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ABSTRACT 
Saccharomyces boulardii is a yeast with probiotic properties already used in several commercialized medicines and 
food supplements. On the other hand, alcohol-free beers (AFB) are an attractive segment of beer market both for 
brewing industry and consumers. Therefore, producing a “medicinal beer” able to provide human health benefits would 
be an interesting improvement in beer markets. 
This study focuses not only in testing the possibility of a probiotic beer production, but also in verifying the sensorial 
effects this strain produces in the beer wort. In the first part of the study, S. boulardii growth was tested at different 
temperatures and media. In the second part, 13 fermentation columns were analyzed under different parameters 
(original extract, temperature and pitching rate). The amount of volatile compounds was monitored in each column as 
well as sugar consumption and ethanol formation, using GC and HPLC. Response surface methodology was used to 
enhance the formation of flavor active volatile compounds by optimization of fermentation conditions.  
Results indicated S. boulardii is capable of fermenting sugars from beer wort, being a promising yeast to further beer 
production. The experiment focused on wort fermentation revealed that the statistically most significant effect on volatile 
formation was the temperature. Overall, the statistical model proved to be a useful tool in predicting the volatile formation 
by this non-brewery yeast. Beers with higher amount of volatile compounds revealed to have more aroma.  
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1. INTRODUCTION 
Since the early times beer is recognized as one of the 
most wanted products among beverages. To face the 
market competition and to match the society needs, in the 
latest years brewers started making efforts to expand the 
assortment of products. Therefore, it is possible today to 
find several different types of beer with different 
characteristics, for instance alcohol-free beers, functional 
beers, low-calorie beers or flavored beers [1]. 
One possibility of new product development is the use of 
non-traditional microorganisms throughout the 
fermentation process in order to create a functional beer 
with medicinal properties. One such group of non-
traditional microorganisms are probiotics, known by its 
significant human health benefits when consumed. These 
benefits are related typically with improvements in the host 
immune system and with the balance/maintenance of 
intestinal microflora [2]. Considering these evidences, 
creating an alcohol-free beer with probiotic properties 
would be an outstanding improvement not only for the beer 
markets, but also would be a different form of probiotics 
administration. 
Probiotics are generally defined as live microorganisms 
which when administrated in adequate amounts confer a 
health benefit to the host [3]. However, the science and 
studies related to probiotics are recent, and always in 
constant evolution. Despite that definition, there are many 
questions regarding this matter that do not have answers 
yet. For instance, it is not specified the delivery mode of 
the probiotic nor if there are some specific requirements 
regarding the mode of action in the human body. Also, it is 
not known if microorganisms really need to be alive to 

provide the probiotic effect [4]. Thus, when considering 
probiotics functionality, the abovementioned definition of 
probiotics has to be interpreted in a very broad way. 
Lactobacillus acidophillus, Lactobacillus casei, 
Bifidobacterium adolescentis, Bifidobacterium bifidum, 
Saccharomyces boulardii are examples of 
microorganisms used in probiotic applications [5]. The 
benefits of these microorganisms are countless. Among 
them, the treatment of diarrhea and the expansion of the 
immune system can be highlighted. Also, lactose 
intolerance can be attenuated by probiotic activity [6] and 
reduction of cholesterol are other possible probiotic 
applications [2]. Also, probiotics can act in the mouth, the 
urogenital tract, skin inflammations [7], [8]  and in oral 
medicine and dentistry [9], [10]. They are known to control 
and prevent infections in the urinary and reproductive 
tract, as well [11], [12], [13]. Another application of these 
microorganisms is in the respiratory tract to control 
respiratory infections [14]. Despite of all abovementioned 
applications the most important body site where probiotics 
have influence is in the GI tract. These applications aim to 
provide several health benefits such as control and 
decrease of pathogenic colonization, optimization of the 
intestinal transit, improving vitamins synthesis, alleviating 
the lactose intolerance, promoting immunemodulatory 
effects and reducing bloating, among others [3]. 
Regarding human targets, many studies have shown 
beneficial effects in all age-related subgroups, such as 
newborns, preterm infants, older children, mother-infant 
pairs, infants and eldery people [3].  
 

According to taxonomic studies based on DNA analysis, 
Saccharomyces boulardii and S. cerevisiae are members 
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of the same species, being S. boulardii a strain of S. 
cerevisiae [15], [16]. Saccharomyces cerevisiae var. 
boulardii has long been known effective for having 
probiotic properties mainly treating gastroenteritis. It was 
discovered by the french Henri Boulard in 1920, in 
Indochina, and first isolated from litchi fruit. Being 
commercially available since 1964 in a lyophilized form 
and patented by the French company Laboratoires 
Biocodex [17].  
Therefore, S. boulardii was chosen to be the focus of this 
work, in order to evaluate the ability of this strain in 
fermenting wort to produce an alcohol-free beer with 
probiotic properties. Saccharomyces boulardii has the 
optimal growth temperature ate 37ºC, and is able to 
tolerate concentrations of ethanol around 20%. Regarding 
pH values, this strain is able to growth in values of pH 
above 2, tolerating really acidic environments. The 
maximum temperature tolerated is 55 – 56ºC [18]. 
 

The production of nonalcoholic beer or with a low alcohol 
content, dates from the early twentieth century. Lately, the 
reasons that led to the production of these beers were 
mostly the growing consumer interest in health and the 
combat of alcohol abuse. Moreover, the need to enrich a 
highly competitive market with new types of products was 
also a reason. European legislation defined beer with low 
alcohol content and divided them into alcohol free beer 
(AFB) containing ≤ 0.5% (3.945 g/L ABV) alcohol by 
volume (ABV), and to low-alcohol beer (LAB) with no more 
than 1.2% ABV. On the other hand, in US alcohol-free 
beer means that there is no alcohol present and the upper 
limit of 0.5% ABV corresponds to non-alcoholic beer or 
“near beer” [19]. 
There are two different methods to produce AFB. The 
most known strategies to produce this kind of beers can 
be grouped in physical or biological methods [19]. The 
physical process is based on the removal of the ethanol 
from regular beer. This technique requires considerable 
investments and special equipment for the alcohol 
removal. The biggest advantage of this process is that it 
can remove the ethanol from beers to residual low levels 
not inhibiting the formation of sensory active compounds. 
On the other hand, the biological methods are based on 
limiting the ethanol formation during the beer fermentation. 
In this case there is no need for further investments as the 
equipment used is the traditional brewery installation. The 
aroma and taste of the AFB is usually different from the 
regular beers. Depending on the method used to create 
AFB these differences can change. For instance, alcohol-
free beers produced by membrane methods have usually 
less body and a low aromatic profile; the ones produced 
by biological processes have often a sweet and worty 
flavor; while beers produced by thermal strategies 
normally suffer from heat damage. The majority of these 
shortcomings can be overcome by process adjustments 
as well as by adding flavor active compounds into the final 
product [16]. The usual small amount of volatile products 
(esters and high alcohols) in AFB production by arrested 
fermentation can cause restrictions in the flavor of the final 
beer [16], [19]. Among the most important factors 
influencing beer quality is the presence of well-adjusted 

amounts of higher alcohols and esters. Higher alcohols 
are formed either by anabolism or catabolism (Ehrlich 
pathway) of amino acids. Esters are formed by enzymatic 
condensation of organic acids and alcohols [20]. 

 

2. METHODOLOGY 
2.1. Microorganism 

Throughout the whole experimental campaign the yeast 
strain used was Saccharomyces cerevisiae RIBM 170. 
This strain is part of the collection of the Research Institute 
of Brewing and Malting, Prague, Czech Republic. 
Although this is the current designation of the strain, it will 
be referred as Saccharomyces boulardii since the majority 
of the previous literature has being using this description. 

2.2. Microbial Growth 

Two different media were prepared in order to analyze the 
growth of the strain under different conditions. The 
composition of these media are described in Table 1 and 
Table 2. These media were prepared in 500 mL 
Erlenmeyer flasks containing 250 mL of liquid, the pH of 
which was adjusted to 5.5 using HCl and sterilized in the 
autoclave for 20 min at 121 °C. Each medium was 
prepared in duplicated flasks and after sterilization each 
one was cooled and stored until inoculation. 

 

TABLE 1 -YPG MEDIUM WITH GLUCOSE. 
 

 

 
 
 
 
 

 
 

The inoculum was prepared aseptically and all the 
procedures were carried out inside the laminar flow hood. 
The yeast cells, previously maintained on agar slants 
inside test tubes, were transferred to an Erlenmeyer flask 
containing YPG medium with glucose and dextrin using an 
inoculation loop. After inoculation, the flask was kept under 
agitation (100 rpm) at 16 ºC during 3 days to ensure the 

growth of biomass. 
In these experiments the growth of yeast in YPG media 
with glucose and glucose + dextrin as carbon sources was 
tested at different temperatures of 0 ºC, 2 ºC, 8 ºC and 16 
ºC. Besides, another experiment at 16 ºC was carried out 
with only dextrin in order to evaluate the suitability of this 
compound alone as a carbon source.  
Each culture medium was inoculated with 5 mL of cell 
suspension from previously prepared inoculum. 
Afterwards, each flask was stored at a specific 

Component c [g/L] pH 

Yeast extract (Alfa Aeasar, USA) 5 

5.5 
Peptone (Alfa Aesar, USA) 5 

Glucose (PENTA, Czech 
Republic) 

30 

Component c [g/L] pH 

Yeast extract (Alfa Aeasar, USA) 5 

5.5 

Peptone (Alfa Aesar, USA) 5 

Glucose (PENTA, Czech 
Republic) 

15 

Dextrin (SIGMA - AlLDRICH, 
USA) 

15 

TABLE 2 -YPG MEDIUM WITH GLUCOSE AND DEXTRIN. 
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temperature which was mentioned before with an agitation 
of 100 rpm. Several samples were taken during the 
cultivation until the achievement of the stationary phase 
which corresponds to the final biomass concentration. 
 

Regarding the study of iso-alpha acids, ethanol and 
lactose, YPG media with glucose were prepared. In the 
case of iso-alpha acids (Hopsteiner, Germany) analysis, 
five 500 mL Erlenmeyer flasks with different concentration 
of the iso-alpha acids per flask (0, 10, 20, 40 and 60 mg/L). 
On the other hand, for the ethanol (PENTA, Czech 
Republic) study, four different ethanol 96% (V/V) 
concentrations (0, 4, 32, 64 g/L) were tested in 4 different 
flasks. To evaluate the growth in lactose (PENTA, Czech 
Republic), one Erlenmeyer flask was prepared with YPG 
medium with the same amounts previously used of 
peptone and yeast extract but 30g/L of lactose instead of 
glucose. The pH in these experiments was adjusted to 5.5 
and flasks were all sterilized during 20 min in the autoclave 
at 121 ºC before inoculation. All of these tests were carried 
out at 8 ºC to mimic the real temperature for lager beers. 
The inoculum used was prepared in the same way as 
mentioned before. 
  

 

2.3. Fermentation 

Fermentation tests were carried out in fermentation 
cylinders/columns (500 mL). These cylinders were 
previously sterilized at 121 ºC for 20 min. The wort for each 
column was prepared from wort concentrate in honey 
soluble form (Beer and Malt Industry Research Institute in 
Prague, Czech Republic) in different concentrations. Prior 
to pitching the wort was not aerated. This wort is one of 
the study variable and in this work will be named wort 
original extract.  
Wort original extracts for each column were prepared 
firstly in 1 L Erlenmeyer flasks with 500 mL filled with 
liquid. All these media were sterilized at 121 ºC during 20 
min and then they were cooled and stored until the 
moment they were transferred into the columns. This 
transfer occurred under aseptic conditions.  
In this case the inoculum was prepared from wort 
concentrate in a 2 L Erlenmeyer flask with 1 L of liquid 
(10% wt.). All the procedures were carried out inside the 
laminar flow hood as well. The yeast cells were maintained 
and inoculated in the same way as mentioned before. After 
the inoculation the flask was stored with agitation (200 
rpm) at 8 ºC during 6 days to ensure the growth of 
biomass. 
After these 6 days the total number of cells in the inoculum 
was calculated by total yeast cell counting from a 4 mL 
sample, using a Burker chamber. This permitted to 
calculate the amount of cells needed to be added to each 
fermentation column, according to each pitching rate.  
After the addition of the right amount of cells to each 
column, they were stored at a predefined temperature. 
The progress of the fermentation was monitored 
(hydrometer) until the moment of taking samples. The 
objective was to limit the fermentation, and so the 
formation of ethanol, which happened when the value in 
the hydrometer decreased by 1 % (w/w) from the initial 
wort original extract. From each column two samples of 10 

and 35 mL were taken, centrifuged and stored in the 
freezer for further HPLC and GC analysis, respectively. 
Alcohol-free beer was stored in plastic bottles in the cold 
room (2 ºC) for 30 days to mimic the lagering conditions. 
Finally, after these 30 days, sensory analysis was done. 
 

2.4. Experimental Design 

During the fermentation tests the process variables were 
selected taking into consideration previous studies [21] 
and altered to perform an experimental design as showed 
in Table 3. The code level presented in the same table was 
used to identify which conditions were being tested in each 
column, what can be observed in Table 4. Thirteen 
different columns were tested with different combinations 
of variables to be analyzed. These values were based on 
the same previous studies.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Response surface methodology (RSM) was used to 
understand the effect of process variables, the interaction 
among them and their contribution to AFB quality. Three 
independent process variables (factors), such as wort 
original extract (E), temperature (T) and pitching rate (P), 
were varied at three levels (Table 3). 
The process variables were optimized using a small 
central composite design (CCD), based on two-level 
factorial design (alpha face centered). A total of 13 
experiments, with three replicates at the central points 
(Table 4), were used to investigate the responses of total 
esters (ES) and higher alcohols (HA). Experiments were 
performed in duplicate for each run and average of the 
data obtained was considered as response. Experimental 
design and multiple regression analysis of the 
experimental data were performed using Design Expert 
software (version 9.0.4.1, Stat-Ease Inc., MN, USA). A 
quadratic model was developed based on experimental 
data consisting of linear (E, T, P), quadratic (E2, T2, P2) 
and interactive (ET, EP, TP) model terms as well as their 
corresponding coefficients and constants. The 
experimental data were statistically evaluated using 

TABLE 3 – VARIABLES OF THE PROCESS. 

TABLE 4– CONDITIONS OF EACH COLUMN. 

Symbol Independent variable (units) 
Code Level 

-1 0 +1 

E Original extract (% by weight) 2 7 12 

T Temperature (°C) 2 8 14 

P Pitching rate ( x 106 cells/mL) 2 7 12 

Columns Factors 

 E T P 

Column 1 0 0 +1 

Column 2 -1 -1 -1 

Column 3 0 0 -1 

Column 4 -1 0 0 

Column 5 +1 0 0 

Column 6 0 -1 0 

Column 7 -1 +1 +1 

Column 8 +1 -1 +1 

Column 9 0 +1 0 

Column 10 +1 +1 0 

Column 11 0 0 0 

Column 12 0 0 0 

Column 13 0 0 0 
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ANOVA and the significance of the model was evaluated 
using Fisher’s F-value. The quality of the fit was expressed 
by the coefficient of determination (R2) and the adjusted 
R2. The fitted polynomial equation was visualized in the 
form of 3D surface plots to help navigation in the design 
space [21]. 
 

2.5. Analytical Methods 

Biomass Concentration. To study and track the yeast 
growth it was necessary to monitor regularly the cell 
concentration along the time. Several samples were taken 
per day from each Erlenmeyer flask. The biomass amount 
was determined by measuring the optical density (OD) of 
each sample in a spectrophotometer Biochrom Libra S22 
(Biochrom, United Kingdom) at 600nm [1]. Distilled water 
was used as blank. To convert the OD’s into biomass 
concentration a calibration curve was created using a 
gravimetric method. There was the need to dilute the 
samples when OD values were above 1. 
  

Volatiles Analysis. Esters and higher alcohols were 

analyzed by HS-SPME/GC-MS. An amount of 2 g NaCl 
was put into a 20 mL dark headspace vial and an aliquot 
of 9mL of filtered sample (cellulose nitrate membrane 
discs with nominal pore diameter of 0.45 μm, disc 
diameter of 47 mm; Whatman, Germany) and 0.1 mL of 
internal standard (0.1 mg/L ethyl heptanoate and 20 mg/L 
3-octanol in 1:1 ethanol-water solution) were added. The 
vial was hermetically closed and the extraction of flavor 
compounds from head-space was performed by sorption 
with a fused silica fibre coated with 
carboxen/polydimethylsiloxane (film thickness 75 µm; 
Supelco, USA).  
The sorption (30 min at 50 °C) was conducted using a 
multifunctional auto-sampler CombiPal (CTC Analytics, 
Switzerland). The extracted compounds were thermally 
desorbed (10 min at 260°C, splitless mode) in the injection 
port of a gas chromatograph Agilent GC 6890N (Agilent 
Technologies, USA), separated on an InnoWax column 
(30 m × 0.25 mm × 0.25 μm; Agilent Technologies, USA) 
and detected by a mass spectrometric detector Agilent 
5975B inert MSD (Agilent Technologies, USA).  
GC separation was conducted at oven temperature 
program 30 °C (10 min), 2 °C/min to 52 °C (5 min), 2 
°C/min to  65 °C (0 min), 5 °C/min to 250 °C (3 min); the 
total run time 70 min; carrier gas helium; constant flow, 1 
mL/min. The GC-MS interface and ion source temperature 
were maintained at 260 °C and 230 °C, respectively.  
Mass spectra were acquired in electron ionization mode 
(70 eV) across the range 20 – 500 amu. Agilent 
Chemstation software and NIST library mass spectra 
search were used for the data evaluation. The compounds 
were identified and quantified by comparisons with 
external calibration curves previously drawn for each 
compound. All samples were analyzed in triplicate. Data 
relating to the total esters (ES) include the following 
substances: ethyl acetate, isoamyl acetate, ethyl 
hexanoate, ethyl octanoate and 2-phenylethyl acetate. 
Data relating to the total higher alcohols (HA) include 
these substances: isobutanol, 2-phenylethanol and 
isoamyl alcohol. 

 

Fermentable Sugars and Ethanol Analysis. 
Fermentable sugars and ethanol were analyzed using 
high performance liquid chromatography (HPLC). An 
Agilent chromatograph model 1100 series (Agilent 
Technologies, USA) equipped with refractive index 
detector (Agilent 1000 – RID) was used. Samples were 
filtered through 0.2 μm Minisart RC/SRP/NY filters 
(Sartorius Stedim Biotech) prior to analysis in a 2 mL vial. 
Ion exclusion column Ag+ with column (Polymer IEX H 
form 200 x 8 mm) was operated at the following conditions: 
mobile phase was a diluted sulphuric acid solution (9mM) 
in deaerated Milli-Q water; flow rate, 1 mL/min (9MPa); 
temperature 25 ºC; run time, 22 min each sample. Agilent 
Chemstation software was used for the data evaluation. 
Individual sugars analyzed were maltose, maltotriose, 
fructose and glucose. All of these sugars and ethanol were 
identified using retention times and respective picks area 
and quantified through calibration curves obtained from 

standard compounds. 
 

Sensory Analysis. The aim was to evaluate the bottles 
with extreme values of HA and ES. Thus, bottles from 
column 2, 6, 7 and 10 were chosen and samples were 
served at 3ºC in glasses to a panel composed by six 
specialists for the beer sensory analysis. The panel of 
analysts was composed by two women and four men with 
ages between 26 and 42. To each one of them, a paper 
with the parameters and the scale was given for the 
evaluation based on the pattern sensory beer analysis of 
EBC (European Brewery Convention) [22]. 
Samples were evaluated according various sensory 
attributes: total odor intensity, off-odor intensity and verbal 
description, fullness, bitterness intensity and character, 
off-flavor intensity and verbal description and overall taste. 
A scale was created to evaluate each parameter and after, 
was converted into a numeric classification for further 
statistical studies. Every parameter was evaluated from 1 
to 9 depending on the sample tasted. The scale is 
presented in Figure 1. 

 
 

3. RESULTS AND DISCUSSION 

3.1. Biomass Growth in Simulated Wort  

The biomass growth was monitored to understand how the 
yeast strain Saccharomyces boulardii responds to 

that the cultivation duration and the biomass growth are 

mainly influenced by the temperature. In Figure 2, the 

growth curves from YPG medium with glucose and dextrin 

at different temperatures are presented. Only one 

medium was chosen to demonstrate the influence of the  

FIGURE 1 - SCALE CHOSEN TO EVALUATE EACH PARAMETER OF EACH SAMPLE. 
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different temperatures, expressed by specific growth 
rates. Comparing all the results above it can be concluded  
temperatures, since the experiment with just glucose as a 

carbon and energy source had similar “trends”.  

By analyzing the graph from Figure 2, one can observe 
that Saccharomyces boulardii is able to grow at the 
different studied temperatures, although this growth is 
residual and not significant in the case of 0 ºC (0,003 > µ 
> 0,002 (h-1)). 
Regarding the lag phase of different experiments it is 
observed that the higher the study temperature, the 
shorter the lag phase. At 2ºC, around 100 hours were 
necessary to initiate the growth phase, while at 8 ºC the 
yeast needed 25 hours and at 16 ºC the growth was 
initiated immediately after inoculation. Since the inoculum 
was prepared at 16 ºC, these results are predictable. 
There is no lag phase in the experiments at 16 ºC because 
the yeast was already adapted to this temperature. In the 
other cases, the lag phase results in the time that the yeast 
needed to adjust to the new growth temperature. It is 
noticeable also that this lag phase is larger at lower 
temperatures, as expected.  
Considering the final biomass concentration values, at 2 
ºC the final concentration reaches values of 6 g/L. In the 
case of 8 ºC experiments, these values are slightly higher 
and around 7 g/L. Finally, at 16 ºC the final biomass 
concentration is 10 g/L. This reveals that the yeast is able 
to develop and grow easily under higher temperatures, 
spending less substrate for maintenance purposes. 
Finally, the specific growth rate allows an objective 
comparison of the growth properties of the 
microorganisms. This value is influenced by the 
microorganism used, medium composition, temperature 
and oxygen presence. Temperature is, however, one of 
the most important factors affecting the growth of the 
growth of microorganisms. When the temperature 
increases towards the optimal growth temperature, the 
specific growth rate of yeasts follows the same trend. It 
was stated that a linear relationship exists between the 
square root of the specific growth rate of yeasts and the 
growth temperature in the suboptimal temperature range 
[23]. The only variables in these experiments were the 
temperature and media composition. Comparing the 
specific growth rate values from the different conditions it 

can be concluded that the µ values are higher at 16 ºC 
which was expected. 
Figure 2 only shows the experiments using YPG media 
with glucose and dextrin. The trials using YPG media with 
glucose had similar growth trends, with slightly higher final 
biomass concentration values. Thus, to understand the 
effect dextrin would have in the beer production with 
Saccharomyces boulardii, another experiment was carried 
out, using a medium with just dextrin. It was expected that 
this yeast would grow in a medium using dextrin but would 
not be able to consume it with the same efficiency as 
glucose [24]. Therefore, when fermenting a wort 
containing dextrin, the sugar content in the final beer 
would be higher as these are not totally transformed into 
ethanol. This could have a positive effect allowing higher 
palatefulness and more flavor to possibly improve and 
enhance the beer. Actually, in this case the final biomass 
concentration achieved 8g/L, a lower value when 
compared with the growth in glucose or in glucose + 
dextrin (10g/L and 12g/L, respectively). Regarding the 
growth in dextrin medium at 16 ºC, another observation is 
that there is a lag phase of ca. 25 h, while in the other 
experiments at the same temperature there is no lag 
phase visible. This difference comes from the fact that the 
inoculum was prepared with glucose and dextrin. Thus, 
the lag phase results from the time needed by the yeast to 
adapt to the new medium.  
In this experimental campaign temperatures higher than 
16 ºC were not studied, despite being more suitable for the 
yeast growth, because strains that grow at low 
temperatures are used in bottom-fermentations of beer. In 
case of Saccharomyces boulardii the optimal growth 
temperature is around 37 ºC, thus, it was relevant to 
analyze if it could grow at lower temperatures typical for 
beer fermentation. Lower temperatures also allow to 
control the fermentation more precisely, in particular in the 
case of alcohol-free beer production. 
 

Ethanol study. It is imperative to know how cells react 

to ethanol because if this strain is applied in beer 
production the cells will be exposed to it, even though it is 
an alcohol-free beer. Figure 3 shows that the strain is 
reasonably influenced by the ethanol concentration. Even 
though S. boulardii is able to grow in ethanol presence, 
this growth is inhibited: the higher the ethanol 
concentration is, the lower is the final biomass 
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concentration. Since this is a study focused mainly in 
alcohol-free beer (AFB) production, this fact is not 
substantial. The highest values of ethanol were chosen 
just to verify and confirm previously expectations that the 
yeast would be influenced and inhibited by them. As 
mentioned above, AFB can only reach 3.945 g/L of ethanol 
(0.5% ABV) and therefore with these ethanol 
concentration the biomass growth is not significantly 
influenced. 

Iso-alpha alcids study. Another important factor in 
beer production is the hop addition. To mimic the influence 
of the hop in beer, iso-alpha acids were added to the YPG 
media tested. These acids are responsible for the 
bitterness and are typically produced when the hop is 
added to the boiling wort [25]. 

It is noticeable that there is no influence of the iso-alpha 
acids on the growth of the yeast. All the curves have the 
same lag phase, around 20 h, and reach similar values of 
final biomass concentration (9 g/L), not depending from 
the iso-alpha acids concentration. These results proved 
that Saccharomyces boulardii can grow in environments 
with different concentrations of hops which is a remarkable 
advantage if this yeast is used in the production of other 
types of beer with high content of bitter iso-alpha acids. 
 

Lactose study. The possibility to grow the yeast on 
lactose was also tested. This disaccharide is constituted 
of glucose and galactose and is not usually fermentable 
by S. boulardii [26]. However, its presence in beer without 
being fermented could add extra flavor and could provide 
a taste of sweetness.  
Saccharomyces boulardii was not capable of consuming 
lactose at this temperature since there was no growth of 
biomass. Given this result in Figure 5, lactose can be 
added to the final beer in order to provide extra flavor, 
taste and a more body to the beer.  

3.2. Fermentation  

Fermentable sugars consumption and ethanol 
formation. One of the interesting points to evaluate the 

fermentation performance of the yeast Saccharomyces 
boulardii was the consumption of fermentable sugars 
(glucose, maltotriose, maltose and fructose) and the 
ethanol formation (data from ethanol not shown). These 
parameters were monitored using HPLC. 

Regarding fermentable sugars consumption, the main 
observation was that Saccharomyces boulardii is able to 
convert all of the analyzed sugars to ethanol. There is no 
major visible relation between sugars consumption and 
the original extract concentration (Figure 6). However, 
higher values of consumption are obtained mainly at 
higher temperatures. This was the case of column 7 and 
10. The lowest value was obtained from column 2, as was 
expected, since this columns had the lowest values of all 
parameters.  Columns 11, 12 and 13 have really similar 
values of total sugar consumption since they represent the 
three central points and the parameters are the same 
(Figure 6 c).  
In general, most yeast strains are glucophilic, i.e. they use 
most of the glucose in the wort before consuming the other 
monosaccharides. They also ferment most of the 
monosaccharides before fermenting maltose and 
ubsequently maltotriose. However, some strains act 
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differently, consuming maltose and maltotriose at the 
same time as monossacharides [27]. Although this seems 
to be an exception, it was seen that in every columns 
maltotriose and maltose are consumed before all the 
glucose and fructose amount is finished. Thus, it seems 
that S. boulardii is different from the most of the yeast 
strains used in brewery. 
Another relevant fact to consider is that, in general, the 
formation of ethanol was proportional to sugar 
consumption, as was expected. 
 

Optimization of process variables. In most of EU 

countries alcohol free beers (AFB) are containing ≤ 0.5 % 
alcohol by volume (3.945 g/L). Therefore, to allow the 
comparison of flavor active by-products formed under 
different conditions, the fermented worts were unified by 
the legally admitted maximum ethanol content. This was 
achieved by hypothetical dilution or concentration of AFB. 
While dilution of more concentrated beers is common 
practice, the hypothetical “concentration” of AFB was 
based on a simplifying assumption that further 
fermentation would increase the content of each flavor 
active compound proportionally to ethanol. In order not to 
encumber the results with large errors caused by this 
simplifying assumption, the fermentations were conducted 
in a way, that the final AFB would require only minor 
dilution or concentration. ES and HA responses already 
corrected based on the unification by legally maximum 
ethanol content are presented in Table 5. The results 
obtained from ANOVA analysis of variance based on 
experimental data are presented in Tables 6 and 7. 

The multifactorial model analysis for volatile compound 
formation (ES and HA) by this strain had considerable high 
F-values (218.79 and 30.27 for ES and HA, respectively) 
and low p-values (0.0005 and 0.0008), which indicated 
that the models were significant and are correct method to 
express the data. The good correlation between the 
experimental and predicted values was confirmed by the 
proximity of the determination (R2) and adjusted 
determination (Adj.R2) values in the case of ES (Table 6). 
On the other hand, in the case of HA model analysis these 

values are not so similar, suggesting that the experimental 
values are not analogous as the predicted ones (Table 7). 
Nevertheless, this difference is not significant which leads 
to conclude that the model was able to predict the 
responses correctly. The adequate precision, which 
indicates noise to signal ratio, was found to be high (ES – 
41.706 and HA – 20.278) suggesting the suitability of the 
model to navigate the design space (data not shown in 
these tables).   

 

The multiple regression analysis of the experimental data, 
carried out by the Design Expert software, generated two 
second-order polynomial equations for the studied strain. 
These equations demonstrated the significance of the 
three linear factors, their quadratic and interactive terms in 
predicting the responses (ES, HA). In Tables 6 and 7 the 
reduced models parameters neglecting the insignificant 
terms are presented. The statistically insignificant terms 
were preserved only when required by model hierarchy. 
By Table 6, the formation of total esters (ES) according to 
the model was significantly (p < 0.0500) influenced by 
every terms unless the linear term E and one interactive 
term - ET. Considering that a term is not significant when 

TABLE 5 - CENTRAL COMPOSITE DESIGN MATRIX AND RESPONSE VALUES OF TOTAL 

ESTERS (ES) AND HIGHER ALCOHOLS (HA) FORMATION BY SACCHAROMYCES 

BOULARDII, AS A RESULT OF VARIATION IN PROCESS VARIABLES (FACTORS): WORT 

ORIGINAL EXTRACT (E), TEMPERATURE (T) AND PITCHING RATE (P). THESE VALUES ARE 

ALREADY CORRECTED BASED ON THE UNIFICATION BY THE LEGALLY MAXIMUM ETHANOL 

CONTENT. 

 
Column 

Factors Response 

E T P ES HA 

1 0 0 +1 0.35957 8.63132 

2 -1 -1 -1 0.181568 6.20869 

3 0 0 -1 0.189561 7.23085 

4 -1 0 0 0.524753 6.27354 

5 +1 0 0 0.536757 6.0862 

6 0 -1 0 0.15329 3.45061 

7 -1 +1 +1 0.621335 16.518 

8 +1 -1 +1 0.130906 5.41263 

9 0 +1 0 0.691673 10.6767 

10 +1 +1 0 0.715962 11.3043 

11 0 0 0 0.465232 6.54203 

12 0 0 0 0.470418 7,45037 

13 0 0 0 0.501165 7,38818 

 

Table 7 - ANOVA for response surface quadratic model of HA 

formation by Saccharomyces boulardii. 

Source SSQ d.f MSQ F-value 
p-value 

(probability>F) 

Model 128.59 7 18.37 30.27 0.0008 

E NS 1 NS NS 0.9593 

T 53.62 1 53.62 88.36 0.0002 

P 3.13 1 3.13 5.15 0.0724 

ET 0.45 1 0.45 0.74 0.4288 

EP - - - - - 

TP 3.50 1 3.50 5.76 0.0615 

E2 - - - - - 

T2 2.74 1 2.74 4.51 0.0871 

P2 5.90 1 5.90 9.72 0.0263 

Residual 3.03 5 0.61  

Lack of Fit 2.52 3 0.84 3.26 0.2435 

Pure Error 0.51 2 0.26  

Cor Total 131.62 12   

R2 0.9770   

Adjusted R2 0.9447   

 
SSQ, Sum of squares; d.f., degree of freedom; MSQ, mean square; NS, 
not significant. 

 

Source SSQ d.f MSQ F-value 
p-value 

(probability>F) 

Model 0.50 9 0.056 218.79 0.0005 

E NS 1 NS NS 0.9427 

T 0.13 1 0.13 522.46 0.0002 

P 0.019 1 0.019 75.78 0.0032 

ET NS 1 NS 3.13 0.1749 

EP 0.012 1 0.012 47.56 0.0062 

TP NS 1 NS 37.50 0.0088 

E2 NS 1 NS 21.10 0.0194 

T2 NS 1 NS 29.82 0.0121 

P2 0.069 1 0.069 267.78 0.0005 

Residual NS 3 NS  

Lack of Fit NS 1 NS 0.038 0.8627 

Pure Error NS 2 NS  

Cor Total 0.51 12  

R2 0.9985  

Adjusted R2 0.9939  

SSQ, Sum of squares; d.f., degree of freedom; MSQ, mean square; NS, not 
significant. 

 

Table 6 - ANOVA for response surface quadratic model of ES 

formation by Saccharomyces boulardii. 
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p-value > 0.1000, one perceives that the terms E and ET 
are not significant. However, ET presents a value close to 
0.1000 which means that can still have some significance 
in the model. One also conclude that the linear term (T) 
and the quadratic term (P2) have the largest effect on 
esters production, once they have the lowest p-values. 
Finally, the term with less influence in the model is E, 
having a high p-value. Nevertheless, this term was left for 
hierarchical reasons. 
Similarly, regarding HA formation by S. boulardii (Table 7), 
this model was most significantly influenced by the linear 
term (T) and by the quadratic term (P2) since they present 
lower p-values. Once again, the linear term E and the 
interactive term ET are considered not significant since 
they present values higher than 0.1000. Also, the 
interactive term EP and the quadratic term E2 were 
removed in order to allow the model to be significant and 
E was left to keep the hierarchy. The final equations for ES 
and HA formations by S. boulardii, when expressed in 
terms of coded factors are: 

 

𝐸𝑆 = 0,52 + 8,055𝑥10−4𝐸 + 0,29𝑇 + 0,11𝑃 − 0,032𝐸𝑇 + 0,16𝐸𝑃 +

0,17𝑇𝑃 + 0,049𝐸2 − 0,080𝑇2 − 0,21𝑃2       

𝐻𝐴 = 7,26 + 0,027𝐸 + 4,69𝑇 + 1,25𝑃 − 0,61𝐸𝑇 + 2,38𝐸𝑃 + 1,36𝑇2 +

1,66𝑃2                                  

The 3D response surface plots are graphical 
representations of the regression equations, visualizing 
the relationship between the independent and response 
variables. Each plot shown in Figures 7 and 8 depicts all 
of the independent linear variables, for the given response 
variable, while the third linear variable was kept constant 
at coded level zero. Considering the ester formation 
response of the Saccharomyces boulardii it can be seen, 
that the amount of ES in AFB increases with T (Figure 7 
b). Also, in general it is observed a growth of the ES with 
the simultaneous increasing of the T and P (Figure 7 b). 
On all the figures is notable that the most significant 
independent variable is the temperature while the original 
extract has the smallest influence on ES formation by the 
yeast. In Figure 7 c this lack of influence is prominent since 
the amount of ES has no changes with different 
percentages of E. In the case of HA formation model, the 
only significant linear variable was once again the 
temperature (T), but to maintain the hierarchy of the 
model, the other independent terms were preserved. As 
can be seen in Figure 8 a and c, the effect of T is really 
relevant and higher values clearly enhances the HA 
formation. Regarding the original extract (E) it has almost 
no influence on the experiments as shown in Figure 8 a 
and b. Finally, the pitching rate (P) has some influence 
together with the variable T (Figure 8 c) expressed as 
interactive term PT. 
 

Validation of the model. To maximize the content of 
volatiles (ES and HA) in AFB, the independent variables 
and their interactions were analyzed by Design Expert 
software. The optimal values of E, T and P generated by 
the program were: E – 6.931% wt.; T – 14ºC; P - 11.801 x 
106 cells/mL. These values would produce a beer with a 

total amount of esters of 0.716 mg/L and a total amount of 
higher alcohols of 15.663 mg/L. 
 
Regarding the results, a proportional ES and HA formation 
to the ethanol formation was observed. The formation of 
ES is residual though (values lower than 1 mg/L) while the 
HA reached values of 15 mg/L. However, these small 
amounts of ES and HA are actually predictable, since the 
aim was to obtain an AFB using the limited fermentation 
method. 
Although the obtained values of ES and HA are low, their 
trend are in accordance with literature. A higher amount of 
higher alcohols comparing to lower values of esters was 
expected, since HA are the most abundant organoleptic 
compounds present in beer [20]. Indeed, this fact can be 
confirmed by this work, although a minimal amount of 
esters was detected. Also, the higher the total sugars 
consumption was, the larger was the amount of ethanol 
produced, as expected. 
Temperature is an important parameter to control and 
manage in beer fermentation. Increased fermentation 
temperatures usually stimulate the formation of volatile 
metabolic by-products through increased cellular growth. 
It was reported that increasing fermentation temperatures 
stimulate the expression of permeases that promote the 
transport of valine, leucine and isoleucine into the yeast 
cell leading to increased metabolic flux through Ehrlich 
pathway, and consequently enhancing higher alcohol 
formation [28], [29]. Consequently, a temperature increase 
leads also to an increase of esters, since higher alcohols 
are required to ester formation [30]. In addition, the genes 
encrypting alcohol acetyltransferase (ATF1, ATF2) are 
upregulated with increasing temperatures and the 
expression of these genes are correlated with the final 
concentration of important esters [31]. All of these 
assumptions are in agreement with the finding of this 
study. Temperature had a significant and positive impact 
on ES and HA formation by Saccharomyces boulardii. 
According to the literature, the amount and composition of 
carbon sources has also effect on the accumulation of 
volatile compounds in beer. By increasing wort 
concentration, all acetate esters are overproduced by 
brewer yeasts [31]. Indeed, in the present work the results 
lead to the conclusion that this statement is correct. Also, 
worts rich in monosaccharides (glucose, fructose) typically 
result in beers with higher ES contents than those rich in 
maltose [32], [33]. As an explanation it was suggested that 
glucose increases acetyl-CoA formation, which is the 
primary substrate for acetate esters synthesis [34]. 
However, the increasing amount of ES is not truly 
significant and the values are similar from column to 
column. Thus, the original extract does not have a major 
influence in the fermentation with S. boulardii. Similarly to 
ES, the final concentration of HA in beer is determined by 
the uptake efficiency of amino acids and sugar utilization 
rate [20]. Comparing the results from column 4 and 5 with 
the same conditions and differing only in the original 
extract concentration (2% and 12% wt, respectively), it can 
be seen that this parameter does not have a major 
influence in the ES and HA formation with S. boulardii. 
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In traditional alcoholic beer fermentation the increasing 
pitching rate (P) increased significantly the fermentation 
rate, without affecting significantly the production of 
volatile compounds [35]. In this case, it was observable by 
comparing the different fermentation columns that the ES 
and HA formation increased with the increase of P.  
 

Sensory Analysis. From all the columns, 4 were 
chosen to evaluation. Column 2 had the lowest amount of 
ES, column 6 had the lowest quantity of HA, column 7 the 
highest quantity of HA and column 10 the highest amount 
of ES. The overall evaluation revealed that the best beer, 
considering all the parameters, was from the column 7 (E 
– 2% wt.; T – 14 ºC; P – 12x106 cells/mL) supporting the 
idea that HA formation provide an enhancement of the 
taste and flavor of the beer. On the other hand, the worst 
beer was from column 2 (E – 2% wt.; T – 2 ºC; P – 2x106 
cells/mL). This beer was very weak at every points: 
bitterness, body, taste and aroma and was the column with 
lower values of ES and HA. 
The beer with more off-flavors was from the column 
number 10 (highest ES formation). These off-flavors were 
described as caramel, wort, honey and molasses. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4. CONCLUSION AND FUTURE 
PERSPECTIVES 

Considering the study made with Saccharomyces 
boulardii, this yeast strain has a considerable potential in 
low alcoholic and alcohol-free beer production. This result 
is a remarkable outcome since the beer fermented with 
this strain could have an added value of the probiotic 
positive effect in the intestinal microflora as compared to 
the normal beer. However, several further studies should 
be carried out to confirm the probiotic relevance of 
Saccharomyces boulardii in beer. Testing this beer as a 
nutraceutical supplement in several groups of people with 
intestinal diseases would be necessary in order to 
understand the efficiency and to verify if they would get 
better. Another aspect to have into account would be to 
test the long term viability of S. boulardii in stored beer. In 
other words, how long the yeast persists and “survives” in 
beer. Low temperatures of storage would be needed to 
allow the preservation and conservation of original 
sensory characteristics of the beer. Actually, there are 
already commercialized beers that do not go through 
pasteurization processes of conservation, for example. 
Additionally, another relevant study would be to monitor 
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ES and HA during further beer maturation. Finally, it would 
be also interesting to investigate if this strain could be 
applied in alcoholic beers as well. From this experiment it 
was concluded that the growth of S. boulardii is influenced 
by the ethanol concentration in the medium. However, 
genomic experiments in order to understand which genes 
are responsible for the yeast tolerance towards ethanol 
could be carried out. These genes could be modified to 
extend this tolerance. This would be a major outcome in 
order to compete with diverse and different beer markets 
that already exist.  
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