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ABSTRACT 

 

Eating habits have changed over the decades in pursuit of a healthier diet. Therefore, 

food and drink are nowadays consumed with the purpose of disease prevention or 

treatment instead of only basic nutrition. Probiotic beer is a suitable alternative to 

spread and popularize probiotic consumption. Amidst the rising popularity of probiotic 

consumption, comparative controlled trial has been independently carried out 

challenging Saccharomyces. boulardii strain to act as a brewer's yeast for probiotic 

beer production. Conventional brewer’s yeasts have been used as the control. The 

main objectives studied were: (i) process parameters (pH, ethanol tolerance, initial cell 

concentration and temperature); (ii) kinetic of yeast growth in conventional or in 

probiotic beer; and (iii) resistance to gastrointestinal (GI) transit. A polynomial 

mathematical model obtained from the experimental design based on the yeast growth 

show the possibility of using S. boulardii for probiotic alcoholic beverages 

development, up to 11.9 °GL. S. boulardii was  able to grow in a beer fermented 

similarly to the conventional brewer's yeast or to perform fermentation in the brewer's 

wort with alcohol production. S. boulardii have a good capability to withstand such 

harsh conditions from the beer and GI transit, since population did not decrease 

dramatically over 60 days storage period. S. boulardii reveal potentialities of acting as 

brewer's yeast for probiotic beer development, since it may ferment the wort-beer and 

withstand such harsh conditions of beer and GI transit, in overlapping stress factor. It 

is worthwhile to evaluate further beneficial properties of probiotic beer produced by this 

strain. 

 

Keywords: functional beverage, alcoholic resistance, yeast, gut, dysbiosis.  



 

 

RESUMO 

 

A conscientização do consumidor sobre o impacto da ingestão dos alimentos na saúde 

tem aumentado recentemente, sendo o consumo de alimentos e bebidas contendo 

microrganismos probióticos uma escolha potencial. Uma das alternativas para 

disseminar e popularizar o consumo desses microrganismos é a produção de cervejas 

probióticas. Os objetivos desta pesquisa foram: (i) otimizar os parâmetros de processo 

(pH, tolerância ao etanol, concentração inicial de células e temperatura) de 

Saccharomyces boulardii; (ii) avaliar cineticamente seu crescimento em cerveja 

fermentada por levedura cervejeira convencional; e (iii) sua utilização durante a 

fermentação de mosto cervejeiro, para produção de cervejas probióticas. A partir do 

planejamento experimental foi obtido um modelo matemático polinomial do 

crescimento de S. boulardii, sendo verificada a possibilidade do uso deste 

microrganismo para produção de bebidas alcoólicas probióticas com teor alcoólico até 

11.9 °GL. S. boulardii mostrou-se capaz de se desenvolver em cerveja fermentada por 

outra levedura cervejeira convencional e de realizar fermentação no mosto cervejeiro 

com produção de álcool comparável com leveduras industriais. Também foi verificada 

sua capacidade de se manter viável durante o armazenamento refrigerado (0 °C) por 

60 dias, demostrando boa resistência às condições gastrointestinais in vitro. O uso de 

S. boulardii apresentou-se como alternativa para produção de cervejas probióticas, 

mantendo características físico-químicas próximas a cervejas convencionais e 

mantendo-se viável acima da dose mínima descritas em outras pesquisas para 

conferir benefício à saúde do hospedeiro durante o período de armazenamento 

analisado. 

 

Palavras-chave: bebida funcional, resistência ao álcool, levedura, intestino, disbiose.   
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1 INTRODUCTION 

The profile of the population around the world has changed nowadays. 

Healthy lifestyle is linked to a balanced diet where the function of food is beyond basic 

nutrition. A number of researches have been raised towards the effects from functional 

foods on the host. They are considered “live microorganisms which when administered 

in adequate amounts confer a health benefit on the host” (Hill et al., 2014). 

Research on probiotic matrices have been mainly focusing on the use of 

probiotic lactic acid bacteria in dairy products. Saccharomyces cerevisiae var. 

boulardii, named S. boulardii is a yeast firstly isolotated from litchi and mangosteen 

fruits by Henri Boulard in 1923, and is still the only scientifically recognized yeast to be 

probiotic. It is main administrated by drugs, in capsules or sachets in lyophilized form, 

aiming diarrhea treatment caused by Clostridium difficile and recovery the health gut 

microbiome. 

Due to its similarity to S. cerevisiae, highlighting characteristics close to the 

conventional brewer’s yeast, there is a possibility of using S. boulardii in brewing. The 

objective of this study was to evaluate technological and functional properties of S. 

boulardii for producing probiotic alcoholic fermented beverages. Survivability to 

gastrointestinal (GI) transit was also evaluated. 

Two strategies were used to apply S. boulardii in the production of probiotic 

beers. First, we studied the fermentation potential of S. boulardii comparing to the 

conventional brewer's yeast. Thereafter yeast performance was played in a pilot-

industrial production. 

Two styles of beers were tested during the experiments. India Pale Ale (IPA) 

has been tested to subject S. boulardii to the most unfavorable growth conditions due 

to the higher alcohol concentrations. Wheat beer was tested because it is a normally 

unfiltered beer with the presence of sedimented yeast at the bottom of the bottle, 

characteristics that match the type of beer proposed, with the presence of the living 

probiotic.
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2 OBJECTIVES 
 

2.1 GENERAL 

The objective of this study was to evaluate the viability of using Saccharomyces 

boulardii to probiotic beers development. 

 

2.2 SPECIFICS 

• Optimize the Saccharomyces boulardii growth by evaluating the independent 

variables alcohol content, pH, initial probiotic concentration and temperature. 

• Produce a beer fermented by conventional brewer's yeast and after 

pasteurization inoculate Saccharomyces boulardii, evaluating kinetic 

parameters during cell growth, survival to cooled storage and mimic transit 

resistance by gastrointestinal conditions. 

• Produce a beer fermented by Saccharomyces boulardii, evaluating kinetic 

parameters during cell growth, survival to cooled storage and mimic transit 

resistance by gastrointestinal conditions. 
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3 BIBLIOGRAPHIC REVIEW 

 

3.1 BRIEF HISTORY OF BEER 

Beer is one of the oldest alcoholic beverages in the world, first producing 

recorded by the Sumerians. However, there is no agreement at the period which the 

first production was made, ranging from 3,000 BC to 4,000 BC (IIMURE and SATO, 

2013; CARDELLO et al., 2016; BUCHHOLZ and COLLINS, 2013). It is known that 

humankind have experienced the fermentation process over 10,000 years ago, 

probably by the contact between water and cereals, beginning the alcohol fermentation 

process (CARDELLO et al., 2016). There are records through cuneiform scriptures 

dating from the year 2800 BC in Mesopotamia, which describe the daily distribution of 

beer and bread to the field-workers. From 1728 to 1686 BC King Hammurabi of 

Babylon established laws to regulate the production and distribution of beer (KUNZE, 

2014). 

During the Middle Ages, water was often polluted. Beer and wine consumption 

was considered safe, since that water seems to be treated by natural acids produced 

during fermentation process. For this reason, for many centuries beer and wine were 

the beverages used to combat the thirst of the lowest upper classes of society (KUNZE, 

2014; HORNSEY, 2003). 

With the expansion of the Roman Empire, wine became more widely distributed 

with the emergence of trade routes in the Mediterranean Sea, being the favorite 

beverage of the upper class, while beer continued to be consumed by the lower classes 

(CABRAS and HIGGINS, 2016). However, beer was still the favorite drink of the 

Germanic and Celtic populations, situated at the northern and eastern Europe 

(GARAVAGLIA and PEZZONI, 2013). The determinant factor of preference for beer is 

directly linked to the weather: cold regions are more favorable to the barley cultivation 

than grapes (POELMANS and SWINNEN, 2011). 

German’s monks were responsible for introducing hops in beer, it was added in 

order to get the balance of sweet taste from the malt drink and additionally is a natural 

preservative (CABRAS and HIGGINS, 2016). On April 23, 1516, William IV, named the 

Duke of Bavaria, established the first beer quality law - The Beer Purity Act, or 

Reinheitsgebot. It describe as beer ingredients only water, hops and barley malt. In 

1906, the Reinheitsgebot was extended to all Germany (MEUSINGER, 2019; DIAS e 

FALCONI, 2018). 
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3.2 BEER IN BRAZIL 

The Portuguese introduced Brazil to beer when the Royal family moved to the 

country, in 1808. Raising popularity after 1810s with the opening of ports. At that time, 

beer was an imported product: Rio de Janeiro, São Paulo, Salvador and Recife 

received beers from English, Dutch, German, Danish and Norwegian, sold in. 

However, for cultural and economic reasons, Portuguese’s wine and French’s liqueur 

were still the most prestigious beverages in Brazil (SOUZA, 2004; CÂMARA 

CASCUDO, 2017). 

For many years, most of the beer consumed in Brazil was brewed abroad 

(SOUZA, 2004). In 1836, the first national beer manufactory was registered at the state 

of Rio de Janeiro by means of an advertisement on the “Jornal do Comércio”, which 

offered a healthy, inexpensive, pleasant and long-lasting drink (SANTOS, 2004, MELO 

e KARLS, 2018).  

From ahead the 1860s, new breweries were established, increasing both 

production and spreading the consumption. But, due to First World War, the raw 

materials became scarce and the manufactories faced a major problem in buying it, 

since malt and hops were imported from Germany and Austria. Then, breweries began 

to use another source of starch such as corn, rice and wheat (SANTOS, 2004). 

The first Brazilian brewery manufactory aiming industrial production was built in 

Porto Alegre, between the 1870s and 1880s. The first ice-producing refrigeration 

machines that emerged in Brazil were imported, reaching Rio de Janeiro and São 

Paulo. This fact caused the migration of breweries to these locations due to the need 

for temperature control in the fermentation process. During this period, Companhia 

Cervejaria Brahma and Antarctica Paulista were founded, years later merged to form 

AmBev. After a new merger in 2004 with Belgian brewer Interbrew, it formed the 

multinational Anheuser-Busch InBev, better known as AB InBev, becoming the largest 

brewing industry in the world (SANTOS, 2004). AB InBev has 63.0% of the Brazilian 

beer market share, followed by Heineken N.K (20.0%), Petrópolis Group (11.9%) and 

other groups with lower market insertion, including homebreweries, with 5.1% 

(ABRALATAS, 2017). 

Brazil currently rank as the third largest beer producer in the world, having 

produced 14.0 billion liters in 2017, behind only 44.0 billion liters in China and 21.8 

billion liters in the United States, and ahead of Mexico with 11.0 billion liters, Germany 
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with 9.3 billion liters, Russia with 7.4 billion liters and Japan with 5.2 billion liters 

(BARTH and MEIER, 2018).  

The beer sector represents one of the most traditional industrial sectors in 

Brazil, having wide capillarity and which is present in all cities of the country, from 

agribusiness to retail marketing. This sector covers processing, packaging, logistics, 

machinery, construction, among others, providing jobs in various fields (CERVBRASIL, 

2016). 

Beer production chain in Brazil mobilizes around 12,000 suppliers of goods and 

services and approximately 8 million professionals from various specialties. Given 

these data considered significant, it is possible to verify the importance of the sector in 

the national economy and the contribution it provides in the expansion of productive 

parks, generating more taxes, jobs, income and, consequently, a greater degree of 

sustainable development for Brazil. The beer sector is one of the most relevant 

economy in Brazil, with investments reaching billions of reais (CERVBRASIL, 2016). 

The beer industry can be one of the most important productive activities of the 

21st century, although consumption and consequently its production has only become 

expressive in the last 150 years, even though it was an ancient product among 

alcoholic beverages (LIMA et al., 2017; MARCENA, 2015). In the current market, its 

consumption is globalized and Brazil's participation in this internationalized market has 

attracted the attention of large companies operating in the sector (LIMA et al, 2017). 

Beer is the third most popular beverage in the world after just tea and coffee 

(RODHOUSE and CARBONERO, 2019). 

In 2017, as it has been in other years, the beer industry was of great importance 

to the Brazilian economy, with a 1.6% share of the Gross Domestic Product (GDP), 

raising 21 billion reais in taxes and with 2.7 millions of direct and indirect jobs. The 

sector is responsible for the creation of more than 50 factories in industrial parks, 

makes up 14% of the manufacturing industry, reaches revenues of 107 billion reais 

and invested 12 billion reais from 2014 to 2017 (CERVBRASIL, 2019). 

In Brazil, Decree No. 6,871 of June 4, 2009, which establishes beer as the 

beverage obtained by the alcoholic fermentation of brewer's wort from barley malt and 

drinking water, by the action of yeast, with the addition of hops (BRAZIL, 2009). 
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3.3 RESEARCH ON BEERS 

Yeast metabolism on the malt sugar, through alcoholic fermentation makes 

beer. Saccharomyces cerevisiae is the most widely used and studied yeast. Besides 

S. cerevisiae, Saccharomyces pastorianus (synonym for S. carlsbergensis, which was 

generated from the crossing between S. cerevisiae and S. bayanus) is another yeast 

widely used (FIGUEIREDO, 2016; CAPECE et al., 2018; TROIANOU et al., 2019), 

they are the most species used to  starter cultures (BUDRONI et al., 2017). Starter 

cultures is used to increase the efficiency of fermentation process, increase the 

development of new beers and diversity of beverage sensory (CAPECE et al., 2018; 

MACHADO et al., 2018; DI CAGNO, FILANNINO and GOBBETTI, 2016). 

Basically, S. cerevisiae is a top-fermentation yeast (Ale-type beer). It means that 

the yeasts raise to the upper of the fermenter tank at the end of the fermentation 

(RODRIGUES, 2017). In contrast, S. pastorianus is a low-fermentation yeast (Lagers 

beer). Its feature is to remain in suspension over fermentation, thereafter flocculate 

and sediment (CUBILLOS et al., 2019). 

In addition to the transformation of wort sugars into alcohol and carbon dioxide 

(CASSANEGO et al., 2018), playing important role to the flavors of beer, producing 

different styles of beers. Different concentrations of secondary metabolites produced 

during fermentation (higher alcohols, esters, aldehydes, ketones, organic acids and 

phenols) assigning characteristic give specific flavors that contribute to the sensorial 

properties of beer (HE et al., 2018). 

Interactions among polyphenols (e.g. proanthocyanidins), proteins and specific 

amino acids are important to the stability and sensorial characteristics of beer, since 

amino acid residues also take part in the production of aromatic compounds (DAS et 

al., 2015). 

The strain used in the process and the ingredients composition directly affect 

the sensory characteristics of beers. Corn, rice, sorghum, rye, barley, oats and wheat 

have long been used as adjuncts or malt substitutes in beer recipes. These adjuncts 

should be high in carbohydrates such as dextrin and starch or even simple 

carbohydrates such as glucose, fructose, maltose and sucrose. Corn and rice can be 

considered as classic grains for beer production. They are a useful alternative due to 

their high availability and low cost compared to barley malt (JORGE et al., 2018). 

He et al. (2018) analyzed the influence of extruded maize starch and cooked 

maize starch in beer. In both cases, five fermentable sugars (fructose, glucose, 
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sucrose, maltose and maltotriose) were detected. Except for maltose, higher contents 

of these sugars were present in beer with extruded cornstarch. Moreover, regarding to 

identified flavor compounds, the cooked corn starch sample presented lower 

concentration compared to the extruded sample. 

Flores-Calderón et al. (2017) developed a process for preparing beers using 

pigmented corn varieties capable of providing polyphenols and anthocyanins with 

antioxidant properties. Succeeding in such a process, the authors explored the effect 

of adding caramel malt and different amounts of hops and guajillo pepper, thus 

generating various styles of blue malt beers. The authors aimed to evaluate these 

effects on selected chemical parameters and antioxidant properties in three different 

stages of beverage fermentation. Low alcohol beers were obtained and the values of 

total reducing sugars, alcohol, pH, total acidity, bitterness units and iso-α-acids during 

the production steps were similar to the barley beers. In addition, throughout the 

process, anthocyanin, polyphenol and antioxidant capacity decreased, indicating that 

the interaction of the ingredients produced effects on the chemical composition and 

antioxidant activity in the beers. 

According to Peris et al. (2018), industries that use alcoholic fermentation 

products, such as breweries, wineries and biofuels, must adapt to new market 

demands due to changes in consumer profile. One solution is the development of 

hybrids of S. cerevisiae with other yeasts, such as S. kudriavzevii, in order to develop 

new flavors. 

Based on this statement, brewing processes using co-cultured hybrid yeast 

strains have been studied with good results. In the study carried out by Nikulin, 

Krogerus and Gibson (2018), it was observed that co-cultured yeast Saccharomyces 

cerevisiae and Saccharomyces bayanus was possible to obtain two essential 

characteristics for the production of lager beer: efficient use of sugar and low 

temperature tolerance. In addition, the authors studied other hybrids from S. 

cerevisiae, which were able to develop most aromatic beers, due to the significant 

production of higher alcohols and esters at low temperature. 

Compounds present in beer play a key role to the anti- and pro-oxidant potential 

but also interact to the other beer constituents such as metal ions and proteins by 

influencing the taste, color, foam formation and colloidal stability. Despite the 

substantially higher content of hop polyphenol, most of the beer polyphenols (70% to 

80%) came from barley malt (Wannenmacher et al., 2018). 
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Regarding to the use of innovative fermentation processes in the brewery, Das 

et al (2015) optimized the alcoholic fermentation performed by Saccharomyces 

cerevisiae, Aspergillus oryzaee and Lactobacillus plantarum, obtaining optimal 

conditions for the production of beer using rice, banana and cassava starch as 

substrates from northeastern India. The authors concluded about the perspectives of 

bacterial and yeast strains to be used in the fermentation for alcoholic beverages 

development, as well as the variety in beer production that can be made from starch 

substrates. 

In the brewery, the evaluation of unconventional yeasts also presents potential 

for new fermented beverages development. This is confirmed by a study carried out 

by Gutiérrez et al (2018), which tested several strains of microorganisms such as 

Galactomyces geotrichum, Kazachstania zonata, Kluyveromyces lactis, Lindnera 

meyerae, Starmera caribaea, Yarrowia lipolytica and Saccharomycodes ludwigii, to 

ferment wine, cider and beer. A variety of aromatic compounds that can be produced, 

revealing the yeasts with high production of ethyl butanoate, which characterizes 

passion fruit, mango and pineapple aromas, among other compounds that give fruity 

aromatic flavors.  

 

3.4 BEER: POSSIBLE PREBIOTIC SOURCE 

Nowadays, the relevance of probiotics in alcoholic beverage such as beer is 

perceived. Although researches on that field are still rarely, Kanyer et al (2017) 

considered that beer has potential to provide natural source of prebiotic. 

Prebiotics are defined as non-digestible compounds by the gastrointestinal tract. 

Then they are selectively fermented by the gut microbiota, thus stimulating the growth 

and / or activity of some microorganisms capable of providing health benefits 

(MATHEUS, 2016). Prebiotic compounds are same compounds not (MATHEUS, 2016; 

SOUZA, 2017):  absorbable by the small intestine, inability to be fully digested in the 

body, and non-fermented by commensal microbiota and pathogenic bacteria, being 

fermentable by benefiial microorganisms. 

In this context, Kanyer et al. (2017) proposed that compounds present in beer 

can have prebiotic effect. The authors observed that intestinal-associated strains of 

Lactobacillus were able to thrive in these compounds called oligosaccharides. Beer 

contains low molecular weight β oligosaccharides from the degradation of β-glucans, 

polysaccharides naturally present in S.cerevisiae cell wall (KANYER et al, 2017; 
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MATHEUS, 2016). The permanence of oligosaccharides in beer occurs due to S. 

cerevisiae can not assimilates then, thus surviving to the digestion process considering 

the enzymatic stress at low pH. 

 

 

3.5 PROBIOTICS 

In recent years, consumer awareness of the impact of modern lifestyle and 

eating and health habits has increased. Among the many options for a healthier diet, 

ingestion of products containing probiotic microorganisms represents a potential 

choice (THAKUR et al., 2016). 

According to ANVISA's Resolution (RDC) No. 241/2018, probiotic is “living 

microorganism that, when administered in adequate amounts, confers a benefit to the 

health of the individual” (BRASIL, 2018). Definition similar to this is established by the 

Food and Agriculture Organization (FAO) and the World Health Organization (WHO) 

that prescribe “living microorganism that, when administered in adequate amounts, 

confers a benefit to the health” (JOINT FAO/WHO WORKING GROUP, 2002). It is of 

utmost importance that probiotics are alive so that they can modulate the composition 

of the intestinal microbiota to inhibit pathogen development by reducing luminal pH, 

secretion of antimicrobial compounds (bacteriocins), induction of antimicrobial 

compounds (defensins) production by the host, competition for nutrients and 

prevention of bacterial adhesion and epithelial cell evasion (GERRITSEN et al. 2011). 

According to Betz et al. (2015), trillions of bacteria inhabit the human 

gastrointestinal tract, establishing a symbiotic relationship to the host and performing 

important functions such as improving immunity, harnessing energy and altering lipid 

metabolism. Recognition of these important functions has resulted in the development 

of commercial products that include probiotics and prebiotics. 

To be considered probiotic, the microorganisms should attend some additional 

criteria such as: being preferably from human origin; it can be safe to the consumer's 

health, besides being able to stay alive in the food and until the gut; susceptible to 

antibiotics for human use; able to adhere onto intestinal epithelial cells and / or colonize 

the lumen of the tract; and should be proven to be effective (VINDEROLA et al., 2017; 

SAGHEDDU et al., 2019; GHARBI et al., 2019). 
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Antibiotics can disturb the gut microbiota, leading to the gut disturbs, like 

diarrhea. Researches describe that probiotics are able to reduce the incidence of 

diarrhea associated with C. difficile infection (SANDERS et al., 2018). 

Szajewska and Kolodziej (2015) carried out experiments with two antibiotic 

groups, one being used additionally with S. boulardii and the other in the absent of 

probiotic intervention. The authors have concluded that probiotic yeast can reduce the 

overall risk of antibiotic-associated diarrhea in patients. 

Probiotics have also been associated to the cancer prevention and / or control 

through various mechanisms, such as stimulation of the immune system, reducing the 

incidence of infections, regulating intestinal inflammation and interacting with toxic 

compounds (MALEKI et al., 2016). 

Several investigations on probiotics, considering their clinical characteristics 

and therapeutic use, have been performed to date. The main mechanism of action of 

probiotics is competitive exclusion, which is based on colonization of the intestinal 

epithelium walls. Such colonization prevents the adhesion of pathogens, both being 

eliminated in the fecal bolus, avoiding possible diseases, and enabling the 

development of the natural microbiota and/or damaged cells (KUMAR BAJAJ et al., 

2015; SARKAR and MANDAL, 2016; TOMAR et al., 2015).  

RDC 241/2018 (BRAZIL, 2018) and the Guidelines for the Assessment of 

Probiotics in Food (JOINT FAO/WHO WORKING GROUP, 2002) do not establish the 

minimum concentrations and frequency of consumption of probiotics to obtain 

consumer health benefits. The benefits and safety of probiotic consumption should be 

demonstrated by the technical documents or scientific studies for each microorganism 

(BRASIL, 2018). According to Chávarri et al. (2010) to provide consumer health 

benefits, probiotic foods must have a minimum concentration of 6.0 log10 cfu g-1 or mL-

1 in the matrices or being consumed in sufficient quantities to obtain 8.0 log10 cfu daily 

intake. 

The most traditional use of probiotic microorganisms is in dairy products, 

especially probiotic fermented dairy drinks, using selected bacteria that result in foods 

with positive effects on the gut (BARAT and OZCAN, 2018). 

Lactic acid bacteria such as Lactobacillus, Bifidobacterium, Enterococcus and 

Streptococcus are the microorganisms often used as probiotic. Most of these 

microorganisms are perceived as natural food components. In addition to the dairy 
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industry, probiotic can also be used in the smaller-scale meat and vegetable industry 

(SENKARCINOVA et al., 2019). 

In addition to lactic acid bacteria used as probiotics, some special strains of 

Saccharomyces, Escherichia coli and Bacillus have pertinent applications (FIJAN, 

2014). The yeast Saccharomyces sp belongs to the kingdom of fungi and has 

characteristics suitable for fermentation, such as the ability to metabolize high 

concentration of sugar over a wide range of pH, nitrogen and temperature (LEMOS 

JUNIOR et.al, 2017). 

 

3.5.1 Probiotics in the beverage industry 

Several factors must be considered in order to obtain beneftis from foods and 

beverages, such as: the appropriate selection of the probiotic culture, the inoculum 

concentration, the processing phase in which the culture is added, physicochemical 

characteristics and product ingredients and/or adjuncts (FIOCCO et al., 2019). 

However, some factors such as lactose intolerance, milk allergy, and cholesterol 

content are barriers find by dairy products, in addition to increased vegan culture 

(SALMERÓN, 2017). Thus, several studies have been conducted using cereals, fruit 

juices and vegetables fermented by probiotic microorganisms, searching for non-dairy 

probiotic drinks, thus containing enough fiber, minerals, antioxidants and vitamins to 

meet this consumer class (SALMERÓN, 2017). 

Lu et al. (2018) used three commercial probiotics (Lactobacillus helveticus, 

Lactobacillus paracasei, and Lactobacillus rhamnosus) to ferment star fruit juice, 

achieving at the end of the fermentative processes viable cells around 8.0 log10 cfu mL-

1, with low production of aldehydes and esters, and varying levels of alcohols, fatty 

acids and ketones, presenting different aromas in the beverages. 

Mangang et al. (2017) used a probiotic strain of Pediococcus pentosaceus, 

along with Pichia anomala and Aspergillus oryzae in the fermentation of rice beer. Lipid 

peroxidation inhibition was observed during the storage period of three months, 

suggesting greater stability compared to other rice beer (control). 

 

3.5.2 Saccharomyces boulardii: unique probiotic yeast strain 

Saccharomyces cerevisiae var. boulardii (named S. boulardii) is a subtype of S. 

cerevisiae. It was first isolated from lychee and mangosteen fruit by Henri Boulard in 

1923 (ALTMANN, 2018). S. boulardii can aid to the acute diarrhea, prevent antibiotic-
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associated diarrhea with inflammation caused by intestinal diseases, boosts the 

immune system, provides relief from intestinal constipation, and helps with infections 

caused by bacteria such as Escherichia coli and Clostridium difficile (CAPECE et al, 

2018; MENCHETTI et al., 2016). S. boulardii acts by preventing the loss of integrity of 

intestinal epithelial cell layers during bacterial infections, which act as a barrier against 

the entry of undesirable substances or toxins (CAPECE et al, 2018). 

Most probiotic microorganisms are bacteria, but S. boulardii is a probiotic yeast, 

often commercialized in lyophilized capsule or sachet (AREVALO-VILLENA et al., 

2017; CAPECE et al., 2018). Other strains of Saccharomyces may contain probiotic 

properties, but research to demonstrate the clinical efficacy of these yeasts is still 

lacking (McFARLAND, 2010). 

S. boulardii has many properties that make it a potential probiotic agent, such 

as survival at body temperature (37 °C), resistance to stomach acids and bile acids, 

play an anti-inflammatory action, affecting signaling pathways in the host intestinal 

cells, and survival in the competitive environment in the gut (AREVALO-VILLENA et 

al., 2017; CAPECE et al, 2018). 

According to Lazo-Velez et al. (2018), S. boulardii can produce CO2 and alcohol 

similarly to the S. cerevisiae. It can produce bioactive compounds such as 

aminobutyric acid and B-complex vitamins (thiamine, riboflavin, biotin and pyridoxine). 

S. boulardii is a variety of S. cerevisiae that can be distinguished from this genus 

by several molecular criteria that cause differences in metabolic activities, like: higher 

optimal growth temperature (37 °C) compared to other strains (30 to 33 °C); resistance 

to low acid pH; tolerance to bile acids; survival to transit through the gastrointestinal 

tract; protection against bacterial infections by reducing the proinflammatory bowel 

response; and presenting antipathogenic effects (DEĞIRMENCIOĞLU et al., 2016; 

McFARLAND, 2010, LAZO-VÉLEZ et al., 2018). 

 

3.5.3 Saccharomyces boulardii in the food industry 

Studies on the application of S. boulardii in probiotic foods have increased, but 

the number of publications on this subject is still scarce, (ARSLAN et al., 2015; LAZO-

VÉLEZ et al., 2018). Dairy products, fruit juices, fermented fruit juices, cereals and 

vegetables and their derivatives are among the most researched products (LAZO-

VÉLEZ et al., 2018). 
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According to Datta et al. (2017), S. boulardii growth showed no significant 

difference in relation to the growth pattern presented by S. cerevisiae strains, although 

probiotic showed higher tolerance to fermentative stress. S. boulardii had an 

antioxidant potential of 6 to 10 times higher than S. cerevisiae, with a total phenolic 

content 70 times higher and a total flavonoid content 20 times higher in the extracellular 

fraction. The antioxidant capacity of this strain results from the polyphenolic 

metabolites found, such as vanillic acid, cinnamic acid, phenyl ethyl alcohol, 

erythromycin, amphetamine and vitamin B6. 

Değirmencioğlu et al. (2016) carried out in vitro model mimicking gastrointestinal 

digestion to evaluate phenolic compounds in radish and watermelon and red beet and 

black carrot juices, both fermented with S. cerevisiae and S. boulardii. Results 

indicated that the yeasts used presented higher viability compared to lactic bacteria 

during fermentation. No significant sensory differences (p> 0.05) were observed in the 

evaluated attributes (color, flavor, turbidity, aroma, mouthfeel and overall acceptance) 

for the beverages produced by both. Interestingly, the preferred sample (according to 

the highest attribute scores) was black carrot juice fermented by S. boulardii, thus 

suggesting that the use of probiotics increased the taste. 

Campbell et al. (2017) inoculated S. boulardii in sweet potato flour 

supplemented with KH2PO4, MgSO4, MnSO4 and ZnSO4 to perform solid state 

fermentation at 30 °C, 300 rpm for five days, obtaining viable cell concentration of 10.9 

log10 cfu g-1. Viable cell concentration remained stable in both the fermented and 

lyophilized product for 12 months at 4 ° C. Storing at ambient temperature caused a 

reduction of approximately 44% of the initial concentration of viable cells. The overall 

nutritional profile of the fermented product was positively altered, increasing the 

concentration of total protein, total amino acid and neutral detergent fiber (NDF) 

contents, presenting new possibilities for using as a probiotic supplement for animal 

feed and human nutrition. 

Another strategy studied for the use of S. boulardii in probiotic foods is 

microencapsulation. Arslan et al. (2015) studied the use of six different wall materials 

(gelatin, whey protein concentrate, modified starch, maltodextrin, pea protein isolate 

and gum arabic) in S. boulardii microencapsulation and spray drying using two different 

temperatures (80 and 125 °C). The results showed good S. boulardii survivability to 

the gastric tract in gelatin and gum arabic microcapsules using an inlet temperature of 
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125 °C, which can replace S. boulardii free cells in food formulation or as a therapeutic 

agent for diarrhea treatment. 

Kalkan et al. (2018) studied the use of microencapsulated S. boulardii in the 

production of probiotic yoghurt with black cherry jam. The authors evaluated 

microbiological (mesophilic total aerobic bacteria, total coliforms, total lactic bacteria, 

total mold and yeast viability), physicochemical (lactic acid acidity, Soxhlet-Henkel 

acidity, pH and serum separation) and sensory (color, appearance, consistency, odor, 

taste and overall acceptance) characteristics during storage time (21 days at 4 °C). S. 

boulardii concentration decreased approximately 2.24 log10 cfu g-1 during the first 

seven days of storage and thereafter remained statistically stable (p ≤ 0.05) until the 

21st day of storage, with a minimum of ca 6.0 log10 cfu g-1. 1. The physicochemical and 

sensory characteristics of probiotic yoghurt containing black cherry jam were within the 

standards for yoghurt and microbiological fit for consumption during storage, indicating 

to be an alternative for diffusion of probiotic consumption. 

Arepally and Goswami (2019) evaluated the effects of Lactobacillus acidophilus 

probiotic encapsulation using maltodextrin and gum arabic with wall material by spray 

dryer method. Process efficiency decreased with increasing inlet air temperature and 

increased with higher concentrations of arabic gum. Cell viability gradually decreased 

from 9.97 to 7.3 log10 cfu g-1 with increasing inlet temperature, probably due to cell 

damage such as DNA and RNA denaturation, cytoplasmic membrane dehydration, 

membrane rupture and collapse caused by the removal of water. 

The use of probiotic yeasts in food has a considerable restriction due to the 

formation of alcohol and CO2, although the ice cream is a good way to apply them, 

mainly because it does not undergo fermentation process and the yeast can be added 

to the food in lyophilized form (CASSANEGO et al., 2018). 

Cassanego et al. (2018) isolated yeast from kefir samples that had potential for 

probiotic ice cream production. Three species of these microorganisms were identified: 

S. cerevisiae, Hansenio sporauvarum and Kazachstania unispora. However, when 

simulating the passage of isolated strains under gastrointestinal conditions, it was 

observed that they could not be considered probiotic, since they did not resist 

pancreatic digestion. Thus, the alternative was to make a probiotic ice cream using S. 

boulardii, with the lyophilized probiotic added in the second homogenization. The 

results indicated that the ice cream samples (control and probiotic ones) were in 

accordance with parameters recommended by Brazilian legislation and that S. 
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boulardii viability showed a reduction from ca 10.84 log10 cfu g-1 to ca 6.81 log10 cfu g-

1 in the first 90 days of storage at -18 °C, reaching ca 5.68 log10 cfu g-1 after 120 days. 

Although isolated yeasts identified in regional kefir do not have probiotic potential, the 

use of S. boulardii provided satisfactory results regarding their survival in probiotic ice 

cream during 90 days of storage (-18 °C). 

 

3.6 APPLICATIONS OF Saccharomyces boulardii IN BREWERY  

Eating habits have changed over the decades in pursuit of a healthier diet. In 

this context, moderate beer consumption has been investigated due to its nutritional 

capacity, as it has carbohydrates, minerals (magnesium and potassium), vitamins 

(cobalamin, pantothenic acid, niacin, riboflavin, folate and pyridoxine) and amino acids 

(QUIFER-RADA et al., 2015; SOHRABVANDI et al., 2012; DE GAETANO et al., 2016; 

RYBKA, 2010). Table 1 shows the average nutritional composition of beers according 

to data collected by USDA (2018), reinforcing the idea that moderate consumption of 

beer in a balanced diet can provide additional benefits to consumer’s health. 

 

Table 1. Mean nutrient composition of beer. 

Compound Units 
Beera (Mean content) 

per standard drink (1 can of 356 g) (per 100 g) 

Water g 327.38 91.96 

Energy kcal 153 43 

Protein g 1.64 0.46 

Total lipid (fat) g 0.0 0.0 

Carbohydrate, by difference g 12.64 3.55 

Fiber, total dietary g 0.0 0.0 

Sugars, total g 0.0 0.0 

    

Minerals    

Calcium, Ca mg 14.0 4.0 

Iron, Fe mg 0.07 0.02 

Magnesium, Mg mg 21.0 6.0 

Phosphorus, P mg 50.0 14.0 

Potassium, K mg 96.0 27.0 

Sodium, Na mg 14.0 4.0 

Zinc, Zn mg 0.04 0.01 

Copper, Cu mg 0.018 0.005 

Manganese, Mn mg 0.028 0.008 
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Selenium, Se μg 2.1 0.6 

Fluoride, F μg 157.4 44.2 

    

Vitamins    

Thiamin mg 0.018 0.005 

Riboflavin mg 0.089 0.025 

Niacin mg 1.826 0.513 

Pantothenic acid mg 0.146 0.041 

Vitamin B-6 mg 0.164 0.046 

Folate, total μg 21.0 6.0 

Choline, total mg 36.0 10.1 

Vitamin B-12 μg 0.07 0.02 

    

Amino acids    

Alanine g 0.043 0.012 

Aspartic acid g 0.057 0.016 

Glutamic acid g 0.167 0.047 

Glycine g 0.046 0.013 

Proline g 0.125 0.035 

    

Other    

Alcohol, ethyl g 13.9 3.9 

aBeer styles include ales, lagers, porters, premium beers and stouts. Source: USDA, National Nutrient 

Database for Standard Reference, Release 1, April 2018). 

 

Thus, the development of a probiotic beer is an attempt to attribute additional 

benefit, especially regarding to the prevention of digestive tract disorders by balancing 

the intestinal flora (THAKUR et al. 2016). 

The brewing industry, aiming to adapt to consumer demands for beverages and 

foods that provide better health effects, is increasingly developing technologies and 

innovations to increase the supply of different types of specialty beers such as low-

calorie beers, low alcohol, no alcohol, no gluten, diversified flavors and functional beers 

(CAPECE et al, 2018).  

According to Capece et al. (2018), among the functional beers, the development 

of probiotic ones through the incorporation of probiotic microorganisms is a big new for 

the beer market, since it is a beer capable of regulating the consumer's intestinal 

microbiota. For beer to be considered probiotic and thus effectively provide benefits to 

the consumer, it is extremely important that the microorganisms must be viable, 
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accordingly to Joint FAO/WHO Working Group (2002) and ANVISA (BRASIL, 2018). 

Therefore, studies on the manufacturing process evaluating the best insertion strategy 

of the probiotic microorganism, as well as its behavior throughout storage and its vitality 

to resist into gastrointestinal conditions are extremely relevant. 

Capece et al. (2018) used S. boulardii in co-fermentations with five different S. 

cerevisiae strains isolated from different sources to evaluate antioxidant activity, 

polyphenol concentration, production of volatile compounds (acetaldehyde, n-

propanol, isobutanol, -amyl, isoamyl alcohol, ethyl acetate and acetoin) and the 

competitiveness between S. boulardii and S. cerevisiae strains. Fermentations were 

carried in 400 mL vials of wort at 20 °C, monitored for weight loss due to carbon dioxide 

release and discontinued when weight loss stabilized for three consecutive days. The 

initial inoculum concentration was 6.78 log10 cell mL-1 when only one strain was used, 

and when mixed fermentations were carried out equal concentrations of the two 

strains, totaling 6.78 log10 cell mL-1. The beers presented viable cell concentration 

ranging from 6.93 log10 cell mL-1 and 7.95 log10 cell mL-1 for S. cerevisiae strains and 

from 6.9 log10 cell mL-1 to 7.85 log10 cell mL-1 for S. boulardii. In beer fermented only 

S. boulardii the apparent attenuation was 50% and ethanol production 3.83 °GL. 

However, probiotic viability and storage stability, which are essential for practical 

considerations, have not been evaluated. Nevertheless, even during process stress 

conditions such as ethanol content, there was resistance of S. boulardii, reporting its 

high dominance at the end of co-fermentation with different strains of S. cerevisiae. 

Lazo-Vélez et al. (2018) found similar results. S. boulardii generates several 

metabolites or nutraceuticals, also noting that the probiotic has a biological control over 

aflatoxin production, reducing them significantly. But better results were obtained when 

S. boulardii and Lactobacillus delbrueckii acted together. 

Senkarcinova et al. (2019) studied the production of probiotic alcohol-free beer 

using S. boulardii and evaluated characteristics of the probiotic yeast growth in the 

presence of wort sugars, ethanol and iso-α-acids. S. boulardii showed higher specific 

growth rate when available substrate is glucose (µ = 0.44 h-1 at 30 °C) than when 

maltose and maltotriose were available, with results 34 and 89% lower, respectively. 

The results obtained with the highest concentrations of ethanol (5% v v-1) and iso-α-

acids (50 IBU) showed a decrease of 20 and 23%, respectively, in the specific growth 

rate at 30 °C. S. boulardii was able to ferment the wort and the response surface 

methodology showed that higher temperatures and initial inoculum concentrations 
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improve the production of volatile compounds. To stop fermentation and stabilize the 

alcohol content in beer, high pressure processing was used, resulting in a reduction in 

viable cell concentration of 5.39 log10 cell mL-1. The use of a lethal process to the 

microorganism is controversial since Joint FAO/WHO Working Group (2002) and 

ANVISA (BRAZIL, 2018) establish that it must be viable for the food be considered 

probiotic. 

Chan et al. (2019) produced an acidic beer using S. cerevisiae S-04 along with 

the probiotic Lactobacillus paracasei L26 in hop-free wort fermentation to achieve a 

viable cell concentration at the end of the tenth day of fermentation of 8.8 log10 cfu mL-

1. However, the viability tests, after the addition of the isomerized hop extract until 

reaching 27 IBU, during the storage time at 5 °C and 25 °C, showed a reduction in the 

viable cells concentration. Viability at 25 °C decreased from 8.8 log10 cfu mL-1 to less 

than 4.0 log10 cfu mL-1 on the third day of storage and did not count on the sixth day. 

Results are better at 5 °C, with viable cell concentrations of approximately 7.0 log10 cfu 

mL-1 and 6.0 log10 cfu mL-1, respectively on days 17 and 22. Resistance to the in vitro 

gastrointestinal conditions was not performed. 

McFarland (2017) described as minimum concentration in gut of S. boulardii to 

provide human health benefits, 9.0 log10 cells. According to Stackelberg et al. (2014), 

moderate alcohol consumption may reduce the risk of abdominal aortic aneurysm in 

men and women. Therefore, moderate alcohol consumption is not harmful, and non-

distilled alcoholic beverages may have protective properties against the development 

of abdominal aortic aneurysm. The effect of higher alcohol doses on disease risk 

remains unknown.  

In addition, Markus et al. (2015) found that mild to moderate alcohol 

consumption was associated with a lower risk of developing aortic valve sclerosis in 

men and women. To meet the conditions indicated by McFarland (2017), a minimum 

consumption of 9.0 log10 cell of S. boulardii is necessary. Thus, a beer with a minimum 

concentration of viable cells equal to 6.5 log10 cell mL-1 should be produced in order to 

confer consumer benefits by consumption of 330 mL of probiotic beer with an alcohol 

content higher than 3.5 °GL (Class III), also in accordance with that indicated by 

Stackelberg et al. (2014) to aid in the prevention of abdominal aortic aneurysm.  
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4.1 ABSTRACT 

The aim of this research was to optimize the growth parameters (pH, ethanol tolerance, 

initial cell concentration and temperature) for Saccharomyces boulardii and its 

tolerance to in vitro gastrointestinal conditions for probiotic alcoholic beverage 

development. Placket-Burman screening was used to select only statistically 

significant variables, and the polynomial mathematical model for yeast growth was 

obtained by central composite rotatable design. Confirmation experiments to 

determine the kinetic parameters for yeast growth were carried out by controlling the 

temperature and pH. Soon after, the survivability of yeast was tested under in vitro 

conditions mimicking the human upper gastrointestinal transit. S. boulardii had suitable 

resistance to alcohol and gastrointestinal conditions for probiotic alcoholic beverage 

development. 

 

Keywords: functional beverage, alcoholic resistance, yeast, gut, dysbiosis. 

 
1Manuscript published on 10 September 2019 in the journal Frontiers in Microbiology, Food Microbiology 
section, Qualis classification A1 and impact factor 4.259. 
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4.2 INTRODUCTION 

Eating habits have changed over the decades in pursuit of a healthier diet. 

Therefore, food and drink are being consumed with the purpose of disease prevention 

or treatment instead of only basic nutrition. Probiotics are live microorganisms that, 

when administered in adequate amounts, confer a health benefit on the host (JOINT 

FAO/WHO WORKING GROUP, 2002). Properly controlled studies on probiotics 

microbial to confer benefits to health have been included to the probiotic definitions. 

Additionally, new commensals and consortia comprising defined strains from human 

samples, with adequate evidence of safety and efficacy, are also “probiotics” (HILL et 

al., 2014). Probiotic food matrices should ensure the survivability of probiotic 

microorganisms throughout the gastrointestinal tract (SPIGNO et al., 2015). The 

majority of probiotic strains are intended for gut health improvement (FLOCH, 2017). 

However, probiotic strains must resist gastrointestinal conditions to benefit gut health. 

Lactic acid bacteria are the main strains used as probiotics, but some 

Saccharomyces sp., Escherichia coli and Bacillus sp. have also been employed 

(FIJAN, 2014). Saccharomyces sp. is a yeast, belonging to the kingdom Fungi, and 

has suitable features for brewing, such as the ability to metabolize high sugar 

concentrations in a large range of pH values, nitrogen levels, and temperatures 

(LEMOS JUNIOR et al., 2017). Saccharomyces boulardii is classified as a subtype of 

Saccharomyces cerevisiae and was first isolated from mangosteen and lychee by 

Henri Boulardii in 1923 (ALTMANN, 2018). S. boulardii is unique probiotic and 

biotherapeutic yeast, known to survive in gastric acidity and it is not adversely affected 

or inhibited by antibiotics or does not alter or adversely affect the normal micro biota 

(TOMIČIĆ et al., 2016). Its consumption provides several benefits for human health, 

such as travelers’ diarrhea, irritable bowel syndrome (IBS), colitis and related malaise, 

such as inflammatory bowel, Crohn’s disease, acute gastroenteritis, chronic diarrhea 

in HIV-infected caused by Clostridium difficile, Vibrio cholerae, and other pathogenic 

enterobacteria (SZAJEWSKA and KOŁODZIEJ, 2015; BAGHERPOUR et al., 2018; 

TERCIOLO et al., 2019). 

Regarding to methodologies, the development, production or optimization of 

new products are not a simple task due to the high cost of process and reagents and 

the increments of requirements of regulatory agencies. In this sense, the design of 

experiments (DOE) and response surface methodology (RSM) are important issues 

because its takes less time, effort, and resources as well as facilitates the collection of 
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a large amount of information with minimizing the number of experiments (CANDIOTI 

et al., 2014). RSM has been demonstrated to be efficient for developing, improving, 

and optimizing processes, and it has been broadly used in analytical applications, 

industrial world, and bioprocesses (ADINARAYANA et al., 2003; KRISTO et al., 2003; 

LEE and GILMORE, 2005; ZHI et al., 2005; MYERS et al., 2016). 

On the other hand, alcoholic fermented beverages are consumed extensively 

worldwide, mainly for the welfare (SILVA et al., 2016). Although a lot of information 

about an alcoholic beverage, researchers regarding probiotic alcoholic beverages and 

its optimization by applying RSM are needing. Thus, development probiotic alcoholic 

beverages present new challenge and possibilities for the delivery of probiotic yeast 

and add some functional features to alcoholic beverage consumption. 

For the reason above mentioned, the aim of this research was to applying RSM 

to optimize the growth parameters for S. boulardii (pH, alcohol content, initial cell 

concentration, and temperature) in synthetic must and its tolerance under conditions 

that mimic in vivo human upper gastrointestinal transit, thereby facilitating probiotic 

alcoholic beverage development. 

 

4.3 MATERIALS AND METHODS 

4.3.1 Microbial isolation and standardization of working inoculum 

Saccharomyces boulardii – 17 (Floratil® 200, Merck, France) was obtained by 

streaking on Sabouraud agar media (HiMedia, Mumbai, India) followed by incubation 

at 25 °C for 48 h. A single colony was picked with a sterile loop and transferred to a 

tube containing yeast-extract-peptone-dextrose (YPD) broth. After incubation 

overnight at 25 °C, the working inoculum was obtained in YPD at the same temperature 

under gentle shaking (160 min−1). After growth, the cells were harvested by 

centrifugation at 6000 × g for 5 min. The liquid fraction was discarded, and the 

remaining cell pellet was washed twice with phosphate buffer pH 7.2 and resuspended 

in the same buffer up to an optical density at 620 nm (OD620nm) measurement 

corresponding to ca. 108 cfu mL−1. 

 

4.3.2 Determination of the cellular concentration 

Cell concentration determinations performed during the culture of S. boulardii 

were expressed as dry weight (Xdw) and viable cells (Xvc). 
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Dry weight (log10 g dry weight L-1) were determined from centrifuged samples 

by discarding the supernatant and resuspending the pellet in 100 mL of distilled water. 

Subsequently, the cell suspension was diluted 1:100 to quantify the optical density at 

620 nm (OD620 nm) in a spectrophotometer (Biospectro model Spectrum SP-2000UV, 

Brazil) within the linearity range (0.050 to 0.500). The OD620 nm values were related to 

the dry weight of the cell suspensions filtered on cellulose acetate membranes with 

0.45 μm pore diameter and dehydrated in a chamber with infrared radiation to construct 

a calibration curve and obtain the conversion factor of OD620 nm in Dry weight. 

Viable cells (log10 viable cells mL-1) was determined by mixing equal parts of the 

appropriately diluted cell suspension with methylene blue solution (0.1% m v-1). The 

solution was observed in a Neubauer chamber using an optical microscope (Biofocus®, 

USA). 

 

4.3.3 Substrate consumption and product generation measurement 

Saccharomyces boulardii metabolic sugar consumption (glucose) and product 

formation (glycerol, ethanol, and acetic acid) were analyzed using a high-performance 

liquid chromatography system equipped with an infrared detector, binary pump, control 

module, and LabSolution chromatography software (Shimadzu®, Japan). The 

chromatography column used was an Aminex® HPX-87H 300 x 7.8 mm (Bio-Rad 

Laboratories Ltd., United States). The mobile phase was prepared in 5 mM H2SO4 at 

a flow rate of 0.8 mL min-1. The injection volume was set to 20 μL, and the temperature 

was set to 60 °C. 

 

4.3.4 pH measurement 

A benchtop pH meter (MPA-201, Tecnopon, Brazil) with a digital microprocessor 

equipped with automatic temperature compensation, calibrated with pH 4.0 buffer 

(citric acid, sodium hydroxide, and hydrogen chloride, Merck®, France) and pH 7.0 

buffer (potassium dihydrogen phosphate and disodium hydrogen phthalate, Merck®, 

France), was used for pH measurements. 

 

4.3.5 Optimizing Saccharomyces boulardii growth conditions 

Saccharomyces boulardii growth optimization was carried out by determining 

independent variables with significant influence on growth, in accordance with Plackett 

and Burman matrix (PLACKETT and BURMAN, 1946); optimization by central 
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composite rotatable design (CCRD); and polynomial mathematical model validation. 

Plackett and Burman design was made with a 2IV
4−1 fractional factorial experiment (four 

factors), each of them with two levels, and three central points be able to check the 

curvature, the mathematical model for Plackett and Burman is in Equation 1. 

 

𝒀 = 𝜷𝟎 + ∑ 𝜷𝒊𝑿𝒊

𝒌

𝒊=𝟏

+ ∑ 𝜷𝒊𝒊𝑿𝒊
𝟐

𝒌

𝒊=𝟏

 

(1) 

 

Where Y is predicted response; i and ii are linear and quadratic coefficients, 

respectively; β are regression coefficient and k is the number of factors. 

One possible design to evaluated the four independent variables (alcohol 

content - AC, potential of hydrogen - pH, initial cell concentration - X0, and temperature 

- T) could be the 2k full factorial (k = 4). In this case, the total number of treatments will 

be 16 and, considering three repetitions, it will totalize 48 runs. Another disadvantage 

of full 2k factorial design would be that it only have two levels, and it will be impossible 

to detect the possible curvature effect. A 3k full factorial (k = 4) is able to evaluate the 

curvature effect but it would have 81 treatments totalizing 243 runs with 3 repetitions. 

On the other hand, a Plackett and Burman design with central points for four variables 

only need 11 runs with the advantage in detecting the possible curvature effect. Thus, 

four independent variables (alcohol content - AC, potential of hydrogen - pH, initial cell 

concentration - X0, and temperature - T) were evaluated for screening performance at 

three different levels. Eight factorial point combinations (±1) and three central points, 

for a total of 11 trials (Table 1), were generated. Miniaturized tests (10 mL, screw-cap 

tubes) were performed in accordance with the experimental design in YPD. Biomass 

formation (Xdw), measured by OD620 nm every 24 h, was the dependent variable. 

 

Table 1. Eleven trials in Plackett and Burman (PB 8) experimental design for 

Saccharomyces boulardii growth. 

Test AC pH X0 T Xdw ± SD 

1 +1 (11.30) -1 (3.30) -1 (1 x 102) +1 (21.3) -1.85 ± 0.00 

2 +1 (11.30) +1 (5.80) -1 (1 x 102) -1 (13.8) -1.59 ± 0.02 

3 +1 (11.30) +1 (5.80) +1 (1 x 105) -1 (13.8) -1.54 ± 0.01 

4 -1 (3.80) +1 (5.80) +1 (1 x 105) +1 (21.3) -0.54 ± 0.01 
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5 -1 (3.80) -1 (3.30) +1 (1 x 105) +1 (21.3) -2.03 ± 0.02 

6 -1 (3.80) +1 (5.80) -1 (1 x 102) +1 (21.3) -0.54 ± 0.00 

7 +1 (11.30) -1 (3.30) +1 (1 x 105) -1 (13.8) -2.44 ± 0.06 

8 -1 (3.80) -1 (3.30) -1 (1 x 102) -1 (13.8) -2.32 ± 0.06 

9 0 (7.55) 0 (4.55) 0 (5 x 104) 0 (17.6) -0.61 ± 0.01 

10 0 (7.55) 0 (4.55) 0 (5 x 104) 0 (17.6) -0.57 ± 0.03 

11 0 (7.55) 0 (4.55) 0 (5 x 104) 0 (17.6) -0.64 ± 0.01 

AC, alcohol content (°GL); pH, potential of hydrogen; X0, initial cell concentration (cells mL-1); T, 

incubation temperature (°C); Xdw, biomass formation (log10 g of dry weight L-1); SD, standard deviation 

(n = 3). Real values are shown in parentheses. 

 

From the screening results, central composite rotatable design was performed 

using the independent variables alcohol content, pH and temperature. Cellular 

concentration in dry weight and viable cells were used as dependent variables. Five 

levels by dependent variable including eight factorial points (±1), six axial points (±α) 

and five central points to estimate the pure error were evaluated, for a total of 19 trials 

(Table 2). The mathematical model for CCRD is presenting in Equation 2. 

 

Table 2. Central composite rotatable design (CCRD 23) for S. boulardii growth. 

Test AC pH T 
Biomass formation Viable cells 

Xdw ± SD PV RD Xvc ± SD PV RD 

1 -1 (3.0) -1 (5.00) -1 (18.5) -0.60 ± 0.01 -0.53 -12.20 8.16 ± 0.02 8.18 0.24 

2 -1 (3.0) -1 (5.00) +1 (23.5) -0.36 ± 0.00 -0.33 -9.01 8.56 ± 0.01 8.51 -0.61 

3 -1 (3.0) +1 (6.00) -1 (18.5) -0.57 ± 0.02 -0.53 -8.01 8.45 ± 0.02 8.49 0.46 

4 -1 (3.0) +1 (6.00) +1 (23.5) -0.30 ± 0.00 -0.24 -26.45 8.55 ± 0.02 8.61 0.69 

5 +1 (11.8) -1 (5.00) -1 (18.5) -2.19 ± 0.04 -1.92 -14.05 6.61 ± 0.04 6.83 3.21 

6 +1 (11.8) -1 (5.00) +1 (23.5) -2.36 ± 0.03 -2.06 -14.38 6.56 ± 0.04 6.80 3.47 

7 +1 (11.8) +1 (6.00) -1 (18.5) -2.13 ± 0.02 -1.82 -17.10 6.71 ± 0.06 7.04 4.63 

8 +1 (11.8) +1 (6.00) +1 (23.5) -2.15 ± 0.10 -1.88 -14.60 6.54 ± 0.06 6.80 3.76 

9 -1.68 (0.0) 0 (5.50) 0 (21.0) -0.31 ± 0.00 -0.29 -8.38 8.59 ± 0.05 8.67 0.96 

10 +1.68 (14.8) 0 (5.50) 0 (21.0) -2.31 ± 0.14 -2.83 18.35 6.48 ± 0.01 6.01 -7.80 

11 0 (7.4) -1.68 (4.66) 0 (21.0) -0.75 ± 0.00 -0.99 24.57 7.81 ± 0.02 7.68 -1.74 

12 0 (7.4) +1.68 (6.34) 0 (21.0) -0.57 ± 0.01 -0.83 31.43 8.20 ± 0.03 7.94 -3.33 

13 0 (7.4) 0 (5.50) -1.68 (16.8) -0.74 ± 0.01 -0.99 25.46 8.08 ± 0.01 7.86 -2.82 

14 0 (7.4) 0 (5.50) +1.68 (25.2) -0.62 ± 0.00 -0.87 28.64 8.11 ± 0.00 7.93 -2.25 

15 0 (7.4) 0 (5.50) 0 (21.0) -0.66 ± 0.00 -0.65 -1.77 8.10 ± 0.01 8.10 -0.03 

16 0 (7.4) 0 (5.50) 0 (21.0) -0.66 ± 0.00 -0.65 -1.77 8.08 ± 0.00 8.10 0.22 

17 0 (7.4) 0 (5.50) 0 (21.0) -0.66 ± 0.00 -0.65 -1.77 8.09 ± 0.01 8.10 0.10 

18 0 (7.4) 0 (5.50) 0 (21.0) -0.66 ± 0.00 -0.65 -1.77 8.06 ± 0.02 8.10 0.47 

19 0 (7.4) 0 (5.50) 0 (21.0) -0.66 ± 0.00 -0.65 -1.77 8.09 ± 0.03 8.10 0.10 
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AC, alcohol content (°GL); pH, potential of hydrogen; T, incubation temperature (°C); Xdw, biomass 

formation (log10 g of dry weight L-1); Xvc, cell concentration (log10 viable cells mL-1); SD, standard 

deviation (n = 3); PV, predicted value from polynomial mathematical model; RD, relative deviation. Real 

values are shown in parentheses. 

 

𝒀 = 𝜷𝟎 + ∑ 𝜷𝒊𝑿𝒊

𝒌

𝒊=𝟏

+ ∑ 𝜷𝒊𝒊𝑿𝒊
𝟐 + ∑ ∑ 𝜷𝒊𝒋𝑿𝒊𝑿𝒋

𝒌

𝒋=𝟏

𝒌

𝒊=𝟏

𝒌

𝒊=𝟏

 

(2) 

 

Where Y is predicted response; i, ii and ij are linear, quadratic and interaction 

coefficients respectively; β are regression coefficient and k is the number of factors. 

Additionally, desirability functions was performed to optimization of 

simultaneous multiple responses. According to Myers et al. (2016), the first approach 

is to convert each response (Yi) into an individual desirability (di) varying from 0 to 1, 

and then obtain the overall desirability (D) applying the geometric median according 

Equation 3. 

 

𝑫 = √𝒅𝟏
𝒘𝟏 . 𝒅𝟐

𝒘𝟐 . . . 𝒅𝒎
𝒘𝒎

∑ 𝒎

 

(3) 

 

Were di is the individual desirability, and m are the number of responses used to carried 

out the overall desirability (D) and w is the weight attributed for each response. 

Each desirability is calculating according the objective for each variable, thus it 

could target for the response to be at minimum (Equation 4). 

 

𝒅 = {

       𝟎          , 𝒚 < 𝑳

(
𝒚 − 𝑳

𝑻 − 𝑳
)

𝒓

  , 𝑳 ≤ 𝒚 ≤ 𝑻

       𝟏           , 𝒚 > 𝑻

 

(4) 

 

Where r is a weight used to determine the scale of desirability, if r = 1, the desirability 

function is linear, if r > 1 places more emphasis on being close to the target value, and 
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choosing 0 ≤ r ≤ 1 makes this less important. y is the response value, L is the minimum 

acceptable response, T is the maximum acceptable response (DERRIEN et al., 2017). 

A bioreactor (SL-135, Solab, Brazil) with the working volume filled (5 L) with 

YPD containing added alcohol (5.0 °GL) and the pH adjusted to 5.5 was incubated at 

24 °C to confirm the adequacy of the developed polynomial mathematical model to 

maximize yeast growth. 

 

4.3.6 Determination of kinetic parameters 

A polynomial mathematical model validation assay was developed to determine 

the kinetic parameters (generation time - tg, specific growth rate - μX, rate of substrate 

utilization - μS, and conversion factor of substrate into biomass - YX S
-1) for S. boulardii 

growth (X) and substrate consumption (S), in accordance with Equations 5-8. 

 

𝒕𝒈 =
𝐥𝐧 𝟐

𝝁𝒎
 

(5) 

 

𝝁𝒎 =
𝟏

𝑿
∙

𝒅𝑿

𝒅𝒕
=

𝐥𝐧 𝑿 − 𝐥𝐧 𝑿𝟎

𝒕 −  𝒕𝟎
 

(6) 

 

𝒀𝑿 𝑺−𝟏 = −
𝒅𝑿

𝒅𝑺
= −

𝑿 −  𝑿𝟎

𝑺 − 𝑺𝟎
 

(7) 

 

𝝁𝑺 = −
𝟏

𝑿
∙

𝒅𝑺

𝒅𝒕
=

𝝁𝒎

𝒀𝑿 𝑺−𝟏
 

(8) 

 

Here, tg - generation time, from exponential growth phase (h), µm - specific speed for 

maximum growth, from Log phase (h-1), X0 - initial concentration of viable cells (cells 

L-1), X - concentration of viable cells (cells L-1), S0 - initial concentration of glucose (g 
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L-1), S - concentration of glucose (g L-1), t0 - initial time of Log phase development (h) 

and t - final time of Log phase (h). 

 

4.3.7 Tolerance to challenges mimicking gastrointestinal transit 

To evaluate S. boulardii survivability under in vitro gastrointestinal conditions, 

10 mL aliquots from the polynomial mathematical model validation experiment samples 

were collected as described above. In vitro GI treatment was carried out as reported 

by Guerra et al. (2018) and Lemos Junior et al. (2019). GI base juice was formulated 

as follows: 0.11 g L-1 calcium chloride, 1.12 g L-1 potassium chloride, 2.0 g L-1 sodium 

chloride, and 0.4 g L-1 potassium dihydrogen phosphate. This solution was sterilized 

at 121 °C for 15 min. Artificial gastric juice (GJ) was freshly prepared (75 mL) by adding 

3.5 g L-1 swine mucin and 0.26 g L-1 swine pepsin (SigmaAldrich, S. Louis, MO, United 

States). The pH was adjusted to 2.0 with 1.0 M HCl. Sample aliquots (1 mL) was 

transferred into GJ and anaerobically incubated at 36 °C for 45 min, with gentle 

shaking. Subsequently, artificial intestinal juice was obtained by adding 3.0 g L-1 bile 

salt, 1.95 g L-1 pancreatin, and 0.1 g L-1 egg white lysozyme (SigmaAldrich, S. Louis, 

MO, United States) to the GJ. Sterile distilled water was used to top up 100 mL final 

volume. The pH was adjusted to 7.0 with 1.0 M sodium bicarbonate solution and 

anaerobically incubated at 36 °C for 180 min, with gentle shaking. 12-wells microtiter 

plate with WL agar (SigmaAldrich, S. Louis, MO, United States) was used to count 

viable cells by drop plate technique both after growing in YPD medium and gastric and 

GI treatment, so that each well was seeded by only a drop from each dilution level – 

until 10-6. Plates were incubated at 30 °C for 48 h, under aerobic condition. Colonies 

were quantified with the aid of colony counter. The results were expressed as weighted 

(log10 cfu mL-1), using at least two successive dilutions level, according to ISO 7218 

(2007). 

 

4.3.8 Statistical analysis 

The results were reported as the mean ± standard deviation (SD) (n = 3) and 

analyzed by a variance test (ANOVA) followed by Fischer’s or Dunnett’s test. Statistica 

software version 10.0 (StatSoft, Tulsa, USA) was used for the central composite 

rotatable design analyses. A desirability function was used to obtain the preferred 

conditions of the dependent variables as a function of cellular concentration in dry 

weight and viable cells. Action Stat software version 3.1.43.724.694 (ESTATCAMP, 
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Brazil) was used for other statistical analyses. All statistical analyses were performed 

at 95% confidence. 

 

4.4 RESULTS 

4.4.1 Screening on the laboratory scale 

The screening results revealed that alcohol content had a negative effect on dry 

weight, whereas temperature and pH had a positive effect on dry weight. Initial S. 

boulardii concentration was not significant (Figure 1.a). The Plackett and Burman 

design showed a significant curvature (p < 0.05), indicating that the optimal point was 

among the levels tested. Three independent variables (pH, temperature and alcohol 

content) were defined as significant for the central composite rotatable design 

optimization. 

 

 

Figure 1. (a) Pareto chart of the standardized effects of independent variables on biomass formation; 

(b) Pareto chart of standardized effects from model terms for the independent variables on biomass 

formation; (c) Pareto chart of standardized effects from model terms for the independent variables on 

Saccharomyces boulardii viability; AC, alcohol content (°GL); pH, potential of hydrogen; X0, initial S. 

boulardii concentration (cells mL-1); T - temperature (°C). 

 

The initial S. boulardii concentration effect was lower than that of other variables 

(approximately 4.5, 16.9 and 11.2 times lower than the effects of alcohol content, pH 

and temperatura, respectively) and had no significant influence on dry weight. Based 

on the Plackett and Burman results, temperature (16.8 up to 25.2 °C) and pH (4.66 up 

to 6.34) were adjusted to maximize the growth of Saccharomyces boulardii, and 

alcohol content (0.0 up to 14.8 °GL) was extended to determine its growth ability in the 

presence of alcohol to maximize cellular concentration in dry weight and viable cells in 

central composite rotatable design performance. All coefficients (Figure 1.b,c) from the 

polynomial mathematical models show statistical significance for cellular concentration 
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in dry weight and viable cells, including the interactions among independent variables 

(p ≤ 0.05), determination coefficient (R2) values (0.9154 and 0.9347) and adjusted R2 

(0.8308 and 0.8693). A p(lack of fit) < 0.0001 indicates the adequacy of the models, 

Equations (9) and (10). 

 

𝑿𝒅𝒘 =  −𝟏𝟖. 𝟑𝟏𝟗𝟕 + 𝟎. 𝟏𝟖𝟎𝟗𝑨𝑪 − 𝟎. 𝟎𝟏𝟔𝟔𝑨𝑪² + 𝟑. 𝟕𝟕𝟔𝟐𝒑𝑯 − 𝟎. 𝟑𝟕𝟒𝟓𝒑𝑯² + 𝟎. 𝟔𝟓𝟎𝟔𝑻
− 𝟎. 𝟎𝟏𝟔𝟎𝑻² + 𝟎. 𝟎𝟏𝟎𝟕𝑨𝑪 ∙ 𝒑𝑯 − 𝟎. 𝟎𝟎𝟕𝟗𝑨𝑪 ∙ 𝑻 + 𝟎. 𝟎𝟏𝟕𝟐𝒑𝑯 ∙ 𝑻 

(9) 

 

𝑿𝒗𝒄 = −𝟏𝟔. 𝟒𝟔𝟕𝟕 + 𝟎. 𝟐𝟔𝟎𝟒𝑨𝑪 − 𝟎. 𝟎𝟏𝟑𝟖𝑨𝑪𝟐 + 𝟓. 𝟔𝟓𝟓𝟖𝒑𝑯 − 𝟎. 𝟒𝟏𝟑𝟏𝒑𝑯𝟐 + 𝟎. 𝟕𝟖𝟎𝟕𝑻
− 𝟎. 𝟎𝟏𝟏𝟓𝑻𝟐 − 𝟎. 𝟎𝟏𝟏𝟔𝑨𝑪 ∙ 𝒑𝑯 − 𝟎. 𝟎𝟎𝟖𝟐𝑨𝑪 ∙ 𝑻 − 𝟎. 𝟎𝟒𝟏𝟓𝒑𝑯 ∙ 𝑻 

(10) 

 

The surface response graphs (Figure 2.a-f) show that the ranges of alcohol 

content, pH and temperature were adequate to maximize cellular concentration in dry 

weight and viable cells, indicating that the laboratory-scale experiment was optimized. 

In accordance with the polynomial mathematical models and maximum value of 

desirability function (di) (0.00 ≤ di ≤ 1.00), cellular concentration in dry weight and viable 

cells were maximized with alcohol content (0.0 °GL), pH (5.92), and temperature (25.2 

°C) (Figure 3). 
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Figure 2. Central composite rotatable design (CCRD 23) response surfaces. Xdw dependent variable (a-

c); results to Xvc (d- f); AC, alcohol content (°GL); pH, potential of hydrogen; T, temperature (°C); Xdw, 

S. boulardii biomass formation (log10 g in dry weight L-1); Xvc, viable S. boulardii concentration (log10 

viable cells mL-1). 

 

 

Figure 3. Desirability function to evaluate the influence of independent variables to maximize the growth 

of S. boulardii. AC, alcohol content (°GL); pH, potential of hydrogen; T, temperature (°C); Xdw, S. 

boulardii biomass formation (log10 g in dry weight L-1); Xvc, viable S. boulardii concentration (log10 viable 

cells mL-1). 

 

4.4.2 Validation of the PMM in a 5 L bioreactor 

For polynomial mathematical model validation, the stationary phase was 

considered at the first time point (37.5 hours), where dry weight was -0.61 log10 g dry 

weight L-1. The predicted value from polynomial mathematical models was -0.37 log10 

g dry weight L-1; therefore, a large relative deviation (63.74%) was observed. However, 

the viable cell concentration values in the laboratory experiment (7.63 log10 viable cells 

mL-1) and the polynomial mathematical model (8.43 log10 viable cells mL-1) were closer, 

with a relative deviation of 9.54%. 
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The adaptation phase (Lag) for polynomial mathematical model validation was 

up to 3 hours after inoculating S. boulardii. The growth acceleration phase was from 3 

to 14.5 hours, followed by the exponential growth phase up to 35.76 hours (Figure 4), 

in accordance with linear regression (R2 = 0.9957 e p < 0.0001). The values of tg (3.50 

h) and µX (0.20 h-1) were calculated from the Log phase. 

 

 

Figure 4. Growth kinetics of S. boulardii. Glucose and ethanol consumption and acetic production for 

confirmation of the mathematical model carried out with an alcohol content = 5 °GL, pH = 5.5 and 

temperature = 24 °C. Xdw, S. boulardii biomass formation (log10 g in dry weight L-1); Xvc, viable S.s 

boulardii concentration (log10 viable cells mL-1); Glucose (g L-1); Glycerol (g L-1); Acetic acid (g L-1); 

Ethanol (°GL). 

 

During the exponential growth phase, acetic acid production (0.15 g L-1), 

glycerol production (0.21 g L-1), and an increase in S. boulardii concentration (5.47 to 

7.63 log10 cells mL-1) occurred, in addition to reductions in glucose (5.35 up to 4.53 g 

L-1), dissolved oxygen (6.63 up to 0.16 ppm), and pH (5.35 up to 4.53). At the end of 

the exponential growth phase, all the glucose was consumed, and the acetic acid 

production had increased to 0.81 g L-1. 

Figure 5 shows the polynomial mathematical model with fixed pH (5.5) and T 

(24 °C) to evaluate the growth of S. boulardii at several alcohol contents. After 

polynomial mathematical model validation with fixed pH and temperature, it was 
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possible to verify that with alcohol content 11.3 °GL, the polynomial mathematical 

model indicates an viable cells concentration of 7.0 log10 cells mL-1. 

 

 

 

 

Figure 5. Tolerance of S. boulardii to medium containing ethanol. Xvc (PV) = viable cell concentration 

(log10 viable cells mL-1) values predicted by the mathematical model with pH and temperature set to 5.5 

and 24 °C, respectively; Xvc (BGIC), viable cell concentration before gastrointestinal conditions (log10 

cfu mL-1); Xvc (AGC), concentration of viable cells after gastric conditions (log10 cfu mL-1); Xvc (AGIC), 

concentration of viable cells after gastrointestinal conditions (log10 cfu mL-1). 

 

4.5 DISCUSSION 

Saccharomyces boulardii is more tolerant of acidic pH and temperature variation 

than other S. cerevisiae strains and can survive at pH values as low as 2.0 (MORADI 

et al., 2018). Often, yeasts are less susceptible to ethanol than other microorganisms, 

especially bacterial genera. Otherwise, alcohol may modify the cell membrane 

permeability and negatively affect nutrient transport (HENDERSON and BLOCK, 

2014). 

The variation between results from the polynomial mathematical model (10 mL 

screw-cap tubes) and the confirmation test (5 L bioreactor) can be explained by 

differences such as the volume (10 mL against 5 L and geometric design, which is the 

constant relation between the corresponding linear dimensions in the two scales 
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(diameter and height). Inconsistent environmental conditions sometimes lead to 

different and unsatisfactory results at the laboratory or pilot scale due to physiological 

changes in the microorganism activity (PEREIRA et al., 2008). When the experiment 

was carried out in a screw-cap tube (10 mL), the biomass formation was higher than 

that produced in the bioreactor, but the cell number was not. Therefore, the geometric 

dimensions seem to have a stronger effect on the cell size than on the number of cells. 

According to Costa (2017), environmental stress conditions, such as alcoholic stress 

and oxidative stress, lead to metabolic modification aimed at cell protection. Oxidative 

stress is the response to damage caused by excess reactive oxygen species 

(superoxide anion, hydrogen peroxide, hydroxyl radical) or by changes in the cellular 

redox status (SMART, 2008), and alcoholic stress is the response to the presence of 

ethanol in the medium, which at low concentrations acts as a growth inhibitor in yeast, 

inhibiting cell division and decreasing cell volume and growth rate, and at high 

concentrations reduces vitality and increases cell death (BIRCH and WALKER, 2000). 

Oxidative stress affects proteins, lipids and deoxyribonucleic acid (DNA) in different 

cell structures, and alcoholic stress mainly affects cell membranes, proteins and the 

endoplasmic reticulum, leading to the expression of genes for response to 

environmental stress, especially heat shock proteins (COSTA, 2017). In the polynomial 

mathematical model validation experiment, the addition of ethanol and correction of 

the pH of the culture medium were performed in the bioreactor under constant stirring 

(160 rpm), causing oxygenation in the culture medium, which together with the 

difference in the geometric design of the reactor and the presence of ethanol may have 

increased cell stress, causing the smaller size of S. boulardii cells in comparison to 

that in the screening tests.            

Trigueros et al. (2016) developed assays for the modeling and optimization of 

culture medium using hydrolyzed cheese whey permeate as a substrate for 

fermentation with S. boulardii. The models showed that the optimal pH for 

microorganism growth was between 4.5 and 5.5 with specific growth rate (μX) equal to 

0.17 h-1. The experiment was carried out in medium without ethanol incubated at 30 

°C. Thus, the value obtained by calculating rate of substrate utilization (μS) indicates 

that in the exponential phase, 3.13 x 10-12 g glucose was consumed per cell of S. 

boulardii per hour. Similarly, the value obtained for conversion factor of substrate into 

biomass (YX S
-1) indicates that for S. boulardii, the growth of 1.42 x 1010 cells occurred 

per g of glucose consumption. 
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Muller et al. (2007) compared S. boulardii growth in air lift and shaker 

bioreactors, obtaining values of specific growth rate between 0.350 and 0.382 h-1 for 

with an initial pH of 6.0 and incubation at 30 °C in the absence of ethanol in the culture 

medium. The values reported by Muller et al. (2007) demonstrate consistency with the 

values obtained in this work, especially in a culture medium containing ethanol. 

McFarland (2017) prescribed a minimum (9.0 log10 cell) dose of S. boulardii to 

confer health benefits on humans. Thus, probiotic alcoholic beverage benefits may be 

obtained from the intake of approximately 100 mL of the drink, but this value depends 

on its alcohol content. In this work, S. boulardii survivability showed a slight reduction 

of 0.13 log10 cfu mL-1 after gastric conditions and 0.97 log10 cfu mL-1 after intestinal 

conditions (total reduction of 1.10 log10 cfu mL-1), with a survivability of 6.85 log10 cfu 

mL-1 after gastrointestinal conditions in culture medium with 5.0 °GL. 

Enough viable probiotics are necessary to play a beneficial role on the host 

(JOINT FAO/WHO WORKING GROUP, 2002). Gastrointestinal resistance is also an 

important property to probiotics when gut microbiome balance is the target; however 

only alive microorganisms can confer additional benefits. Beer is so stressful matrix to 

the microorganisms, once alcohol and acids produced during the fermentation can 

damage cells over storage period. Thus, GI transit is an overlapping stress factor to 

the yeast after brewing. Probiotic alcoholic beverage benefits may be obtained from 

the intake of approximately 100 mL of the drink, but this value depends on its alcohol 

content. In this work, S. boulardii survivability showed a slight reduction of 0.13 and 

0.97 log10 cfu mL-1 after gastric conditions and intestinal conditions, respectively, with 

a survivability of 6.85 log10 cfu mL-1 after gastrointestinal transit in culture medium with 

5.0 °GL. 

According to Stackelberg et al. (2014), moderate alcohol consumption may 

reduce the risk of abdominal aortic aneurysm in both men and women. Therefore, 

moderate alcohol consumption is not harmful, and non-distilled alcoholic beverages 

may have protective properties against the development of abdominal aortic 

aneurysm. The effect of higher doses of alcohol on the risk of disease remains 

unknown. Moderate consumption standard: one standard dose (12 g ethanol) was 

calculated as 150 mL of wine, 80 mL of strong wine, 660 mL of Class I beer (<2.25 

°GL), 500 mL of Class II beer (2.25 -3.5 °GL), 330 mL of Class III beer (≥3.5 °GL), or 

40 mL of liquor. Markus et al. (2015) found that light to moderate alcohol consumption 

was associated with a lower risk of developing aortic valve sclerosis both in men and 
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women. These results are in accordance with the objective of this work, which was to 

optimize the growth of S. boulardii, allowing the development of probiotic alcoholic 

beverage to obtain additional benefits. According to the results obtained using the 

polynomial mathematical model, it is possible to produce a probiotic wine with alcohol 

content equal 11.9 °GL, obtaining viable cell concentration 6.82 log10 viable cells mL-

1. Following the criteria adopted by Stackelberg et al. (2014) of moderate wine 

consumption, 150 mL allows the ingestion of 9.00 log10 viable cells, which corresponds 

to the minimum value indicated by McFarland (2017). Similarly, for the results obtained 

in the polynomial mathematical model validation test (7.63 log10 viable cell mL-1) with 

alcohol content equal 5 °GL, corresponding to a Class III beer, it would be necessary 

to ingest only 23.44 mL, well below 330 mL (STACKELBERG et al., 2014), to meet the 

minimum concentration indicated by McFarland (2017). 

The minimum sensory limit for acetic acid perception is 0.07 g L-1 (ZHANG et 

al., 2012). Therefore, stopping the fermentation before the stationary phase is 

extremely important to ensure that acetic acid production is lower than the perception 

sensory limit. Often, the acetic acid concentration in different styles of beers ranges 

from 0.06 to 0.15 g L-1. At the beginning of the stationary phase, the glycerol 

concentration was 0.18 g L-1. According to Zhao et al. (2015), glycerol is significantly 

related to the density and viscosity of beer, and its sensory perception level is 10 g L-

1. 

Saccharomyces boulardii may have good potential for probiotic alcoholic 

beverage development. Slight microbial susceptibility to gastrointestinal conditions 

was observed, and alcohol exhibited no severe stress on S. boulardii survivability. The 

results provide new insight into the management of probiotic beverages and suggest 

new prospects for a more integrated strategy for increasing beverage quality. 
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5.1 ABSTRACT 

Recently, consumer awareness of the health impact of food has increased, with 

consumption of foods and beverages containing probiotic microorganisms a potential 

choice. The production of probiotic beers is a suitable alternative to spread probiotics 

microorganism to the human consumption. The objective of this study was to evaluate 

the survivability of S. boulardii in the Indian Pale Ale (IPA) beer fermented by a 

traditional brewer's yeast and to monitor the maintenance of its viability during cold 

storage and its resistance to in vitro gastrointestinal (GI) transit. IPA was fermented by 

Nottingham lyophilized yeast (Lallemand®, Canada) at 18 °C for 3 days, followed by 

maturating at 0 °C for 14 days. Thereafter, the beer was pasteurized at 30 UP, prior 

inoculation S. boulardii. Beer samples before and after growth were analyzed for the 

physical and chemical characteristics. There was no significant differences in alcohol 

content and color, which are important sensory parameters. S. boulardii had good 

survivability remaining above 7.47 log10 cell mL-1 and its obtained specific maximum 

growth rate was 0.09 h-1. S. boulardii also remained viable into the GI transit after 60 

days storage time at 0 °C. Therefore, S. boulardii strain can be a suitable alternative 

 
2 This chapter has been formatted for submission to the Journal of the Institute of Brewing, Qualis classification 
A2 and impact factor 0.994. 
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to act as a brewer's yeast for probiotic IPA beer production, in addition it can provide 

additional benefits to the consumers. 

 

Key-words: health, functionality, gut microbiome, brew, yield   

 

5.2 INTRODUCTION 

Probiotics are live microorganisms which when administered in adequate 

amounts confer a health benefit on the host (HILL et al., 2014). For the microorganism 

to be considered probiotic, there are some requirements like being preferably from 

human origin and safe to the consumer. Besides being able to remain alive in the 

matrix until the consumption. Therefore, it should resist to GI transit and play important 

role in the gut such as adhering to intestinal epithelial cells and/or colonizing the lumen 

of the tract. Additionally, probiotics should be susceptible to antibiotics for human use 

and absent of alfa, gamma or beta-hemolysis (GHARBI et al., 2019). Saccharomyces 

cerevisiae var. boulardii (synonym for S. boulardii) is a subtype of Saccharomyces 

cerevisiae and was firstly isolated from lychee and mangosteen fruit by Henri Boulardii 

in 1923 (ALTMANN, 2018). Nowadays, S. boulardii is prescribed for acute diarrhea 

treatment, help prevent antibiotic-associated diarrhea, inflammation caused by 

intestinal diseases, boosts the immune system, provides relief of constipation and 

prevent infections caused by bacteria such as Escherichia coli and Clostridium difficile 

(MALEKI et al., 2016; CAPECE et al, 2018; MENCHETTI et al., 2016). S. boulardii can 

prevent the integrity of intestinal epithelial cell layers during bacterial infections, 

building a barrier to the undesirable substances or toxins (CAPECE et al, 2018). 

Several factors must be considered to obtain benefits from foods or beverages 

such as: appropriate selection of the probiotic culture, inoculum concentration, matrix 

development including, physicochemical characteristics, ingredients and/or adjuncts 

(SIMEONI et al, 2014). Ultimately, resistance to GI transit become a decisive feature 

to get a probiotic strain, when gut benefits is wanted use. The most traditional use of 

probiotic microorganisms is in dairy products (BARAT and OZCAN, 2018). However, 

factors such as lactose intolerance, milk allergy and cholesterol content are barriers in 

dairy products by consumers who wish to ingest probiotics (SALMERÓN, 2017). Based 

on this, studies are being developed, combining cereals, fruit and vegetable juices with 

probiotic bacteria, in search of probiotic-fermented non-dairy products, consequently 
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containing fiber, minerals, antioxidants and vitamins to meet this category of consumer, 

have been carried out (SALMERÓN, 2017). 

To date, alcohol beverages like beer is poorly studied. In addition to be a low-

alcohol beverage, it is the world's third most popular beverage after tea and coffee, a 

favorite between alcoholic beverages (RODHOUSE and CARBONERO, 2019). Kanyer 

et al. (2017) classify beer as a natural source of prebiotics due to the presence of 

significant levels of high molecular weight pentosans and low and high molecular 

weight β-glucans. Prebiotics is defined as non-digestible compounds by the GI transit, 

being selectively fermented in the gut microbiome, thus stimulating the growth and/or 

activity of some of these microorganisms capable of providing health benefits 

(MATHEUS, 2016). S. boulardii has good fermentative capacity, producing 

considerable concentrations of alcohol and carbon dioxide, and is capable to produce 

bioactive compounds such as gamma amino butyric acid (a non-protein amino acid), 

B vitamins (thiamine, riboflavin, biotin and pyridoxine), isoflavones and phenols (LAZO-

VELEZ et al., 2018). 

The objective of this study was to evaluate the survivability of S. boulardii in the 

IPA beer, fermented by a traditional brewer's yeast and to monitor its survivability over 

cold storage and GI transit. 

 

5.3 MATERIAL AND METHODS 

5.3.1 Microbial isolation and standardization of working inoculum 

Saccharomyces boulardii - 17 (Floratil® 200, Merck, France) was obtained by 

streaking on Sabouraud agar media (HiMedia, Mumbai, India) followed by incubation 

at 25 °C for 48 hours. A single colony was picked with a sterile loop and transferred to 

a tube containing yeast-extract-peptone-dextrose (YPD) broth. After incubation 

overnight at 25 °C, the working inoculum was obtained in YPD at the same temperature 

under gentle shaking (160 min-1). After growth, the cells were harvested by 

centrifugation at 6000×g for 5 minutes. The liquid fraction was discarded, and the 

remaining cell pellet was washed twice with phosphate buffer pH 7.2 and suspended 

in the same buffer up to an optical density at 620 nm (OD620 nm) measurement 

corresponding to ca 108 cfu mL-1. 
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5.3.2 Determination of the cellular concentration 

Cell concentration determinations was performed during the culture of S. 

boulardii and expressed as viable cells (Xvc). Viable cells (log10 viable cells mL-1) was 

determined by mixing equal parts of the appropriately diluted cell suspension with 

methylene blue solution (0.1% m v-1). The solution was observed in a Neubauer 

chamber using an optical microscope (Biofocus (R), USA). 

 

5.3.3 Beer production 

A 200 L batch of India Pale Ale (IPA) beer wort was produced at Microcervejaria 

Mascates®, (Valença, Rio de Janeiro, Brazil). For the wort production, 40.1 kg of pale 

ale malt (Weyermann®, Germany), 2.2 kg of melanoidine malt (Weyermann®, 

Germany) and 1.3 kg of acidified malt (Weyermann®, Germany) were mixed up. The 

malts were milled in a three-roll mill and then poured into the mash tub containing water 

previously heated to 40 °C. The mash was conducted following the temperature profile 

at 45 °C for 10 min (β-glucan hydrolysis), at 52 °C for 10 min (protein hydrolysis), at 

66 °C for 60 min (α-amylase, β-amylase and limit dextranase action) to form the 

fermentable sugars like maltose, maltotriose, glucose, sucrose and fructose) and 

enzymatic inactivation at 78 °C for 5 min, with heating speed among steps of 1 °C min-

1 (KUNZE, 2014). Later, wort was transferred to the lauter tun, where it was clarified 

through the lautering process to remove undissolved substances and the sparging 

(washing out) of the grains in order to increase the process yield. The clarified wort 

was transferred to the boiling tun where it was boiled for 60 min and the hop pellets, 

268 g Hallertau Magnum pellet hops (Barth-Haas Group®, Germany) with 11.0% alpha 

acids to obtain 56 BU bitterness,  added 50 min from the end of this stage. After boiling 

the wort was submitted to whirlpool to remove the hot trüb (flakes formed by denatured 

proteins and oxidized tannins) at the bottom of the equipment, cooled at 18 °C through 

plate heat exchanger recirculation (KUNZE, 2014).  Later the wort was transferred to 

the fermentation vessel. In this step, 200 g of the Nottingham lyophilized yeast 

(Lallemand®, Canada) were added and the fermentation was conducted for 3 days at 

18 °C, and then the maturation step at 0 °C for 14 days was started. After this stage, 

the beer was stored in a pressure cellar until it was filled in a 20 L keg type stainless 

steel barrel and then pasteurized at 30 UP. 
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5.3.4 Growth of Saccharomyces boulardii in beer 

Five liters of beer was transferred into the SL135 5L-bioreactor (SOLAB®, 

Piracicaba, Brazil) with control of pH, temperature, dissolved oxygen and agitation. 

The bioreactor was set to shake shaker was driven at 180 rpm to release the dissolved 

carbon dioxide in the beer. A glucose syrup (60 °Brix), sterilized at 121 °C for 15 min, 

was added to the beer to obtain 5 g L-1 of glucose in the beer as a substrate for S. 

boulardii growth. Inoculum volume was calculated to obtain 6.0 log10 cell mL-1 from S. 

boulardii. The growth of S. boulardii in the beer was conducted at 25 °C and samples 

were taken at an interval of three hours during the first 12 hours of the process, in order 

to determine the adaptation phase (Lag), growth acceleration and the beginning of the 

exponential growth phase (Log). After this, the samples were taken at an interval of six 

hours until the stationary phase. After, the beer was stored in a freezer at 0 °C and 

evaluated to the yeast stress into GI transit over 60 days period of time. Viable cell 

concentration was analyzed in the beer (Xvc (BGIC)), after gastric transit (Xvc (AGC)) 

and after GI transit (Xvc (AGIC)), with fortnight count analysis. 

 

5.3.5 Substrate consumption and product formation measurement 

Saccharomyces boulardii metabolic sugar consumption (glucose) and product 

formation (glycerol, ethanol, and acetic acid) were analyzed using a high-performance 

liquid chromatography system equipped with an infrared detector, binary pump, control 

module, and LabSolution chromatography software (Shimadzu®, Japan). The 

chromatography column used was an Aminex® HPX-87H 300 x 7.8 mm (Bio-Rad 

Laboratories Ltd., United States of America). The mobile phase was prepared in 5 mM 

H2SO4 at a flow rate of 0.8 mL min-1. The injection volume was set to 20 μL, and the 

temperature was set to 60 °C. 

 

5.3.6 Physical-chemical parameters of conventional and probiotic IPA beer 

Samples (100 g) was decarbonated by immersion in a thermostatically 

controlled, ultrasonic bath sonicator (Sanders Medical, SoniClean 6, Brazil), for 45 min 

at 40 °C.  The flask was immersed in the bath so that the water level was 2 cm above 

the beer level. After, it was poured into 500 mL distillation flask with 50 mL distilled 

water. Alcohol content (AC) by weight (% w w-1), AC by volume (% v v-1), original (EO), 
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real (ER), apparent (EA) extracts and real degree of fermentation (RDF) were 

determined from the PWB* either before and after collection 85 mL of distillate, as well 

for the residue remaining at the bottom of the flask after distillation. A benchtop digital 

densitometer (Rudolph Research Analytical, model DDM2911 Plus, USA) was used 

for specific density value measurement EBC (2010a).  

 

5.3.7 pH and color of beer measurements 

Color of the beer was determined by spectrophotometer method at a 

wavelength of exactly 430 nm (Biospectro®, model Spectrum SP-2000UV, Brazil) in a 

10 mm quartz cuvette. PWB* sample (100 g) was decarbonated as previously 

described and filtered through a membrane filters, pore size 0.45 micron. Optical 

density value has been converted into color beer scale, using the conversion factor in 

accordance with EBC (2010b). A pHmeter (MPA-201, Tecnopon, Brazil) benchtop 

digital equipped with automatic temperature compensation, calibrated with pH 4.0 

buffer (citric acid, sodium hydroxide and hydrogen chloride, Merck®, France) and pH 

7.0 buffer (potassium dihydrogen phosphate and disodium hydrogen phthalate, 

Merck®, France) was used to pH measurements. 

 

5.3.8 Tolerance to in vitro GI transit 

In vitro GI treatment was performed as reported by Lemos Junior (2019). GI 

base juice was formulated as follows: 0.11 g L-1 calcium chloride, 1.12 g L-1 potassium 

chloride, 2.0 g L-1 sodium chloride, and 0.4 g L-1 potassium dihydrogen phosphate. 

This solution was sterilized at 121 °C for 15 minutes. Artificial gastric juice (GJ) was 

freshly prepared to a final volume of 75 mL by adding 3.5 g L-1 swine mucin and 0.26 

g L-1 swine pepsin. The pH has been adjusted to 2.0 with 1 M HCl. PIPA aliquots (1 

mL) was transferred into GJ and anaerobically incubated at 36 °C for 45 minutes, with 

gentle shaking. Subsequently, artificial intestinal juice was obtained to top up 100 mL 

final volume by adding to the GJ: 3.0 g L-1 bile salt, 1.95 g L-1 pancreatin, and 0.1 g L-

1 egg white lysozyme. The pH will be adjusted to 7.0 with 1M sodium bicarbonate 

solution and anaerobically further incubated at 36 °C for 180 minutes, with gentle 

shaking. 12-wells microtiter plate was used to count viable cells after each condition 

by drop plate technique, so that each well was seeded only a drop from each dilution 

level – until 10-6.  Plates were incubated at 25 °C for 48 hours, under aerobic condition.  
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Colonies were counted with the aid of colony counter and the results were expressed 

(cfu mL-1) as weighted from two successive dilution level. 

 

5.3.9 Statistical analysis  

All analyzes of this work were performed in triplicate, presenting the mean ± 

standard deviation. Statistical analyses were performed applying the analysis of 

variance (ANOVA) followed by Fisher's test at 5 % probability level (p < 0.05) using 

Action Stat Software version 3.6.331.450 build 7 (Statcamp, Brazil). 

 

5.3.10 Determination of kinetic parameters and yeast survivability 

Initial (X0) and maximum (Xmax) yeast concentration (log10 cell mL-1), specific 

maximum growth rate (μmax) and Lag phase period (λ) were normalized accordingly 

either to modified Gompertz’s mathematical model (ZWIETERING et al., 1991) - 

Equations 1 and 2 or Baranyi and Roberts’ model (1994) - Equations 3 to 5. Coefficient 

of determination (R2) obtained by DMFit software, version 3.5 (Institute of Food 

Research, Norwich, UK), root mean square error (RMSE), bias factor (Bf) and accuracy 

factor (Af) (ESTELLES-LOPEZ et al., 2017) – Equations 6 to 8, were used to evaluate 

the mathematical models.  

 

𝒚(𝒕) = 𝑨 ∙ 𝒆𝒙𝒑 (−𝒆𝒙𝒑 ((
𝝁𝒎á𝒙 ∙ 𝒆

𝑨
) ∙ (𝝀 − 𝒕)) + 𝟏) 

(1) 

 

𝒚(𝒕) = 𝐥𝐧 (
𝑵

𝑵𝟎
) 

(2) 

 

𝒚(𝒕) = 𝒚𝟎 + 𝝁𝒎á𝒙 ∙ 𝑨(𝒕) −
𝟏

𝒎
∙ 𝐥𝐧 (𝟏 + (

𝒆(𝒎∙𝝁𝒎á𝒙∙𝑨(𝒕)) − 𝟏

𝒆(𝒎∙(𝒚𝒎á𝒙−𝒚𝟎))
)) 

(3) 

 

𝑨(𝒕) = 𝒕 +
𝟏

𝝁𝒎á𝒙
∙ 𝐥𝐧(𝒆(−𝝁𝒎á𝒙∙𝒕) + 𝒆(−𝒉𝟎) − 𝒆((−𝝁𝒎á𝒙∙𝒕)−𝒉𝟎)) 

(4) 
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𝒉𝟎 = − 𝐥𝐧 𝜶𝟎 = 𝐥𝐧 (𝟏 +
𝟏

𝒒𝟎
) = 𝝁𝒎á𝒙 ∙ 𝝀 

(5) 

 

𝑹𝑴𝑺𝑬 = √
∑(𝒗𝒂𝒍𝒖𝒆𝒑𝒓𝒆𝒅𝒊𝒄𝒕𝒆𝒅 − 𝒗𝒂𝒍𝒖𝒆𝒐𝒃𝒔𝒆𝒓𝒗𝒆𝒅)

𝒏
 

(6) 

 

𝑨𝒇 = 𝟏𝟎

(
∑ 𝐥𝐨𝐠(|

𝒗𝒂𝒍𝒖𝒆𝒑𝒓𝒆𝒅𝒊𝒄𝒕𝒆𝒅

𝒗𝒂𝒍𝒖𝒆𝒐𝒃𝒔𝒆𝒓𝒗𝒆𝒅
|)

𝒏
)

 

(7) 

 

𝑩𝒇 = 𝟏𝟎

(∑ 𝐥𝐨𝐠(

𝒗𝒂𝒍𝒖𝒆𝒑𝒓𝒆𝒅𝒊𝒄𝒕𝒆𝒅

𝒗𝒂𝒍𝒖𝒆𝒐𝒃𝒔𝒆𝒓𝒗𝒆𝒅
𝒏

))

 

(8) 

 

where, N – viable cell concentration (cell mL-1) on the time (t), N0 – initial viable cell 

concentration (cell mL-1), A – maximum viable cell population (ln cell mL-1), y(t) – viable 

cell concentration (ln cell mL-1) on the time (t), y0 – initial viable cell concentration (ln 

cell mL-1), ymáx – maximum viable cell concentration (ln cell mL-1), m – parameter 

related to the curving profile between the log and stationary phase, v – increasing rate 

of limiting substrate, n – number of experimental points taken over the experiment. 

Viable cell concentrations in the beer, before simulation of the GI conditions, 

and during the storage period under refrigeration (60 days at 0 °C) were also subjected 

to adjustment by modified Gompertz and Baranyi models, which were compared 

through R2, RMSE, Af and Bf. It was possible to determine the initial concentration of 

viable cells (X0, log10 cfu mL-1), shoulder length time (SL, days), DMFit software, 

version 3.5 (Institute of Food Research, Norwich, UK) maximum specific inactivation 

rate (kmax, day-1) and residual yeast concentration (Xres, log10 cfu mL-1). 

Initial yeast concentration (X0), specific maximum growth rate (µmáx) and 

maximum yeast concentration (Xmáx) were replaced to Equations 9 to 11 to calculate 

the tg - cell generation time (h), YX S
-1 - yield factor of substrate  to cell (cell g-1 of extract) 
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and  μS - specific rate of substrate consumption (g extract cell-1 h-1), respectively (HISS, 

2013).    

 

𝒕𝒈  =
𝐥𝐧 𝟐

𝝁𝒎á𝒙
 

(9) 

 

𝒀𝑿 𝑺−𝟏 = −
𝒅𝑿

𝒅𝑺
= −

𝑿 − 𝑿𝟎

𝑺 − 𝑺𝟎
 

(10) 

 

𝝁𝑺 = −
𝟏

𝑿
∙

𝒅𝑺

𝒅𝒕
=

𝝁𝒎á𝒙

𝒀𝑿 𝑺−𝟏
 

(11) 

 

where, S0 and S - initial and final value of the glucose concentration (g L-1), 

respectively. 

The experimental values of viable S. boulardii cell concentration in probiotic 

Indian Pale Ale (PIPA) were compared with the predicted concentration by the 

polynomial mathematical model developed by Paula et al. (2019), by calculating the 

relative deviation (ε, %), Equations 12 and 13, respectively. 

 

𝑿𝒗𝒄 = −𝟏𝟔. 𝟒𝟔𝟕𝟕 + 𝟎. 𝟐𝟔𝟎𝟒𝑨𝑪 − 𝟎. 𝟎𝟏𝟑𝟖𝑨𝑪𝟐 + 𝟓. 𝟔𝟓𝟓𝟖𝒑𝑯 − 𝟎. 𝟒𝟏𝟑𝟏𝒑𝑯𝟐 + 𝟎. 𝟕𝟖𝟎𝟕𝑻
− 𝟎. 𝟎𝟏𝟏𝟓𝑻𝟐 − 𝟎. 𝟎𝟏𝟏𝟔𝑨𝑪 ∙ 𝒑𝑯 − 𝟎. 𝟎𝟎𝟖𝟐𝑨𝑪 ∙ 𝑻 − 𝟎. 𝟎𝟒𝟏𝟓𝒑𝑯 ∙ 𝑻 

(12) 

 

𝜺 = |
𝑿𝒗𝒄(𝒆𝒙𝒑𝒆𝒓𝒊𝒎𝒆𝒏𝒕𝒂𝒍) − 𝑿𝒗𝒄(𝒑𝒓𝒆𝒅𝒊𝒄𝒕𝒆𝒅)

𝑿𝒗𝒄(𝒑𝒓𝒆𝒅𝒊𝒄𝒕𝒆𝒅)
| ∙ 𝟏𝟎𝟎% 

(13) 

 

where, Xvc – viable cell concentration of S. boulardii (log10 cell mL-1), being 

Xvc(experimental) obtained by Baranyi’s model through DMFit software, version 3.5 

(Institute of Food Research, Norwich, UK) and Xvc(predicted) obtained by Equation 12, AC 
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– alcohol content (°GL), pH – potential of hydrogen, T – temperature (°C) and ε - 

relactive deviation (%).  

 

5.4 RESULTS AND DISCUSSION 

Physico-chemical parameters of IPA beer, Probiotic IPA beer inoculated with S. 

boulardii (PIPA) and the standard parameters of the Beer Judge Certification Program 

(BJCP, 2015) are demonstrated in the Table 1. The results show that, although some 

parameters presented some differences according to Fisher's test (p < 0.05), the 

addition of glucose syrup and S. boulardii growth did not represent significant changes 

in alcohol content and color. Although Original Gravity (OG) and Final Gravity (FG) 

were changed, they remained within the limits set by the BJCP for IPA style beers. 

 

Table 1. Physico-chemical parameters of beers and probiotic beer. Mean ± Standard 

Deviation. 

Physico-chemical 

parameters 
IPA PIPA BJCP (2015) 

OG 1.0583a ± 0.0001 1.0581b ± 0.0000 1.056 – 1.070 

FG 1.0091a ± 0.0000 1.0090b ± 0.0000 1.008 – 1.014 

EO (°P) 14,34a ± 0,01 14,29b ± 0,00  

EA (°P) 2,32a ± 0,00 2,30b ± 0,01  

ER (°P) 4,56a ± 0,01 4,53b ± 0,00  

AC (% m m-1) 5,11a ± 0,01 5,10a ± 0,00  

AC (% v v-1) 6,52a ± 0,01 6,50a ± 0,00 5.50 – 7.50 

RDF (%) 69,84a ± 0,07 69,96a ± 0,02  

Colour (EBC) 21,98a ± 0,03 21,98a ± 0,03 11.82 – 27.58 

pH 4,20a ± 0,01 4,35b ± 0,01  

Means with different letters are significantly different by Fischer’s test (p < 0.05). OG – original gravity. 

FG – final gravity. EO – original extract. EA – apparent extract. ER – real extract. AC (% w w-1) - alcohol 

by weight. AC (% v v-1) – alcohol by volume. RDF – real degree of fermentation (%). Original (EO), real 

(ER), apparent (EA) extract and real degree of fermentation (RDF). BJCP - Beer Judge Certification 

Program. IPA - beer fermented by S. cerevisiae - Nottingham (Lallemand®, Canada). PIPA – Probiotic 

IPA beer inoculated with S. boulardii (Floratil® 200, Merck, France) after fermentation.  

 

S. boulardii performance / adequacy on the predicted modeling (Baranyi’s or 

modified Gompertz’s model) to adjust the cell growth, biomass formation, Xvc are 

demonstrated in the Figure 1 and Table 2. 
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Figure 1. S. boulardii growth. Xvc - concentration of viable cells (ln cell mL-1). (        ) predicted value by 

the modified Gompertz’s model. (         ) predicted value by the Baranyi’s model. 

 

Table 2. Adequacy of predicted modeling (Baranyi or modified Gompertz’s model) to 

adjust the S. boulardii growth and survivability over storage period at 0 °C. DMFit 

software version 3.5 (Institute of Food Research, Norwich). 

Parameters 

S. boulardii growth in PIPA S. boulardii survivability in PIPA 

Gompertz’s model 

modified accordantly to 

Zwietering et al. (1991) 

Baranyi’s 

model 

Gompertz’s model 

modified accordantly to 

Zwietering et al. (1991) 

Baranyi’s 

model 

X0 6.14 6.10 7.88 7.88 

λ 9.85 7.58   

µmáx 0.10 0.09   

Xmáx 7.61 7.47   

SL   20.91 20.68 

kmáx   -0.08 -0.08 

Xres   6.58 6.76 

R2  0.9907 0.9935 1.0000 0.9999 

RMSE 0.0481 0.0352 0.0016 0.0015 

Af 1.0050 1.0034 1.0001 1.0000 

Bf 1.0013 1.0000 1.0000 1.0000 

X0 – initial yeast concentration (log10 cell mL-1). λ - Lag phase period (h). µmáx - specific maximum growth 

rate (h-1). Xmáx – maximum yeast concentration (log10 cell mL-1). SL – shoulder length time (days). kmáx 

– maximum specific inactivation rate (day-1). Xres – residual yeast concentration (log10 cfu mL-1). R2 – 

Coefficient of determination. RMSE - Root mean square error. Af - Accuracy factor. Bf – Bias factor. 

PIPA – Probiotic IPA beer inoculated with S. boulardii (Floratil® 200, Merck, France) after fermentation. 
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Statistical parameters obtained by adjusting S. boulardii growth data in DMFit 

software version 3.5 (Institute of Food Research, Norwich, UK) indicate better 

suitability to the Baranyi model, which presented R2, Af and Bf closer to 1.0. and RMSE 

closer to 0.0. 

According to the Baranyi’s model, μmax value was 0.09 h-1 and tg was 7.94 h. YX 

S
-1 showed that is necessary 1 g of sugar to produce 5.77 x 109 cells of S. boulardii. 

The specific rate of substrate consumption (μS) was 1.51 x 10-11 g of glucose by each 

S. boulardii cell per hour of growth. Table 2 and Figure 2 show that experimental growth 

conditions of S. boulardii were adequate, providing rapid adaptation, with λ of 7.58 h, 

with glucose consumption starting at 23.49 h and without fermentation, since AC was 

constant during whole process. Figure 3 shows that the growth of S. boulardii in beer 

did not change the pH, remaining at 4.4 during the process, while glycerol and acetic 

acid concentrations showed a small increase. Glycerol concentration increased from 

2.29 to 2.46 g L-1, while acetic acid concentration increased from 0.01 to 0.04 g L-1. 

Such increases are insufficient to promote sensory changes in beer, since the 

perception threshold of glycerol is 10 g L-1 and acetic acid is 0.07 to 0.20 g L-1 (ZHAO 

et al., 2015; ZHANG et al., 2012).   

 

 

Figure 2. Biomass growth, sugar consumption (glucose) and alcohol content. AC - alcohol content (° 

GL). Xvc - concentration of viable cells (log10 cell mL-1). (         ) experimental data adjusted to the 

Baranyi’s model using the DMFit software version 3.5 (Institute of Food Research, Norwich).  
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Figure 3. Glycerol and acetic acid production and pH value during the fermentation period. 

 

In the case of normal anaerobic fermentation metabolism from glycerol-

aldehyde-3-phosphate and dihydroxyacetone phosphate, yeasts turn 3 to 5 % of the 

fermentable sugars into glycerol. Glycerol concentration ranges from 1.2 to 2.0 g L-1 in 

beer, having positive sensory influence when closer to the highest concentration within 

the range. In controlled fermentations, up to 30 % of the sugar available in mash is 

transformed into glycerol. Yeast also produces glycerol when subjected to water stress 

conditions. Where produced glycerol is stored within the cell increasing intracellular 

osmolarity, protecting yeast from water loss when subjected to a medium with high 

substrate concentration (eg. salt or sugar). Glycerol can also play a protective role 

when yeast is subjected to low storage temperatures as a cellular response to cold 

stress (ANNEMÜLLER et al., 2018). 

Most of the organic acids present in beer are formed by yeast during 

fermentation. The amino group (-NH2) of the amino acids present in the must are 

extracted by the yeast to produce albuminoid substances, present in the cell 

protoplasm, releasing organic acids in beer. Thus, various organic acids are produced 

through this metabolism having influence on the sensory profile of beers. Ethyl ester, 

produced from acetic acid esterification reaction, in concentrations ranging from 0.03 

to 0.04 g L-1 promotes an aromatic fruity note in wheat beers (KUNZE, 2014). 

The results of S. boulardii growth in PIPA production are consistent with those 

obtained by Equation 12, which was developed in yeast-extract-peptone-dextrose 

(YPD) broth, showing ε of only 2.04 %, when compared Xvc(predicted) and Xvc(experimental), 

7.62 log10 cell mL-1 e 7.47 log10 cell mL-1, respectively. 
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Baranyi's model also showed better fit when analyzing the survival data of S. 

boulardii during refrigerated storage at 0 °C, since RMSE was closer to 0.0 and Af 

closer to 1.0 (Table 2 and Figure 4). It is noteworthy that the modified Gompertz’s 

model performed well, presenting better R2, and Bf equal to Baranyi's model (1.0000).  

 

 

Figure 4. Survival of S. boulardii strains in probiotic beer over storage period at 0 °C and successive 

passage to in vitro gastric and intestinal condition, respectively. BGIC - concentration of viable cells in 

the beer (log10 cfu mL-1). AGC - concentration of viable cells after in vitro gastric treatment (log10 cfu mL-

1). AGIC - concentration of viable cells after in vitro gastrointestinal treatment (log10 cfu mL-1). (          ) 

predicted value by the modified Gompertz’s model. (          ) predicted value by the Baranyi’s model. 

 

S. boulardii showed good survival in PIPA during refrigerated storage (0 °C). 

The parameters obtained by the Baranyi’s model indicate that the concentration of 

viable cells (7.88 log10 cfu mL-1) remained in shoulder length time (SL) for 20.68 days 

from the beginning of storage. Then the cell decline or death phase was started with 

maximum specific inactivation rate (kmax) of -0.08 day-1, reaching 60 days with Xres 6.76 

log10 cfu mL-1. 

Viable S. boulardii cells number decreased significantly (p < 0.05) from ahead 

30 days of storing into 5L-stainless steel beer (Figure 4 and 5). Nevertheless, it can be 

verified that in relation to the sample of the first day of storage before the GI transit 

(BGIC0) the 60th day reduction was 1.23 log10 cfu mL-1 (Figure 5). Comparing to the 

reductions after gastric treatment (AGC) and after GI treatment (AGIC) relative to BGIC 

on their respective day, the largest reduction was only 0.2 log10 cfu mL-1 relate to AGC 

(30th day), with mean reductions approaching 0.1 log10 cfu mL-1 (Figure 6). These data 
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reinforce the good adaptation of S. boulardii for beer production, showing good 

survivability to GI transit. Both cold storage and stress induced by GI treatment reduced 

the yeast survivability (Figure 7). On the 60th day the reduction provided by each stress 

showed no significant difference according to Fisher's test (p < 0.05) being 1.10 log10 

cfu mL-1 for BGIC and 1.12 log10 cfu mL-1 for AGC and AGIC. 

 

 

Figure 5. Effect of the stress induced by beer, gastric and gastrointestinal conditions on S. boulardii 

survivability over 2 months of storage period. Results have been estimated subtracting the survival of 

S. boulardii to the beer soon after it was produced. BGIC - concentration of viable cells in the beer. AGC 

- concentration of viable cells after in vitro gastric treatment. AGIC - concentration of viable cells after in 

vitro gastrointestinal treatment (log10 cfu mL-1). Bars with different lowercase letters on the same day 

indicate significant difference according to Fisher's test (p <0.05). Equal color bars with different 

uppercase letters indicate a significant difference according to Fisher's test (p <0.05). 

 

 

Figure 6. Effect of the stress induced by gastric and gastrointestinal conditions on S. boulardii 

survivability each time. Results have been estimated subtracting the cell counts on each time to the beer 

on the same storage period. BGIC - concentration of viable cells in the beer. AGC - concentration of 

viable cells after in vitro gastric treatment. AGIC - concentration of viable cells after in vitro 

gastrointestinal treatment (log10 cfu mL-1). Bars with different lowercase letters on the same day indicate 

significant difference according to Fisher's test (p <0.05). Equal color bars with different uppercase 

letters indicate a significant difference according to Fisher's test (p <0.05). 
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Figure 7. Cumulative effect of stress induced by beer, gastric and gastrointestinal conditions over 2 

months storage period. Results have been estimated subtracting the cell counts on each condition to 

the same conditions on the fresh beer (zero time).  BGIC - concentration of viable cells in the beer. AGC 

- concentration of viable cells after in vitro gastric treatment. AGIC - concentration of viable cells after in 

vitro gastrointestinal treatment (log10 cfu mL-1). Bars with different lowercase letters on the same day 

indicate significant difference according to Fisher's test (p <0.05). Equal color bars with different 

uppercase letters indicate a significant difference according to Fisher's test (p <0.05). 

 

Senkarcinova et al. (2019) studied the production of probiotic non-alcoholic beer 

using S. boulardii, so that the alcohol concentration in the beer did not exceed 0.5 °GL. 

However, as a strategy to inhibit probiotic metabolism, and thus avoiding alcohol 

production, a high-pressure processing (HPP) was performed, resulting in a reduction 

of 5.39 log10 cell mL-1 of viable cells. According to Senkarcinova et al. (2019), the 

controversial justification for using HPP is because living and dead cells in probiotic 

products can produce favorable biological responses. Such statement is opposed to 

the definition of Joint FAO/WHO Working Group (2002), reformulated by Hill et al. 

(2014), which states that the term probiotic means “live microorganisms which when 

administered in adequate amounts confer a health benefit on the host”. Thus it is 

necessary to ensure the viability of the microorganism for use of the term probiotic. 

Capece et al. (2018) performed co-fermentations using different strains of S. 

cerevisiae with probiotic yeast S. boulardii. The resulting unfiltered and unpasteurized 

beer contained high levels of probiotic yeast, 6.90 to 7.85 log10 cfu mL-1, very close to 

those obtained in the present work (7.88 log10 cfu mL-1). However, probiotic viability 

and storage stability, which is essential for practical considerations, has not been 

evaluated. 

Meeting McFarland’s (2017) recommendation, an minimum consumption of 9.0 

log10 cell of S. boulardii would be achieved by intake of 13.2 mL or 173.8 mL of beer 
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produced in this study on the first or 60th day of cold storage (0 °C), respectively. This 

volume of beer are also in accordance with that indicated by Stackelberg et al. (2014), 

since it falls into the Class III beer category (≥ 3.5 ° GL) because it has AC = 5.9 ° GL, 

and a daily intake of 330 mL is recommended to aid in the prevention of aneurysm of 

the abdominal aorta. 

 

5.5 CONCLUSIONS 

S. boulardii can be a suitable e alternative to act as a brewer's yeast for probiotic 

IPA beer production, since it has good technological and functional characteristics. 

S. boulardii showed good resistance to storage under refrigeration (0 °C) and in 

vitro simulation of transit through gastrointestinal conditions during 60 days, proving to 

be technologically viable the production of probiotic IPA beer. 
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6.1 ABSTRACT 

Amidst the rising popularity of probiotic consumption, a comparative controlled trial has 

been independently carried out challenging Saccharomyces boulardii strain to act as 

a brewer's yeast for probiotic beer production. Brewing fermentation performance of 

yeast on the wheat beer wort (cell growth, sugar consumption and metabolites of 

fermentation) have been compared to the conventional top-fermentation S. cerevisiae, 

wheat brewer’s strain. S. boulardii effectiveness on the wheat beer wort has been 

improved in an industrial brewing, assuming some important changes on the wort 

composition and wort temperature profile. Yeast survivability such harsh conditions of 

beer and GI transit was used to indicate the probiotic properties potential. Although S. 

boulardii had no equal performance to the conventional yeast on the wheat beer wort, 

 
3 This chapter has been formatted for submission to the journal Probiotics and Antimicrobial Proteins, Qualis 
concept A2 and impact factor 2.962. 
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approaches have been achieved when β-amylase enzyme performance was 

emphasized. Then, beer parameters fairly close to that produced by conventional 

brewer’s yeast was produced. Additionally, S. boulardii population did not decrease 

very intensively over storage period, withstanding alive above the minimal dose 

prescribed by authors to confer health benefit on the host.  

 

Key-words: health, functionality, gut microbiome, brew, yield   

 

6.2 INTRODUCTION 

In recent years, consumer awareness of the impact of food on health has been 

widening. Probiotic foods and beverages are suitable matrices to delivery beneficial 

microorganism to consumers. Heavy-long trial is required to prove beneficial role from 

microorganism, including safety and technological properties (SIMEONI et al, 2014). 

Probiotics are live microorganisms that, when administered in adequate amounts, 

confer a health benefit on the host (JOINT FAO/WHO WORKING GROUP, 2002). 

Among criteria to select probiotic strain, resistance to gastrointestinal (GI) transit is a 

crucial requirement for strain intending to gut microbiome improvement (GHARBI et 

al., 2019). Probiotics have also been associated with cancer prevention through 

various mechanisms such as stimulation of the immune system, decreasing the 

incidence of infections, regulating intestinal inflammation and binding to toxic 

compounds (MALEKI et al., 2016).   

Saccharomyces cerevisiae var. boulardii is classified as a subtype of S. 

cerevisiae and was the first yeast isolated from lychee and mangosteen by Henri 

Boulardii in 1923 (ALTMANN, 2018). It has been prescribed to health-impaired 

individuals as gut microbiota establisher. S. boulardii can prevent intestinal epithelial 

cell damage against bacterial infections and toxic substances, by gut mucosal barrier 

(CAPECE et al, 2018). Hence, it can reduces acute diarrhea, prevent antibiotic-

associated diarrhea and inflammatory bowel diseases aggravated Escherichia coli and 

Clostridium difficile (OKADA and SILVA, 2017; CAPECE et al, 2018; MENCHETTI et 

al., 2016). Moderate alcohol consumption can reduce the risk of abdominal aortic 

aneurysm (STACKELBERG et al., 2014) and aortic valve sclerosis (MARKUS et al., 

2015) in men and women.  

Probiotic microorganism is traditionally used in dairy products (BARAT and 

OZCAN, 2018). However, factors such as lactose intolerance, milk protein intolerance, 
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as well as to control cholesterol levels, and levels of saturated fatty acids, which are a 

drawback in conventional milk-based products (SALMERÓN, 2017).  

Studies on alcoholic beverages as probiotic matrix is scarce. Beer is the third 

popular drink consumed in the word, behind tea and coffee (RODHOUSE and 

CARBONERO, 2019). Moreover, it is a natural source of prebiotics due to significant 

levels of high-molecular weight pentosans and a mixture of high-and-low-molecular-

weight β-glucans (KANYER et al., 2017). Prebiotics can be defined as no digestible 

compounds by the body, although they are selectively fermented by the microbiota of 

the GI tract, thus stimulating the growth and/or activity of some of these 

microorganisms capable of providing health benefits (MATHEUS, 2016).  

S. boulardii has good fermentative capacity, producing alcohol and carbon 

dioxide, as well bioactive compounds such as gamma amino butyric acid (a non-

protein amino acid), B vitamins (thiamine, riboflavin, biotin and pyridoxine), isoflavones 

and phenols (LAZO-VÉLEZ et al.,2018). 

S. boulardii has been assessed in this study with the aim of acting as a brewer's 

yeast for probiotic wheat beer (PWB) production. Yeast survivability such harsh 

conditions of beer and GI transit was used to indicate the probiotic properties potential. 

 

6.3 MATERIAL AND METHODS 

6.3.1 Yeast and experimental design  

A comparative controlled study was independently carried out challenging S. 

boulardii (Floratil® 200, Merck, France) strain to act as a brewer's yeast for PWB 

production. S. cerevisiae WB-06 (Fermentis®, France) have been used as the 

conventional wheat brewer’s top-fermentation strain. Yeast growth, sugar consumption 

and metabolites (alcohol, glycerol, acetic acid) were measured either PWB or 

conventional, until 54 hours of alcoholic fermentation. S. boulardii effectiveness to 

ferment the wheat beer (WB) wort has been optimized in a pilot production, considering 

relevant changes on the wort recipe and temperature profile (*), for another potential 

PWB* production. Yeast survivability such harsh conditions of PWB* and GI transit 

over 2 mo storage period of at 0 °C was used as indicative of probiotic potential, with 

fortnightly measurements.    
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6.3.2 Standardization of inoculum size  

Small portion of dry yeast powder was drizzled to 1L-flask containing yeast-

extract-peptone-dextrose (YPD) broth. After incubation overnight at 25 °C, viable cells 

(log10 cells mL-1) was determined on the 0.100 mm/0.0025 mm2 Neubauer chamber 

(Marienfeld®, Germany) after mixing (1:1) equal parts of the appropriately diluted cell 

suspension with methylene blue solution (0.1% m v-1) and observation on an optical 

microscope (Biofocus - R, USA) at 400x (40x objective). Cells was counted in the four 

large corner squares and the middle one. Aliquot inoculum volume was determined 

prior pitching and pipetted accurately to obtain the desirable final wort inoculum.  

 

6.3.3 Wort preparation  

A 42 L batch of Wheat beer wort (WBW) was produced in a 50L-Mec Hobby 

Plus (Mec Bier, Brazil). For the wort production, 3.8 kg of pilsen malt (Weyermann®, 

Germany) and 4.6 kg of wheat malt (Weyermann®, Germany) were mixed up. The 

malts were milled in a three-roll mill and then poured into the mash tub containing water 

previously heated to 40 °C. The mash was conducted at 45 °C for 10 min, 52 °C for 10 

min, 62 °C for 25 min, 72 °C for 35 min and 78 °C for 5 min, with heating speed among 

steps of 1 °C min-1 (KUNZE, 2014).  The husks and other grains residue as well as 

precipitated proteins were removed lautering process. Stirred boiling for 60 min was 

done in order to achieve hot break. The hop pellets, 12.5 g Columbus (Barth-Haas 

Group®, Germany) with 16.1% alpha acids to obtain 15 BU, was added prior 50 min 

boiling over. The hot-trub was separated by whirlpool vessel and a serpentine passage 

cooling systems immersed into wort bath was used for cooling at 25 °C. Pure drinking 

water was used to top up to the original gravity of wort batch, and then it was divided 

into 2-equal parties and pitched with S.boulardii or  traditional WB-06 strain, so that the 

final yeast cell concentration each wort-batch was ca 6.7 log10 cell mL-1. Soon after 

pitching, the inoculated wort was manually homogenized. Fermentation processes 

were carried out in 30 L-capped plastic tanks with the working approximately ¾ full 

volume into a mini fermentation chamber (LT 200 UT, Limatec, Brazil) working at 24 

°C and 90 % relative humidity. Air-lock attached to tank-cap with a rubber stopper was 

used to relieve positive CO2 pressure but keeps oxygen and airborne. After 54 hours 

of running fermentation, coupled with an attenuation of wort original extract (EO), the 

beers were then cooled to 0 °C for ripening, after 1.5 wk storing period. Beer was 

bottled into 5L-stainless steel beer keg and directly infuse CO2 into the beer keg, a gas 

http://www.m.ebay.ie/itm/5-g-Stainless-Steel-Beer-Keg-WINE-FERMENTER-Storage-Vessel-w-SS-Cap-Syrup/231591933137
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cylinder with the gas line free of leaks was employed for force carbonating. Thereafter, 

200 L  PWB* was made (Mascates® microbrewery, Valença-RJ, Brazil) assuming  

relevant changes on the wort composition and wort temperature profile: 19.5 kg wheat 

malt and 19.5 kg barley malt and enzymes activation steps at 42 °C for 15 min; 52 °C 

for 15 min; 62 °C for 30 min; 72 °C for 30 min and  78 °C for 5 min, respectively, using 

the same hop concentration to get the same bitterness (15 BU) . After cooling at 25 

°C, a bioreactor (SL-135, Solab, Brazil) provided with pH and temperature 

automatically controlled, with the working volume filled (5 L) was used to determine the 

kinetic parameters.  

 

6.3.4 Yeast fermentation performance 

Yeast metabolic sugar consumption (glucose and maltose) and product 

formation (glycerol, ethanol, and acetic acid) were analyzed using a high-performance 

liquid chromatography system equipped with an infrared detector, binary pump, control 

module, and LabSolution chromatography software (Shimadzu®, Japan). The 

chromatography column used was an Aminex® HPX-87H 300 x 7.8 mm (Bio-Rad 

Laboratories Ltd., United States of America). The mobile phase was prepared in 5 mM 

H2SO4 at a flow rate of 0.8 mL min-1. The injection volume was set to 20 μL, and the 

temperature was set to 60 °C.  

 

6.3.5 Physical-chemical parameters of PWB* 

PWB* sample (100 g) was decarbonated by immersion in a thermostatically 

controlled, ultrasonic bath sonicator (Sanders Medical, SoniClean 6, Brazil), for 45 min 

at 40 °C.  The flask was immersed in the bath so that the water level was 2 cm above 

the beer level. After, it was poured into 500 mL distillation flask with 50 mL distilled 

water. Alcohol content (AC) by weight (% w w-1), AC by volume (% v v-1), original (EO), 

real (ER), apparent (EA) extracts and real degree of fermentation (RDF) were 

determined from the PWB* either before and after collection 85 mL of distillate, as well 

for the residue remaining at the bottom of the flask after distillation. A benchtop digital 

densitometer (Rudolph Research Analytical, model DDM2911 Plus, USA) was used 

for specific density value measurement EBC (2010a).  
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6.3.6 pH and color of beer measurements 

Color of the beer was determined by spectrophotometer method at a 

wavelength of exactly 430 nm (Biospectro®, model Spectrum SP-2000UV, Brazil) in a 

10 mm quartz cuvette. PWB* sample (100 g) was decarbonated as previously 

described and filtered through a membrane filter, pore size 0.45 micron. Optical density 

value has been converted into color beer scale, using the conversion factor in 

accordance with EBC (2010b).  A pHmeter (MPA-201, Tecnopon, Brazil) benchtop 

digital microprocessed equipped with automatic temperature compensation, calibrated 

with pH 4.0 buffer (citric acid, sodium hydroxide and hydrogen chloride, Merck®, 

France) and pH 7.0 buffer (potassium dihydrogen phosphate and disodium hydrogen 

phthalate, Merck®, France) was used to pH measurements. 

 

6.3.7 Tolerance to in vitro GI transit 

In vitro GI treatment was performed as reported by Lemos Junior (2019). GI 

base juice was formulated as follows: 0.11 g L-1 calcium chloride, 1.12 g L-1 potassium 

chloride, 2.0 g L-1 sodium chloride, and 0.4 g L-1 potassium dihydrogen phosphate. 

This solution was sterilized at 121 °C for 15 minutes. Artificial gastric juice (GJ) was 

freshly prepared to a final volume of 75 mL by adding 3.5 g L-1 swine mucin and 0.26 

g L-1 swine pepsin. The pH has been adjusted to 2.0 with 1 M HCl. PWB* aliquots (1 

mL) was transferred into GJ and anaerobically incubated at 36 °C for 45 minutes, with 

gentle shaking. Subsequently, artificial intestinal juice was obtained to top up 100 mL 

final volume by adding to the GJ: 3.0 g L-1 bile salt, 1.95 g L-1 pancreatin, and 0.1 g L-

1 egg white lysozyme. The pH will be adjusted to 7.0 with 1M sodium bicarbonate 

solution and anaerobically further incubated at 36 °C for 180 minutes, with gentle 

shaking. 12-wells microtiter plate was used to count viable cells after each condition 

by drop plate technique, so that each well was seeded only a drop from each dilution 

level – until 10-6.  Plates were incubated at 25 °C for 48 hours, under aerobic condition.  

Colonies were counted with the aid of colony counter and the results were expressed 

(cfu mL-1) as weighted from two successive dilution level. 

 

6.3.8 Statistical analysis  

All analyzes of this work were performed in triplicate, presenting the mean ± 

standard deviation. Statistical analyses were performed applying the analysis of 
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variance (ANOVA) followed by Fisher's test at 5 % probability level (p < 0.05) using 

Action Stat Software version 3.6.331.450 build 7 (Statcamp, Brazil). 

 

6.3.9 Determination of kinetic parameters and yeast survivability in PWB* 

Initial (X0) and maximum (Xmax) yeast concentration (log10 cell mL-1), specific 

maximum growth rate (μmax) and Lag phase period (λ) were normalized accordingly 

either to modified Gompertz’s mathematical model (Zwietering et al., 1991) - Equations 

1 and 2 or Baranyi and Roberts’ model (1994) - Equations 3 to 5. Coefficient of 

determination (R2) obtained by DMFit software, version 3.5 (Institute of Food 

Research, Norwich, UK), root mean square error (RMSE), bias factor (Bf) and accuracy 

factor (Af) (Estelles-Lopez et al., 2017) – Equations 6 to 8, was used to evaluate the 

adequacy of mathematical models.  

 

 

𝒚(𝒕) = 𝑨 ∙ 𝒆𝒙𝒑 (−𝒆𝒙𝒑 ((
𝝁𝒎á𝒙 ∙ 𝒆

𝑨
) ∙ (𝝀 − 𝒕)) + 𝟏) 

(1) 

 

𝒚(𝒕) = 𝐥𝐧 (
𝑵

𝑵𝟎
) 

(2) 

 

𝒚(𝒕) = 𝒚𝟎 + 𝝁𝒎á𝒙 ∙ 𝑨(𝒕) −
𝟏

𝒎
∙ 𝐥𝐧 (𝟏 + (

𝒆(𝒎∙𝝁𝒎á𝒙∙𝑨(𝒕)) − 𝟏

𝒆(𝒎∙(𝒚𝒎á𝒙−𝒚𝟎))
)) 

(3) 

 

𝑨(𝒕) = 𝒕 +
𝟏

𝝁𝒎á𝒙
∙ 𝐥𝐧(𝒆(−𝝁𝒎á𝒙∙𝒕) + 𝒆(−𝒉𝟎) − 𝒆((−𝝁𝒎á𝒙∙𝒕)−𝒉𝟎)) 

(4) 

 

 

𝒉𝟎 = − 𝐥𝐧 𝜶𝟎 = 𝐥𝐧 (𝟏 +
𝟏

𝒒𝟎
) = 𝝁𝒎á𝒙 ∙ 𝝀 

(5) 



70 
 

 

𝑹𝑴𝑺𝑬 = √
∑(𝒗𝒂𝒍𝒖𝒆𝒑𝒓𝒆𝒅𝒊𝒄𝒕𝒆𝒅 − 𝒗𝒂𝒍𝒖𝒆𝒐𝒃𝒔𝒆𝒓𝒗𝒆𝒅)

𝒏
 

(6) 

 

 

𝑨𝒇 = 𝟏𝟎

(
∑ 𝐥𝐨𝐠(|

𝒗𝒂𝒍𝒖𝒆𝒑𝒓𝒆𝒅𝒊𝒄𝒕𝒆𝒅

𝒗𝒂𝒍𝒖𝒆𝒐𝒃𝒔𝒆𝒓𝒗𝒆𝒅
|)

𝒏
)

 

(7) 

 

𝑩𝒇 = 𝟏𝟎

(∑ 𝐥𝐨𝐠(

𝒗𝒂𝒍𝒖𝒆𝒑𝒓𝒆𝒅𝒊𝒄𝒕𝒆𝒅

𝒗𝒂𝒍𝒖𝒆𝒐𝒃𝒔𝒆𝒓𝒗𝒆𝒅
𝒏

))

 

(8) 

 

where, N – viable cell concentration (cell mL-1) on the time (t), N0 – initial viable cell 

concentration (cell mL-1), A – maximum viable cell population (ln cell mL-1), y(t) – viable 

cell concentration (ln cell mL-1) on the time (t), y0 – initial viable cell concentration (ln 

cell mL-1), ymáx – maximum viable cell concentration (ln cell mL-1), m – parameter 

related to the curving profile between the log and stationary phase, v – increasing rate 

of limiting substrate, n – number of experimental points taken over the experiment. 

Viable cell concentrations in the beer before simulation of the GI conditions 

obtained during the storage period under refrigeration (60 days at 0 °C) were also 

subjected to adjustment by modified Gompertz and Baranyi models, which were 

compared through R2, RMSE, Af and Bf. It was possible to determine the initial 

concentration of viable cells (X0, log10 cfu mL-1), shoulder length time (SL, days), DMFit 

software, version 3.5 (Institute of Food Research, Norwich, UK) maximum specific 

inactivation rate (kmax, day-1) and residual yeast concentration (Xres, log10 cfu mL-1). 

Initial yeast concentration (X0), specific maximum growth rate (µmáx) and 

maximum yeast concentration (Xmáx) were replaced to Equations 9 to 14 to calculate 

the tg - cell generation time (h), YX S
-1 - yield factor of substrate to cell (cell g-1 of extract), 

YP S
-1 - yield factor of substrate to product (g alcohol g-1 extract), YP X

-1 – yield factor of 

product to cell (g alcohol cell-1), μS - specific rate of substrate consumption (g extract 
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cell-1 h-1) and μP - specific speed to convert substrate into product (g alcohol cell-1 g-1), 

respectively (HISS, 2013).    

 

𝒕𝒈  =
𝐥𝐧 𝟐

𝝁𝒎á𝒙
 

(9) 

 

𝒀𝑿 𝑺−𝟏 = −
𝒅𝑿

𝒅𝑺
= −

𝑿 − 𝑿𝟎

𝑺 − 𝑺𝟎
 

(10) 

 

𝒀𝑷 𝑺−𝟏 = −
𝒅𝑷

𝒅𝑺
= −

𝑷 − 𝑷𝟎

𝑺 − 𝑺𝟎
 

(11) 

 

 

𝒀𝑷 𝑿−𝟏 =
𝒅𝑷

𝒅𝑿
=

𝑷 − 𝑷𝟎

𝑿 − 𝑿𝟎
 

(12) 

 

𝝁𝑺 = −
𝟏

𝑿
∙

𝒅𝑺

𝒅𝒕
=

𝝁𝒎á𝒙

𝒀𝑿 𝑺−𝟏
 

(13) 

 

𝝁𝑷 =
𝟏

𝑿
∙

𝒅𝑷

𝒅𝒕
= 𝒀𝑷 𝑿−𝟏 ∙ 𝝁𝒎á𝒙 

(14) 

 

where, S0 and S - initial and final value of the real extract, which was converted (°P to 

g L-1), P0 and P - initial and final values of the alcoholic content (g L-1), respectively. 

ER and EA extract values were obtained by Balling’s Equations (15 and 16) 

adapted accordingly to Cutaia et al. (2009). 
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𝑨𝑪

𝑬𝑶 − 𝑬𝑨
= 𝒃𝒂𝟎 + (𝒃𝒂𝟏 ∙ 𝑬𝑶) 

(15) 

 

𝑨𝑪

𝑬𝑶 − 𝑬𝑹
= 𝒃𝒃𝟎 + (𝒃𝒃𝟏 ∙ 𝑬𝑶) 

(16) 

 

where (ba0; ba1; bb0; bb1) are statistical values (0.372; 0.00357; 0.459; 0.00469), 

respectively (Cutaia et al., 2009). 

 

6.4 RESULTS  

S. boulardii and WB-06 efficiency to convert glucose and maltose into glycerol 

and acetic acid are demonstrated in the Table 1. 

 

Table 1. Yeast growth, sugar consumption (glucose and maltose) and metabolites 

production (glycerol and acetic acid) of S. boulardii and WB-06 on WBW. Mean ± 

Standard Deviation. 

Yeast 

Yeast 
growth  

(log10 N/N0 

cell mL-1) 

Sugar consumption  
(g L-1) 

Metabolites production  
(g L-1) 

Maltose Glucose Glycerol Acetic acid  

WB (WB-06) 0.64a ± 0.13 -46.29a ± 0.25 -10.41a ± 0.17 2.51a ± 0.01 0.03a ± 0.00 

PWB 0.77a ± 0.08 -46.18a ± 0.24 -10.51a ± 0.17 1.66b ± 0.03 0.22b ± 0.01 

PWB* 1.29b ± 0.12 -50.90b ± 0.28 -11.85b ± 0.16 1.68b ± 0.04 0.23b ± 0.00 

Means with different letters are significantly different by Fischer’s test (p < 0.05). WB-06 - S. cerevisiae 

WB-06 (Fermentis®, France). S. boulardii – Saccharomyces cerevisiae var. boulardii (Floratil® 200, 

Merck, France). WB – wheat beer. PWB – probiotic wheat beer. *modification on the wort composition 

and wort temperature profile emphasizing β-amylase enzyme actuation, towards improving S. boulardii 

performance. Microbial growth has been estimated subtracting the final (N) and initial (N0) final cell 

number. WBW - wheat beer wort. 

 

Physico-chemical parameters of WB, PWB, PWB* and the standard parameters 

of the Beer Judge Certification Program (BJCP, 2015) are showed in the Table 2.  S. 

boulardii performance and adequacy of predicted modeling (Baranyi’s or modified 
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Gompertz’s model) to adjust the cell growth, biomass formation, AC, Xvc, ER are 

showed in the Table 3, Figure 1 and 2.  

 

Table 2. Physico-chemical parameters of beers produced by WB-06 or S. boulardii. 

Mean ± Standard Deviation. 

Physico-chemical 

parameters 
WB (WB-06) PWB PWB* BJCP (2015) 

OG 1.0503a ± 0.0001 1.0503a ± 0.0001 1.0559b ± 0.0000 1.040 - 1.056 

FG 1.0139a ± 0.0000 1.0178b ± 0.0000 1.0185c ± 0.0000 1.010 - 1.014 

FG-OG -0.0364a ± 0.0001 -0.0325b ± 0.0000 -0.0374c ± 0.0000  

EO (°P) 11.84a ± 0.04 11.88a ± 0.00 12.77b ± 0.01  

EA (°P) 3.54a ± 0.00 4.52b ± 0.01 4.71c ± 0.00  

ER (°P) 5.01a ± 0.00 5.84b ± 0.00 6.17c ± 0.00  

ER-EO (°P) -6.83a ± 0.04 -6.04b ± 0.00 -6.60c ± 0.01  

AC (% w w-1) 3.52a ± 0.02 3.11b ± 0.00 3.42c ± 0.01  

AC (% v v-1) 4.52a ± 0.03 4.01b ± 0.00 4.40c ± 0.01 4.3 - 5.6 

RDF (%) 59.25a ± 0.15 52.43b ± 0.01 53.37c ± 0.02  

Color (EBC) 15.95a ± 0.09 15.89a ± 0.12 16.95b ± 0.03 3.94 - 17.73 

pH 3.77a ± 0.01 4.17b ± 0.00 4.52c ± 0.01  

Means with different letters are significantly different by Fischer’s test (p < 0.05). OG – original gravity. 

FG – final gravity. EO – original extract. EA – apparent extract. ER – real extract. AC (% w w-1) - alcohol 

by weight. AC (% v v-1) – alcohol by volume. RDF – real degree of fermentation (%). Original (EO), real 

(ER), apparent (EA) extract and real degree of fermentation (RDF). BJCP - Beer Judge Certification 

Program. WB-06 - S. cerevisiae WB-06 (Fermentis®, France). S. boulardii – Saccharomyces cerevisiae 

var. boulardii (Floratil® 200, Merck, France). WB – wheat beer. PWB – probiotic wheat beer. 

*modification on the wort composition and wort temperature profile emphasizing β-amylase enzyme 

actuation, towards improving S. boulardii performance.  

 

According to the Baranyi’s model, μmax value was 0.11 h-1 and tg was 6.30 h. 

The yield factors showed that are necessary 1 g of sugar to produce 1.63 x 109 cells 

of S. boulardii (YX S
-1) and 0.54 g of alcohol (YP S

-1), respectively. Each S. boulardii cell 

produced 3.34 x 10-10 g of ethanol (YP X
-1). The specific rate of substrate consumption 

(μS) and alcohol production (μP) was 6.77 x 10-11 g of extract and 3.68 x 10-11 g by each 

S. boulardii cell per hour of fermentation. 

Viable S. boulardii cells number decreased significantly (p < 0.05) from ahead 

30 days of storing into 5L-stainless steel beer keg (Figure 3 and 4).  

 

http://www.m.ebay.ie/itm/5-g-Stainless-Steel-Beer-Keg-WINE-FERMENTER-Storage-Vessel-w-SS-Cap-Syrup/231591933137
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Table 3. Adequacy of predicted modeling (Baranyi or modified Gompertz’s model) to 

adjust the S. boulardii growth during PWB* fermentation and yeast survivability over 

storage period at 0 °C. DMFit software version 3.5 (Institute of Food Research, 

Norwich). 

Parameters 

S. boulardii growth in WBW  S. boulardii survivability in PWB*  

Gompertz’s model 

modified accordantly to 

Zwietering et al. (1991) 

Baranyi’s 

model 

Gompertz’s model 

modified accordantly to 

Zwietering et al. (1991) 

Baranyi’s 

model 

X0 6.78 6.79 8.31 8.23 

λ 1.50 0.00   

µmáx 0.13 0.11   

Xmáx 8.10 8.07   

SL   21.79 19.03 

kmáx   -0.09 -0.07 

Xres   6.88 7.05 

R2  0.9859 0.9901 0.9912 0.9974 

RMSE 0.0558 0.0418 0.0686 0.0163 

Af 1.0008 1.0008 1.0026 1.0007 

Bf 1.0063 1.0048 1.0020 1.0000 

X0 – initial yeast concentration (log10 cell mL-1). λ - Lag phase period (h). µmáx - specific maximum growth 

rate (h-1). Xmáx – maximum yeast concentration (log10 cell mL-1). SL – shoulder length time (days). kmáx 

– maximum specific inactivation rate (day-1). Xres – residual yeast concentration (log10 cfu mL-1). R2 – 

Coefficient of determination. RMSE - Root mean square error. Af - Accuracy factor. Bf – Bias factor. 

WBW – wheat beer wort. PWB – probiotic wheat beer. 

 

 

Figura 1. Biomass growth, sugar consumption and alcohol production. AC - alcohol content (° GL). Xvc 

- concentration of viable cells (log10 cell mL-1). ER - Real extract (° P). (      ) experimental data adjusted 

to the Baranyi’s model using the DMFit software version 3.5 (Institute of Food Research, Norwich). 
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Figure 2. S. boulardii growth. Xvc - concentration of viable cells (ln cell mL-1).  (         ) predicted value 

by the modified Gompertz’s model. (          ) predicted value by the Baranyi’s model. 

 

 

Figure 3. Survival of S. boulardii strains in probiotic beer over storage period at 0 °C and successive 

passage to in vitro gastric and intestinal condition, respectively. Xvc - concentration of viable cells (log10 

cfu mL-1). (          ) predicted value by the modified Gompertz’s model. (           ) predicted value by the 

Baranyi’s model. 

 

S. boulardii survivability performance to cooled storage (0 °C) and the adequacy 

of predicted modeling (Baranyi’s or modified Gompertz’s model) are showed both in 

the Figure 3 and the Table 4. The data were treated using the DMFit software version 

3.5 (Institute of Food Research, Norwich). 
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Figure 4. Effect of the stress induced by beer, gastric and gastrointestinal conditions on S. boulardii 

survivability over 2 months of storage period. Results have been estimated subtracting the survival of 

S. boulardii to the beer soon after it was produced. BGIC - concentration of viable cells in the beer (log10 

cfu mL-1). AGC - concentration of viable cells after in vitro gastric treatment (log10 cfu mL-1). AGIC - 

concentration of viable cells after in vitro gastrointestinal treatment (log10 cfu mL-1). Bars with different 

lowercase letters on the same day indicate significant difference according to Fisher's test (p <0.05). 

Equal color bars with different uppercase letters indicate a significant difference according to Fisher's 

test (p <0.05). 

 

 

Figure 5. Glycerol and acetic acid production and pH value during the fermentation period. 

 

 

Figure 6. sugar (maltose and glucose) consumption and evolution of the actual (ER) and apparent (EA) 

extracts.  
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 Figure 7. Effect of the stress induced by gastric and gastrointestinal conditions on S. boulardii 

survivability each time. Results have been estimated subtracting the cell counts on each time to the beer 

on the same storage period. BGIC - concentration of viable cells in the beer (log10 cfu mL-1). AGC - 

concentration of viable cells after in vitro gastric treatment (log10 cfu mL-1). AGIC - concentration of viable 

cells after in vitro gastrointestinal treatment (log10 cfu mL-1). Bars with different lowercase letters on the 

same day indicate significant difference according to Fisher's test (p <0.05). Equal color bars with 

different uppercase letters indicate a significant difference according to Fisher's test (p <0.05).  

 

 

Figure 8.  Cumulative effect of stress induced by beer, gastric and gastrointestinal conditions over 2 

months storage period. Results have been estimated subtracting the cell counts on each condition to 

the same conditions on the fresh beer (zero time).  BGIC - concentration of viable cells in the beer (log10 

cfu mL-1). AGC - concentration of viable cells after in vitro gastric treatment (log10 cfu mL-1). AGIC - 

concentration of viable cells after in vitro gastrointestinal treatment (log10 cfu mL-1). Bars with different 

lowercase letters on the same day indicate significant difference according to Fisher's test (p <0.05). 

Equal color bars with different uppercase letters indicate a significant difference according to Fisher's 

test (p <0.05). 

 

6.5 DISCUSSION 

Metabolic efficiency sugar consumption (maltose and glucose) and growth were 

equivalent for both yeasts (S. boulardii and WB-06). Assuming modifications on the 

wort composition and wort temperature profile emphasizing β-amylase enzyme 
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actuation, S. boulardii boosted ~0,5 log cfu mL-1.  However, S. boulardii produced less 

glycerol and more acetic than WB-06 (Table 1, Figure 5).  

Most acetic acid found in beer is produced by yeast during fermentation. It 

contributes significantly to beer taste, especially when its content is higher than the 

taste threshold (0.20 g L-1) (ZHANG et al., 2012). According to Kunze (2014), the 

sensory profile of beers is defined from the metabolites produced during fermentation, 

including organic acids. Organic acids are released in beer by extracting the amino 

group (-NH2) from the amino acids present in the wort by the yeast, with the purpose 

of producing albuminoid substances, constituents of the cellular protoplasm. The fruity 

aroma present in wheat beers is the result of the esterification reaction of acetic acid, 

produced during fermentation, generating ethyl ester (0.03 to 0.04 g L-1). Therefore, S. 

boulardii can produce a noticeable bitter or sour aftertaste in PWB or PWB*.  

Glycerol contributes to the beverage body and fullness. Moreover, it also 

influences the flavor intensity, taste threshold is 10 g L-1 (ZHAO et al., 2015). According 

to Annemüller et al. (2018), glycerol concentration in beer typically ranges from 1.2 to 

2.0 g L-1, playing a positive sensory role when closer to the highest concentration within 

the range. During fermentation, about 3 to 5 % of the fermentable sugars are converted 

to glycerol during the metabolism of glycerol aldehyde-3-phosphate and 

dihydroxyacetone phosphate. Glycerol is also produced when yeast is subjected to 

water stress conditions, which is stored inside the cell, being responsible for the 

increase of intracellular osmolarity, when submitted to a medium with high substrate 

concentration, such as salt or sugar, avoiding the loss of cellular water. Both S. 

boulardii and WB-06 didn’t produce glycerol to influence the taste of beer (Figure 5).  

Alcohol content, acidic pH level and color of beers were within the reference 

values standardized by BJCP (2015). However, S. boulardii had not equal performance 

to WB-06 to reduce OG within FG values standardized by BJCP (2015), over 54 hours 

of fermentation. OG and FG values for PWB* were significantly higher to the PWB and 

WB. Optimizing β-galactosidase enzyme performance on the WBW, S. boulardii 

efficiency was improved but ethanol level was still below to the level produced by WB-

06. Moreover, FG value was above the maximum limit standardized by BJCP (2015) 

(Table 2 and Figure 2). Then, wort composition and wort temperature profile should be 

further modified aiming to achieve FG within the BJCP range. The change in wort 

composition and in the temperature / time profile of the flask improved the efficiency of 

S. boulardii to reduce the original medium density and produce alcohol. These results 
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show that the strategy of changing the temperature profile during the shaping to benefit 

-galactosidase and release more starch maltose was successful (Table 2 and Figure 

2). 

β-galactosidase enzyme acts on the malt starch releasing maltose during the 

wort production. It is a sugar easily turned into alcohol by brewer's yeast. Whereas α-

galactosidase enzyme releases dextrin. Generally, maltose is the major sugar in the 

wort, following maltotriose, glucose, sucrose and fructose. The concentration and 

composition of malts used in the wort, as well as the time/temperature binomials used 

in the fermentation stage, significantly influence the composition of fermentable sugars 

(KUNZE, 2014).  

Senkarcinova et al. (2019) studied the performance of S. boulardii to produce 

probiotic beer using synthetic culture medium (20 g L-1 glucose, 5 g L-1 yeast extract, 

5 g L-1 peptone, pH 5.5 and alcohol to 5.0 °GL, cell concentration 6.0 log10 cell mL-1, 

incubation temperature at 30 °C and shaking at 150 rpm). Under these conditions, the 

specific maximum growth velocity (μmax) was 0.35 h-1, which corresponds to a tg = 1.98 

h, presenting a higher multiplication speed compared to the present study (μmax 0.11 

h-1 and tg 6.30 h). These differences are understandable because of the differences in 

the two processes. In the present work, S. boulardii was challenged to 

growth/fermentation in medium with much higher sugar concentration, pH 5.65 and 

temperature of 24 °C. That is, in comparison with the work of Senkarcinova et al. 

(2019), all the parameters used in the present study were less favorable to the growth 

of S. boulardii. 

S. boulardii growth phase started suddenly after inoculation of WBW, excluding 

the adaptation phase (Lag) and growth acceleration (λ) (n = 0, Baranyi’s model). 

Modified Gompertz’s and Baranyi’s models showed λ = 1.50 h and 0.00 h, respectively, 

showing the adequacy of Baranyi to report the fermentation process, R2 = 0.9901, Bf 

= 1.0048, RMSE = 0.0418 (Figure 1 and 2). Additionally, Baranyi’s model was also 

more accurate to represent S. boulardii survivability over storage period of PWB* (R2 

= 0.9974, Af = 1.0007 e Bf = 1.0000,   RMSE = 0.0163) (Figure 3). 

The kinetic parameters of S. boulardii obtained in this work indicate performance 

compatible with conventional brewer's yeasts. Kurz et al. (2002) used wort to produce 

wheat beer, with EO of 12.5 °P, for validation of a predictive model of yeast propagation. 

The yeast Saccharomyces uvarum var. carlsbergensis W34/70 for propagations in 150 

L reactor conducted at 10, 15, 20 and 25 ° C, obtaining μmax of 0.047, 0.106, 0.168 and 
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0.294 h-1, respectively. Wang et al. (2019) studied the influence of the initial 

concentration of inoculum on the synthesis of higher alcohols during the fermentation 

of wheat beers using conventional yeast S-17 (Yeast Collection Center of the Tianjin 

Key Laboratory of Industrial Microbiology, Tianjin University of Science and 

Technology , China), in medium with EO of 12 °P at 20 °C, with three inoculum sizes 

(5.70, 6.70 and 7.70 log10 cell mL-1), obtaining μmax of 0.173, 0.169 and 0.173 h-1, 

respectively. These results are close to those obtained using S. boulardii in the 

production of probiotic wheat beer with μmax of 0.11 h-1, in a medium with EO of 12.77 

°P, fermented at 24 °C. 

Glucose concentration in WBW felt down only 8 hours after pitching, suggesting 

that prior glycogen and trehalose consumption for S. boulardii budding (Figure 6). 

Yeasts need nitrogen to produce proteins for enzymes and vitamins syntheses. Only 

amino acids or peptides presents in WBW may be used as a source of nitrogen 

(ANNEMÜLLER et al., 2018).  

Concentrations of acetic acid was intensified along glucose consumption 

(Figure 5). Glucose was the sugar most commonly consumed by S. boulardii. After 20 

hours of fermentation almost all glucose was consumed (0.24 g L-1), coinciding with 

the stabilization of the pH at the lowest plateau (pH 4.52). Maltose has been repressed 

by high glucose concentrations (> 8 g L-1), showing S. boulardii preference for glucose 

or strong repressive effect of glucose over maltose (Figure 6).  

S. boulardii metabolism on glucose or on shortage of fermentable sugar (< 4 gL-

1) seem to intensify acetic acid production (Figure 5). Non-benefited wort production 

with -galactosidase enzyme which releases glucose from malt starch, and to prevent 

the over-stress of S. boulardii, can avoid high concentrations of acetic acid in PWB*. 

Most brewer’s yeast only produces maltose permease and α-glucosidase enzymes 

after adaptation phase allowing maltose consumption (ANNEMÜLLER et al., 2018). 

Reductions were observed at the same intensities in both beers and after gastric 

and gastrointestinal conditions (Figure 3). Beer stress seems to be more aggressive 

for S. boulardii than gastrointestinal conditions, reduction of 1.16 log10 cfu mL-1 was 

observed for beer and 0.88 log10 cfu mL-1 after intestinal conditions. Overlapping stress 

factors significantly increase microbial survival over 60 days of storage at 0 °C (Figure 

4 and 8). Both gastric conditions and intestinal conditions were stressful for S. boulardii, 

since significant reductions occurred comparing gastric conditions was compared and 
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gastrointestinal conditions. The stressful effect of gastric conditions was reduced at 30 

and 45 days, unlike gastrointestinal conditions, which increased (Figure 7). 

S. boulardii showed good survival in probiotic wheat beer during refrigerated 

storage (0 °C). Viable cell concentrations prior to gastrointestinal transit simulation 

were also fitted to modified Gompertz and Baranyi models to verify best suitability 

(Table 3 and Figure 3). The results obtained using the software DMFit version 3.5 

(Institute of Food Research, Norwich, UK) indicated a better fit for the Baranyi model, 

with values for R2 (0.9974), Af (1.0007) and Bf (1.0000) closer to 1.0 and RMSE 

(0.0163) closer to 0.0 (Table 3). The parameters obtained by the Baranyi Model 

indicate that the concentration of viable cells (8.23 log10 cfu mL-1) remained in shouder 

length time (SL) for 19.03 days from the start of storage. Then the cell decline or death 

phase was started with maximum specific inactivation rate (kmax) of -0.07 day-1, 

reaching 60 days with Xres 7.05 log10 cfu mL-1. 

S. boulardii has been shown to be more efficient for the production of probiotic 

beers than probiotic lactobacilli used in recent studies. Chan et al. (2019) produced an 

acid beer using in the fermentation in medium without addition of hops, 

Saccharomyces cerevisiae S-04 together with the probiotic Lactobacillus paracasei 

L26, achieving a concentration of viable cells at the end of the tenth day of fermentation 

of 8.8 log10 cfu mL-1. However, the viability tests, after the addition of isomerized hop 

extract up to 27 IBU, during storage time at 5 °C and 25 °C, presented worse results 

in comparison with the present study. Viability at 25 °C decreased from 8.8 log10 cfu 

mL-1 to less than 4.0 log10 cfu mL-1 on the third day of storage and showed no counts 

on day 6, whereas at 5 °C the viable cell concentrations were approximately 7.0 log10 

cfu mL-1 and 6.0 log10 cfu mL-1 on the 17th and 22nd days, respectively. Viable S. 

boulardii cell concentrations at 0 °C in the present work on the 45th day were 7.45 and 

7.02 log10 cfu mL-1, before and after simulation of gastrointestinal conditions, 

respectively. On day 60 the concentrations were 7.05 and 6.61 log10 cfu mL-1. These 

results demonstrate a better adaptation of S. boulardii to stressful conditions of beer 

(presence of alcohols and α-acids) in relation to Lactobacillus paracasei L26, which 

represents a technological and logistic advantage, since they allow a significantly 

longer storage period with maintenance of probiotic viability. 

Enough viable probiotics are necessary to play a beneficial role on the host 

(JOINT FAO/WHO WORKING GROUP, 2002). The minimal dose required for S. 

boulardii is 9.0 log10 cells (McFARLAND, 2017). Nowadays, GI resistance is also an 
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important property to probiotics when gut microbiome balance is wanted; however only 

alive microorganisms can confer additional benefits. Beer is so stressful matrix to the 

microorganisms, once alcohol and acids produced during the fermentation can 

damage cells over storage period. Thus, GI transit is an overlapping stress factor to 

the yeast.  

According to Stackelberg et al. (2014), moderate alcohol consumption may 

reduce the risk of abdominal aortic aneurysm (AAA) in men and women. Therefore, 

moderate alcohol consumption is not harmful, and non-distilled alcoholic beverages 

may have protective properties against the development of AAA. The effect of higher 

doses of alcohol on the risk of disease remains unknown. The probiotic wheat beer 

produced in the present study falls into the Class III category (≥ 3.5 °GL) according to 

the classification of Stackelberg et al. (2014) because it has AC = 4.4 ° GL, and a daily 

intake of 330 mL is recommended to aid in the prevention of AAA. 

Markus et al. (2015) found that mild to moderate alcohol consumption was 

associated with a lower risk of developing aortic valve sclerosis in men and women. 

To meet the conditions indicated by McFarland (2017), i.e. a minimum consumption of 

9.0 log10 cells of S. boulardii, it would be necessary to consume 89.13 mL of the 

probiotic wheat beer produced in this work. Also according to the indicated by 

Stackelberg et al. (2014), since it falls into the category of Class III beer (≥ 3.5 ° GL), 

because it has AC = 4.4 ° GL, a daily intake of 330 mL is recommended to aid in the 

prevention of AAA. 

Overlapping the stress factors (PWB* and GIC) significantly increase S. 

boulardii death over 2 months of storage at 0 °C. Anyway, the population remained 

well above 6 log cfu mL-1 (Figure 3, 4, 7 and 8), ensuring more than 8 billion live cells 

in 12 oz glass of PWB*. Alcohol and acids damage the cell membrane of 

microorganisms, so the microorganisms strengthen their cell walls, making them 

resistant to these substances (COSTA, 2017). 

 

6.6 CONCLUSIONS 

S. boulardii reveal potentialities of acting as wheat brewer's yeast for PWB 

development, since it may ferment the WBW and withstand such harsh conditions of 

beer and GIC transit, in overlapping stress factor. It is worthwhile to evaluate further 

beneficial properties of probiotic beer produced by this strain.  
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7 CONCLUSIONS 

S. boulardii reveal potentialities of acting as brewer's yeast for probiotic beer 

development, since it may ferment the wort-beer and withstand such harsh conditions 

of beer and GI transit, in overlapping stress factor. It is worthwhile to evaluate further 

beneficial properties of probiotic beer produced by this strain.  

From the experimental design performed, it was possible to determine the 

optimal conditions for growth of S. boulardii. The polynomial mathematical model 

obtained was validated with a relative deviation of 9.54 %, in a process conducted with 

alcohol content 5.0 °GL, pH 5.5 and 24 °C. S. boulardii showed good adaptation to 

these conditions, with maximum specific growth velocity 0.20 h-1 and generation time 

3.50 h. The polynomial mathematical model demonstrated the growth capacity of S. 

boulardii in high alcohol media, opening the possibility of using this probiotic for the 

development of probiotic alcoholic beverages up to 11.3 °GL. It was also possible to 

verify a good resistance to in vitro simulation of transit through gastrointestinal 

conditions, reinforcing the potential for the development of probiotic alcoholic 

beverages. 

The efficiency of the polynomial mathematical model can be confirmed from the 

tests performed with IPA beer, showing low relative deviation for viable S. boulardii cell 

concentration. Despite having a lower specific maximum growth rate in beer than 

synthetic culture medium (YPD), S. boulardii had better results for the development of 

probiotic IPA, since the concentration of viable cells was higher. S. boulardii showed 

good resistance to storage under refrigeration (0 °C) and in vitro simulation of transit 

through gastrointestinal conditions during 60 days, proving to be technologically viable 

the production of probiotic IPA beer. 

The use of S. boulardii in the fermentation process of the beer must also prove 

to be a viable alternative for probiotic wheat beer production. The results show a higher 

growth capacity of S. boulardii when participating in fermentation, but a lower 

resistance to in vitro simulation of transit by gastrointestinal conditions when compared 

to probiotic IPA. Even so, S. boulardii maintained good concentration of viable cells 

during 60 days of storage under refrigeration (0 °C), proving to be a technologically 

viable strategy. 
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7.1 PROJECT CONTINUITY SUGGESTIONS  

• Performing in vivo tests to prove the probiotic capacity of these beers. 

• Performing sensory analysis to determine the impact of S. boulardii growth on 

probiotic beers. 

• Research on the use of S. boulardii in the production of other probiotic alcoholic 

beverages. 

• Conducting a technical and economic feasibility study for the production of 

probiotic beers from the evaluated strategies.
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