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Abstract

Probiotic juices must ensure their survival after processing and in the gastrointestinal tract to achieve their benefits.
This study was divided into two stages. Initially, the objective was to evaluate the pH and viability of Bacillus clausii
and Bacillus coagulans BC30 in organic mango juices subjected to heat treatment and, subsequently, to simulated
accelerated shelf-life conditions. In the second stage, the pH, acidity, total soluble solids, the viability of B. clausii,
as well as its resistance to the in vitro gastrointestinal tract (GIT) digestion were evaluated. In the first stage, at all
analyzed times, the juice with B. clausii presented a lower pH than the juice with B. coagulans. The B. coagulans
count decreased during the accelerated shelf-life test, whereas the B. clausii count remained stable. In the second
stage, the lowest count of B. clausii was observed in the juice subjected to simulated industrial heat treatment
(96 °C/35 s). However, as regards the other treatments (non-heat-treated and 80°C/10 min), the probiotic count
was > 10% CFU/mL. An excellent performance of B. clausii was found in the juice that was not heat-treated and
stored at different temperatures (5°C and 25°C) after the GIT test, with counts of > 10”7 CFU/mL.

Keywords: tropical fruit juice, Bacillus clausii, shelf life, thermal treatments, resistance to in vitro gastrointestinal
digestion.

Resumen

Los jugos probiéticos deben asegurar su supervivencia después del procesamiento y en el tracto gastrointestinal
para lograr sus beneficios. Este estudio se dividié en dos etapas. Inicialmente, el objetivo fue evaluar el pH y la
viabilidad de Bacillus clausii y Bacillus coagulans BC30 en jugos de mango organico sometidos a tratamiento
térmico y, posteriormente a condiciones de vida Util acelerada. En la segunda etapa, se evaluo el pH, la acidez, los
sélidos solubles totales, la viabilidad de B. clausii y, su resistencia a la digestion in vitro en el tracto gastrointestinal
(TGI). En la primera etapa, en todos los tiempos analizados, el jugo con B. clausii presenté un pH menor que el
jugo con B. coagulans. Durante la prueba de vida Util acelerada, el recuento de B. coagulans disminuy6, mientras
que el recuento de B. clausii se mantuvo estable. En la segunda etapa, el recuento mas bajo de B. clausii se
observé en el jugo sometido a tratamiento térmico industrial simulado (96 °C/35 s). Sin embargo, en cuanto a los
otros tratamientos (sin tratamiento térmico y 80 °C/10 min), el recuento fue > 10 UFC/mL. Se observé un excelente
desempefio de B. clausii en el jugo que no fue tratado térmicamente y almacenado a diferentes temperaturas (5 °C
y 25 °C) después de la prueba del tracto gastrointestinal in vitro, con recuentos > 107 UFC/mL.

Palabras clave: jugo de frutas tropicales, Bacillus clausii, duracion, tratamientos térmicos, resistencia a la digestion
gastrointestinal in vitro.

Resumo

Os sucos probidticos devem garantir sua sobrevivéncia apds o processamento e no trato gastrointestinal para obter
beneficios. Este estudo foi dividido em duas etapas. Inicialmente, objetivou-se avaliar o pH e a viabilidade de
Bacillus clausii e Bacillus coagulans BC30, em sucos organicos de manga submetidos a tratamento térmico e
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posteriormente expostos a condi¢Bes de vida de prateleira acelerada. Na segunda etapa foram avaliados o pH,
acidez, sélidos sollveis totais, viabilidade de B. clausii e sua resisténcia ao trato gastrointestinal in vitro (TGI). Na
primeira etapa, em todos os tempos analisados, o suco com B. clausii apresentou pH menor que o suco com B.
coagulans. A contagem de B. coagulans diminuiu ao longo do teste de vida de prateleira acelerada, enquanto a
contagem de B. clausii permaneceu estavel. Na segunda etapa, a menor contagem de B. clausii foi observada no
suco submetido ao tratamento térmico industrial simulado (96 °C/35 s). Porém, para os outros tratamentos (néo
tratado termicamente e 80 °C/10 min), a contagem foi > 10® UFC/mL. Excelente resultado de B. clausii foi
encontrado em suco néo tratado termicamente e armazenado em diferentes temperaturas (5 e 25 °C), ap6s ensaio
in vitro do trato gastrointestinal, com contagens > 107 UFC/mL.

Palavras-chave: suco de frutas tropicais, Bacillus clausii, vida de prateleira, tratamentos térmicos, resisténcia a

digestao gastrointestinal in vitro.

Introduction

Non-alcoholic ready-to-drink beverages have
a considerable effect on the worldwide
economy since they provide not only
hydration to people, but also pleasure from
consumption. In this context, to supply the
demands from consumers, the industry
began to develop formulae with the addition
of functional ingredients and/or reduction or
remotion of undesirable ingredients, with
satisfying prices and flavors (1). Therefore,
investing in the development of juices and
beverages based on fruits enriched with
healthy ingredients is important, since this
factor has conditioned the consumer’s
purchase decision over the last few years.
The incorporation of probiotics in fruit juices
to produce functional and nutraceutical food
is notable for its potential to control lifestyle-
related diseases, and increase the availability
of food not only for lactose-intolerant
populations, but also for vegetarians and
those with certain dietary restriction (2,3).
Mango juice is rich in minerals and a natural
source of vitamins, dietary fiber, phenolic, and
photochemical compounds. It may also be an
excellent alternative to the addition of
probiotics. However, the development of
these products involves shelf life-related
studies, which are a challenge to science, but
also, fundamentally, to the food industry.
Thus, the accelerated shelf-life test is a
guicker and more practical evaluation carried
out at an industrial scale, aimed at simulating
the product's storage under extreme
temperature conditions. The incidence of both
temperature and light is the main factor
contributing to deterioration and is the most
suitable option for this process (4).
Concerning this matter, the formulations must
supply an adequate number of living
probiotics (> 10° CFU/g or mL) and ensure
their survival in the gastrointestinal
environment to reach the desirable benefits

(5). The spore-forming probiotic bacilli can be
delivered in the human intestine through new
products because the spores can bear high-
temperature environments, acid conditions,
and salinity. This makes them viable for the
production of new functional food, thanks to
the probiotic features of certain species and
their great resistance to intrinsic and extrinsic
stress conditions (6).

For that reason, the objective of this study
was to assess the pH and evaluate the
viability of Bacillus clausii and Bacillus
coagulans BC30 probiotics in organic mango
juice subjected to thermal treatment, which
simulated the industrial process during the
accelerated shelf-life test. Moreover, the
evaluation of physical and chemical quality,
the viability of B. clausii, and its resistance in
the in vitro gastrointestinal tract when
transported in organic mango juice was
carried out. These evaluations were done
using various thermal treatments during a 60-
day storage period, under both ambient and
refrigeration temperatures.

Materials and Methods

This research was carried out in two stages.
In the first, there was simulation of thermal
treatment used industrially to assess the
accelerated shelf life of juices. In the second
stage, a comparison between the simulated
industrial thermal treatment and the proposed
alternative for the product was made.

Addition of Bacillus clausii and Bacillus
coagulans BC30 to Organic Mango Juices
Organic mango juices sold in glass bottles of
290 mL each were used, with the product
consisting of organic mango pulp (52%),
water, organic sugar, and citric acid.

In the first stage, after cleaning the packaging,
the juices were homogenized and aseptically
opened. Then, the juices were sampled in 100
mL to be transferred into sterile bottles, to
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which 5 mL of B. clausii (Enterogermina®,
Italy) containing 4.0 x 10° spores was added
to obtain 107 viable spores. The 100 mL juice
sample from the bottles was homogenized,
and the product was distributed in sterile
threaded tubes, with 10 mL per tube.

To add B. coagulans BC30 (GanedenBC3%®),
10 g of probiotic powder containing 1.0 x 10°
spores for 100 mL of juice was used to obtain
10" viable spores, which were then
homogenized and also distributed in sterile
threaded tubes of 10 mL each. In the juices
obtained from the first stage, there was an
application of 96 + 3°C/35 seconds of thermal
treatment was applied to simulate the time
and temperature used by the industry.

In the second stage, B. clausii
(Enterogermina®, ltaly) was selected for
continuity of the experiments and, as
mentioned above, 10° variable spores were
added to the juices. After homogenizing the
juice in the bottle, the product was distributed
in sterile threaded tubes of 10 mL each, which
were divided and identified as untreated and
heat-treated juices for two time-temperature
binominal (96 + 3°C/35 seconds and 80 *
1 °C/10 minutes). At the end of the heat
treatments, half of the samples from both
treatments were stored at 25°C, and the other
half were stored under refrigeration (5°C) for
60 days.

Thermal Treatments Used

Industrial Thermal Treatment Simulation
To simulate industrial thermal treatment, with
temperature variation, a water bath was used
to reach the temperature of 96°C along with
the COD digestive block (SL20 - SOLAB,
Piracicaba, Sao Paulo, Brazil) for cooling at
85°C and 70°C. Then, after adding probiotics

to the juices, the Ilatter underwent
pasteurization, with the time-temperature
binomial similar to those described by

Kunitake et al. (7). The pasteurization was
carried out at 96 + 3 °C/35s, with subsequent
cooling at 85 °C/2.5 min and 70 °C/2.5 min.
After reaching 70°C, juices were cooled to
25°C in cold water (x 8 °C), simulating the
time and temperature used in the industrial
process.

At the end of the first stage, juice samples
were stored in an oven at 37°C to perform pH
analysis and the assessment of probiotics
used over the course of six days at 37°C to
accelerate chemical degradation and/or

physical changes in the  product,
characterizing the accelerated shelf-life test.
Non-thermally treated juices were made from
the product added with B. coagulans or B.
clausii that were not subjected to thermal
treatment.

On the other hand, at the end of the second
stage, the juice samples were stored at 25°C
and under refrigeration at 5°C for 60 days.
During this time, physical chemical analysis
was conducted along with the assessment of
B. clausii spore viability in thermally treated
and non-treated juices.
Alternative thermal treatment to the
industrial one

This treatment was only used in the second
stage. After adding probiotics to the juices,
these underwent thermal treatment for 10
minutes with subsequent cooling to 25°C in
cold water, similar to the one performed by
Faraoni et al. (8). To reach the temperature of
80°C, a digesting block (SL20 — SOLAB,
Piracicaba, S&o Paulo, Brazil) was used. The
time count for the thermal treatment began
when the bottles reached 80°C, using a bottle
to control the temperature with a
thermometer. The average time to reach the
temperature of 80°C was 10 minutes and 10
seconds (+ 2 minutes).

After the thermal treatment, physical-
chemical analyses were performed.
Moreover, the determination of the viability of
B. clausii spores in the juices was carried out,
with subsequent storage of the samples at
25°C and under 5°C refrigeration, over the
lapse of 60 days. Non-thermally treated juices
added with B. clausii were also analyzed and
stored under the same conditions.

Physical Chemical Evaluation of Juices
The determination of the pH was determined
using a digital pH meter (Tecnopon NT PHM,
Piracicaba, Sao Paulo, Brazil) (9). On the first
stage, the pH was determined over the course
of the six days of storage at 37 °C. The
analyses were performed on days 0 and 6 for
the juices not subjected to thermal treatment,
and on days O, 2, 4, and 6 days for the
thermally treated juices.

In the second stage, the analysis of pH,
acidity and total soluble solids (°Brix) was
performed on days 0, 20, and 60 for both non-
treated juice samples and those thermally
treated (industrial thermal treatment and
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alternative one), stored at 25°C and under
refrigeration at 5°C.

The acidity was assessed by potentiometric
volumetry and converted to citric acid
percentage. A mixture of 10 g of the sample,
dissolved in 100 mL of distilled water, was
titrated with a standard solution of NaOH 0.1
mol/L (Impex, Diadema, Sdo Paulo, Brazil)
until reaching the pH value of 8.2—8.4, which
iSs equivalent to the turning point of
phenolphthalein (10).

The total soluble solids were analyzed by
refractometry using a digital refractometer
(Atago®, Ribeirdo Preto, Sdo Paulo, Brazil)
according to manufacturer’s instructions, and
methodology described by Godshall (11).

Viability of B. clausii and B. coagulans
BC30 in Organic Mango Juices

To analyze probiotic viability, a serial dilution
was performed using 1 mL of homogenized
mango juice in 9 mL of peptone saline
solution, containing 0.85% of NaCl (Synth,
Diadema, S&o Paulo, Brazil), and 0.1% of
peptone (Acumedia, Michigan, USA), thus
obtaining a 10 dilution. Serial dilutions (10
a 10° were plated using the pour plate
technique, with the addition of 1 mL of each
dilution, and about 20 mL TSA in Petri plates.
The plates were kept at 37°C for 72 hours,
and after the incubation, colony-forming units
(CFU) were calculated.

The viability assessment of B. coagulans
BC30 and B. clausii in first-stage juices was
performed on days 0 and 6 for non-thermally
treated juices and on days 0, 2, 4, and 6 for
thermally treated ones.

In the second stage, the counting of B. clausii
was determined on days 0, 30, and 60 of
storage at 25°C and 5°C for juice samples
that were not thermally treated and for those
thermally treated (industrial thermal treatment
and the alternative one, respectively, under
96 + 3 °C/35 s and 80 = 1 °C for 10 minutes).

Resistance to
Gastrointestinal

Evaluation of B. clausii
Simulated In  Vitro
Digestion

The in vitro simulation of gastrointestinal
conditions was carried out in non-thermally
treated mango juices from the second stage.
It was performed according to the
methodology described by Bedani, Rossi,
and Saad (12) on days 0 (after addition of B.
clausii to the juice), 30, and 60 of storage at

25°C and under refrigeration at 5°C. Initially,
the gastric phase was simulated by preparing
a 10* dilution of the sample in 0.85% saline
solution, using 10 mL aliquots transferred to
100 mL dilution bottles. The pH was adjusted
to 20 — 2.5 with 1 mol/L HCI (Impex,
Diadema, Séao Paulo, Brazil), 3 g/L pepsin
(isolated from porcine gastric mucosa,
Sigma-Aldrich), and 0.9 mg/L of lipase (G
Amano lipase, isolated from Penicillium
Camemberti, Sigma-Aldrich), respectively.
Then, all samples were incubated at 37°C for
2 at 150 rpm in a shaking incubator (Tecnal
TE — 424, Piracicaba, Sao Paulo, Brazil).
After the incubation period, enteric stage |
(corresponding to the small intestine) was
simulated, in which the pH was adjusted to
4.5 -5.5, using a pH 12.0 sodium phosphate
solution. This solution was prepared from a
mixture containing 150 mL NaOH 1 mol/L
(Vetec, Duque de Caxias, Rio de Janeiro,
Brazil), 14 g NaH:PO..2H,O (Vetec, Duque
de Caxias, Rio de Janeiro, Brazil) and distilled
water until it reached 1000 mL, along with bile
(bovine bile, Sigma-Aldrich) and pancreatin
(porcine pancreas isolated pancreatin,
Sigma-Aldrich), at concentrations of 10.0 g/L
and 1.0 g/L, respectively. The bottles were
incubated again for 2 hours, under the
conditions previously described.

Afterward, enteric stage Il (corresponding to
the large intestine) was simulated, adjusting
the pH to 6.8 — 7.2, using the same alkaline
solution containing bile (10.0 g¢/L) and
pancreatin (1.0 g/L). Subsequently, a third
incubation period was conducted under the
same conditions, resulting in an assay
duration of six hours. At the end of each
incubation cycle (2, 4, and 6 hours), which
corresponded to the simulation of gastric and
enteric stages | and Il, a deep plating on TS
was performed to assess probiotic viability.
The Petri plates were incubated at 37 + 1°C
for 72 hours, and the results of the
assessment were measured in log CFU/mL.

Statistical analyses

The procedures were carried out in three
independent repetitions, and the results
obtained from them were expressed as the
mean + standard deviation. The unidirectional
analysis of variance (ANOVA) was performed
to compare the effects of the different
treatments. The Tukey test was used to
assess significant differences between the
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treatments at a 5% significance level (p <
0.05). The statistical analyses were carried
out using the software Statistica (Statistical
Analysis System - SAS Institute, Cary, NC,
USA,; version 9.2).

Results and Discussion

ph And Viability of B. Clausii and B.
Coagulans in Organic Mango Juice after
Thermal Treatment at 96 °C/35 s
throughout 6 Days of Accelerated Shelf
Life at 37°C

There was a difference in pH between juices
containing B. clausii and B. coagulans (p <
0.05) for each analyzed time during the
accelerated shelf-life test. However, no
significant pH difference was observed (p >
0.05) in juices that underwent the same
treatment during the storage time (Fig. 1). The
juices containing probiotics and not thermally
treated also did not present pH variation (p >
0.05) between day 0 (B. clausii 3.93 + 0.12;
B. coagulans 4.49 + 0.03) and day 6 (B.
clausii 3.92 £ 0.08; B. coagulans 4.50 + 0.18).

6.00 -

® Bacillus clausii Bacillus coagulans

5.00 -

Aa AIa ?a AIa
Ba g
4.00 A Ba Ba Ba
T 3.00 |
2.00 |
1.00
0.00 - . . . .
0 2 _ 4 6
Time (days)

Fig 1. pH of organic mango juice after heat treatment at
96 °C/35 s during six days of accelerated shelf life at 37°C.
Different uppercase letters indicate a significant difference
between samples at the same time, while different lowercase
letters indicate a difference between times for the same
sample, using Tukey'’s test at a 5% probability level (p < 0.05).

These results demonstrate probiotic mango
juices’ pH stability throughout their
accelerated shelf life, under extreme storage
conditions, which indicates that the addition of
probiotic bacilli is viable. Furthermore, this
technique is believed to enable a simulation
study under storage conditions similar to
those that these products would undergo
once available in the market.

Poshadri et al. (6) highlight that the spores
can bear high-temperature environments,
acid conditions and salinity, and that makes
their usage promising for the production of
new foods with stability throughout their shelf

life, such as the juice analyzed in the present
essay.

A difference in viability (p < 0.05) between
juices containing B. clausii and B. coagulans
was observed only after thermal treatment on
day 0 (Fig. 2). There was a reduction (p <
0.05) of viability of B. clausii in juices after
thermal treatment, but the counting kept
stable (p < 0.05), reaching the end of
accelerated shelf life at 4.29 log CFU/mL.
However, as regards the juices containing B.
coagulans, it was observed that there was a
reduction in the count (p < 0.05) until day 4 of
storage (Fig. 2), leading to a count of 3.60 log
CFU/mL on day 6.

= 8.0 u Bacillus clausii

Bacillus coagulans

0 (Before HT) 0 (After HT) 2 4 6
Time (days)

Fig 2. Viability of Bacillus clausii and Bacillus coagulans in
organic mango juice after heat treatment at 96 °C/35 s during
6 days of accelerated shelf life at 37 °C. Different uppercase
letters indicate a significant difference between samples at the
same time, while different lowercase letters indicate a
difference between times for the same sample, using Tukey’s
test at a probability level of 5% (p < 0.05).

The study conducted by the present research
group on B. coagulans demonstrates
sustenance or little alteration of this
probiotic’s viability after the storage period, as
observed in the present study (13).

In non-thermally treated juices, a reduction in
the viability (p < 0.05) of both probiotic
microorganisms was observed over time. The
magnitude of the difference for B. clausii was
small: a reduction of 0.26 log CFU/mL (7.54
0.03to 7.28 + 0.04). On the contrary, as for B.
coagulans, the difference over time was of
1.15log CFU/mL (7.72 + 0.26 to 6.57 = 0.35).
Adebayo-Tayo, Olomitutu, and Adebami (2),
when assessing probiotic mango juice with
Pediococcus pentosaceus and Pediococcus
acidilactici stored at 4°C and 25 °C for 4
weeks, observed a reduction in the viability
during the storage time, which indicates that
the major benefits of probiotic juice can be
obtained in the first week of storage.
However, Palencia-Argel et al. (14) highlight
that the viability of probiotic microorganisms
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is generally affected by storage temperature,
suggesting that refrigeration can extend these
microorganisms’ survival in beverages and
fruit juices, while exposure to higher
temperatures can cause adverse effects,
such as those observed in this study.

In the international market, where probiotic
juices are widely commercialized, it's possible
to observe that some brands recommend
storage under beverage refrigeration. For
example, “Garden of Flavor, Surja Organic e
Pressed Juicery” provides some juices added
with  B. coagulans, and “GoodBelly
Probiotics”, which commercializes juices with
Lactobacillus plantarum 299V. In this way, it
is believed that refrigerated storage can
contribute to these  microorganisms’
continuation, and further studies on tropical
mango juice are needed.

Physical Chemical Features of Mango
Juice Containing B. Clausii after
Simulated Industrial Thermal Treatment or
the Alternative Method

There was no pH difference (p > 0.05) among
mango juices containing B. clausii from
different treatments during the 60 days of
storage both for samples stored at ambient
temperature and those kept under
refrigeration (Fig. 3A). pH stability is a
desirable result, since it can interfere on the
total number of viable probiotic cells in fruit
matrices. According to Cosme, Inés, and
Vilela (15), the low pH of fruit juices is
considered one of the main disadvantages for
the counting and activity of probiotic bacteria.
As for the acidity figures, it was verified that
the non-thermally treated juice kept at 5°C
and at 25°C differed (p < 0.05) from those
thermally treated at day O (Fig. 3B). The
development of acidity is common when
juices are subjected to thermal treatment due
to the organic acid formation, and this may
have occurred in the present study. On the
other hand, the storage temperature did not
influence (p > 0.05) juice acidity (Fig. 3B).

No alteration was observed (p > 0.05) in the
total soluble solids of juices from different
treatments stored at different temperatures
(Fig. 3C), indicating that the probiotic bacteria
did not cause physical and chemical
alteration in the juices.

Not heat treated 80°C /10 min
A

96°C/35s A
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Fig 3. pH (A), acidity (B), and total soluble solids (C) of organic
mango juice containing B. clausii subjected to different heat
treatments (80 °C/10 min and 96 °C/35 seconds) during a 60-
day storage period at 5 °C and 25 °C. Different uppercase
letters indicate a significant difference between samples at the
same time, while different lowercase letters indicate a
difference between times for the same sample, using Tukey’s
test at a probability level of 5% (p < 0.05).

Viability and In Vitro Gastrointestinal
Resistance of B. Clausii in Mango Juice
after  Simulated Industrial Thermal
Treatment or the Alternative Method

The viability of B. clausii was not influenced
(p > 0.05) by storage temperature (Fig. 4).
However, the simulated industrial thermal
treatment caused a reduction (p < 0.05) in B.
clausii viability. These results reinforce the
findings of Palencia-Argel et al. (14), who
highlighted that the variables related to
processing methods, especially thermal
treatments, have an impact on probiotic
counting.

The juices subjected to simulated industrial
thermal treatment, with pasteurization at 96 +
3°C/35 seconds, and then cooled at
approximately 70°C for about 5 minutes,
showed a considerable reduction in viability
when compared to those non-thermally
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treated (p < 0.05), with figures higher than 2.0
log CFU/mL (Fig. 4).

Not heat treated 80°C /10 min 96°C/35s
' A '

r | r \
;: u5°C 25°C  m5°C 25°C m5°C 25°C
£
2 8.0 7 AaAa Aa
2 Aa Aa Aa
s =Aa Aa Aa T Aa
G 7.0 1 Aa A
g
= 6.0 4
2
= 504
=
©
'S 4.0
L
B 3.0
Q2
a_‘! 20
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Time (days)

Fig 4. Viability of B. clausii in organic mango juice subjected to
different heat treatments (80 °C/10 min and 96 °C/35 seconds)
during a 60-day storage period at 5 °C and 25 °C. Different
uppercase letters indicate a significant difference between
samples at the same time, while different lowercase letters
indicate a difference between times for the same sample, using
Tukey'’s test at a probability level of 5% (p < 0.05).

Almada-Erix et al. (16), when assessing
pasteurization at 95°C for 30 seconds in
orange juice with probiotic bacilli, also found
a reduction at a range of 0.43-2.5 log
CFU/mL. In the orange juice, pasteurization
caused a larger viability reduction of B.
coagulans BC30 in comparison to B. subtilis
Bnl, showing the distinct resistance of
microorganisms to thermal processing.
Nonetheless, the authors highlight that the
loss of viability observed in probiotic bacilli is
still smaller compared to other non-spore-
forming bacteria.

The usual portion of fruit juice consumption,
according to Normative Instruction 75/2020,
is 200 mL (17), which enables a proper supply
of > 10°® CFU/mL of probiotics from the
present study, even after a viability reduction
following thermal treatments.

As for the in vitro simulation of gastrointestinal
conditions of mango juice containing B.
clausii, non-thermally treated and stored at
5°C and 25 °C showed excellent probiotic
performance once viability was greater than
7.0 log CFU/mL throughout stages tested
during 60 days (Fig. 5). The final count of B.
clausii on enteric stage Il, the final portion of
the gastrointestinal tract was > 7.08 CFU/mL
(Fig. 5). This was enough to increase defense
in the host organism, suggesting that organic
mango juice stored at ambient temperature is
a promising matrix.
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A | A
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u5°C 25°C

f L |
u5°C 25°C  mb5°C 25°C

1 Aa AgAaAa
4 I I

Aa A2 Az aRCH

ABb_ ABh
Bb 1.Bb 7

900D NN NN
oNBhOO@®ONPO®
-

Probiotic viability (log CFU.mL"")

0 30 60

Time (days)

Fig 5. Viability of B. clausii after in vitro gastrointestinal
digestion test in non-heat-treated mango juice during a 60-day
storage period at 5 °C and 25 °C. Different uppercase letters
indicate a significant difference between samples at the same
time, while different lowercase letters indicate a difference
between times for the same sample using Tukey’s test at a
probability level of 5% (p < 0.05).

Some studies indicate that mango is a
promising matrix of non-lactic probiotic
formulations, such as Moreira et al. (18),
when developing Mango Uba and Jucara
juice, with addition of Lactobacillus
rhamnosus GG; Oliveira et al. (19) with mixed
mango juice and carrot as vehicle of probiotic
lactobacilli; and Mousanejadi et al. (20) with
the addition of L. casei UK 318 in mango
juice.

In the literature, no studies were found about
consumers’ perception and behavior towards
the administration form of probiotics.
Nevertheless, considering the high
acceptability and consumption of juices by the
population, it is believed that having it as a
matrix is also a positive way to make ingestion
easier. In this case, it is worth highlighting that
groups with major vulnerabilities, such as
seniors and children, can also show greater
difficulty and resistance to the ingestion of
capsules and other forms of administration
with an unpleasant taste. This is another
relevant factor for choosing mango juice,
which has a pleasant taste, as a vehicle for
these microorganisms.

B. clausii is widely used for the treatment and
prevention of diarrhea (21, 22, 23), a clinical
picture that requires attention to hydration.
Thus, combining this probiotic with a product
that can also help with this matter is a very
promising alternative to the market.

Conclusion

The simulation of thermal industrial treatment
in juices, after the addition of probiotic bacilli,
promoted a viability reduction during the
accelerated shelf life, this being more evident
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for B. coagulans BC30. The consumption of
100 mL of organic mango juice containing B.
clausii, and that was thermally treated,
provides more than 6.0 log CFU/mL of
probiotic at the end of accelerated shelf life.
The accelerated shelf-life test carried out in
the first stage proved to be viable in
simulating the storage conditions to which
juices are subjected before consumption.
Mango juices added with B. clausii, submitted
to different thermal treatments and stored for
60 days in ambient temperature and under
refrigeration, presented good stability
regarding pH and total soluble solids. The
viability of B. clausii in juices was not altered
when these were stored at ambient or
refrigeration temperature. Although the
industrial thermal treatment promoted a
viability reduction of B. clausii compared to
the non-thermally treated juice.

The in vitro simulation of the gastrointestinal
conditions of organic mango juice containing
non-thermally treated B. clausii and stored at
5 in vitro and 25°C has evidenced an
excellent performance as regards the
probiotic. Concerning the viability, it was
greater than 7.0 log CFU/mL in the final
portion of the simulated gastrointestinal tract
for 60 days. The counting suggests that the
organic mango juice stored at ambient
temperature is a promising matrix for B.
clausii.
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