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Abstract

This study aimed to produce a probiotic-containing functional wheat beer (PWB) by an axenic culture system with potential
probiotic Saccharomyces cerevisiae var boulardii 17 and probiotic-containing functional sour beer (PSB) by a semi-separated
co-cultivation system with potential probiotic Lacticaseibacillus paracasei DTA 81 and Saccharomyces cerevisiae S-04.
Additionally, results obtained from in vivo behavioral tests with Swiss Webster mice treated with PWB or PSB were
provided, which is scarce in the current literature. Although the use of S. boulardii to produce beers is not a novelty, this
study demonstrated that S. boulardii 17 performance on sugar wort stills not completely elucidated; therefore, further studies
should be considered before using the strain in industrial-scale production. Co-culture systems with lacticaseibacilli strain
and S. cerevisiae have been reported in the literature for PSB production. However, lacticaseibacilli survivability in beer
can be improved by semi-separated co-cultivation systems, highlighting the importance of growing lacticaseibacilli in the
wort before yeast pitching. Besides, kettle hopping must be chosen as the method for hop addition to produce PSB. The
dry-hopping method may prevent iso-alpha formation in the wort; however, a tendency to sediment can drag cells at the
tank bottom and negatively affect L. paracasei DTA 81 viability. Despite stress factors from the matrices and the stressful
conditions encountered during GI transit, potential probiotic S. boulardii 17 and potential probiotic L. paracasei DTA 81
withstood at sufficient doses to promote antidepressant effects in the mice group treated with PWB or PSB, respectively.
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Introduction

Probiotics are extensively incorporated into food products
to enhance consumer health. Considering the increasing
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popularity of producing craft beers, probiotic-containing
functional beers represent a promising strategy to deliver
probiotic strains by non-usual matrix. The term probiotic
refers to live microorganisms that when administered in
adequate amounts confer a health benefit on the host [1].
The frequent consumption of probiotics and/or prebiotics
has a crucial role in the competitive exclusion of pathogens
for restoring a healthy microbiota in the gut microbiome,
combating dysbiosis in the gut microbial community, and
preventing several correlated diseases [2, 3].
Saccharomyces cerevisiae var. boulardii 17 (Merck,
Beauvais, France) has been used to produce beers over the
last 3 years [4-6]. Its metabolism to ferment beer wort is
similar to conventional brewer’s yeast. Besides, it presents
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tolerance to acid, ethanol, and gastrointestinal (GI) transit
[7, 8]. S. boulardii 17 is indicated to health-impaired
individuals since it plays a role in the maintenance and/or
restoration of intestinal barrier function in many disorders
[6]. Lacticaseibacilli strain may also be used to produce
sour beer; this style of beer has an intentional acidity
produced by microbial pathway or through the addition of
fruit juice. Co-fermentation systems with lacticaseibacilli
and Saccharomyces cerevisiae S-04 have been used for sour
beer production as an alternative to the addition of acids [7].
However, the microbial competition may negatively affect the
lacticaseibacilli viability indicating that another fermentation
system should be studied. Semi-separated co-cultivation
systems may be a proper alternative to provide competitive
technological advances for lacticaseibacilli, improving its
viability in fermentation with S. cerevisiae S-04.

L. paracasei DTA 81 is highlighted due to its safety and
functional properties. Previous studies demonstrated its ability
to inhibit Escherichia coli, Salmonella Typhimurium, Listeria
innocua, and Candida albicans biofilms by competition,
exclusion, and displacement mechanisms, either before or
after GI transit. Additionally, the strain is y-hemolytic (absent
of B-hemolytic activity when grown on MRS agar containing
5% (wlv) sheep blood). L. paracasei DTA 81 also presented
an ability to adhere to HT-29 cells, approximately ten times
higher than the reference widespread probiotic commercial
strain L. rhamnosus GG [8, 9]. L. paracasei DTA-81 easily
assimilate glucose, showing restrictions to assimilate maltose
[10]. Then, maltose can be used for the yeast inoculated later
in the beer wort [11]. These characteristics were decisive
when considering L. paracasei DTA 81 as a candidate to
produce sour beer. Moreover, maternal supplementation (7.0
log cells per day) with L. paracasei DTA 83, a very close
genetic strain to the L. paracasei DTA 81 used in the present
study [10], reduced the expression of GAD 65, GAD 67, and
GABAA receptor o3 subunit in the hippocampus, modulating
Swiss mice offspring [12].

In this context, the present study aimed to contribute to
this field by (i) manufacturing functional beers and designing
suitable fermentation systems for industrial-scale production,
(ii) assessing microbial stress due to maturation and storage
in matrices and after GI transit, and (iii) evaluating anxiolytic
or anxiogenic-like activity in randomized controlled trials
with Swiss Webster mice (light-dark box and tail-suspension
behavior tests).

Materials and Methods
Experimental Design

Potential probiotic L. paracasei DTA 81 was isolated
from stools of infants (1 to 3 weeks old) assisted by the

Human Milk Bank and the Neonatal Intensive Care Unit of
Fernandes Figueira Institute (FIOCRUZ) located in the state
of Rio de Janeiro, Brazil. It was identified by Gram staining,
catalase reaction, and API 50 CH tests (BioMerieux,
Marcy-1’Etoile, France), as well as by sequencing the 16S
rDNA region [9, 10]. Potential probiotic S. boulardii 17 was
purchased at a local pharmacy (Valenga, Rio de Janeiro,
Brazil), as freeze-dried culture. S. cerevisiae S-04 dry ale
yeast was purchased at a local market (Juiz de Fora, Minas
Gerais, Brazil), also as a freeze-dried culture.

Two types of beer were produced with wort from the
same mash: probiotic-containing functional wheat beer
(PWB) and probiotic-containing functional sour beer
(PSB). During the mash, samples were collected to measure
the original gravity attenuation and the conversion rate of
starch into sugar. The total volume of wort was divided into
two portions and fermented separately to obtain PWB by an
axenic cultivation system with potential probiotic S. boulardii
17 and PSB by a semi-separated co-cultivation system with
potential probiotic L. paracasei DTA 81 and S. cerevisiae
S-04. Samples were periodically taken for physical and
microbiological analyses: six to eight sample collections
during the fermentation, two collections per day during the
maturation, and four collections during the storage period
of 50 days. The anxiolytic or anxiogenic-like activity was
assessed in randomized controlled in vivo trials with Swiss
Webster mice (light-dark box and tail-suspension behavior
tests). Water and pasteurized wheat beer, produced with a
conventional brewer’s yeast, were used as controls.

Preparation of Beer Wort

L. paracasei DTA 81, stored at — 18 °C, was thawed in a
refrigerator (4 °C) for 6 h and activated by three successive
overnight growth in deMan, Rogosa, and Sharp (MRS) broth
medium (HiMedia, Mumbai, India). A flask with 1.5 L of
unhopped wort was sterilized by autoclaving at 110 °C for
10 min and inoculated with 1.0% (v/v) of L. paracasei DTA 81
inoculum, followed by overnight incubation at 37 °C to reach
the minimum cell concentration at ca. 9.0 log colony forming
unit (cfu)/mL. Freeze-dried S. boulardii 17 or S. cerevisiae
S-04 pure cultures were rehydrated (1.0% (w/v)) in 1.5 L of
unhopped wort at 20 °C, followed by incubation for 48 h, until
reaching the minimum cell concentration at ca. 8.0 log cfu/mL.

Wort was prepared in a mash beer tank (D&E Bier, Santa
Luzia, Minas Gerais, Brazil) with a steam heating jacket and 300
L of nominal capacity, working fully. Wheat and barley malts
were equi-reconstituted (8.3%) into drinking water. Typical
wheat beer ramp mash was conducted by successive steps of
heating up (1 °C/min) and time-outs, profiling 52, 62, 72, and
78 °C by 15, 30, 30, and 10 min, respectively. The heating was
performed by circulating steam around the kettle (15 bbl), which
was provided by a wood-fired steam boiler. The total volume of

@ Springer



700

Probiotics and Antimicrobial Proteins (2021) 13:698-708

wort was divided into two portions, each one containing 150 L,
aiming the production of PWB and PSB. Residues such as malt
bark and denatured proteins were removed by sedimentation.
Boiling with constant hand-mixing was performed for 60 min
using a big spoon.

PWB Production

After 10 min of wort boiling, Hallertauer Mittelfrueh (Barth-
Haas Group®, Niirnberg, Germany) hop pellets with 12.4%
of alpha acids were added to the wort vessel at 4.2% w/v,
translating approximately 15 International Bittering Units
(IBUs). Serpentine passage cooling system, with a 1.5 m linear
length immersed into the wort vessel, was used for cooling
the wort (18 °C). Drinking water at room temperature was
used to top up the initial wort volume recovering the volume
and the original gravity, which were affected by boiling. The
fermentation process was carried out in a stainless conical
beer fermentation tank designed with a torispherical and
conical bottom. The temperature was controlled by circulating
ethanol inside the cooling jackets. Potential probiotic S.
boulardii 17 inoculum was pitched to obtain the final yeast
concentration of ca. 6.5 log cfu/mL. The wort was not aerated
before pitching and the temperature was set at 18 °C. After
36 h of fermentation, S. boulardii 17 unexpectedly stopped
metabolizing sugars of the wort. In order to reactivate S.
boulardii 17 performance, the temperature was suddenly
increased to 25 °C at a rate of 1 °C/h and quickly reduced to
20 °C. Therefore, its metabolism was recovered, keeping on
the consumption of substrate and the production of alcohol.
After 5 days of fermentation, a natural tendency of original
gravity attenuation was observed and PWB was cooled to
approximately 0 °C, followed by maturation during 2 weeks
in the same fermentation tank.

PSB Production

After cooling the unhopped wort to 36 °C as previously
described, it was inoculated with potential probiotic L.
paracasei DTA 81 to reach the final concentration of ca.
7.0 log cfu/mL and manually homogenized with a big
spoon. After 30 h of L. paracasei DTA 81 growth, the wort
temperature was reduced to 20 °C at a rate of 2.7 °C/h and
then inoculated with S. cerevisiae S-04 to reach the final
yeast concentration of ca. 6.0 log cfu/mL. After 3 days
of yeast fermentation, PSB was finally hopped. Kettle
hopping or dry hopping methods were used to evaluate
the bacteriostatic effect of hop on L. paracasei DTA 81
survivability. Kettle hopping was carried out by activating
2% (wlv) Warrior hop pellets (Barth-Haas Group®, Yakima,
Washington, USA) with 15.3% alpha acids in 200 mL of
sterile deionized water at 95 °C for 10 min, translating
approximately 5 IBUs to the PSB. Dry hopping was
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performed by direct vat set adding 2% (w/v) Hallertau
Magnum T-90 Baywa hop pellets with 12.4% alpha acids to
PSB, translating about the same IBUs that the dry-hopping
method. Since the original gravity was attenuated, PSB was
cooled to approximately 0 °C, followed by maturation during
2 weeks in the same fermentation tank.

Microbial Enumeration

L. paracasei DTA 81 was enumerated on MRS agar
supplemented with 135 ppm of natamycin (Merck,
Darmstadt, Germany) to prevent the S. cerevisiae growth [7].
S. boulardii 17 was enumerated on the selective Wallerstein
Laboratory (WL) agar medium (Oxoid, Basingstoke,
UK) [13]. The drop-plate technique was applied for both
lacticaseibacilli and yeast enumeration. A 12-well plastic
microtiter plate was used to seed the drops (25 pL). Before
seeding, 1 mL of melted selective agar medium kept at
50 °C was added to the wells using a micropipette and
sterile tips. After complete solidification, each dilution
level was seeded in duplicate into two different wells of the
plate. Each well of the plate was seeded with only one drop.
Decimal dilutions (up to 8th level) were performed by serial
aliquot transfers (100 uL) to Eppendorf tubes containing
900 pL of 0.1% sterile peptone water. Plates containing
MRS or WL agar were incubated at 36 and 25 °C for 48 h,
respectively. Colonies were counted using a manual colony
counter (Interscience, Saint Nom, France), and the results
were calculated using at least two successive dilution levels,
according to Eq. 1 [14].

yC

= Vinl +0.1n2)d M

where 2 ¢ is the sum of the colonies counted on the two
plates retained from two successive dilutions (at least one of
which contains a minimum of 10 colonies), V is the volume
of inoculum placed in each plate (mL), n/ and n2 are the
number of plates selected in the first and second dilution,
respectively, d is the dilution corresponding to the first
dilution retained.

Gl Tolerance Assay

GI base juice was prepared (0.11 g/L of calcium chloride,
1.12 g/L of potassium chloride, 2.0 g/L of sodium chloride,
and 0.4 g/L of potassium dihydrogen phosphate) with
distilled water and sterilized at 121 °C for 15 min. Artificial
gastric juice (GJ) was freshly prepared to a final volume of
75 mL by adding 3.5 g/L of swine mucin and 0.26 g/L of
swine pepsin. The pH was adjusted to 2.0 with 1 M HCI.
An aliquot of beer (1 mL) was transferred into GJ and
anaerobically incubated at 36 °C for 45 min, with moderate
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shaking. Subsequently, artificial intestinal juice was obtained
to top up the final volume (100 mL) by adding 3.0 g/L of
bile salt, 1.95 g/L of pancreatin, and 0.1 g/L of egg white
lysozyme to the GJ (all media from Sigma-Aldrich, St.
Louis, Missouri, USA). The pH was adjusted to 7.0 with
1 M sodium bicarbonate solution, followed by anaerobic
incubation at 36 °C for 180 min, with moderate shaking [9].
The drop-plate technique was applied for microbial counts,
as previously described.

Alcohol, Glycerol, Acetic Acid, and pH Measurement

The alcohol content by weight (% ABW), by volume (%
ABYV), real extract (RE, °P), and real degree of fermentation
(% RDF) of PWB and PSB were calculated by using the
Balling’s Eqgs. (2-5) [15].

AC(%w[w)
oE—ag = b+ (ba - OF) ®)
AC(%w/w)
oE—re =0t (bn - OF) 3)
AC(%w/w) = AC(%v/sz;- 0.7907 .
RDF(%) = |00 (CE—RE)| |
o OF 1 —(0.005161 « RE)
&)

where b,, b,;, b,y and b,; are the statistical values
corresponding to 0.372, 0.00357, 0.459, and 0.00469,
respectively [15]; OE—original extract (°P); AE—apparent
extract (°P); SG—specific gravity at 20 °C.

Glycerol and acetic acid were measured in PWB as
indicators of sensory attributes related to the flavor of the beer.
These compounds were measured by high-performance liquid
chromatography (HPLC) system equipped with a binary
pump (Varian Prostar 220), an injector (Rheodyne 7725i;
Loop 20 pL), and an infrared detector (Varian RI-4). Data
were analyzed using the Varian Chromatography Workstation
software (version 4.5). The chromatographic separation was
achieved using isocratic elution with a prepacked HPLC
analysis column Aminex HPX-87H (Bio Rad; 300X 7.8 mm,
hydrogen form, 9 um particle size, 8% cross linkage, pH range
1-3) operating at 30 °C (JonesChromatography 7981 oven).
The mobile phase consisted of an isocratic program of sulfuric
acid 0.004 M, pumped at 0.6 mL/min for a total run time of
30 min. The injection volume was 20 pL.

Calibration curves, limit of detection (LOD), and limit of
quantification (LOQ) were determined with five concentration
levels of HPLC-grade standards of glycerol and acetic

acid ranging from 0.1 to 8.0 mg/mL. LOD and LOQ were
calculated according to the following Eqgs. 6 and 7 [16].

LOD=3<%> )

LOQ = 10(%) %

where sa is the standard deviation of the intercept of the
regression line obtained from the calibration curve and b is
the slope of the line. The concentration was calculated as
g/L, considering the dilution factors.

A portable pH meter (Akrom, Sao Leopoldo, Rio Grande
do Sul, Brazil) with a digital microprocessor equipped with
an automatic temperature compensation was used for pH
measurements in PWB and PSB.

In Vivo Trials for Beneficial Effect Assessment

Light-dark box and tail suspension test were performed to
study anxiety-like and depression-like behavior in mice [17,
18]. Swiss Webster mice (25 days old; around 30 g) from the
colony of the University of Barra Mansa (UBM), located in
the state of Rio de Janeiro, Brazil, were used in this protocol.
The mice were housed in plastic cages (35 x50 %20 cm) and
randomly allocated into three groups (N =38). Each group
was daily treated with PWB or PSB (100 pL) for 7 days.
Sterile distilled water and pasteurized wheat beer (Mascates,
Valenca, Rio de Janeiro, Brazil) were used as negative
control and blank, respectively. The beer was fermented by a
conventional wheat beer yeast (Lallemand, Vienna, Austria)
using the same production parameters applied to obtain
PWB. All animals were maintained under the following
conditions: controlled temperature (20 +2 °C), exposure to
a 12 h/12 h light/dark cycle, free access to drinking water,
and standard rodent chow.

During 7 continuous days, light-dark box and tail-
suspension tests were conducted with the animals. In the
light-dark box test, the animals were placed individually
in an acrylic cage (450 % 270X 270 mm—Iength/height/
width). The cage was divided into two sections: one was 2/3
illuminated (400 1x), and the remaining section was closed
and maintained in the dark. The sections were connected
through a small opening (80 mm of width and 120 mm
of length) located in the center of the divisor wall. Mice
were placed into the dark side and could move freely from
one chamber to another for 5 min. The time spent on the
illuminated side, the number of transitions, and the latency
when the animal got on the light side for the first time were
recorded during this period. In the tail suspension test, the
mice were suspended 10 cm above the stand by an adhesive
tape placed approximately 1 cm from the tip of the tail. The
test was recorded for 5 min. Time of immobility and latency,
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at the first immobilization episode, were determined during
this period.

The tests were performed with an interval of 1 day
beginning by the light-dark box test, abiding by progressive
invasiveness degree. Behavioral tests were executed between
7 and 10 a.m. During each test, the experimenter remained
outside the testing room, except between trials. Each test
was recorded and behavior parameters were analyzed by at
least two observers.

This investigation was carried out according to the Guide
for the Care and Use of Laboratory Animals published by
the US National Institutes of Health (NIH Publication No.
85-23, revised in 1996). In addition, it was approved by the
Institutional Animal Welfare Committee in accordance with
the pertinent Brazilian legislation, under protocol number
001/2020.

Statistical Analysis
All results were presented as means + standard deviation.

The assumption of normal data distribution was assessed
with the Shapiro-Wilk test. Grubbs and Tietjen-Moore

tests were used to detect single or multiple outliers.
Prism 5 statistical software (GraphPad, San Diego,
California, USA) was applied to evaluate the behavior
analyses. Significant differences in the microbial
survivability analyses were evaluated by analysis
of variance (ANOVA), followed by Fisher’s (LSD)
test using the XLSTAT software (2019) (Addinsoft,
Boston, Massachusetts, USA). Results were statistically
significant when p <0.05.

Results

The potential probiotic S. boulardii 17 growth phase (log)
observed during PWB production started suddenly after
pitching the wort, excluding the adaptation (lag) and growth
acceleration phases. The stationary phase started 36 h
after pitching. Slight reductions in original gravity, pH,
and alcohol production were simultaneously determined
(Fig. 1). Therefore, at the end of the fermentation process,
the following values were found: final gravity (°P)=4.5,
% ABV =4.26, and final concentration of live S. boulardii
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Fig. 1 Physical (¢ temperature; @ pH; M real extract (RE); — alcohol
by volume (ABV)) and microbiological (A S. boulardii 17) viability
during probiotic-containing functional wheat beer (PWB) production.
Baranyi’s mathematical model was applied to model microbial
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viability, RE, and ABYV, using DMFit software, version 3.5 (Institute
of Food Research, Norwich, UK). PWB was produced by an axenic
culture system with potential probiotic S. boulardii 17. SigmaPlot 12.0
(Systat, San Jose, California, USA) was used to create the graphic
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TabI(:: 1 Kinc?tic parameters. Parameters PSB
obtained during the production
of probiotic-containing DTA 81 S-04 PWB
functional sour beer (PSB) and
probiotic-containing functional X, (log cell/mL) 7.14 7.95 6.60
wheat beer (PWB) Xnax (log cell/mL) 9.45 8.49
X, (log cell/mL) 7.38
A (h) 14.29 0.00
SL (h) 12.91
Hinax (B71) 0.94 0.07
Ky (h7H —-0.01
R? 0.9637 0.9614 0.8063
SE 0.2220 0.0390 0.2674
Yy, (cell/g of extract consumed) 8.61x 10" - 1.07x10° 4.53%10°
Yp/x (g of alcohol produced/cell) —5.93x107!! 1.36x 107!
Yps (g of alcohol produced/g of extract 0.06 0.06
consumed)
us (g of extract consumed/cell/h) 1.09x 10712 1.15x 1071 1.54x 1071
up (g of alcohol produced/cell/h) 7.33%10713 9.48x 10713

X, initial yeast or lacticaseibacilli concentration, X,,;. maximum yeast or lacticaseibacilli concentration,

X
growth rate, £,

Les Tesidual yeast concentration, A lag phase period, SL shoulder length time, u,,,, specific maximum
¢ Maximum specific inactivation rate, R? coefficient of determination, SE standard error,

Yy, yield factor of substrate to cell conversion, Yp,y yield factor of cell to alcohol conversion, Yp/g yield
factor of substrate to alcohol conversion, ug specific substrate consumption rate, up specific alcohol
production rate

PSB was produced by a semi-separated co-cultivation system with potential probiotic L. paracasei DTA
81 and S. cerevisiae S-04. PWB was produced by an axenic culture system with potential probiotic S.

boulardii 17

17 (log cfu/mL)=8.46 (Fig. 1 and Table 1). During wort
fermentation by S. boulardii 17, the production of acetic
acid was higher (about 6 times) than the sensory limit
related to the beer taste, according to Zhang et al. [19].
Glycerol production was below the threshold of perception,
as described by Zhao et al. [20] (Table 2).

Table 2 Calibration parameters of instrumentation for acid acetic
(AA) and glycerol (Gly) quantification in probiotic-containing func-
tional wheat beer (PWB)

Standard AA Gly
Concentration (g/L) 1.293+0.023 0.425+0.138
R, (retention time) 27.30 24.23
Calibration curve y=2823 y=1540
882.7879x—2 393.1498x—4
984.6326 300.1674
Correlation coefficient (%) 1.0000 1.0000
Linearity range (ng/mL) 0.0-2.0 0.0-2.0
LOD (g/L) 0.01 0.01
LOQ (g/L) 0.04 0.03

PWB was produced by an axenic culture system with potential
probiotic S. boulardii 17

LOD limit of detection of the chromatographic method, LOQ limit of
quantification of the chromatographic method

In the PSB production, the potential probiotic L. paracasei
DTA 81 lag phase occurred within 6 h after wort pitching. The
log phase started after 6 h and extended up to 22 h of process,
presenting a concentration of 9.45 log cfu/mL. L. paracasei
DTA 81 growth greatly affected the wort acidification and the
original gravity value. pH values ranged from 5.71 to 3.30, while
a slight increase in the original gravity value was determined. pH
values remained almost constant at 3.10 with the S. cerevisiae
S-04 inoculation (after 30 h, temperature =20 °C). However,
changes in original gravity values and alcohol levels were
noticed, showing a gradual reduction of original gravity and the
production of alcohol (Fig. 2 and Table 1).

L. paracasei DTA 81 and S. boulardii 17 population did
not show significant reductions over 20 days of storage at
0 °C, remaining above 8.0 log cfu/mL. The considerable
overlap of stress factors during storage time and GI transit
significantly affected the microbial survivability (p <0.05).
L. paracasei DTA 81 population in PSB was reduced in a
range of 0.5 log cfu/mL when the dry hopping method was
applied, as shown in Table 3.

Figure 3 presents the evaluation of the depression and
anxiety-like behavior in mice treated with PSB and PWB,
respectively. Whereas PSB demonstrated a great potential
to reduce the immobility time, PWB increased the latency
during the first immobility episode in the tail-suspension
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Fig.2 Physical (¢ temperature; @ pH; M real extract (RE); — alcohol
by volume (ABV)) and microbiological (A L. paracasei DTA 81;

S. cerevisiae S-04) viability during probiotic-containing functional
sour beer (PSB) production. Baranyi’s mathematical model was
applied to model microbial viability, RE, and ABV, using DMFit

Table 3 Viability of S. boulardii 17 and L. paracasei DTA 81 and
microbial stress originated from hopping and gastric (G) and gas-
trointestinal (GI) transit in probiotic-containing functional sour beer

software, version 3.5 (Institute of Food Research, Norwich, UK).
PSB was produced by a semi-separated co-cultivation system with
potential probiotic L. paracasei DTA 81 and S. cerevisiae S-04.
SigmaPlot 12.0 (Systat, San Jose, California, USA) was used to create
the graphic

(PSB) and probiotic-containing functional wheat beer (PWB) (n = 3,
mean + standard deviation)

Microbial viability (log cfu/mL)

Kettle hopping Dry hopping
Time (days) PSB PSB (G PSB (GI PSB PSB (G PSB (GI PWB PWB (G PWB (GI
transit) transit) transit) transit) transit) transit)

0 9.45+0.00 8.88+0.02 8.78+0.03d 8.98+0.01b 8.92+0.08 8.84+0.03cd 8.94+0.01 8.94+0.0la 8.91+0.00 a
a bed be a

10 942+0.04 891+0.06 8.17+1.14a 8.94+0.03a 8.86+0.00 8.69+0.06a 8.89+0.08 8.85+0.12a 8.86+0.09a
a a a a

20 9.36+0.05 8.84+0.05 8.75+0.01c 896+0.04b 8.84+0.11 844+0.12d 8.53+0.57 8.55+042a 8.55+037a
a be be a

50 8.50+0.64 7.73+091 7.75+0.17 7.46+0.12 6.09+045 523+0.17d* 839+0.26 8.03+0.21 8.00+0.29
a* b* b * bc * c* a b * b *

Different lowercase letters (row) at the same time (days) and to the same microorganism indicate significant differences among groups by Fish-
er’s (LSD) test (p <0.05). Asterisks in the same column indicate significant differences for the same treatment by Dunnett’s test (p <0.05)—day
0 was used as control. PSB was produced by a semi-separated co-cultivation system with potential probiotic L. paracasei DTA 81 and S. cerevi-
siae S-04. PWB was produced by an axenic culture system with potential probiotic S. boulardii 17
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Fig. 3 Evaluation of exploratory activity and anxiety-like behavior in
mice treated with probiotic-containing functional wheat beer (PWB)
(MEM) or probiotic-containing functional sour beer (PSB) ([
), pasteurized wheat beer ( ) or drinking water as control (]
) through the open field (a) and tail suspension (b) tests. In this pro-
tocol, PWB and PSB stored for 4 weeks at 0 °C were used. Microbial
daily dose above 7 log cell/animal was assured during the 7 days of

test. This event was not statistically significant in the mice
group treated with pasteurized wheat beer fermented by a
conventional brewer yeast. In the light-dark box test, a greater
number of transitions across the light and dark sides of the
cage was noticed in the mice group treated with PWB.

Discussion

The ability of S. boulardii to act as a brewer yeast for the
production of functional beer was previously demonstrated
[5, 11, 21-23]. By evaluating the S. boulardii 17 metabolism
during fermentation in this study, it was possible to
determine its decline after 2 days of fermentation at 18 °C.
To re-activate the S. boulardii 17 metabolism, the wort
temperature was increased to 25 °C (about 1 °C/min) and
immediately reduced to 20 °C. Therefore, the fermentation
was carried out at 20 °C. This event indicates the role of the
temperature on the proper metabolism of S. boulardii 17 on
the sugar wort (Online Source 1, Supplementary Material).
The preference of S. boulardii 17 by glucose before all other
sugars has been reported in the literature. Wort sugars, such
as maltose, are only consumed once glucose is scarce, about
40 h of fermentation. Most studies using S. boulardii as
brewer yeast describe the fermentation process at 36 °C;

Time of Immobility

150

27 T

£

= 50 T i*
0_

intervention (100 pL/gavage). * p <0.05. N=8 mice per group. PSB
was produced by a semi-separated co-cultivation system with poten-
tial probiotic L. paracasei DTA 81 and S. cerevisiae S-04; PWB was
produced by an axenic culture system with potential probiotic S. bou-
lardii 17. Prism 5 (GraphPad, San Diego, California, USA) was used
to create the graphic

therefore, they do not show the importance of applying
different temperatures to optimize S. boulardii metabolism.
In addition, undesirable secondary compounds such as acetic
acid and glycerol may be produced at 36 °C [5].

Acetic acid production by brewer’s yeasts is related to
cellular stress, especially when there is a shortage of nutrients.
When evaluating S. boulardii 17 metabolism in a medium
with glucose and without maltose, Paula et al. [5] observed
that all glucose was consumed and the acetic acid production
substantially increased by the end of the exponential growth
phase (about 40 h, at 36 °C). Thus, proper temperature profile
during the wort fermentation may reduce aftertaste resulting
from the production of acetic acid by stressed S. boulardii 17
cells. This fact demonstrates that the strain must be carefully
used in brewing processes since acetic acid is an undesirable
compound that compromises the taste of beers.

On the contrary, sour beer has an intentionally acidic,
tart, or sour taste, which can be produced during maturation
or added during the process to confer unique products
[24]. Studies aiming to attend the demand for faster sour
beer production are of great importance and highlight
diverse techniques to reduce the time of fermentation.
Co-fermentation systems with lacticaseibacilli and brewer
yeast seem to be suitable alternatives to the addition of acids
[25]. For PSB production, potential probiotic L. paracasei
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DTA 81 grew axenically in wort, showing an increase of
original gravity values due to higher density of the lactic
acid (1.206 g/mL) compared with the beer wort [26, 27]. S.
cerevisiae S-04 was able to produce alcohol in the soured
wort after L. paracasei DTA 81 growth (Fig. 2).

Functional beers can be produced either by fermentation
with potential probiotic yeast or potential probiotic
lacticaseibacilli strains. Since potential probiotics are
commonly incorporated into food to improve gut balance,
they must present beneficial effects and maintain their
functionality in loco. In beer production, potential probiotic
microorganisms are exposed to stressful conditions over the
fermentation process such as the formation of alcohol and
acids. Besides, they are also stressed during the GI transit
due to the presence of acids, digestive enzymes, hydrogen
peroxide, lysozyme, and others [28]. In the present study,
microbial survivability in PWB and PSB was reduced during
the storage time (50 days), mainly after GI transit. Moreover,
the dry-hopping method applied in the PSB production
greatly affected L. paracasei DTA 81 survivability.

The kettle hopping method releases alpha acids that are
converted into iso-alpha acids during boiling. Consequently,
it imparts the characteristic bitter taste of beer and provides a
bacteriostatic effect, especially on Gram-positive bacteria. The
prenyl group affects the functions of the microbial plasmatic
membrane, which may also represent a barrier to potential
probiotic strain viability when a living microorganism at a
suitable dose is linked to benefits on consumer health [29]. On
the contrary, the dry-hopping method does not have a boiling
step and may avoid the presence of iso-alpha acids, preserving
the microbial viability. However, a tendency to sediment can
drag cells at the tank bottom. This method negatively affected
potential probiotic L. paracasei DTA 81 survivability in PSB
(Table 1), highlighting that it must be used with caution for PSB
production.

Regarding the behavioral tests performed with mice, PWB
was able to reduce the aversion of rodents to illuminated areas.
This fact was demonstrated by the spontaneous exploratory
behavior of rodents in response to moderated stress like
new environment and light. The light-dark test may be
useful to predict anxiety-like activity in mice. The literature
has reported that the number of transitions is an index of
activity-exploration, considering the animal habituation
over time. Besides, the time spent in each compartment
may reflect the animal aversion to light [30]. In mice treated
with PSB, the results obtained for the latency time and the
number of transitions did not present significant differences
in comparison with the other treatments (p <0.05) (Fig. 3a).

The results obtained in the tail-suspension test indicated
that PWB or PSB may provide an antidepressant behavior
avoiding major depressive disorder in mice (Fig. 3a).
According to this test, immobility is a behavior that is
pharmacologically related to depression since anti-depressant
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drugs increase latency to immobility and reduce immobility
time. The alternation between movement and passivity
represents an adaptive parameter, as an individual exposed
to an aversive situation without a solution can choose two
behavior patterns: seek a solution through intense motor
activity and consequent energy expenditure or wait for
a solution, standing still and saving energy [31]. Major
depressive disorders are debilitating disease characterized
by depressed mood, lack of interest, impaired cognitive
function, and vegetative symptoms, such as disturbed sleep
or appetite [32]. Lack of information on the etiology of major
depressive disorders leads to inadequate treatments, resulting
in the abusive use of drugs that cause various side effects.

Probiotic microorganisms are fundamental in combating
depression [33]. Links between the central nervous system and
gut microbiota have drawn the researcher’s attention, being the
focus of several studies. The gut microbiota has the potential
to produce or stimulate the production of neurotransmitters
and neuroactive compounds, such as serotonin, GABA, and
dopamine, which can modulate bacterial growth [34].

In this context, a recent study demonstrated that oral
gavage of either live or heat-killed L. paracasei is capable
of reducing the depression-like behavior induced by chronic
administration of corticosterone in mice. Interestingly, the
therapeutic efficacy of this probiotic strain was equivalent
or even more effective than fluoxetine, one of the most
used drugs for the treatment of major depression disorders.
Additionally, this study demonstrated that these effects
seem to be mediated by increased levels of serotonin
and brain-derived neurotrophic factor in the brain [31].
Moreover, L. paracasei also increases the levels of short
chain fatty acids. Among them, acetate and butyrate
can be highlighted [32]. The latter has been reported for
its antidepressant and neuroprotective actions in animal
models of chronic stress and depression. These actions
are also related to high concentration of serotonin in brain
and brain-derived neurotrophic factor expression [33, 34].
Thereby, as evidence show that brain-derived neurotrophic
factor is critically decreased in mood disorders and plays
an essential role in most anti-depressant treatments [35],
PWB or PSB may probably induce antidepressant effects
by increasing short chain fatty acids, which can positively
modulate serotonin-brain-derived neurotrophic factor
system. However, further studies must be conducted to
evaluate the substances produced during the potential
probiotic-induced fermentative processes of strains and their
possible psychobiotic properties.

Indeed, probiotic-containing foods have shown decisive
effects on lowering the risk for self-reported diagnosis of
clinical depression. Additionally, they have the potential to
improve brain function in humans through gut-brain axis
[36]. The diversity of gut microbiomes has been strongly
linked to mood-related behaviors, including major depressive
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disorder, since there is a bi-directional communication
system among microbiome-gut-brain axis mediated by
neuroimmune, neuroendocrine, and sensory neural pathways
[37]. Current studies suggest that probiotic strains may exert
positive effects on panic, anxiety, neurophysiological anxiety,
negative affect, worry, and mood regulation. Moreover, this
is an event related to a strain-dependent trait and varies
considerably among strains within the same species [38].
Therefore, starter cultures must be carefully selected.

Conclusion

Despite stress factors from the matrices and the stressful
conditions encountered during GI transit, potential probiotic S.
boulardii 17 and potential probiotic L. paracasei DTA 81 strains
withstood at sufficient doses to promote antidepressant effects
in the mice group treated with PWB or PSB, respectively. Thus,
the present study showed such enthusiastic results regarding the
potential of probiotic-containing functional beers to enhance
the welfare of consumers, encouraging further studies to
investigate the mechanisms of the matrices in the bidirectional
communication between gut-brain axis.

Although the consumption of beers produced by an
axenic culture system with potential probiotic S. boulardii 17
may provide beneficial effects to consumers, S. boulardii 17
metabolism on sugar wort stills not completely elucidated.
Therefore, studies must be carried out to optimize the
fermentation parameters before using the strain in industrial-
scale production. Additionally, cellular stress during the process
may cause an aftertaste in the beer, resulting from the production
of acetic acid.
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