and allows
testing for significant differences for TPC and AA.

3. Results and Discussions

3.1. Microbial Analysis

Microbial analysis is necessary to guarantee the quality and safety of food products. Table 2
shows the microbiological analysis carried out at initial (3 days) and end (52 days) of storage (4 °C)
for the different types of PFVBs assayed. Enterobacteriaceae, Listeria, Salmonella, and Staphylococcus spp.
were not detected after spreading the samples in their respective selective growth medium, neither
at the beginning or at the end of storage. This data shows that all the PFVBs are microbiologically
safe, confirmed by the low pH values obtained. At the beginning the pH values ranged between 4.11
(PFVB4) and 3.78 (PFVB3) and the end of packaging ranged between 3.99 (PFVB4) and 3.70 (PFVB2).
Therefore, and taking into account the average pH value of PFVBs at the beginning (3.91 + 0.14) and
at the end (3.82 + 0.12), it can be concluded that no significant differences were observed between
both sampling points. In this sense, the low pH value obtained, combined with the cold storage
temperatures (4 °C), were significant environmental factors able to control microbial growth. Most
familiar pathogenic bacteria, like Enterobacteriaceae, Staphylococci, Listeria, and Salmonella spp. are
neutrophiles and do not fare well in the acidic pH. Also, fungi were also not noticed in the PFVBs,
which may be due to the use of potassium sorbate during packaging. This preservative has proved
to be very effective to control yeast growth at acidic pH [43].
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Figure 1. Rep-PCR profiles of 12 LAB isolates obtained from the different PFVBs (1, 2, 3, and 4)
compared with the probiotic L. pentosus LPG1 (LP), E stands for Marker 1 Kb (Invitrogen), while
empty () and - stands for negative controls.

Table 2. Individual values of pH and microbiological data (logio CFU/mL) for the different types of
PFVBs assayed, at the initial (3 days) and final (52 days) sampling points. LAB stands for lactic acid
bacteria group, Yea for fungi & molds, Ent for Enterobacteriaceae, Lis for Listeria, Sal for Salmonella, and

Sta for Staphylococcus.

Juice code Time pH LAB Yea Ent Lis Sal Sta
PEVB1 Initial 3.90 6.53 Nd Nd Nd Nd Nd
Final 3.78 6.40 Nd Nd Nd Nd Nd

PEVE2 Initial 3.86 6.37 Nd Nd Nd Nd Nd
Final 3.70 6.25 Nd Nd Nd Nd Nd

PEVE3 Initial 3.78 5.92 Nd Nd Nd Nd Nd
Final 3.83 6.66 Nd Nd Nd Nd Nd

PEVBA4 Initial 411 6.77 Nd Nd Nd Nd Nd
Final 3.99 6.50 Nd Nd Nd Nd Nd

* Nd. No detect (detection limit <1.30 logio CFU/mL)

PFVBs were fortified with a theoretical value of the probiotic L. pentosus LPG1 of 7.12 loguo
CFU/mL (13.3 mill CFU/mL). As can be deduced from Table 2 and using the counts obtained in the
LAB medium, within the first 3 days the probiotic decreased their population levels in the different
types of juices studied. The highest decline was observed for the sample PFVB3 elaborated with apple
and red fruit juice principally, which reached a 5.92 logio CFU/mL. The remaining formulations
reached values close to 6.5 logio CFU/mL. This value was kept constant throughout storage, and after
52 days of packaging, the average probiotic counts obtained were 6.45 logio CFU/mL (>3.4 mill
CFU/mL), with a survival rate of 25.6 %. In this sense, different authors [44-46] point out that for
maximum health benefits, the minimum probiotic organism level in probiotics food product should
be 106-107 CFU/mL at the time of consumption.

To confirm that the LAB counts obtained in the different types of PFVBs correspond to the
probiotic L. pentosus LPG1, 3 isolates randomly taken from LAB medium for each juice were
molecularly compared with the rep-PCR profile of L. pentosus LPG1. As can been deduced from
Figure 1, the 12 isolates rep-PCR profiles were identical to the LPG1 control, confirming the presence
of the probiotic at 52 days of packaging.
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As mentioned above the FAQ, defined probiotic as “live microorganisms when administered in
adequate amounts confer a health benefit on the host”. L. pentosus LPG1 is a LAB obtained from table
olives biofilms (vegetable origin), which has proved to be a probiotic microorganism in animal and
human clinical studies as an anti-inflammatory agent and modulator of the intestinal microbiota [27,
30, 31]. Because there are so many different probiotic organism and variables to consider when
making recommendations (dosage, delivery methods, etc.) it is difficult to generalize one optima dose
as “adequate”. The dosage of probiotic foods and supplements is based solely upon the number of
live organisms present in the product. Successful results have been attained in clinical trials using
between 107-10" CFU/day [47, 48]. In our study, 100 mL of juices (one shot) give a total dose of
340,000,000 CFU (3.4 * 108) of probiotics.

3.2. Nutritional Information

In the development of new plant-based probiotic food products, it is important to examine their
nutritional role. Table 3 shows nutrient values of the different formulations of PFVBs elaborated. In
general, fruit and vegetable juices have a low sodium, which is consistent with the particularly low
sodium levels (< 0.03 g/100 g) obtained for all PFVBs formulations. Furthermore, they are naturally
low in protein content oscillating between 0.7 g/100 g (PFVB2) and 1 g/100 g (PFVB3 and PFVB4),
which agrees with the studies carried out by Boyle et al. [49] on 156 different fruits and vegetables.
There is considerable variation in the sugar content in the PFVBs studied, ranging from 1.6 to 11.4
g/100 g, PFVB1 and PFVB4, respectively, mainly due to the different raw materials used in the
elaboration of each of them. Fruit juice production has a major effect on carbohydrates: extraction
removes virtually all polysaccharides from the plant cell wall (dietary fiber). Regarding the
carbohydrate contents, values were similar for the different formulations of PFVBs, ranging between
10 and 12 g/100 g for PFVB1 and PFVB3, respectively.

Table 3. Nutritional information of 100 g of the different PFVBs.

PFVB1 PFVB2 PFVB3 PFVB4

Sodium (g) 0.01 0.04 0.001 0.03
Protein (g) 0.8 0.7 1.0 1.0
Sugar (g) 1.6 4.2 1.8 11.4
Carbohydrates (g) 10.0 10.4 12.0 11.4
Fat (g) 3.3 0.2 0.1 0.5

Saturated fatty acid (g) <0.01 <0.01 <0.01 <0.01
Total energy (kJ) 310 196 213 222
Total energy (kcal) 74 47 51 52

On the other hand, fruits and vegetables are generally considered low-energy and low-fat foods,
which is mainly due to their high content of water. Still, they may contain up to 20 energy % of fat
[50]. PFVB1 showed significantly higher values than the rest of the formulations (3.3 g / 100 g),
probably due to one of the ingredients is coconut milk. Coconut milk is rich in lipids, including about
35.2 % fat when no water is added [51]. In general, the caloric value of fruit and vegetables juices
ranges between 40 and 60 kcal per 100 g, except for lemon, tomato and carrot juices whose caloric
value is also below average [52]. The values of total energy of the different PFVBs varied between 47
and 74 kcal/100 g for PFVB2 and PFVBI, respectively. This last one formulation includes grape juice,
fruit with one of the highest caloric contributions, and coconut milk, responsible for this greater
caloric intake.

3.3. Color

The final color of a product launched on the market is an important attribute because it
conditions the choice of the consumer. One of the most widely used tools to define the color of a
beverage is by the coordinates of CIELab space. Figure 2 shows the resulting color of the different
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PFVBs. As can be seen, these presented final colors according to the composition of the raw materials
of each PFVBs. Particularly, in the case of the PFVB1 and PFVB2 beverages, the resulting colors were
yellowish and orange, respectively, since the CIELab space coordinates were set to negative a* and
positive b* values in the case of PFVB1, and positive a* and b* values for PFVB2. The colors of these
probiotic beverages derived mainly from carotenoids and phenolic compounds, present in pineapple,
apple, grape, carrot, orange, mango, and ginger [53-59]. In the case of the PFVB4 beverage, it was also
included in the same quadrant of CIELab space of PFVB1, but it showed a greenish color, defined by
higher value of the a* and b* coordinates. This color is mainly due to the chlorophylls in spinach [60]
and cucumber [61], and to the phenolic pigments and carotenoids in the fruits and vegetables used
in this beverage. On the other hand, the color of the PFVB3 beverage was red with bluish tones
(positive a* and negative b* coordinate of CIELab space). This color is mainly due to anthocyanins
present in red fruits [62] and carotenoids and betalains from beet [63]. Regarding lightness, all the
vegetable probiotic beverages exhibited L values exceeding 65. This places them in the upper region
of the CIELab color space, suggesting that the resulting beverages are lighting and brightness from
the sensory point of view.

40 100
*
b L
35 e 95
°
90
30 PFVBI
® PFVB2
85
® PFVB3
® PFVB4 80
75
70
65
60
o
10 15 o0

50

Figure 2. Representation of the a*, b* and L coordinates of CIELab space of the different PFVBs.
3.4. Total Phenol

3.4. Phenolic Compounds and Antioxidant Activity

Phenolic compounds are secondary metabolites of plants, and their antioxidant properties have
been widely studied [64, 65] due to the benefits they can bring to human health. Derived from the
fruits and vegetables that constitute the probiotic beverages, it would be expected that they contain
a large amount and variety of phenolic compounds, which makes them high value-added products.
The presence of non-flavonoid phenolic compounds such as hydroxybenzoic and hydroxycinnamic
acids, and flavonoid compounds such as anthocyanins, flavonols, flavan-3-ol derivatives and
flavones, among others, can be highlighted [56, 58-60, 62, 64, 66, 67].
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Figure 3. Total phenolic compounds (TPC) content (g gallic acid/L) and antioxidant activity (AA) (%
DPPH inhibition) of the PFVBs. Different lower-case letters represent significant differences between the TPC
values of the probiotic beverages studied (p < 0.05). Different capital letters represent significant differences
between the AA values of the probiotic beverages studied (p < 0.05).

Figure 3 shows the values of total phenolic compounds and antioxidant activity of the probiotic
beverages studied. As can be seen, the beverage with the highest amount of total phenolic
compounds was PFVBI, followed by PFVB4, PFVB2 and PFVB3, finding significant differences (p <
0.05) between total phenolic content of all formulations of PFVBs. Regarding antioxidant activity,
significant differences were also found between all the beverages elaborated, with PFVB1 reaching
the highest value, which is probably related to a higher concentration of phenolic compounds (0.853
+0.007 g gallic acid/L). However, PEVB3 presented a higher antioxidant activity value (48.1 % + 0.628
of DPPH inhibition) than PFVB2 and PFVB4 (33.5 % + 1.05 and 46.0 % + 1.07 of DPPH inhibition,
respectively) showing the lowest content of total polyphenols (0.576 + 0.010 g gallic acid/L). Some
studies have shown that antioxidant activity is closely related to the content of total phenolic
compounds [62, 68, 69], although it must be considered that this parameter is influenced by other
non-phenolic compounds such as vitamins, betalains, carotenes, chlorophylls, etc., present in the
probiotic beverages. This fact could justify that PFVB3 exhibited these above-mentioned values. In
this sense, the beetroot used in this beverage provides betalains such as betacyanins (red-violet color)
and betaxanthins (yellow-orange color), which are potent antioxidants [70].

3.5. Sensory Evaluation

Sensory analysis is an important analytical tool to objectively characterize food products. In this
sense, sensory evaluation of a product, including both the analytical sensory evaluation carried out
by a panel of experts and the affective test carried out on consumers, allows to obtain more
information about the product being analyzed, its quality and to verify factors influencing its
acceptability by consumers, which facilitates work on improving the quality of the product or its
reformulation [42, 71]. Particularly, in the production of probiotic beverages acceptable sensory
properties are very important because of the sensory changes that can occur during the development
of probiotic products following the addition of probiotic bacteria to raw materials. This approach
provides insight into the aromatic qualities of a new formulation, which contributes to product
development, quality control and consumer satisfaction.

In the first flash profile (FP) session, the panelists recorded 14 sensory descriptors to describe
the taste and aroma profile of PFVBs. The sensory attributed generated were: apple, peach, passion
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fruit, mango, coconut, pineapple, orange, strawberry, berries, carrot, beet, ginger, spinach, and
cucumber. In the second session, the panelists grouped the descriptors by aroma similarity and
reduced them to 6 sensory terms: tree fruit, tropical fruit, citrus fruit, red fruit, edible root, and
vegetable.

The FP results from the four formulations of probiotics beverages are represented in Figure 4. It
is noteworthy that none of the formulations with added probiotic L. pentosus LPG1 exhibited any
unusual aromas or tastes.

Tree fruit
Aroma profile 60
50
40
Vegetable 30 __ Tropical fruit

PFVB1
e PFVB2
e PFVB3
— PFVB4
Edible root Citrus fruit
Red fruit
Tree fruit
Taste profile 60
40
Vegetable o Tropical fruit
20 PFVI
e PFV]
e PFV]
e PFV]
Edible root Citrus fruit
Red fruit

Figure 4. The flash profile (FP) citation frequency (%) (aroma and taste) from the four formulations of
PFVBs.

The FP of the PFVB1 formulation was mainly described as tropical fruit, tree fruit, and citrus
fruit, the latter being the only term that showed a lower citation frequency in the taste profile (12.5
%) versus the aromatic one (25.0 %). In relation to the FP of the PFVB2 notes such as citrus fruit,
vegetable and edible root can be profiled in the polygonal diagram. There was a good correlation
between the aromatic and taste profile, except for the vegetable term, which were only just detected
(12.5 %) during the taste sensorial analysis. Regarding aroma and taste profile of PFVB3, the citation
frequency of the sensorial terms of the two-flash profile were very closely matched. In addition, the
panelists characterized this formulation by red fruits and edible root notes, principally. Finally,
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PFVB4 was predominantly characterized as vegetable and citrus notes by the panelists. However, the
aroma profile was less intense than the taste profile, especially in terms of the citation frequency of
citrus notes (18.8 %).

The acceptance rate of aroma and taste attributes and overall liking of the probiotic vegetal
beverages was evaluated using the acceptability index and results are shown in Figure 5. The judges
indicated that they liked the odor and taste of beverages in all formulations, more than 61% of them
indicated so. In particular, the PFVB1 containing mainly pineapple, apple, and grape juice presented
the highest acceptability indexes for aroma (77.1 %) and taste (68.8 %). Contrary, the PFVB4 obtained
the lowest acceptability for aroma (61.3 %). It could be related to the raw material of PFVB4, which
included spinach (7.05 %) and cucumber (5.64 %). These vegetables contain nitrogen, sulfur and C9
aroma compounds with distinctive grassy, slightly musty, and earthy aromatic notes [72]. Also,
PFVB3 obtained the lowest acceptability index for taste (62.5 %). It is well-established that beets
contain significant quantities of flavonoids and phenolic acids capable of providing astringency and
bitterness to beverages [73]. Finally, in terms of overall liking, the acceptability index was higher for
the PFVB1 formulation (72.9 %), while for the other formulations the index was lower, at around 63
%.

100 ~

80 -

Acceptability Index (%)

E Aroma [@Taste M Overallliking

Figure 5. Acceptability index (%) of the four PFVBs for aroma, taste, and overall liking parameters.

4. Conclusions

According to results obtained in this study, it is possible to develop vegetable & fruit, not

pasteurized, beverages with more than 3 * 108 of probiotics by 100 mL of juice, with appropriate
organoleptic profiles and interesting nutritional values after 52 days of cold storage. This type of new
products represents an alternative to dairy products as a source of probiotic microorganisms,
especially designed for consumers who are lactose intolerant or need a low-cholesterol diet.
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