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Abstract

The purpose of this study was to produce a non-dairy functional beverage containing Lacticaseibacillus casei, passion fruit juice,
and yam flour. The physical and chemical characteristics, consumer acceptance, viability of L. casei during storage time, and
resistance to in vitro simulated gastrointestinal tract conditions were investigated. The beverages were considered good sources
of fiber and were well accepted in their aroma, color and appearance parameters. The effectiveness of passion fruit to mask the
off-flavor of L. casei fermentation was confirmed. There were >10° UFC.mL" of the microorganism during storage (28 days)
and they were resistant to in vitro simulated gastrointestinal tract conditions (> 10* UFC.mL"). Passion fruit and yam flour
showed to be excellent raw materials to be explored and used in combination to promote the probiotic survival and mask the
oft-flavor, thus being promising alternatives in non-dairy probiotic products development.

Keywords: vegetal products; functional foods; novel fermented foods; tropical fruits; yam.

Practical Application: Passion fruit and yam flour showed to be excellent raw materials to promote the probiotic survival and
mask the oft-flavor. The results of the study can be used in processing probiotic non-dairy products.

1 Introduction

Health and wellness are the guiding principles of the food
industry. The link between health and intake of selected foods
has promoted a greater consumption of functional foods
(Martins et al., 2013). The increasing search for functional food, in
particular probiotics, is justified by the range of benefits provided
to consumers, including the prevention of dysbiosis, decrease of
lactose intolerance, enhanced immunological function, and the
more recently suggested benefits in the prevention of obesity, a
current public health problem (Daliri & Lee, 2015).

Probiotics are beneficial microorganisms that, when administered
in appropriate amounts, contribute to microbial intestinal balance
and thus to human health (Hotel & Cérdoba, 2001). Currently
new terminologies for all aspects of probiotic benefits have been
proposed and described such as ‘paraprobiotics’ (dead/inactive
cells of probiotics) and ‘postbiotics’ (healthful metabolites of
probiotics) because findings have shown that dead cells (intact or
ruptured) could also show significant health impacts on human.
(Zendeboodi et al., 2020). Lactobacillus and Bifidobacterium genera
are the most common microorganisms used in functional food
industry (Champagne et al., 2011; Ozcan et al., 2021).

Fermented foods and drinks of dairy and non-dairy origin
play an important role in diets worldwide (Aguilar & Rivera,
2019). Most probiotics products originate from fermented dairy
products, but recent studies have brought a new perspective of

application which includes the use of fruit and vegetable juices
(Rivera-Espinoza & Gallardo-Navarro, 2010; Ellendersen et al.,
2012; Aguilar & Rivera, 2019).

The use of plant foods is justified, among many benefits,
by the opportunity to supply different population groups such
as vegetarians and people with lactose intolerance and dairy
allergy (Prado et al., 2008; Alves et al., 2016). The possibility
of offering a cholesterol-free and vitamin- and mineral-rich
beverage, inherent in fruit-based products, is very promising
(Soccol et al., 2010; Xu et al., 2019).

However, off-flavor development, which is caused by the
growth of microorganisms and their fermentation, is most evident
in the plant-based than dairy-based beverages (Alves et al.,
2016). Choosing an adaptable strain and a plant technologically
able to mask this effect is a challenging but essential goal in the
industry of fruit-based probiotics products.

According Luckow et al. (2006) one of the most efficient ways
to mask off-flavor is to use tropical fruit juices with pronounced
flavor, such as passion fruit (Passiflora edulis Sims). This fruit is
native from Latin America and Brazil and meets the criterion of
regionality and practicality. Furthermore, its aroma and acidity
is widely used and accepted in juices, jams and yogurts (Food
and Agriculture Organization, 2013).
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The acceptance of a beverage, however, 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 juice. In this sense,
Lacticaseibacillus casei has been successfully used in non-dairy
fermented probiotic beverages with good amount of colony
forming units (CFU) and good masking results (Ellendersen et al.,
2012; Alves et al., 2016).

The presence of fermentable carbohydrate as raw materials
is an additional good way to promote symbiosis (Bultosa, 2016).
The addition of galacto-oligosaccharide, fructo-oligosaccharide,
inulin, and, more recently, yam (Dioscorea sp.) are good options
(Huang et al., 2012; Vijaya Kumar et al., 2015).

Yam is an extremely popular tuber in African countries and
Brazil. It has been studied by its interesting functional properties
which make it an anti-obesity, antioxidant and anti-inflammatory
agent, modulator of immune responses and intestinal absorption
of lipids, and more recently suggested prebiotic agent. Studies
point that yam can be added to foods to provide better nutritional
intake and add functional properties or promote symbiosis
(Huang et al., 2012; Brownawell et al., 2012).

Thus, in view of the current market demand of non-dairy
and probiotic foods with prioritization of the sustainability and
regionality criteria, this study aimed to develop a non-dairy
functional beverage containing L. casei using passion fruit and
yam flour (Dioscorea cayenensis Lam).

2 Materials and methods

The raw materials used in this study were obtained from
the Pernambuco Supply and Logistics Center (CEASA-PE) in
a single batch.

2.1 Obtaining passion fruit juice

Passion fruit samples were selected, weighed in an electronic
scale, washed in running water and sanitized with chlorinated
water (200 ppm - 15 minutes), then washed with clean water,
and cut. The pulp was homogenized in semi-industrial blender
for a few seconds. The pulp was manually sifted and then diluted
in mineral water at a ratio of 31% for adequacy Brix (6.00),
according to criteria established by the Brazilian Legislation
for Tropical Juices (Brasil, 2003).

2.2 Obtaining yam flour

Briefly, Yam samples were washed and scrubbed in running
water and sanitized with chlorinated water (200 ppm - 15 minutes).
Then, they were peeled, sliced, crushed and pulverized. The
yam flour obtained was bleached and dried. Table 1 shows its
proximate composition. Microbiological safety was evaluated
for coliforms at 45 °C, coagulase-positive staphylococci, Bacillus
cereus and Salmonella sp/25 g.

2.3 Activation and viability of Lacticaseibacillus casei

Lacticaseibacillus casei DN-114 001 lyophilizate was inoculated
in a selective medium for lactobacilli (MRS - Man, Rogosa and
Sharpe) at 37 °C for 72 hours under anaerobic conditions and
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Table 1. Chemical analysis of yam flour (Dioscorea cayenensis).

. Yam Flour
Analysis -
g.100 g (£ SD*)

Moisture 3.31+£0.01
Ash 4.60 +0.07
Protein 8.57 £0.25
Lipid 0.61 £0.08
Carbohydrate 81.68 + 0.40
Fiber 10.70 £ 0.02
Starch 74.50 £ 0.10
Sugars - total and reducing Tr*

Total energy (kcal) 366.53 £0.24
pH 5.85+0.01
Acidity 2.24 +0.05

*SD: Standard Deviation; **Tr: traits.

adjusted to the turbidity of a 0.5 McFarland standard which
corresponds to 1.5 x 108 CFU.mL"' (McFarland, 1907). The
viability of the strains was tested by the multiple-tube dilution
method to 107 and 1 mL of substrate was inoculated onto MRS
agar for depth at 37 °C for 72 hours under anaerobic conditions.
The CFU were counted and the results expressed as log CFU.mL™".

2.4 Development of plant-based probiotic beverage

Beverages were developed from the addition of three
different concentrations of yam flour (2.0%, 3.5% and 5.0%) into
previously pasteurized (72 °C - 5 min) passion fruit juice. L. casei
inoculum was added at 2%, corresponding to 3.0 x 10° CFU.mL™.
Fermentation occurred at 37 + 2 °C for 48 hours. The hydrogen
potentials (pH) range was monitored with a potentiometer
(Mettler - DL 12) (Association of Official Analytical Chemists,
2002). The beverages were cooled at 10 + 2 °C. Two controls
were established, namely: 1. C - juice only; and 2. C+ - positive
control (juice with addition of L. casei).

2.5 Physical, chemical and microbiological analyses

Moisture, protein (P), lipid (L), ash, total carbohydrate (TC),
and fiber content were analyzed in triplicate and averages were
calculated. Content was expressed in g/100 g. Total energy (TE)
was calculated by the equation: TE = (TCx4) + (Px4) + (Lx9).
The microbiological safety was evaluated for coliforms at 45 °C
and Salmonella in 25 and 50 mL of beverage. All analyses were
performed in triplicate (Association of Official Analytical
Chemists, 2002; Brasil, 2003).

2.6 Sensory analysis

Sensory tests included the analysis of acceptability,
purchase intent and preference ranking and were performed
only after approval by the Research Ethics Committee (protocol
15312113.2.0000.5208/2013).

Samples were stored for 24 hat 10 + 2 °C prior to evaluation.
Samples of 50 mL of the beverages were placed on small white
cups, coded with three-digit random numbers, and served
immediately after taken out of refrigerated storage. Mineral
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water was provided between consecutive samples for mouth
rinsing. The test was conducted in an individual well-lit cabin.

Acceptance as to appearance, color, taste, aroma and overall
acceptability was evaluated through a 9-point hedonic scale
(1: dislike extremely; 9: like extremely). The taster was asked
to list beverages in a descending order of preference. Attitude
regarding purchase consumer purchase intent was assessed using
a 5-point scale (1: certainly not; 5: certainly yes).

To calculate the acceptability index (AI), the following
mathematical expression was used: AI = X x 100/n°, where:
X = mean score attributed by tasters, and n° = highest score
attributed by tasters (Meilgaard et al., 2007).

The following analyses were made only with the beverage
that presented greater acceptability in the sensory analysis. The
beverages used came from a single manufacturing batch in order
to ensure comparable results.

2.7 Shelf-life evaluation

Shelf life of a beverage was measured according to L. casei
viability and pH evaluation on days 0, 7, 14, 21 and 28 after
fermentation. The pH range was monitored with a potentiometer
(Mettler - DL 12) (Association of Official Analytical Chemists,
2002) and the viability of the strains was tested by the multiple-
tube dilution methods to 107 and 1 mL of substrate was inoculated
on MRS agar for depth at 37 °C for 72 hours under anaerobic
conditions. The CFU were counted and the results expressed
as log CFU.mL™".

2.8 Lacticaseibacillus casei survival to in vitro simulated
gastrointestinal digestion

In vitro gastrointestinal digestion was performed by the
use and modification of two methods (Liserre et al., 2007;
Santos et al., 2011). Briefly, the selected sample was first diluted
in saline 0.85% (1:9) and then an acidic solution of pepsin
(3 g/L; pH 2.5) added to the sample to measure the resistance
to acid and pepsin (gastric phase). The mixture was incubated
on a shaker (150 rpm) at 37 °C for 120 minutes. To measure the
resistance to bile (enteric phase), a basic solution of bovine bile
(3 g/L; pH 7.5) was added to the sample and the mixture was
incubated as described before (150 rpm - 37 °C - 120 and 240
minutes). After that the viability of L. casei was checked. Tests
were performed in quadruplicate and the control consisted of
sample incubation without change of pH or addition of enzymes.

2.9 Statistical analysis

All assays were made in triplicate or quadruplicate and the
results were expressed as means or means + standard deviations.
The results of the bacterial viability and sensory analyses were
evaluated by analysis of variance (ANOVA), considering yam
flour concentration. Paired-sample t-tests with 95% confidence
intervals (p < 0.05) were used to compare the means of the
attributes evaluated when applicable. For the hedonic scale, the
decision criterion for the index to be well accepted was 70% or
higher (Meilgaard et al., 2007).
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3 Results

3.1 Beverage fermentation process

The fermentation of the beverages was monitored over 72
hours. Figure 1 shows that there was a temporal variation in
pH values. No significant differences were observed between
24 and 72 hours (*time axis) for any sample, indicating that
the minimum pH values were achieved in 48h. A comparison
between beverages with 2.0% and 5.0% of yam flour showed that
there was an increase in pH (#) (p = 0.01) proportional to the
amount of yam flour added to the beverage. Statistical analyses
indicate no difference in the evolution of pH between samples C +
and 2% (*pH axis). All other means were significantly different.

3.2 Physical, chemical and microbiological analyses

The physical and chemical composition of the beverages
is shown in Table 2. The addition of yam flour increased the
amount of ash, protein, carbohydrate and fiber in the beverages
in relation to the control.

3.3 Sensory analysis

Sixty-two untrained panelists participated in the sensory
tests. The mean age was 22.4 + 4.19 years, and the majority
(82.6%) was female. The acceptance rate of each attribute of the
beverages was evaluated and results are presented in Table 3.

Differences in the perception of the attributes were evident.
The scores attributed to color, appearance, and aroma were
superior to those attributed to taste and overall acceptability.
The scores attributed for color and appearance varied between
“like very much” and “like extremely”, those for aroma varied
from “like moderately” to “like very much”, and those for taste
and overall acceptability varied between “neither like nor dislike”
and “dislike lightly”.

-=-C
——C+
——2.0%
——3.5%

—a—-5.0%

Time (hours)

Figure 1. Hydrogen potentials (pH) variation during fermentation
of non-dairy functional beverages based on passion fruit (Passiflora
edulis Sims) and different concentrations yam flour (Dioscorea
cayenensis). C = control (juice only), C+ = positive control (juice with
addition of L. casei), 2.0, 3.5 and 5.0% = concentration of yam flour
in the beverages. Time axis: asterisks (*) = no significant difference
(p>0.05). pH axis: asterisks (*) = no significant difference (p>0.05). All
other averages differ significantly (p < 0.05). The symbol # indicates
significant difference (p = 0.01).
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Table 2. Physical-chemical composition of a non-dairy functional beverage based on passion fruit (Passiflora edulis Sims) and different

concentrations yam flour (Dioscorea cayenensis).

Concentration of yam flour

Analysis C* £.100 g (+ SD*)
2.0%** 3.5%** 5.0%**
Moisture 93.43+0.11 93.50 £ 0.10 92.06 + 0.08 90.63 £0.11
Ash 0.18 £0.09 0.27 +0.09 0.34+0.12 0.41 +0.08
Protein 0.22 +£0.15 0.40 +0.20 0.53+£0.30 0.66 +0.16
Lipid 0.20 £ 0.03 0.21 £ 0.06 0.22 £ 0.04 0.23 +0.04
Carbohydrate 4.00+0.11 5.62 +0.30 6.85+0.28 8.07 +0.20
Fiber 1.66 £ 0.06 1.89 £ 0.02 2.05+0.04 2.21 £0.02
Total energy (kcal) 18.64 +0.15 25.97 +0.19 31.5+0.21 36.99 +0.13

*SD: Standard Deviation; **C: control (juice only), 2.0, 3.5 and 5.0% indicates the concentration of yam flour in the beverages.

Table 3. Index of acceptability (%) of a non-dairy functional beverage
based on passion fruit (Passiflora edulis Sims) and different concentrations
yam flour (Dioscorea cayenensis).

Index of acceptability (%)

Attributes Concentration of yam flour
2.0%* 3.5%* 5.0%*
Color 85.66 86.38 85.48
Appearance 82.44 80.65 82.26
Aroma 74.19 73.48 74.01
Taste 49.28 43.37 42.29
Overall liking 56.81 51.79 51.79

*2.0, 3.5 and 5.0% indicates the concentration of yam flour in the beverages. The
mean scores assigned to purchase intent were 2.53 + 1.26, 2.21 + 1.09 and 2.11 + 1.06,
respectively, for beverages with a concentration of 2.0%, 3.5% and 5.0% of yam flour.

On the issue of preference, a total of 46.7% of people said
they preferred the beverage containing 2.0% of yam flour. Each
of the other concentrations were preferred by 26.65% of the
evaluators.

The following analyses were performed with the beverage
that had greater acceptability in the sensory analysis, namely,
the one with 2.0% of yam flour.

3.4 Shelf-life evaluation

The beverage with 2.0% of yam flour was evaluated over
28 days of storage. Figure 2 shows the variation in pH of the
beverage through time. There was a progressive increase in the
acidification of the medium for seven days, and from this point
on, there was a slight increase in the pH values, and then they
remained nearly constant up to 28 days.

The count of lactic acid bacteria was carried out on days 0,
7, 14,21 and 28 of storage and showed 7.67, 6.50, 7.07, 6.32 and
6.41 log CFU.mL", respectively. Numbers of CFU did not differ
statistically in the days 7, 21 and 28 (*). No contamination was
detected during storage.

3.5 Resistance of L. casei to in vitro simulated
gastrointestinal tract conditions

The mean numbers of L. casei CFU obtained at 0 and 28
days are shown in Figure 3. The mean values were 7.48, 6.57,
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Figure 2. Hydrogen potentials (pH) variation and colony forming
units (Log CFU.mL") count during shelf life of a non-dairy functional
beverage based on passion fruit (Passiflora edulis Sims) and 2% of
yam flour (Dioscorea cayenensis). Asterisks (*) indicates no significant
difference (p>0.05).
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Figure 3. Resistance of L. casei to in vitro simulated gastrointestinal
tract conditions of a non-dairy functional beverage based on passion
fruit (Passiflora edulis Sims) and 2% of yam flour (Dioscorea cayenensis).
Colony forming units = Log CFU.mL". D-0 = beverage preparation day.
D-28 = 28th day of storage. Asterisks (*) = samples differ significantly
between them on the same time. The symbol # indicates that samples
differ significantly of control. The symbol “O” indicates that samples
differ significantly with time (p < 0.05).
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6.18 and 5.00 log CFU.mL" for control, pepsin, bile 2h, and
bile 4h treatments at day 0, respectively, and 6.15, 4.68, 4.90
and 4.20 log CFU.mL"! for control, pepsin, bile 2h, and bile 4h
treatments at day 28, respectively.

All treatments differed significantly from control (#) in
both periods. The same occurred in the bile 2h and bile 4h (*)
treatments. The count on day 28 was lower than in that in day
0 for all treatments (o) (p < 0.05).

4 Discussion

4.1 Beverage fermentation process

In the present study, the minimum pH was found at 48h of
fermentation, which suggest maximum production of lactic acid
by L. casei. A study on optimization of the fermentation process
in tomato juice also showed a better state of L. casei at 48 hours
under 30 °C, similarly to our present findings (Pereira et al., 2011).

pH values increased proportionally to the amount of yam
flour added, but the addition of 2% yam flour provided no
interference in the metabolic behavior of L. casei when compared
to control without yam flour. Some studies show a decrease
in viability of probiotics during storage in several conditions,
including acid environments (Champagne & Gardner, 2008;
Rivera-Espinoza & Gallardo-Navarro, 2010). The reduction in
acidity caused by yam flour could, therefore, promote a better
resistance and adaptation of the microorganism and thus a
longer viability. Strategic use of plant-based milk has shown
similar results. These types of products illustrate the emerging
probiotic matrices (Rasika et al., 2021).

4.2 Chemical composition and microbiological analysis

All beverages in this study can be considered good sources
of fiber as they provide 3.78 g (15.1%), 4.10 g (16.4%) and
4.42 g (17.7%) of fibers in portions of 200 mL of the beverages
with 2.0%, 3.5% and 5.0% yam flour, respectively.

In order to be considered a good source of fiber, foods must
provide at least 10% of the daily recommended dietary fiber
intake. Based on the recommendation of the dietary reference
intakes, which is 25 g fiber/day for young adults, a food source
must provide at least 3 g/fiber by portion (Institute of Medicine,
2005).

The tests of microbiological safety of the beverages showed
negative results in all analyses, indicating excellence in hygiene
and sanitary measures during the experiments.

4.3 Sensory analysis

This study was effective to demonstrate, for the first time, that
passion fruit alone can mask fermentation odors. The pleasant and
usual odor of the fruit prevailed, thus indicating good chances
of acceptance. This finding, and precisely the satisfactory scores
for aroma, was a highlight of this study.

The addition of probiotic organisms in non-dairy matrices
leads to the production of different metabolic components such
as lactic acid and other metabolites during fermentation and over
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the storage period. Probiotic bacteria ferment the carbohydrate
of food and this leads to changes in flavor, aroma and taste of
the probiotic product, adversely affecting the sensory properties
of the product (Mohammadi et al., 2011).

In this study, purchase intention scores were around 2
(probably not), indicating that most of the tasters were not
inclined to buy the beverages, showing that food consumption
is strongly related to the taste of the food.

This association is already well reported in the literature.
Although the decision to consume a food depends on a variety
of sensory properties, such as odor and texture, the flavor allows
individuals to discern and make choices that take into account
nutritional and safety aspects, such as the presence of toxic
substances, which tend to be rejected (Galindo et al., 2012).

Related studies reinforce this premise by showing that the
preference of fermented beverages was closely associated with
the assessment of flavor and aroma of the food (Champagne &
Gardner, 2008; Prado et al., 2008; Pereira et al., 2011; Martins et al.,
2013; Alves et al., 2016).

In this sense, it is important to clarify that the lower taste
and overall acceptance scores found in this study were certainly
not explained only by the fact that the product was unknown in
Brazil (where the sensory tests took place), especially among the
age group studied, but also by the fact that sugar was not added
to the product, and adding sugar is common habit around the
world (Cunha et al., 2013).

Brazil is one of the countries that is still undergoing nutritional
transitions, and the consumption of sugar is considered high.
Some researchers reported difficulties in the attempt to change
food habits in groups in developing countries (Cunha et al.,
2013; Avery et al., 2015; Singh et al., 2015).

One of the strategies that can help to change this scenario
is the association with products presenting functional qualities,
such as healthy properties (Luckow et al., 2006). Another strategy
is to prevent the interaction of the microorganism with the
vehicle through immobilization and encapsulation of probiotic
bacteria by different techniques (chemical, physical, or both)
and materials (alginate, chitosan, carrageenan, starches, etc.)
(Choinska-Pulit et al., 2015).

A successful example was reported using poly-y-glutamic
acid to immobilize Bifidobacterium strains in acidic orange and
pomegranate fruit juices, thus indicating an alternative for future
experiments (Bhat et al.,, 2015).

Finally, from all beverages submitted to sensorial tests,
the one with 2% of yam flour had the best evaluations. The
preference for the beverage with less flour content probably was
due texture since there was no significant difference in any of the
other sensory parameters. Comments about roughness in mouth
during sensory tests of beverages with higher concentration of
yam flour support this idea.

In face to improve the knowledge about this new kind of
food we suggest the inclusion of a trained panel and temporal
methods in further sensory studies (Silva et al., 2018)
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4.4 Shelf-life evaluation

The shelf-life evaluation showed that L. casei presented
excellent adaptation to passion fruit-based beverage with yam
during the whole storage period. Many studies point that viability
of probiotics in plant-based products during shelf life has been
satisfactory. In particular the use of L. casei present excellent
results, proving to be viable both in the formulation of dairy
and non-dairy products (Ricci et al., 2018; Balthazar et al., 2018;
Garcia et al., 2019; Ozcan et al., 2021; Rasika et al., 2021).

The diauxic growth curve of L. casei (Figure 2) showed a
positive effect of diauxic behavior on the shelflife of the beverage.
Until 28 days of storage beverages had the same viability of
lactobacilli found on the 7th day of storage. As diauxic growth
is diphasic and generally reflects exchange of the substrate (most
common carbohydrate) as an adaptation in growth and survival
and microorganisms use the available sugars sequentially, not
simultaneously, we suggest that the addition of yam was crucial
to the increased supply of carbohydrates and consequently
promoted the extended shelflife of the beverage presented here
(Solopova et al., 2014).

Beverages also presented the CFU numbers > 10°mL", a
value considered enough to exert positive effects on the body
(Fooks & Gibson, 2002; Zendeboodi et al., 2020).

4.5 Resistance of L. casei to in vitro simulated
gastrointestinal tract conditions

Despite the decrease in viable cells, L. casei showed to
have adapted to the beverage studied and to extreme simulated
conditions.

Most of fermented products exhibit low cell viability after
oral administration because bacteria do not survive the acid
environment of the stomach (Klayraung et al., 2009).

The bile released in the small intestine is also harsh to
probiotic survival, for it causes their lipid-rich cell membrane
to be destroyed (Gilliland & Speck, 1977).

Lactic bacteria are high-demanding microorganisms because
they require various essential amino acids and vitamins for
growing. They are also the principal microorganisms responsible
for the natural fermentation of vegetables (Linares et al., 2017;
Ricci et al., 2018).

These conditions may have positively affected the
microorganisms’ adaptation to the beverage in the present study
since the growing medium was rich in vitamins and minerals
and fermentable material from passion fruit juice and yam flour.

5 Conclusion

Consumption of plant-based beverages with probiotics is
an alternative to replace dairy products in diet. Passion fruit and
yam flour showed to be excellent raw materials to be explored
and used in combination to promote the probiotic survival
and mask the off-flavor characteristic of fermentation, thus
being promising alternatives in non-dairy probiotic products
development. This study showed that the color, aroma and
appearance of the beverage were well accepted by consumers.
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An excellent shelf life and the adaptation to the acid conditions
of the beverage as well as the resistance of L. casei to in vitro
simulated gastrointestinal tract conditions were demonstrated.
Further tests and modifications in the preparation of the functional
beverage, such as microencapsulation, are recommended to
improve the acceptance and of the product and promote an
enhanced viability of L. casei.
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