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“Matar o sonho é matarmo-nos. É mutilar a nossa alma. O sonho é o que temos de 

realmente nosso, de impenetravelmente e inexpugnavelmente nosso.” – Bernardo 

Soares (Fernando Pessoa), in Livro do Desassossego 

 

 

 

 

 

 

 

“(...) lo que estamos gastando es tiempo de vida, porque cuando yo compro algo, o tú, 

no lo compras con plata, lo compras con el tiempo de vida que tuviste que gastar para 

tener esa plata, pero con ésta diferencia, la única cosa que no se puede comprar es 

la vida. La vida se gasta (...)” – Pepe Mujica 
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Abstract 
	

The yeast is an essential element of beer fermentation and one of the main targets for research and 

development in this industry, mainly to improve its fermentative performance and reduce the production 

of contaminating by-products. 

The main objective of this study was to validate the use of a dehydrated yeast strain in the production 

of an already existing lager beer. For this, fermentation assays were performed at laboratorial and 

industrial scale. Parameters like fermentative performance, growth and organoleptic characteristics of 

the final product were compared with the values obtained with the conventional yeast strain used in the 

process. Tasting trials were performed to detect differences between both final products. The goal was 

to obtain an identical fermentative performance and final products with equal organoleptic profiles.  

Low viability values were obtained when several slopes of the conventional yeast strain were inoculated 

for propagation. After analysis by the provider brewery company, genetic mutations and contaminations 

were detected, justifying the need for this study. Dehydrated yeast strains contain insufficient water for 

an active metabolism and are sealed under vacuum, which may help to reduce the occurrence of these 

phenomena.  

The dehydrated strain presented significant viability losses during propagation and required an 

additional rehydration step at the beginning of it. Its final product presented lower sulphur content, 

“cleaner” taste and higher turbidity level. In these conditions, it is not advisable to validate the use of 

this strain since the properties of the beer suffered significant changes, compromising its well-defined 

profile in the market. 

 

Keywords: Beer, Fermentation, Lager, Dehydrated yeast, Yeast, Yeast strain. 
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Resumo 
 

A levedura é um elemento essencial na fermentação de cerveja e um dos principais alvos de 

investigação e desenvolvimento da indústria cervejeira. Com isto, pretende-se melhorar a sua 

performance fermentativa e reduzir a produção de produtos secundários contaminantes. 

O principal objetivo deste estudo era a validação do uso de uma estirpe de levedura desidratada e ativa 

para produção de uma cerveja lager já existente. Para tal, foram efetuados ensaios fermentativos à 

escala laboratorial e industrial. Parâmetros como a performance fermentativa, crescimento celular e 

características organoléticas do produto final foram analisados e comparados com os valores obtidos 

com a levedura convencional já usada no processo. Foram feitas provas de cerveja para deteção de 

diferenças entre as cervejas produzidas. Pretendia-se que a performance fermentativa das leveduras 

fosse semelhante, e o perfil organoléticos dos produtos finais fosse idêntico. A necessidade deste 

estudo provém de baixos valores de viabilidade obtidos quando vários slopes da levedura convencional 

foram inoculados para propagação. Depois de analisados pela indústria fornecedora, foram detetadas 

mutações genéticas e contaminações nas culturas da levedura em questão. Uma levedura desidratada 

contém água insuficiente para um metabolismo ativo e é selada sob vácuo, o que pode ajudar a reduzir 

a ocorrência destes fenómenos. 

A levedura desidratada apresentou perdas de viabilidade significativas durante a propagação e 

necessitou de um passo adicional de rehidratação no início da mesma. Nestas condições, não é 

aconselhável a validação do uso desta estirpe dado que as propriedades da cerveja final sofreram 

alterações significativas, comprometendo o seu perfil definido no mercado. 

 

Palavras-chave: Cerveja, Fermentação, Lager, Levedura desidratada, Levedura, Estirpe de levedura. 
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1. Introduction 
 

1.1 Thesis scope and goals 
 

The present study was conducted at “Sociedade Central de Cervejas e Bebidas SA.” (SCCB), one of 

the main Portuguese breweries, and had a total duration of 8 months, from February until September of 

2017. The main goal of the study was to validate de use of a specific active dehydrated yeast strain to 

produce an already existing lager beer, without altering its well defined organoleptic profile. In order to 

do so, the fermentation performance and growth of the dehydrated strain were evaluated and compared 

with the conventional yeast strain, used in the brewery to produce the same lager beer, as well as the 

organoleptic characteristics of both final products. This was achieved by performing fermentation 

assays, first at laboratorial scale, in the brewery’s quality control section, and then at industrial scale, by 

using the propagation and beer production lines of the brewery. Beer tasting trials were also performed 

to evaluate the organoleptic profile of final products. Both strains are produced by the Heineken 

Company.  

The need of this study comes from low viability values obtained at the brewery when several slopes of 

the conventional yeast strain were inoculated for propagation. When the slopes were sent to the provider 

brewery company, genetic mutations and contaminations were detected. Dehydrated yeasts contain 

insufficient water for an active metabolism[1] and are sealed under vacuum, which may help to reduce 

the occurrence of these phenomena and to increase the replicability of optimal cellular viability values 

in initial propagation stages. Additionally, it can be stored for extended periods of time, with minimal 

viability losses[2], and can be quickly prepared for use[3]. However, problems related to osmotic shock 

and adaptation to external conditions during rehydration can occur[4]. 

 

1.2 Beer: how it all begin 
 
Beer is among the world’s most consumed beverages and it is considered to be the oldest alcoholic 

drink in human history. The oldest records of beer existence in human society date around 4.000 BC, 

in both the Ancient Mesopotamia and Egypt (Babylonian empire), where drafts of beer receipts and 

residues of what is thought to be a fermented beverage were found[5]. Other registers suggest the 

existence of ancient, simply prepared, fermented drinks, possible precursors of beer, called braga and 

kvass. The first one was made over a huge European area, from Poland to the Balkans, by soaking 

millet in water and subjecting the mixture to heat. Kvass, in Egypt, was made in a similar way but they 

used flour and water instead. Both beverages, however, fermented spontaneously with airborne yeast 

and bacteria, generating a considerable amount of CO2 and low alcohol content. Other registers report 

that Asiatic pastoralist societies were familiar to soured or distilled milk drinks around the 1st millennium 

BC[6]. Throughout the years, the brewing technology and commercialization evolved substantially, 

making it possible to obtain beverages with better organoleptic properties and stability and sanitary 

conditions. 
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1.3 The beer production process 
 
To produce the ideal beer, it is essential to analyze and improve the quality of the four main ingredients 

used in the brewing process: the cereal mixture used to produce the wort, the yeast, hops and water. 

All of them will dictate the physical and chemical characteristics of the finished beer. The most common 

cereals used in the mashing process are malt (produced from barley), corn grits, malted corn, sorghum 

or broken rice. The essential sugars released by grains into the liquid will serve as substrate for the 

yeast to perform fermentation, producing ethanol and carbon dioxide. As for hops, they constitute a 

flavour ingredient, contributing to beer’s aroma, bitterness and microbial stability[7]. After fermentation, 

the beer is mature, for flavour development, treated for stability increase, diluted and carbonated. 

Finally, it is used to fill several types of containers, namely bottles, cans and kegs, which will then be 

sold to the public. 

 

1.3.1 Malting section 
 
The main raw material for beer production is barley. However, its biopolymers cannot be used by yeasts 

for fermentation in their natural form, so they must be degraded into simpler sugars, amino acids and 

other low molecular weight compounds that can be metabolized[8]. Besides biopolymer degradation, 

enzymes necessary for wort fabrication are released (e.g, α-amylase, β-amylase, β-glucanases, 

proteolytic enzymes…), which will degrade nitrogenized substances, solubilizing them, and organic 

soluble phosphates, developing colour and flavour characteristics. The four main operations in the 

malting section are barley steeping and germination and malt drying and roasting. It’s possible to obtain 

several types of malt from the same barley, depending on the adopted process[9]. Many brewing plants 

don’t possess a malting section, so malt must be ordered from a third party.  

 
1.3.1.1 Barley steeping 
 

When received, barley seeds are washed for removal of contaminants, defective grains and dust, and 

calibrated, separating grains per size. Afterwards, they’re stored during 3 months at a maximum 

temperature of 20 ºC and a humidity level between 11.5% and 13%. The grains are then placed in 

storage tanks and immersed in water, increasing their size and humidity level in 30% and 40%, 

respectively, so they possess the correct amount of water to trigger the germination phase. This will 

also constitute an additional cleaning step by helping to remove grain shells and impurities. After this 

immersion phase, the water is drained and barley grains remain wet, being periodically irrigated with 

water so they don’t “suffocate”, in what is called the dry phase. This stage lasts between 12 and 18 

hours, depending on the type of barley used and the desired final humidity level[8]. 

 

1.3.1.2 Germination 
 

After hydration, barley is directed to a big germination tub, where it stays under controlled temperature 

(16ºC to 18ºC) and humidity level (40% to 50%), being periodically stirred. The action of endoproteases 
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and exoproteases leads to the breakdown of stored proteins in simpler structures, able to be used by 

yeasts. Starch, the main type of sugar held in the seed’s endosperm, is released and decomposed into 

simpler, soluble forms throughout the germination, as the radicle bursts the seed coat and protrudes as 

a young root. Barley grains are periodically aerated to remove the CO2 resulted from grains’ respiration, 

so that they don’t suffocate. After 4 to 6 days, barley originates green malt[8]. If there’s an anomaly in 

the process, the temperature in the germination room drops and germination is interrupted, so the grains 

can still be used afterwards. 

 
1.3.1.3 Drying and Roasting 
 

This step takes between 18 to 24 hours, depending on the adopted drying diagram and the type of malt 

that is being produced. Malt grains are placed in greenhouses with hot air ventilation, reducing the 

humidity under 4.5-5.5%, depending on the malt type, and a temperature level between 50ºC to 100ºC. 

This will improve the grains stability and resistance to bacterial deterioration and will strongly influence 

the development of colour, flavour and aroma of the final product. In some cases, namely for dark malts, 

an additional step is performed and grains are placed in a roaster at temperatures between 130 and 

230ºC, conferring a darker aspect and burning, coffee-like flavours and aromas[10]. 

Afterwards, the malt is screened to remove rootlets, loose husks and other undesired matters, and it is 

stored at a temperature below 30ºC during a minimal time of 3 to 4 weeks for stabilization[8]. 

 
1.3.2 Mashing section 
 

This part of the process is carried at temperatures above 35ºC. Here, fermentable sugars and aromatic 

components are transferred from different types of cereals into water, producing the brewer’s wort. The 

liquid is then filtrated for removal of grains and impurities before heading to the fermentation section. 

 
1.3.2.1 Milling 
 

Before reaching the mashing boilers, malt grains are milled, generating malt flour, to allow sugars and 

nutrients to be dissolved in water. A thin milling is required, to increase the extraction yield, but not too 

thin so that shells aren’t damaged, since they will constitute a filter media in the wort filtration step. Roller 

mills are commonly used for this task[8]. 

 

1.3.2.2 Double mash process 
 

In this type of wort fabrication, two different boilers are used in what’s called a double mash operation, 

which takes around 5 hours to perform, at temperatures between 30ºC and 100ºC. The first boiler is 

used for the liquefaction of starch present in raw, non-malted grains. Some malt flour is also added to 

provide essential enzymes for starch degradation. Simultaneously, in a second boiler, water and malt 

flour are mixed together. Although typical diagrams may be followed (see Figure 1), the time and 

temperature profile of each mashing step depends ultimately on the type of beer that will be produced. 
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The two most important enzymes in the wort fabrication are α-amylase and β-amylase. The first one 

degrades dextrins (although this class of polysaccharides has low molecular weight, most brewer’s 

yeasts cannot metabolize them) and liquefies the starch present in the mixture. The starch then suffers 

saccharification by the β-amylase[11]. 

At the end, the content of the first boiler is added to the second one. The temperature is stabilized at 

around 76ºC. To assure all starch was properly degraded, a wort sample can be taken to perform an 

iodine test, in which a solution of potassium triiodine (I3-) is added to a sample of wort. If it contains 

starch, the triiodine anion will complex with the amylose helix, producing an intense blue/purple colour. 

If there’s no change in colour, it means that there were no complexation and all the starch has been 

decomposed into smaller saccharides[12]. It is important to refer that other essential enzymatic reactions 

occur in this phase, namely the degradation of lipids and “gums”. If these are not properly degraded, it 

will influence the wort’s viscosity and, by consequence, its filtration yield. 

 

 

Figure 1: Typical temperature diagram adopted during a double mash procedure. Adapted from [13]. 
 

1.3.2.3 Wort filtration 
 

In this stage, the wort (liquid phase) is separated from the insoluble phase in plate and frame filters. As 

stated previously, malt husks and raw grains constitute a filter media for this step, so a correct cereal 

milling is essential for good filtration and mashing yields. Solid residues are then washed with water to 

drag out the remaining wort embedded in it[8]. At the end, the sold residues are sold to a third party for 

animal feeding. 

 

1.3.2.4 Hopping step and the role of iso-𝜶-acids 
 

The filtrated wort is directed to a boiler and subjected to a temperature of 100ºC. This will inactivate 

enzymes, destroy possible microorganisms present in the medium and coagulate nitrogenized 

substances that may increase the wort’s turbidity. Bitter hops are added at the beginning of the boiling 
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process to increase the extraction yield of its resins. Minutes before the boiling end, aromatic hops are 

added to the mixture, as well as characteristic ingredients of special beers like honey, cloves, bitter 

oranges, etc. Soft aromas and flavours are transmitted to the wort and they develop quickly, justifying 

the low contact times comparatively with bitter hops. It is also near the end of this phase that some 

additives are mixed with wort like exogenous sugars or glucose syrup, increasing the sugar content of 

the wort and providing a bigger amount of substrate to be consumed in the fermentation. This constitutes 

a cheaper way of increasing the alcohol concentration of the beer without consuming a higher amount 

of cereals. Throughout the boiling process clots of nitrogenized complexes are formed, like fatty acids, 

proteins, and other hop compounds, consituting what is called the trub, which will increase the beer’s 

turbidity and must be eliminated before the fermentation stage begins[8]. 

The use of hops presents additional benefits like anti-microbial and preservation effects[7]. Hop acids 

are the main source of beer bitterness and flavour stability. They can be divided in 𝛼-acids and 𝛽-acids, 

the first ones being more important. In their pure state, they constitute weak acids that dissolve poorly 

in water and exhibit almost no bitter taste. However, the boiling process leads to a thermal isomerization 

of 𝛼-acids into iso-𝛼-acids, much more soluble and intensely bitter. They also show a favorable influence 

on the stability of beer foam. Reduced iso-𝛼-acids are available commercially and are commonly used 

in brewing due to clear advantages when compared with non-reduced iso-𝛼-acids, particularly 

tetrahydro-iso-𝛼-acids. These substances are extremely resistant to oxidative decomposition, remaining 

unchanged, even with prolonged aging or under light exposure, giving rise to enhanced bitterness 

consistency, thus improving flavour stability[14]. 

 

1.3.2.5 Whirlpool 
 

The wort is sent to a flat bottom cylindrical tank, called whirlpool, to separate the trub formed in the 

previous stage and to store the wort, while it is being continuously cooled, before reaching the fermentor. 

The liquid enters the whirlpool tangentially to its wall at a great speed, being forced to spin around the 

vessel. The centripetal force generated forces solid particles to accumulate in the center of the vortex 

and to settle at the bottom of the tank. The retention time of the wort in the tank is around 30 minutes, 

giving it clear aspect before proceeding to the next phase[8]. 

 

1.3.3 Fermentation section 
 

Considered by many as the key stage of the whole brewing process, it is during fermentation that the 

brewer’s yeast assimilates simple sugars present in the wort and converts them into ethanol and CO2, 

with simultaneous release of energy/heat (constituting an exothermic reaction). The fermentation 

section includes the wort’s cooling and aeration, yeast inoculation, fermentation and yeast treatment. 

Two types of fermentation can be performed, depending on the type of beer that will be produced: top 

(or high) fermentation and bottom (or low) fermentation.  

In top fermentation, yeast cells (usually strains of Saccharomices cerevisae) rise to the liquid’s surface 

at the end of the fermentation, where they accumulate, and are cropped after beer is collected to a 

guard tank. It usually ferments at higher temperatures and produces beers with a higher alcohol content 
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and more complex aromas, namely Ale, Porter, Stout, etc… The yeast crop is traditionally made by 

manual skimming or suction of the froth from the bulk of the fermented wort in the vessel[8].  

However, most beers in the world are produced with strains of the lager yeast Saccharomyces 

carlsbergensis through bottom fermentation. This one is performed at lower temperatures, with the yeast 

flocculating and settling gradually at the bottom of the tank near the end of the operation, when the deep 

cooling is applied. This type is used to produce mainly lager beer and others with less alcohol content, 

higher CO2 concentration and less fruity flavours[15]. 

Since the two yeast strains under study are lager strains, only the bottom fermentation will be discussed 

in more detail in this study.  

 

1.3.3.1 Cooling and aeration of the wort 
 

The wort is cooled from 80ºC to 11ºC, by passing through two consecutive heat exchangers. The first 

one cools the wort down to 15ºC, using chilled water, and the second one uses a mix of 70% water and 

30% ethanol to cool the liquid to 11ºC. 

Afterwards, the wort passes through a pipe of a known length in which sterilized and filtrated air is 

directly injected into the liquid to dissolve the necessary amount of O2 in the medium for the yeast to 

grow properly (aerobic phase) before starting to ferment the wort (anaerobic phase). A poor aeration 

phase may lead to a poor or incomplete fermentation, affecting the beer’s final flavour and aroma[7]. 

 

1.3.3.2 Yeast pitching 
 

Before reaching the fermentor, the yeast is mixed with the aerated wort in a cross-pipe section after the 

aeration section, right before entering the fermentor. The term “pitching” refers to the addition of the 

yeast in the wort for fermentation and the pitch rate (or pitching rate) is the amount of viable yeast cells 

inoculated per milliliter of wort. Like other parameters such as sugar and O2 content or fermentation 

temperature, the pitch rate can be changed only slightly, as it has an effect on fermentation 

characteristics and thus on beer quality[16]. Usually, beer is produced from high gravity wort, and the 

pitch rate stays between 13 and 17 million cells/ml. The pitch rate for each fermentation is determined 

by knowing the concentration of viable yeast cells in the stored or propagated yeast sludge, through 

sample analysis, and the volume of wort to be fermented. 

Normally, the wort used in a single fermentation operation is gradually added to the fermentor and each 

portion is called a brew. The yeast is pitched only in the first brew, which is enough to transport all of 

the yeast slurry into the tank. During fermentation, the yeast can grow between 2 to 4 times the amount 

that was pitched at the beginning. Theoretically, the yeast could be repitched unlimited number of times 

but, due to factors like the yeast strain, the quality of the cropped slurry and changes in beer flavour 

throughout yeast generations, the propagation of new yeast cultures is necessary. Typically, yeast is 

employed for between 8-15 fermentation batches[17] but, at the Portuguese brewery in which the study 

took place, it usually performs a maximum of 6 full batches, if handled correctly. 
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1.3.3.3 Fermentation 
 

After pitching, the mixture is directed to the fermentor at a constant temperature of 11ºC and the 

fermentation stage begins, following a characteristic profile with distinct steps. When filled, the fermentor 

temperature is raised to 14ºC due to energy released by fermentation. The first part of the fermentation 

occurs in an aerobic environment due to the dissolved oxygen in the wort. The yeast needs to adapt to 

its new environment, assimilating oxygen and nutrients, in what is called the Lag phase, during which 

there is little cellular multiplication. After adaptation, the exponential phase begins, cellular multiplication 

increases and the dissolved oxygen is used for the synthesis of sterols and unsaturated fatty acids, 

important components of cellular membranes. Together with lipids supplied with wort, these molecules 

will be used amongst daughters’ cells[18]. The raise in ethanol and CO2 concentrations begins during 

yeast growth due to the Crabtree effect (see section 1.3.3.3.1). In addition, all brewing strains produce 

glycerol, vicinal diketones, alcohols, esters, short-chain fatty acids, organic acids and diverse sulphur-

containing substances[19]. The concentration of these flavour and aromatic compounds is critical for the 

consistency and profile of the beer, thus a careful monitoring is required[15]. 

Eventually, the dissolved oxygen is consumed and the yeast enters a stationary phase in an anaerobic 

environment, increasing its fermentative performance. The overall reaction occurring during 

fermentation is translated by the following expression: 

 

C&H()O& 		→ 	2	C)H.OH + 2	CO) 
 

Figure 2 shows a typical evolution of the temperature and apparent extract concentration during the 

fermentation stage. The duration of the fermentation stage depends on the initial extract level of the 

wort (also named original gravity) and the final extract level that is possible to reach in the given 

conditions (final gravity), which varies according to the wort’s composition. The difference between both, 

divided by the original gravity, gives us the wort fermentability[15]. In big breweries, the minimum and 

maximum fermentation times are usually well stablished. During this time the wort extract concentration 

decreases, with simultaneous increasing of the ethanol concentration and several by-products. Among 

these, there are two aromatic compounds called diacetyl and 2,3-pentanedione, also known as vicinal 

diketones (VDKs), whose concentrations need to be reduced to keep the beer flavour and aroma 

unaltered (see subchapter 1.8). To reduce VDKs levels, the fermentation temperature is increased from 

14ºC to 17ºC, which forces the yeast to assimilate these components, reducing their concentration in 

the medium, in what’s called the “ruh” phase. When VDKs concentrations are adequate, a cold shock 

is applied, dropping the fermentor temperature to 5ºC, which will stop the fermentative process and, 

most important, help the yeast to flocculate and settle at the bottom of the tank[8]. These temperatures 

may vary since each beer has a specific fermentation temperature diagram. The values mentioned 

previously are typical of a common lager beer. From the moment the yeast is pitched until it is harvested 

and stored into a yeast storage tank (YST), it takes about 10 days. 

(1) 
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Figure 2: Typical evolution of temperature (ºC) and apparent extract (ºP) over the fermentation time 
(hours) (blue – temperature; red – apparent extract). Adapted from a source derived from the intranet 
(not publicly available) of the “Sociedade Central de Cervejas e Bebidas SA.” (SCC). 

 

Without sugars to ferment, the yeast can enter autolysis, so it needs to be quickly separated from the 

beer and stored. Typically, in bottom fermentations, the yeast sludge is removed first through a pipe at 

the bottom of the tank and then, after a proper CIP in the pipeline, the green beer is directed to a guard 

tank to be matured. In top fermentations, the yeast is commonly cropped at the end[15]. 

 

1.3.3.3.1 Crabtree effect 
 

In the fermentation stage, after adaptation to the medium, the pitched yeast starts to grow exponentially. 

When working with high-gravity wort, the fermentation reaction starts even before all the dissolved 

oxygen is consumed. This happens because increasing concentrations of glucose accelerate glycolysis 

(first step of fermentation), leading to the production of considerable amounts of ATP through substrate-

level phosphorylation. Simultaneously, there is a decrease in the need for obtaining ATP through 

oxidative phosphorylation of the substrate in the TCA cycle, via the electron donor chain, meaning the 

respiration process is repressed. This repression is dependent not only on the genus and strain of the 

yeast but also on the type of sugar that’s being used as a carbon and energy source[20], [21]. 

 

1.3.4 Guard or maturation phase 
 

After fermentation, the resulting liquid is called green beer because it still needs to suffer transformation 

in its flavour and aroma. The beer is centrifuged to remove solid impurities and yeast sludge, and is then 

chilled to the guard temperature. This happens in a stage called guard or maturation, after fermentation 

and before the final beer filtration. The green beer is kept in guard tanks, placed in beer cellars, for about 

three weeks, at temperatures varying from 13ºC to -1ºC, without agitation. During this time, insoluble 

materials are removed, the colloidal stability of the beer is improved, and the flavour of the beer reaches 

its final level[22].  

Several components affecting beer’s flavour have their concentration adjusted in the maturation stage, 

specially vicinal diketones. In this study, diacetyl and 2,3-pentanedione are reduced mainly at the 
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fermentation stage by an increase in the medium temperature (see section 1.8). This technique is 

dependent on the yeast strain and it must be in a healthy metabolic state to carry out the reduction 

efficiently. Other authors suggest the use of the enzyme 𝛼-acetolactate decarboxylase, which 

accelerates VDK reduction and the overall maturation stage[15], [22]. As beer ageing proceeds, there is a 

general trend for the reduction in compounds like acetaldehyde and volatile fatty acids. Changes in the 

level of sulphur compounds also occur in maturation but this is incompletely understood. After 

fermentation, any amount of air/oxygen in contact with beer must be carefully monitored in order to avoid 

O2 dissolution in the liquid, which will cause irreversible oxidation reactions, altering its flavour stability 

and organoleptic characteristics, with consequent formation of undesired flavours[15]. At the end of 

maturation, the green beer is now called mature beer. 

 

1.3.5 Beer treatment 
 

Over time, colloids start to form in the beer, staying in suspension and increasing the liquid’s turbidity. 

To delay the formation of these compounds, mainly formed by proteins and polyphenols, the beer is 

cooled down to -1,5ºC and treatment products are added, letting it rest for about 90 minutes in a buffer 

tank[8]. Two of these products are the Brewtan and the PVPP (poly-vinyl-poly-pyrrolidone). The first one 

is a high molecular tannic acid, extracted from renewable plant materials, that reacts with wort proteins 

through adsorption and precipitation, specially proline and “–thiol” containing proteins[23]. The PVPP is 

an insoluble white dust obtained from the polymerization of pyrrolidone that also acts through an 

adsorption mechanism, in which the amine groups of PVPP connect to polyphenol’s hydroxyl groups 

through hydrogen bonds[24]. 

 

1.3.6 Filtration section 
 

This part of the process is usually carried out at temperatures below 20ºC. The filtration stage includes 

the following operations: beer chilling, Kieselguhr filtration, trap filtration, beer dilution, beer carbonation 

and storage of filtrated beer. 

 

1.3.6.1 Beer chilling 
 
After treatment, the mature beer passes through a heat exchanger to cool the temperature down to -

1,5ºC. This will avoid a possible dissolution of colloidal and precipitated substances formed in the guard 

tank and helps the aggregation of other few compounds to be removed afterwards. 
 

1.3.6.2 Kieselguhr filtration 
 

This operation is performed in a plate and frame filter, mainly to keep the diatomaceous earth in the 

filter bed, between consecutive plates. Diatomaceous earth, or Kieselguhr, is a white dust formed by 

fossils of tiny aquatic algae called diatom algae, composed mainly by silica with a very high porosity. 

Handling of this compound must be performed carefully and with the adequate security equipment since 
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it’s carcinogenic and can cause significant damage to the respiratory tract when inhaled[25]. This 

compound will act as a filter media, retaining bigger particles by tamisation and smaller ones by 

adsorption. If a plate of the Kieselguhr filter tears and lets diatomaceous earth pass through it, a trap 

filter serves as an additional protection[8]. 

 

1.3.6.3 Beer dilution and carbonation 
 

Since a high-gravity wort is used for fermentation, a concentrated beer with high ethanol concentration 

is produced, and so it must be diluted to the stablished specifications for consumption. This is done in 

a machine called Carbo-blender which is used for the carbonation of the beer. The device measures 

the CO2 concentration in the beer and injects the required amount, in a dissolving tube, to reach the 

stablished set-point. Also, based on the alcoholic strength and calculated original extract, a 

programmable logic controller calculates the amount of water that needs to be added to the beer[26]. 

Consequently, other characteristic parameters like colour or pH are also adjusted to final values. The 

treated beer is then directed to a bright beer tank (BBT), where it stays until entering the filling section 

and fill assorted containers like glass bottles, aluminum cans and kegs. 

 

1.3.7 Filling section 
 

Breweries possess different filling lines according to the type of container that is going to be filled up. 

Usually, beer is commercialized in returnable or non-returnable bottles, aluminum cans and kegs. One 

filling line can be adjusted to fill different containers at different moments, depending on the brewery’s 

orders at that moment. 

A typical bottle filling line has 5 main pieces of equipment: a filling machine, to pour the beer into the 

bottles; a capper, to encapsulate the bottles that come out of the filling machine; a pasteurizer, which 

has several hot water showers to eliminate possible microorganisms that can still exist in the bottle; a 

labeler, that labels bottles after pasteurization; a machine that packs up full bottles in grids or cardboard 

packs. In the case of returnable bottles, there is an additional washing machine at the beginning of the 

line to remove all the dirtiness and residues that come in bottles, applying first a simple washing with 

chlorinated water and then a treatment with sodium hydroxide. Non-returnable bottles only need to be 

rinsed first. 

The keg filling line, besides the washing and filling operations, has a pressure test section to ensure the 

barrel is tight and there are no leaks. A scale after the filling nozzle to verifies if the barrel is full and can 

proceed to the labeler. At the end, a seal is placed at the top of the barrel to guarantee that it remains 

sealed until being delivered to the costumer[8]. 
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1.4 Carbon dioxide reuse 
 

All the CO2 used in various sections along the factory comes from the fermentation process. After being 

secreted by the yeast, the gas is guided through a pipeline, treated and used for counter-pressure in 

tank filling machines, bottles, barrels, etc. It is also used for beer carbonation in the Carbo-blender and 

to fill gas canisters that are used to serve pressurized beer at various outlets. The remaining CO2 can 

be sold to third parties like liquid gas companies. 

 

1.5 Fermentors design 
 
A cylindroconical fermentor (figure 3) constitutes one of 

the main types of vessels used in the brewing industry for 

fermentation since the 1960’s. Made of stainless steel, 

with a hemispherical top and a conical base, industrial 

vessels of this type reach heights between 10 and 20 m. 

The ones used in this study possess 20 m of height and 

a working volume of 400 m3 (total volume of 500 m3). It 

has a cooling jacket composed of foam insulation with a 

pipe circuit containing an ammonia solution. The vessel 

temperature is monitored by probes placed at suitable 

points within it. It does not possess an internal agitation 

system. Another type of vessel was used as a fermentor 

in this study, called outdoor tank, which presents identical 

working and total volumes and also does not possess an 

agitation system. The main difference is the bottom’s 

shape of the tank, which is flat and rests directly on the 

ground.  

For this reason, the yeast crop is performed in different ways according to the type of vessel. In the first 

one, the yeast is cropped first, through the bottom of the tank, and the green beer is drained afterwards. 

In outdoor tanks, a draining pipeline is placed at its bottom, roughly 0,50-1 m above the ground. When 

the yeast slurry settles under the pipe’s entrance, the beer is harvested first and only then the slurry will 

be recovered and directed to a YST. This means that the contact time between the yeasts and the 

fermenting beer is maximized in outdoor tanks, which can affect the cellular viability of future 

generations, and reduced to a minimum in cylindroconical ones. 

 

 

 

 

 

Figure 3: Cylindroconical fermentation 
vessel typical design. Adapted from [15]. 
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1.6 The brewer’s yeast 
 
1.6.1 Taxonomy and cell biology 
 
The term “yeast” defines a type of eukaryotic, single cell microorganisms classified as members of the 

fungi kingdom. They present vegetative states and can reproduce by budding or fission, resulting in 

growth that is predominantly in the form of single cells[27]. Regarding brewing yeast strains, they belong 

to the genus Saccharomyces and can be divided in two main types: top-fermenting ale yeasts, from S. 

cerevisiae, and bottom-fermenting lager yeasts, belonging to S. pastorianus or S. carlsbergensis (a 

hybrid species derived from S. cerevisiae and S. bayanus)[28]. Apart from Saccharomyxes paradoxus, 

other Saccharomyces’ species are rarely found alone in natural habitats[29]. Most of them are thought to 

have arose through selective processes in industrial situations due to the commercial exploitation for 

production of alcoholic beverages or bread[15]. 

Regarding the biology of a brewer’s yeast cell, a section through a budding yeast is shown in figure 4. 

Modifications in some organelles may occur as the cell progresses through the cell cycle or in response 

to growth conditions. They present a globose, ellipsoidal or cylindroid shape and can reproduce by 

asexual or sexual means (see subchapter 1.6.2). 

 

 

Figure 4: Representation of a section through a typical budding yeast cell. Adapted from [15]. 

 

When proliferated at a small scale, on solid media, they form colonies whose size and shape differs 

according to the strain, growth medium composition, additives and incubation temperature. If 

proliferated in suspension in liquid medium, Saccharomyces yeast is off-white, grey or beige in 

appearance. However, yeast biomass colour varies due to staining by components of the growth 

medium that adhere to the cell wall. The mass appearance also differs in terms of flocculation: non-

flocculent cells tend to form smooth cream slurries (termed “powdery” yeasts) while flocculent yeasts 

form slurries with a granular appearance[15]. 
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1.6.2 Life cycle 
 
Yeast cells can reproduce by asexual or sexual means, depending on the conditions of the surrounding 

environment. When in favorable conditions, yeasts adopt asexual reproduction and can enter in a 

cellular division phase by fission or budding. On the other hand, if they’re starving or deprived of 

essential compounds, they undergo sexual reproduction[30].  

Regarding fission yeasts like Schizosaccharomyces pombe, the mother cell divides to form two equal 

size progenies with the same number of chromosomes. If conditions are unfavorable, haploid cells of 

opposing mating types mate in pairs to form diploid zygotes, which then undergo a meiosis to form four 

haploid spores inside a thick-walled structure called ascus. When the surrounding conditions are 

improved, spores germinate and originate haploid cells[31]. 

Saccharomyces cerevisiae is a type of budding yeast and usually exists as one of two mating types: a 

cell or α cells, both haploids. When conditions are favorable, the mother cell starts to divide and to 

segregate its DNA, forming a bud that will become the daughter cell after nucleus division and migration, 

independently of the cell mating type. This division is asymmetrical and the daughter cell is always 

smaller. Reproduction by budding generates a scar on both mother and daughter cells’ surface called 

bud scar, through which their replicative age is determined (see section 1.6.8). Every time cells of 

opposite mating types meet, they can mate (conjugate) and originate a diploid a/α cell. This happens 

thanks to a pheromone release and recognition process that causes both cells to grow “projections” of 

their body towards each other, generating a cell form called shmoo and mating. After fusion, diploid cells 

can reproduce by budding, just like haploid cells, but when they face severe environment conditions, 

they undergo sporulation and meiosis, just like S. pombe cells, forming four haploid spores that later 

germinate and multiply[32]. A scheme of a budding yeast life cycle is shown in figure 5. 

 

 

 

Figure 5: Life cycle diagram of a laboratory budding yeast strain. Adapted from [32].  
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In both cases described, haploid cells can change their mating type in some cases. Laboratory strains 

usually don’t do so because they lack a functional form of an enzyme called HO endonuclease, allowing 

the maintenance of genetically stable cell populations. It is also important to notice that brewing strains 

of S. cerevisiae do not possess a sexual cycle because they’re usually aneuploid or polyploid[15].  

 

1.6.3 Mineral requirements 
 

Minerals are essential, in small quantities, as trace elements for yeast growth. Usually, levels found in 

wort cereals are enough for fermentation performance but the use of high-gravity wort and poor barley 

crops can lead to deficient mineral concentrations and, consequently, affect fermentation and the final 

beer quality[33]. 

The trace elements required for yeast nutrition can be divided in three groups: macroelements, 

microelements and inhibitors. However, considering the ionic nutrition of yeast fermentation, 

concentrations of K+, Ca2+, Mg2+ and Zn2+, all macroelements, are the most important to monitor. 

Potassium is the most abundant cation in wort, being the main electrolyte, essential for osmoregulation, 

and additionally acts as cofactor for enzymes involved in oxidative phosphorylation, protein and 

carbohydrate metabolism[34]. 

Magnesium acts mainly inside the cell and is required by hundreds of enzymes, participates in the 

pyruvate metabolism and it’s involved in the membrane stabilization. Calcium, on the other hand, acts 

mostly outside the cell, for α-amylase activity or pH control, and at the cell wall and plasma membrane, 

protecting its structure, and influencing yeast flocculation[35]. 

Regarding zinc, it requires special attention because it’s the only trace element that most barley crops 

don’t have in sufficient amount and, therefore, a zinc supplement needs to be added to the wort[15]. 

Almost 3% of S. cerevisiae proteome requires zinc, which acts as a cofactor and a ligand, in Zn-binding 

domains, for structural stability[36]. 

Optimal concentrations of theses minerals in the wort are not absolute and they depend on several 

factors like the wort composition[37], interaction with other elements and their concentrations[38], yeast 

species[39], [40] and strain[41]. For zinc, it can show little toxic effect in concentrations from 0.1 up to 500 

ppm[37], [41], although it can show inhibitory effects when its concentration is superior to 1 ppm. 

 

1.6.4 Propagation stage and line maintenance 
 
The yeast must be propagated within the brewery to grow an amount sufficient to pitch the first 

production scale fermentation. For this, the yeast is first inoculated in a small volume of wort, to adapt 

to a new set of conditions. The next propagation phases are carried out in tanks with increasing volumes 

so the yeast can grow exponentially and generate a high amount of slurry to be pitched in fermentation 

tanks. Traditionally, brewing yeasts are propagated through a series of poorly aerated batches, with low 

biomass yield and relatively long times of cultivation. Aerobic propagation incorporates challenges like 

maintaining optimal oxygen saturation, controlling foam formation and monitoring changes in yeast 

behavior[42]. 
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Theoretically, there is no limit to the number of times that yeast may be serially cropped and re-pitched. 

However, with prolonged serial fermentation, characteristics of the brewer’s yeast may change due to 

genetic instability. Most modern breweries periodically introduce new cultures of yeast of guaranteed 

identity and purity, derived from laboratory stocks. The decision to introduce a new culture is based 

upon microbiological and performance testing of existing yeast. A new culture is introduced when 

experience suggests that older cultures will be approaching the end of their useful lifecycles[15]. 

 

 

1.6.5 Flocculation and crop stage 
 
After flocculation and settling, yeast can usually be differentiated in three layers, regarding its quality 

and viability. The bottom layer presents a considerable amount of dead and old cells and other fast-

sedimenting particles like trub. The core layer is made of yeast cells with a good fermentation 

performance and the top layer has younger cells with high-quality but which are polluted with sticky 

particles and resin from hops. If the yeast lot will be re-pitched for future fermentations, the yeast crop 

should begin has soon as possible and only the core layer should be collected. Notice that prolonged 

serial cropping can result in a progressive enrichment of yeast slurries with trub and other non-yeast 

particles. Not only these residues will be added to the next fermentation but this will result in an incorrect 

calculation of the pitch rate[15]. In cylindroconical fermentors, the yeast sludge is pumped through a 

pipeline placed at the bottom of the tank, passing a sieve for impurities removal and being directed to a 

YST, refrigerated between 0-5ºC. The contact time between the beer and the yeast is kept to a minimum, 

due to the form of the vessel’s bottom and the time at which the yeast is cropped, which is determined 

by the cellars team manager. In outdoor tanks, the opposite occur, with the contact time between the 

beer and the slurry being maximized (see section 1.5). 

 

1.6.6 Slurrys handling between fermentations and yeast generations 
 

After a fermentation batch, the yeast slurry is directed to a storage tank, being kept at low temperatures 

until reuse in a new fermentation. During storage, the yeast is treated with phosphoric acid to lower its 

pH level and kill possible bacteria contaminating the lot. To avoid new contaminations, the yeast must 

not be in contact with the external atmosphere while it is stored. The maximum storage period is around 

5 days, after which the number of dead cells makes it unviable for reuse. The same yeast lot can be 

reused up to 7 times, and it is classified by generations according to the number of fermentations 

performed. When the yeast is propagated, and goes directly into the fermentor, it constitutes the so 

called generation 0. After that, every time the same lot is treated and repitched (see section 1.6.8) in a 

new fermentation batch, its generation is increased by 1. 

When the fermentation takes place in pressurized fermentors, the yeast sludge cropped afterwards is 

enriched with CO2, which is toxic for yeast cells. The release of CO2 is easily achieved in a cooled tank 

when the yeast is cropped. Aerating the sludge is also a viable option but this can lead to a significant 

raise in the yeast slurry temperature and should only be used if the yeast is going to be repitched 
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immediately afterwards, since the presence of oxygen would metabolize its reserve fund, weakening 

the cells and possibly leading to autolysis[34].  

When yeast slurry is not suitable for reuse, the lot goes from the fermentor or the YST into a waste 

storage tank (WST), being compressed to recover green beer that was absorbed by the slurry. 

Afterwards, the yeast is sold for production of feed for livestock. 

 

1.6.7 Growth and metabolism 
 

Regarding the energy-generating process involved in sugar metabolism, yeasts can be classified as 

non-, facultative- or obligate-fermentative. The first group has an exclusive respiratory metabolism and 

cannot perform alcoholic fermentation, as the last one is only capable of metabolizing glucose through 

this last process. Most yeast, however, are classified as facultative-fermentative organisms (including 

brewer’s yeasts) and can perform either respiration or fermentation depending on the conditions of the 

surrounding environment, namely the type and concentration of sugars and oxygen availability. To 

produce alcoholic beverages, yeasts like Saccharomyces cerevisiae tend to perform alcoholic 

fermentation even in the presence of oxygen (see section 1.3.3.3.1), repressing respiration. However, 

the presence of oxygen is required for activation of biosynthetic pathways to produce sterols and fatty 

acids, essential for synthesis of cell wall components and consequent yeast growth. For yeast growth 

under anaerobic conditions, an external source of these components must be provided. Therefore, yeast 

propagation is performed aerobically, to promote its growth, although ethanol production is already 

noticed at this point. When in anaerobic conditions, the rate of sugar-substrate consumption is higher 

and the energy yield associated to yeast growth is lower. In brewing, fermentations are carried out 

anaerobically so that, even in the absence of the Crabtree effect, yeast cells cannot perform respiration. 

Per each molecule of glucose converted into ethanol, 2 ATP molecules are produced, making this the 

main energy supply for yeast maintenance[43]. However, when working with high-gravity wort, problems 

can arise derived from glucose repression. Yeast cells adjust diverse cellular activities according to 

detected levels of glucose extra and intracellularly, repressing its uptake when the concentration is 

above the threshold level. This can lead to a repressed uptake and metabolism of other sugars like 

maltose and maltotriose, also present in beer wort, negatively affecting the fermentation rate over 

several hours. This also contributes to the decrease in biomass yield when changing from aerobic to 

anaerobic conditions[44]. For this, fermentation’s wort composition must not be changed to maintain 

product quality and cost, and the type of sugars used for propagation and fermentation must be similar. 

Adaptation of the specific yeast strain to the standard conditions must also be well known to acquire 

and maintain a good fermentative performance[44], [45]. 

 

1.6.8 Serial repitching and cell aging  
 

In breweries, the yeast is normally reused in consecutive fermentations, in what’s called serial repitching 

(the same lot is pitched several times). This constitutes a great economic saving since propagation 

plants for yeast slurry production are a high cost for the brewery[46]. However, several complications can 

arise during serial repitching if operational conditions are not carefully monitored, such as loss of 
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flocculation capacity, mutations, viability losses due to abiotic changes, among others[47]. For example, 

cells with “petite” mutation (a deficiency in the respiratory chain) can appear during serial repitching, 

having detrimental effects on fermentation performance like unfavourable flavour changes, loss of 

flocculation or reduced fermentation rate. This may be induced by oxidative stress, caused by reactive 

oxygen species (ROS), which are produced by yeast’s mitochondria during normal aerobic metabolism 

or supplied exogenously. The impact of this phenomenon is, nevertheless, strain-dependent[48]. Several 

studies showed that serial repitching could lead to quality deterioration of yeast cells and thus impaired 

fermentation processes. Others showed, for example, lager yeast strains with surprising stability after 

135 generations and no significant difference from fresh cells[17]. 

Yeast cells can show two different types of aging – the replicative and the chronological age. The first 

one translates the amount of replications performed by the yeast and can be determined by counting 

bud scars on the cell’s surface (see section 1.6.2). The yeast must be capable of maintaining a 

reasonable rejuvenation rate in order to prevent replicative aging, with consequent loss of quality and 

viability for future pitching. This is mainly dependent on the aeration rate of the wort[49], which must be 

sufficient for the yeast to produce the necessary sterols and fatty acids for its replication. The 

chronological age describes the time a yeast cell can stay viable in a postreplicative state. It is mainly 

dependent on stress levels, caused by nutrient depletion and others external sources, oxidative damage 

cause by ROS and the action of yeast defense mechanisms like superoxide dismutases[50]. Both aging 

paradigms lead, in the end, to apoptosis of the senescent cells[49]. 

 

1.6.9 Slope cultures vs. dehydrated yeast 
 
For the yeast to arrive to the client with the initial quality conditions and viability, several preservation 

techniques can be used. One of the main techniques is the shipping of viable cultures inside, small 

plastic tubes with a nutritive agar medium called slopes. The term slope is due to the slope formed by 

the solidified agar gel inside the tube, to increase its surface area so that the entire yeast culture may 

be in contact with the agar for proper nutrition. Usually, slope cultures are prepared and incubated at 

room temperature, being tightly sealed and stored in a refrigerator after a layer of viable cells is formed 

on the nutritive medium. Several factors determine the shelf-life of these cultures, which can go from 2 

months to a couple of years. Slopes tend to be less susceptible to mold contamination or drying out. If 

they are properly stored, they are ready to be directly inoculated in wort and to start a propagation lot, 

without the need for preparation steps. However, the culture is exposed to atmospheric oxygen and, 

consequently, to an oxidizing environment. The atmospheric moisture content is also determinant for 

deterioration and quality loss, although there’s no agreement as to what constitutes optimal moisture 

content. Some authors believe that the highest survival is associated with the lowest moisture level. 

Other factors affecting yeast survival are the yeast strain, physiological age, cell concentration and 

storage temperature[51].  

At the Portuguese brewery in which the study takes place, initial viability values obtained after yeast 

inoculation vary considerably from lot to lot, despite the inoculation conditions being kept constant. After 



 

 18 

proper analysis at the provider facilities, it was determined that the purity of slope cultures was 

compromised, hence the poor results obtained with relative frequency. 

An alternative to this preservation technique is the use of dehydrated yeast. One of the main dehydration 

methods use is the freeze-drying technique, commonly used in the food and pharmaceutical industry. It 

combines freezing and drying in a single operation, but can negatively affect the yeast viability and 

physiological state due to the formation of ice crystals inside the cells, which can induce mechanical 

damage and consequent cellular death. The method success depends on the strain intrinsic resistance, 

initial concentration of cells, growth conditions and, drying medium and the possible use of protective 

compounds such as skim milk[52]. Air drying can also be used for yeast preservation, dispensing the 

initial freezing of the samples and relying on evaporative cooling. The dried material is then packed and 

sealed under vacuum, with low water and oxygen concentrations, conserving the main characteristics 

of the yeast and delaying sample deterioration and mutation occurrence[53]. Therefore, the shelf-life of 

the dehydrated yeast is much bigger than the slope cultures’. However, the dried samples require an 

additional rehydration step before the propagation process and a loss of viability of often associated to 

this step, due to osmotic shock and stress caused by the sudden medium changes[4]. Optimal viability 

values are obtained in final propagation scale-up stages, after a proper adaptation of the yeast and cell 

rejuvenation. 

 

1.7 Beer foam structure and stability 
 
The foam present in beer is composed by mainly composed of proteins and dependent on the protein 

content each beer has. Most beers contain sufficient protein to withstand considerable dilution before 

the head retention is greatly decreased, which usually shows little variation between different beers[54]. 

Proteins can stabilize foam by forming a visco-elastic film at the air-water interface. When the structural 

integrity is compromised by competitive adsorption of low molecular weight surface active components 

like lipids or detergent residues, the foam stability decreases. Lipids that appear in beer may come from 

the malt, the yeast, or external sources like dirty glassware, etc… 

To protect foam stability, the structure of the adsorbed protein layer can be enhanced by the addition of 

natural food components or, alternatively, the destabilizing component can be selectively removed from 

the liquid, for example, using lipid binding proteins[55]. 

 

1.8 Vicinal diketones’ role in beer: diacetyl and 2,3-pentanedione 
 

Diacetyl (butanedione or butane-2,3-dione), with the chemical formula (CH3CO)2, and 2,3-pentanedione 

(acetylpropionyl), with the formula C5H8O2, are vicinal diketones (VDKs), meaning they present two 

ketone groups placed in adjacent carbon atoms. They’re best known for conferring a characteristic 

aroma and flavour of butter and honey, respectively[56], and can be found in fermented beverages like 

brandy, wine or beer, among other food products. In wine, the presence of VDKs contributes to the 

development of unique flavours and aromas. In beer, the presence of these compounds is undesirable 

for a proper organoleptic profile, being necessary to keep their concentrations below the respective 
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flavour threshold levels. These are dependent on the individual palate and the presence of other 

aromatic compounds that may interfere on their detection. However, studies suggest that values of 0.05-

0.1 mg/L for diacetyl and 1.0 mg/L for 2,3-pentanedione can influence the beverage’s taste[57]. The 

relatively lower threshold level of diacetyl justifies its bigger importance regarding quantitative analysis 

and monitoring. 

To comprehend the VDKs metabolism in yeasts, it is necessary to understand that the uptake of amino 

acids by these microorganisms is sequential and selective. Glutamate, glutamine, aspartate, 

asparagine, serine, threonine, lysine and arginine constitute the group of amino acids that are primarily 

absorbed and used, called the group A. The second one (group B), most important in this matter, include 

amino acids that are used more gradually throughout the course of fermentation and comprises 

histidine, methionine, lysine, isoleucine and valine. The group C is only consumed in special conditions 

and is formed by glycine, phenylalanine, tyrosine, tryptophan and alanine. The group D (proline and 

aminobutyric acid) is only used if all the other groups have already been consumed and if there is oxygen 

left. 

 

 
Figure 4: Simplified pathway for the formation of diacetyl and 2,3-pentanedione. Adapted from [58]. 

 

The formation of diacetyl starts due to the lack of valine to be consumed by the yeast, leading to the 

activation of specific enzymes for its synthesis. Piruvate, obtained from glycolysis, is converted in a-

acetolactate, a valine’s precursor, by the enzyme acetolactate synthase (ALS). Since the conversion of 

a-acetolactate to 2,3-dihydroxy-isovalerate is rate-limiting, some of it ends up being excreted from the 

cell to the wort and spontaneously converted to diacetyl through non-enzymatic oxidative 

decarboxylation[59]. This reaction is favored by low pH levels and O2 concentrations and high 

temperatures. However, in the brewing process there is minimal accumulation of diacetyl and it is 

possible to keep it below the threshold level simply by a temperature adjustment. After its formation, 

diacetyl is reabsorbed by the yeast and reduced by the diacetyl reductase to acetoin, which is then 

reduced to butane-2,3-diol by the alcohol dehydrogenase. Because acetoin and butane-2,3-diol present 

much higher flavour thresholds, these components will not interfere with the beer’s organoleptic 
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characteristics when excreted[58]. An analogous situation occurs with 2,3-pentanedione, which is 

reduced to pentane-2,3-diol. 

 

1.9 Sulphur compounds 
 
Sulphur compounds usually affect negatively the overall flavour of beer and need to be monitored, 

specially ions like sulfite (SO3
2-), sulfate (SO4

2-), hydrogen sulfide and dimethyl sulfide (DMS). Regarding 

sulfite, when present in excess, it confers an undesirable taste but it also acts as an antioxidant, binding 

to oxygen and forming sulfate ions. In a way, its presence is favorable for beer’s stability and 

conservation[60]. During wort boiling any SO2 present in raw materials is evaporated, due to its low boiling 

point of -10ºC, or oxidized to sulfate, so most of the sulphur dioxide present in beer is due to the yeast’s 

sulfate assimilation and metabolism. The amount released in fermentation gases and subsequent 

stages is negligible[61]. It is an intermediate in the biosynthesis of sulphur containing amino acids, namely 

cysteine and methionine, being formed according to the following pathway: 

 

Figure 5: Sulphur amino acid metabolism in Saccharomyces cerevisiae. Adapted from [62]. 

 

Sulphate assimilated by the yeast is converted to adenosine-5’-phosphosulphate (APS) by the ATP-

sulphurylase and then to 3’-phosphoadenosine-5’-phosphosulphate (PAPS), by the APS-kynase. Next, 

two different reductases reduce PAPS to sulphite and then to sulphide (S2-), with consumption of ATP, 

which is used to produce amino acids. This pathway is controlled by feedback inhibition of the ATP-

sulphurylase meaning that, if more sulphite is produced than is needed for amino acid synthesis, the 

excess is released into the beer. Factors like pitching rate, temperature, wort pH and gravity, trub content 

and medium aeration will influence the amount of sulphide released by the yeast. SO2 concentration 

tends to increase with high wort pH levels and low oxygenation and pitching rates[63].  
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2. Materials and methods 

 
The following chapter contains the description of materials and methods used in general laboratorial 

practice throughout the present work. Chemical products and equipment used are presented in the 

appendix A (tables A1 and A2, respectively). 

 

2.1 Yeast strains under study 
 
In the present work, two bottom fermenting yeast strains from Saccharomyces pastorianus, both 

commercialized by the same brewing company, were compared for lager beer production. 

 

2.1.1 Control yeast strain 
 

This yeast strain is commercialized in small plastic tubes called slopes, in the form of live cell cultures, 

to avoid re-purchasing or re-creation of pure cultures. The term slope is due to the slope formed by the 

solidified agar gel inside the tube, to increase its surface area so that the entire yeast culture may be in 

contact with the agar for proper nutrition. Its shelf-life is around 3 months and it is stored in a refrigerator 

at 4-5ºC until use, to maintain cellular viability and reduce the metabolic activity. This is the strain 

commonly use at the brewery to produce most beer brands. It served as a control for comparison with 

the yeast strain under study. 

 

2.1.2 Trial yeast strain 
 

This strain is genetically similar to the previous one but differs in the packaging and transport conditions. 

After a proper treatment, it suffers a dehydration and vacuum packaging process to avoid contact with 

atmospheric oxygen and reduce water concentration to a minimum. This allows the yeast to maintain 

its proper characteristics (flocculation, fermentation rate, taste and odour), cellular viability and to have 

a longer shelf-life (around 2 years). The yeast is shipped in packages of 500 g, in the form of small beige 

granules, ready for immediate rehydration. It must be stored at room temperature in a dry environment. 

 

2.2 Propagation and fermentation media used 
 

2.2.1 Propagation medium 
 
The medium used for yeast propagation was the wort produced for making the brewery primary lager 

beer. Corn grits, barley grains and ground malt were mixed with water in the first boiler and heated 

between 50 and 60ºC, suffering a second heating up to 75ºC and a 100ºC boiling phase at the end, for 
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a proper starch gelatinization. In a second boiler, only ground malt was added to the water, being heated 

to 30-40ºC. The content of the first boiler was transferred to the second one and a new heating stage 

took place at around 76ºC. After filtration, the wort was transferred to the boiling section where hops 

were added. The wort required for yeast propagation was harvested at this section, when the liquid was 

boiling at around 100ºC, right before any hops addition. After being sterilized at 121ºC and 2 bars for 20 

minutes, the wort was subjected to a filtration with Kieselghur and poured to several flat-bottom round 

flasks (1 L of wort per flask). A determined amount of ZnSO4×7H2O and a magnetic stirrer were added 

to each flask and they were covered with cotton and an aluminum foil and autoclaved at 110ºC and 2 

bars for 20 minutes, being left to cool for 24 hours. 

 

2.2.2 Fermentation medium 
 
The wort used in the fermentation step had the same ingredients and origin as the wort used for 

propagation but it was harvested further in the production line. After hops were added to it, the wort went 

to the whirlpool stage, to separate the trub from the liquid, which was then directed to a heat exchange 

section to cooling down to 11ºC. The wort was harvested at this point, before the yeast inoculation and 

the entrance of the mixture in the fermentor. 

 

 

2.3 Laboratorial scale fermentation assays using European Brewery 
Convention (EBC) tall tube fermentors 
 

2.3.1 General setup 
 

The EBC tubes setup is shown in figure 8. The setup used for this assay consisted of three adjacent 

glass cylindrical tubes with conical bottom and a total individual volume of 3.25 liters. Each tube had a 

glass cooling jacket and the three were connected, in parallel, to the same cooling system, which 

consisted of a thermostatic mixture of 60% water and 40% alcohol, connected to the tubes through steel 

pipes. Tubes’ chambers were completely independent from the cooling system. Globe valves were 

placed at the entrance and exit of the cooling jackets, to control the flow of the thermostatic liquid, and 

at the bottom of each tube, to allow purging or complete content discharge directly to a retention basin. 

The samples collection was performed through the entrance at the top of each tube (see figure 8). The 

whole dimension and dimensions of individual tubes are presented in the appendix B (figure B1 and 

figure B2, respectively). All three EBC tubes had equal dimensions. 
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Figure 6: Identification of valves and main elements of EBC tubes setup. 

 

2.3.2 Setup cleaning stages 
 
To assure that the assays were performed in proper cleaning conditions, the interior of the EBC tubes 

was first washed with a mixture of water and sodium hypochlorite, which was purged through the globe 

valves to wash them also. A pipe cleaner was used to scrub the interior walls of each tube. The retention 

basin and the metal structure were also sanitized to remove remaining residues of yeast mold and wort, 

with diluted P3-topax 66, a detergent-disinfectant alkaline liquid with active chlorine[64]. 

 

2.3.3 Propagation of control yeast cultures 
 
Propagation wort was collected at the mashing section, in the beginning of the boiling step, and prepared 

according to the method described in the subchapter 2.2.1. Then, a yeast slope was inoculated in each 

round flask by dragging the yeast culture on the agar medium with wort, under a flame source, in a 

laminar flow chamber. The flasks were left in constant agitation at 20ºC for a minimum period of 24 

hours, after which a sample was collected cellular viability analysis (as described in subchapter 2.5.1). 

If the cellular viability was above 95%, the next propagation step was initiated, or else the yeast stayed 

in the flasks for a maximum period of 48 hours. 

 

 

 

Globe valves 

Retention basin 

Thermostatic bath 
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2.3.4 Rehydration of the trial yeast 
 
A determined amount of dehydrated yeast (dependent on the rehydration concentration adopted) was 

poured in a round flask containing 1 L of propagation wort, and left under constant stirring for 4±1 hours 

at around 25ºC. The inoculation took place inside a laminar flux chamber and under a flame source, to 

assure a sterile environment. The aluminum paper and cotton were carefully removed and replaced at 

the end of the stage. A viability analysis was performed after 4 hours of rehydration and then the yeast 

was inoculated in EBC tubes. 

 

2.3.5 Yeast pitching and fermentation assay 
 

Both yeast strains were pitched in fresh fermentation wort once they reached proper viability values at 

the propagation/rehydration phase. To replicate similar conditions with both strains, the pitching rate 

and the total volume in each tube should be the same. Therefore, after viability analysis, the amount of 

propagated/rehydrated yeast slurry and fresh wort to add was calculated. In all EBC tubes’ assays 

performed the pitch rate used was 1.6x107 cells/ml.  

Before inoculation, round flasks containing growing yeast were placed inside the EBC tubes’ 

thermostatic bath, which had already been set up to 11ºC, in order to cool them down close to the 

established inoculation temperature. The fermentation medium was harvested in the production line 

also at 11ºC and was poured in the EBC tubes according to the volumes determined previously. Then, 

the determined volumes of propagated/rehydrated mixtures were added to the fermentation mediums, 

in different EBC tubes, with a sterile pipette. The fermentation process was initiated at this moment. 

After 24 hours, an initial 80 ml sample of fermentative wort was collected for viability and Alcolyzer 

analysis (see sections 2.5.1 and 2.5.2, respectively) and the temperature of the bath was raised to 14ºC. 

From this point on, identical samples were collected every day and the same analysis procedure was 

applied, to track the evolution of yeast condition and beer properties.  

When the wort’s real extract value is close to its threshold level, the temperature of the cooling system 

was increased from 14 to 17ºC, initiating the “ruh” phase. The duration of this stage depends on beer’s 

specifications. In this study, the “ruh” phase was extended until the diacetyl concentration was almost 

undetectable, to better understand the evolution of both diacetyl and 2,3-pentanedione concentrations 

with both yeast strains. In all assays performed the “ruh” phase lasted between 7 to 8 days. 

The final step consisted in lowering the fermentor’s temperature from 17ºC to 5ºC in order to end the 

beer fermentation and to promote yeast flocculation (see section 1.6.5). 
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2.3.6 Sample collection method in EBC tubes 
 

As it is shown in figure 8, all EBC tubes used only possessed one entrance at the top and a draining tap 

at the bottom. Even though most of the yeast slurry only flocculates and settles after the deep cooling 

phase, a fraction of it tends to settle gradually during fermentation. Thus, daily sample collection could 

not be done through the draining tap because it would compromise the viable cells’ concentration 

evolution and the equality of operational conditions in the ongoing fermentations. 

To avoid this problem and to reduce changes caused by sample collection, a harvesting system was 

arranged by connecting a volumetric pipette to a pompette through a rubber hose (figure 9). Before each 

sample collection, the referred system was disinfected with a solution of sodium hypochlorite. The 

pipette was then inserted in the tube through the top entrance and a sample was collected at the middle 

level of the fermentative medium for a higher result representativeness. Afterwards, the harvesting 

system was washed with water and immerged in a solution of sodium hypochlorite until the next sample 

collection. 

 

Figure 9: Harvesting system used for sample collection in fermentation assays in EBC tubes. 

2.4 Industrial assays using the trial yeast strain 
 

Trial yeast propagation was planned to be the most identical as possible to the control yeast 

propagation, regarding the duration of propagation steps, temperature profiles and propagation and 

fermentation medium composition, to avoid changes in the final products’ organoleptic profile. For a 

proper scale up, the propagation is divided in three stages, all carried out in the same propagation room, 

with a total duration of about 10 days. 

 

2.4.1 Trial yeast rehydration and first propagation step – Carlsberg flask 
 
For the rehydration step, propagation wort was produced in the mashing room and collected in the 

beginning of the boiling step, before hops addition, with identical methodology to the one described in 

the subchapter 2.2.1. At the laboratory, around 26 to 27 L of wort were filtrated with Kieselguhr and 

poured in a Carlsberg flask, along with 0.11 g of ZnSO4×7H2O (equivalent zinc concentration of 1 ppm). 

The Carlsberg flask was then sealed properly and sterilized for 20 minutes at 121ºC and an absolute 

pressure of 2 bar. After resting for 24 hours, two packages of 500 g of dehydrated yeast were poured 
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inside the container, under aseptic conditions provided by a flame, to avoid contaminations, being 

simultaneously agitated to prevent the formation of yeast lumps. The container was then transported to 

the propagation room and connected, through a sterilized hose, to a needle valve of the sterile air circuit, 

previously purged, through which roughly 150 Nl/h of filter-sterilized air were poured into the container 

for about 4 hours. After yeast viability analysis, the content of the Carlsberg flask was transferred to 

propagator 1 to continue the process scale up. Typically, the yeast slurry is continuously agitated with 

a mechanical system integrated inside an adequate rehydrator and doesn’t require aeration because 

the oxygen dissolved in the wort is enough to assure a proper rehydration and initial growth. Since the 

brewery did not possess a yeast rehydrator or a similar vessel with an integrated agitation system, a 

Carlsberg flask with continuous aeration was used to assure a proper mixing and homogeneity of the 

rehydrated yeast. 

 

2.4.2 Slope yeast initial propagation steps – round flasks and Carlsberg flask 
 
The initial propagation step involving the yeast inoculation in wort is described in the subchapter 2.3.3. 

While propagation took place in round flasks, wort was harvested, filtrated and poured into a Carlsberg 

flask, identically to the process describe in the subchapter 2.4.1. When yeast viability was adequate, 

the Carlsberg flask was moved to the propagation room and the content of the round flasks was poured 

into it. The flask was then connected to the sterile air circuit, previously purged, receiving roughly 150 

Nl/h of air and resting for 24h. After yeast viability analysis, the content of the Carlsberg flask was 

transferred to the propagator 1 to continue the process scale up. 

 

2.4.3 Transfer step from the Carlsberg flask to propagator 1 
 

Prior to the transfer of the Carlsberg flask content to the propagator 1, an automated clean-in-place 

(CIP) with a solution of sodium hydroxide was performed in this last container, which was then filled with 

15 hl of wort with identical composition to the one used for yeast rehydration (see subchapter 2.2.1) and 

its temperature and pressure were automatically adjusted to 11ºC and 1.35 bar, respectively. A 

determined amount of ZnSO4×7H2O was added at the mashing section to ensure a zinc concentration 

of 0.7 ppm. A 10 ml wort sample was collected at the bottom of the propagator, through a needle valve, 

for microbiological analysis, to assure that it was not contaminated. 

When yeast viability was adequate (above 95%), the Carlsberg flask was disconnected from the aeration 

valve of the sterile air circuit and connected to a second needle valve of the same circuit, near the 

propagator 1. A second hose was connected to the flask and to an aseptic septum at the bottom of 

propagator 1, with a sterilized needle. In the trial yeast assay, however, the slurry generated during 

rehydration was much thicker than the one formed during control yeast’s initial propagation and would 

most likely clog the needle, so the septum was previously changed with a needle valve (see figure C1 

in appendix C). The propagator’s valve was opened and the sterile air valve was gradually opened 

afterwards, forcing the Carlsberg flask content to enter the propagator due to counter pressure. This 

operation lasted for 30 to 45 minutes. Afterwards, all valves were closed and the propagation continued. 
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2.4.4 Second propagation step – propagator 1 
 

This propagation step had the duration of 5 days and was carried out at a constant temperature and 

pressure of 11ºC and 2 bars, respectively. The container possesses an internal agitation system that 

grants proper mixture homogenization. A sample of 10 ml of the propagating yeast mixture was collected 

daily to a sterilized falcon tube through the needle valve, at the bottom of the tank, after proper 

sterilization with alcohol and a torch, for yeast viability analysis and extract determination. 

 

2.4.5 Transfer step from propagator 1 to propagator 2 
 

Prior to the transfer step, an automated CIP with water and sodium hydroxide was performed in the 

propagator 2, which was then filled with 150 hl of wort with identical composition to the one used for 

yeast rehydration and its temperature and pressure were automatically adjusted to 11ºC and 1.40 bar, 

respectively. After 5 days of propagation in propagator 1, two samples of 10 ml each were collected for 

microbiological analysis, one from the propagating yeast in propagator 1, and the other from the resting 

wort in propagator 2, to assure there were no contaminations at this point of the process. The transfer 

operation was automated, simply requiring the initial command of an operator at the control room. Two 

automated CIP’s with water and sodium hydroxide were performed inside propagator 1 afterwards, to 

assure there was no yeast residues left that could contaminate a future yeast lot. The needle valve at 

the bottom of the propagator 1 was then removed and replaced with a sterilized septum. 

 

2.4.6 Third propagation step – propagator 2 
 

This propagation step had the duration of 5 days and was carried out at a constant temperature and 

pressure of 11ºC and 2 bars, respectively. The container possesses an internal agitation system that 

grants proper mixture homogenization. A sample of 10 ml of the propagating yeast mixture was collected 

daily to a sterilized syringe through a septum placed at the conical bottom of the tank, which doesn’t 

require a previous sterilization, for yeast viability analysis and extract determination. 

 

2.4.7 Wort production, cooling and aeration   
 
Before the fermentation took place, the fermentor was filled with 5 wort brews of about 640 hl each, 

making a total of 3200 hl. Before reaching the fermentor, the wort passed through 2 heat exchangers 

placed in series, to drop its temperature from 80ºC to 11ºC, and was properly aerated. 
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2.4.8 Yeast pitching 
 
After 5 days in the propagator 2, the yeast slurry was directed to the wort cooling section, where it was 

mixed with the aerated wort in a cross-pipe section after the aeration line, right before entering the 

fermentor. The yeast was pitched in the first of 5 wort brews that constituted a full fermentation batch. 

Notice that both the yeast slurry and the aerated wort were at 11ºC, so there was no risk of thermal 

shock. This temperature also delays the beginning of the fermentation process until all wort brews are 

properly transferred. 

When a new yeast lot is produced at the propagation room (generation 0), it goes directly to the wort 

cooling section to initiate a fermentation batch. For generations equal or greater than 1, the same 

process is applied, but the yeast slurry comes from a YST, where it is previously treated with phosphoric 

acid to avoid bacterial contaminations. This treatment is performed after each fermentation batch. 

 

2.4.9 Industrial fermentation assay 
 

When all brews were transferred to the fermentor, its temperature was increased from 11ºC to 14ºC, at 

which the fermentation began. From this point forward, 2 samples were collected daily, one of 10 ml, for 

yeast viability and extract analysis, through an aseptic septum, and another of 250 ml for diacetyl and 

2,3-pentanedione analysis, through a tap previously sterilized with ethanol. The sample collection points 

are placed at the fermentor’s medium height to obtain a higher result representativeness.  

After 3 to 5 days the fermentors’ temperature was increased to 17ºC, initiating the “ruh” phase, which 

lasted for around 3 days. When diacetyl and 2,3-pentanedione levels were according to specifications 

(namely, under 120 ppb), the deep cooling phase was innitiated, dropping the fermentor’s temperature 

to 5ºC. The yeast started to flocculate and settled at the bottom of the fermentor, being collected to a 

YST. Afterwards, the green beer was removed from the fermentor and directed to a maturation or guard 

tank. 

 

2.4.10 Guard or maturation phase 
 

The green beer rested in a maturation tank for about 1 to 2 weeks at a constant temperature of -0.5ºC, 

to improve its colloidal and organoleptic stabilities. Before reaching the tank, the beer passed through a 

centrifuge for liquid clarification and to remove impurities and remaining yeast flakes that would 

compromise the guard stage. Near the end of the maturation phase, a beer sample of about 1 L was 

collected and sent to the laboratory for analysis of several beer characteristics, including diacetyl and 

2,3-pentanedione concentrations.  
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2.4.11 Filtration, dilution and carbonation 
 

The mature beer was directed for a plate and frame filter with Kieselguhr, where it was properly filtrated 

and clarified. The concentrated beer then entered the Carbo-blender for proper dilution and carbonation. 

All beer’s physicochemical characteristics were adjusted in definitive at this stage, according to 

specifications, and the beer was then kept in a bright beer tank (BBT) before heading to the filling 

section. 

 

2.5 Analytical methods 
 

2.5.1 NucleoCounter: analysis of yeast viability percentage and viable cells 
concentration 
 
The NucleoCounter is a novel technique based on fluorescence microscopy for determining cell 

concentrations and viability. It consists of an automated device with a proper software (NucleoView) for 

data interpretation.  

First, the sample is degassed by vigorous stirring for a few minutes, otherwise the CO2 that emerges 

from the liquid might interfere with the measuring equipment. Then, the sample is diluted with a saline 

solution + EDTA (to avoid cell agglomeration), with a proper dilution factor, and injected in a 

NucleoCassette, a disposable plastic compartment internally coated with propidium iodide (PI), which 

stains the cell’s nucleus. The cassette is inserted in the NucleoCounter measurement chamber and it is 

illuminated with green excitation light, which passes through an excitation filter to exclude radiations of 

inappropriate wavelengths. The PI emits red fluorescence light, which travels through the chamber along 

with some green light, removed afterwards by an emission filter. In the end of the chamber, only the red 

light reaches the charged couple device (CCD) camera, which records a fluorescent image of the 

sample. This information is then read by the software and converted into cell concentration values.  

Due to the selective permeability of the cellular membrane, the propidium iodide cannot stain live cells’ 

nucleus. So, in the first count, only dead cells are marked, and the number of non-viable cells/ml is 

determined. A second count has to be performed, diluting the sample in a reagent called Y100, a lysis 

buffer that will disrupt the membrane of all cells. This will enable the propidium iodide to stain all cells’ 

nucleus, leading to the determination of the number of total cells/ml. That way, cell viability can be 

determined by the following expression: 

 

Viability	 % =
C9×f9 − C=>f=>

C9×f9
×100 

 

Where C9 and C=> are concentrations of total cells and non-viable cells, respectively, in cells/ml and f9 

and f=> are the associated dilution factors[65],[66]. In other words, cell viability translates the percentage 

of total cells that are viable in each sample. 

(2) 
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2.5.2 Alcolyzer: physicochemical properties of wort and beer samples 
 
The Anton Paar Alcolyzer Beer Analyzing System consists of an Alcolyzer Beer ME module, a DMA M 

density meter and a sample changer and filling unit. The ME module makes use of a patented near 

infrared measuring method (US 6,690,015, AT 406711), with a narrow spectral range, to eliminate the 

influence of other ingredients in the alcohol measurement. 

Like in the viability analysis, the samples must be previously degassed by vigorous stirring for a few 

minutes. Samples are then filtered using paper filters and transferred to cylindrical containers, which are 

placed in the automatic sample changer. Each measurement takes about 5 minutes and the generated 

data is stored in the alcolyzer and exported to an excel file. The determined characteristics are: alcohol 

concentration, density, real extract, apparent extract, original extract, pH level, degree of fermentation 

and colour value (EBC), all from the same sample in one measuring cycle. Other options include 

turbidity, viscosity and calorie content. 

 

2.5.3 Gaseous chromatography for determination of diacetyl and 2,3-
pentanedione concentrations  
 
The concentration of vicinal diketones in beer could be determined quantitatively using head sampling-

gas chromatography technique. This type of chromatography is based on the principle of electron 

capturing by the diketone group of these specific compounds, which generates a strong response 

comparatively to ethanol and other alcohols present in the beer[67]. 

Vials containing a few milliliters of beer samples are prepared and tightly sealed with aluminum caps. 

Volatile components, including VDK’s, then evaporate to the vial headspace and are separated using a 

polyethylene glycol capillary column, using nitrogen as a carrier gas with constant flow rate. The signal 

generated by the electron detector generates electrons and β radial, which ionizes N2 to produce N+ and 

electrons. VDK’s absorb electrons and emit radiations that’s captured by the detector, stored and 

integrated using a specific software, which generates the correspondent chromatogram. Concentrations 

are determined by measuring the peak area of each flavour compound and comparing it with standard 

curves, generated from reference compounds. This method can also be used to determine the 

concentrations of acetoin and acetaldehyde, the resulting components from diacetyl and 2,3-

pentanedione pathways, respectively, after reabsorption by the yeast (see subchapter 1.8)[68].  
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2.5.4 Spectrophotometry for determination of sulphur dioxide concentration 
 

The spectrophotometric method is used for quantification of the total SO2 present in beer, which includes 

all free SO2 and any of the bound SO2 which can be hydrolyzed in a basic solution. The quantification 

is based on a rapid and stoichiometric reaction between 5,5'-dithiobis-(2-nitrobenzoic acid) (Ellman’s 

reagent or DTNB) and the SO2 present in beer. At the usual pH of beers (3.8 – 4.4), most of the SO2 is 

present as the bisulfite (or hydrogen sulfite) anion, HSO3
-, as ilustrated in figure 9[69]. 

 

 

Figure 10: The effect of pH on the equilibria of SO2 species in aqueous solution. Adapted from [63]. 

The sulphurous content is distilled from beer samples into a buffered DTNB solution using nitrogen as 

a carrier gas. In this solution, sulphur dioxide is present mainly as sulphite, SO3
2-, due to the alkaline 

pH. The reaction of DTNB with sulfite forms a compound called 5-mercapto-2-nitrobenzoate (MNB), 

which presents a yellow colour, according to the following reaction: 

 

Figure 11: Colour-forming reaction of Ellman’s reagent with sulfite. Adapted from [70]. 

 

The absorbance of the solution is then measured at around 415 nm and the SO2 concentration is derived 

from calibration graphs. 
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2.6 Microbiological analysis for contaminations detection 
 

In the industrial assays performed in this study, namely in propagation and fermentation stages, samples 

of sterile wort and fermentative medium were collected for detection of bacterial contaminations (see 

sections 3.2.1 and 3.2.2, respectively) at the brewery’s laboratory of microbiology. For this purpose, 

each sample was incubated in two of three different mediums: Wallerstein Nutritive Agar (WLN), 

Wallerstein Differential Agar (WLD) and Raka Ray Agar (RR). A similar method is used to prepare all 

the nutritive mediums. They are ordered from specific provider companies and arrive at the brewery in 

the form of a powder prepared media. A determined amount is dissolved in distilled water and boiled 

under constant agitation, to dissolve the medium completely. Afterwards, the mixture is autoclaved at 

121ºC for 15 to 20 minutes and left cooling to 45-55ºC. The medium is then dispensed in petri dishes, 

along with 1 ml of wort or fermentative medium, and left cooling down at room temperature for gelation. 

Regarding the WLN agar medium, this is used for detection of total aerobic microorganisms. It is 

composed mainly by dextrose (carbohydrate source), tryptone (source of nitrogen, vitamins and amino 

acids) and other essential components. After mixing the liquid medium with the sample in a petri dish, it 

is left cooling at room temperature for gelation. The plate is then incubated at 30ºC and observed after 

24-48 hours. The forming colony units are counted manually with the help of a microscope. Since this 

medium does not have a selective component, both yeasts and bacteria can proliferate in it. Unless the 

number of yeast cells is very small, bacteria cannot be detected[71]. For this reason, the WLN agar is 

only used for analysis of wort samples (along with the Raka Ray agar), where the brewing yeast has 

not been inoculated.  

In the case of the Raka Ray agar, the liquid medium is mixed with the desired sample in a plate. After 

gelation, the plate is incubated at 25-30ºC, in an anaerobic environment, for 5 days, preventing the 

growth of aerobic microorganisms and giving enough time for slower growing organisms to develop. 

The forming colony units are then counted manually with the help of a microscope. The RR agar contains 

cycloheximide to inhibit the growth of yeast and mould[72]. In these conditions, almost only lactic acid 

bacteria are capable of proliferating. This is one of the most common types of beer spoilage 

microorganisms and it can produce a variety of off-flavours and aromas and a high turbidity of the final 

product[73]. 

The WLD agar is used in this study for detection of aerobic bacteria species, like acetic acid bacteria 

and thermofilic bacteria. The liquid sample is mixed with the liquid medium in a petri dish and, after 

gelation, it is incubated at 25ºC for 2-3 days, in an aerobic environment. The forming colony units are 

then counted manually with the help of a microscope. Besides nutritive components, it also contains 

cycloheximide to inhibit the growth of yeast and mould[74]. Together with the RR agar, this selective 

medium is used to detect bacterial contaminations in propagation and fermentations samples, avoiding 

the growth of the brewing yeast and other wild species. 
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3. Results and discussion 
 

In this chapter, results obtained from the experiments performed with two yeast strains under study are 

presented and discussed. They will be divided in three parts: first, results obtained in laboratorial scale 

fermentations with EBC tubes will be presented, followed by results fermentations carried out at 

industrial scale and, lastly, the results of the beer tasting trials performed with the final products from 

industrial fermentations. It is important to refer that there are several gaps in all graphics due to the 

impossibility of sample collection in weekends and holydays, during which the access to the brewery 

facilities is conditioned. 

 

3.1 Fermentation experiments at laboratorial scale 
 

3.1.1 First laboratorial trial 
 

The first assay had a total duration of 21 days from the yeast pitching moment until the deep cooling 

and subsequent beer disposal. For the preparation of the control yeast fermentation, a single yeast 

slope was inoculated in 1 L of propagation wort for each batch. The rehydration concentration used for 

the inoculation of the trial yeast strain was 20 g/L. The essential data for the preparation of three batches 

constituting the first laboratorial assay is presented in table 1. 

 

Table 1: Operational conditions adopted in assay 1 regarding zinc supplementation, working volumes, 
pitch rates and yeast cells concentrations at propagation/rehydration and fermentation stages. 

 Yeast 
strain 

ZnSO4 
added 
(g/L) 

Equivalent Zn 
concentration 

(ppm) 

Total 
work 

volume 
(L) 

Pitch rate 
(viable 

cells/ml/ºP) 

Yeast 
prop/rehy 

concentration 
(viable 

cells/ml) 

Yeast 
slurry 

volume 
pitched (L) 

Fresh 
wort 

volume 
(L) 

Tube 
1 Trial 0.4826 109.76 2.12 

1.60E+07 

2.93E+08 0.12 2.00 

Tube 
2 Control 0.4803 109.24 2.51 7.87E+07 0.51 2.00 

Tube 
3 Control 0.0049 1.11 2.53 7.62E+07 0.53 2.00 

 

For yeast pitching, calculations performed for this trial are different than the ones used for the remaining 

assays. The amount of fresh wort used for fermentation was kept constant at 2 L and the amount of 

propagated/rehydrated inoculum to be pitched was calculated based on the viable cells concentration 

of each inoculum (determined via NucleoCounter), in order to obtain the same initial concentration of 

viable yeast cells. Thus, the final work volume in all 3 fermentative batches is not the same. 

The zinc concentration in the third tube is different because, at the time, zinc concentrations used at the 

brewery in yeast propagation and beer fermentation were being reviewed and corrected. Concentrations 

in tubes 1 and 2 are outdated and the concentration in tube 3 is up to date. All other parameters 

regarding wort composition, adopted temperature diagram, yeast pitch rate and sample collection times 

were identical in all 3 batches. 
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Individual samples of 80 ml were collected daily from each tube for physicochemical properties, viable 

yeast cells concentrations and cellular viability percentage. During the “ruh” phase, from the 9th until the 

17th fermentation day, an additional sample of 25 ml was collected for determination of diacetyl and 2,3-

pentanedione concentrations. However, a minimum sample volume of 250 ml is required to perform the 

gaseous chromatography analysis and, since the total fermentation volume is 3 l, these samples were 

diluted in a proportion of 1:11 (for a final volume of 275 ml). Figures 12 and 13 show the evolution of 

ethanol and real extract concentrations, respectively, over the fermentation time, in the 3 fermentation 

batches. 

 

 

 

Regarding the different zinc concentrations in the EBC tubes 2 and 3, they seem to have little influence 

on the yeast’s fermentative performance since the ethanol production and sugar (extract) consumption 

are very similar (figures 12 and 13). Ethanol is a direct product in the fermentation reaction, in which 

fermentable sugars are the main substrate, hence the clear symmetry between the curves of both 

graphics. An ethanol concentration of 7% (v/v) was obtained in all fermentation batches. Levels of 8 to 

9% (v/v) ethanol are reported as the upper limits for brewers’ yeasts[75]. Looking at the initial and final 

extract values, all three fermentations reached a final Real Degree of Fermentation (RDF) of near 70%, 

a parameter that translates the amount of extract that is fermented during the fermentative process.  

Regarding yeast growth, the collected data is shown in figures 14 and 15, which show the evolution of 

viable cells concentration and cellular viability percentage over the fermentation time, respectively. 
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Figure 12: Evolution of ethanol concentration 
(%v/v) over fermentation time (days) (orange – 
trial yeast strain with 109.8 ppm of Zinc; blue – 
control yeast strain with 109.2 ppm of Zinc; green 
– control yeast strain with 1.1 ppm of Zinc). The 
time-course variation of the temperature imposed 
to the fermentor is also indicated (in red). 
 

Figure 13: Evolution of real extract concentration 
(%w/w) over fermentation time (days) (orange – 
trial yeast strain with 109.8 ppm of Zinc; blue – 
control yeast strain with 109.2 ppm of Zinc; green 
– control yeast strain with 1.1 ppm of Zinc). The 
time-course variation of the temperature imposed 
to the fermentor is also indicated (in red). 
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At the beginning, the viable cells concentration (figure 14) in all three tubes is the same since the 

inoculation rate was identical (1.6x107 cells/ml). The general evolution is similar, excluding the sudden 

decay in tube 2 at the 17th day, which may have been caused by an incorrect sample dilution during 

analysis (constituting an outlier) or an undetected contamination.  

However, the cell viability percentage (figure 15) in each tube is quite different and these two parameters 

should be interpreted together for a correct evaluation of the yeasts’ behavior. Regarding the control 

yeast strain, it shows values of cell viability close to 100% practically until half of the fermentation time, 

which is explained by the previous propagation stage it went through. Concretely, a culture of viable 

cells was inoculated in a liter of wort and left propagating during 24 to 48 hours, sufficient for the yeast 

to reach its exponential growth phase, when all cells are viable and multiplying, thus a cellular viability 

above 95% is expected. When the yeast is pitched in oxygenated wort with all required nutrients, after 

adaptation, it continues to multiply, keeping high viability values, until all oxygen is consumed. It is at 

that point, when stationary phase is reached, that cell viability starts to decrease since more cells will 

age and die than the ones that will be born. This is not expected to happen with the trial yeast strain 

because dehydrated yeasts usually present lower viability percentages during rehydration and initial 

stages of propagation. However, the supposed non-viable cells shouldn’t be considered as such 

because the apparent viability increases during propagation. In other words, cells in a dormant state 

that show non-viable characteristics tend to recover viable characteristics during propagation[3]. Thus, 

only at a larger scale, with multiple propagation steps, the rehydrated yeast slurry may present optimal 

viability values (see subchapter 3.2.1). 

The initial increase of the trial yeast viability is due to the multiplication phase after pitching. It decreases 

naturally afterwards considering that cell decay becomes gradually more significant after stationary 

phase is reached. Regarding the zinc’s influence on the yeast, results obtained are not conclusive. 

Additional studies would have to be performed to determine if the yeast viability was compromised by 
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Figure 15: Evolution of cellular viability (%) over 
fermentation time (days) (orange – trial yeast 
strain with 109.8 ppm of Zinc; blue – control yeast 
strain with 109.2 ppm of Zinc; green – control yeast 
strain with 1.1 ppm of Zinc; red - temperature). The 
time-course variation of the temperature imposed 
to the fermentor is also indicated (in red). 
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Figure 14: Evolution of viable cells concentration 
(cells/ml) over fermentation time (days) (orange – 
trial yeast strain with 109.8 ppm of Zinc; blue – 
control yeast strain with 109.2 ppm of Zinc; green 
– control yeast strain with 1.1 ppm of Zinc; red - 
temperature). The time-course variation of the 
temperature imposed to the fermentor is also 
indicated (in red). 
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the previous zinc concentrations adopted at the brewery. Also, toxic zinc concentrations depend on 

several factors like the concentration of other minerals in the fermentative medium (see section 1.6.3). 

 

 

The time-course evolution of the concentration of vicinal diketones (VDK’s) over the “ruh” phase time is 

shown in figures 16 and 17. The temperature measured in the thermostatic bath between days 10 and 

16 was constant and equal to 17ºC. Comparing both batches of the control yeast strain, the one with 

less zinc showed the lowest values of both diacetyl and 2,3-pentanedione, which makes sense 

considering it showed higher viable cells concentration during most part of the process. For an effective 

removal of VDK’s from the green beer, the yeast must be in a healthy metabolic state to carry out the 

reduction efficiently[15]. The trial yeast seems to have a less efficient VDK’s uptake and excessive zinc 

concentrations in the control strain fermentative medium might also compromise this process. More 

batches with different zinc concentration should be performed to verify this condition. 

The three remaining parameters monitored throughout the process were the original extract, pH level 

and colour value, shown in figures 18, 19 and 20, respectively. 

 

 

 

 

 

 

 

 

 

 

 

Figure 16: Evolution of diacetyl concentration 
(ppb) over fermentation time (days) (orange – trial 
yeast strain with 109.8 ppm of Zinc; blue – control 
yeast strain with 109.2 ppm of Zinc; green – control 
yeast strain with 1.1 ppm of Zinc; dashed red line 
– superior conformity limit). The time-course 
variation of the temperature imposed to the 
fermentor is also indicated (in red). 

Figure 17: Evolution of 2,3-pentanedione 
concentration (ppb) over fermentation time (days) 
(orange – trial yeast strain with 109.8 ppm of Zinc; 
blue – control yeast strain with 109.2 ppm of Zinc; 
green – control yeast strain with 1.1 ppm of Zinc; 
dashed red line – superior conformity limit). The 
time-course variation of the temperature imposed 
to the fermentor is also indicated (in red). 
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Figure 18: Evolution of original extract (%w/w) over fermentation time (days) (orange – trial yeast strain 
with 109.8 ppm of Zinc; blue – control yeast strain with 109.2 ppm of Zinc; green – control yeast strain 
with 1.1 ppm of Zinc). The time-course variation of the temperature imposed to the fermentor is also 
indicated (in red). 
 

As explained previously (see section 2.5.2), the original extract of a wort or beer sample can be 

measured in the Alcolyzer device and translates the amount of fermentable and non-fermentable sugars 

that exists initially in the liquid, before it is fermented. If the wort doesn’t suffer any dilution during 

fermentation, samples’ analysis must show an identical original extract value throughout the 

fermentative process. If the beer suffers a dilution, its value decreases. Since no dilution was performed 

in this assay, the original extract remained constant (see figure 18). 

 

 

The initial point in both figures shown above concerns the filtrated, cooled and aerated wort used for 

fermentation, before the yeast is pitched. In figure 19 we see that, when fermentation begins, the wort 

pH decreases from 5.4 to around 4.2. This pH reduction is typical in lager beer fermentations and occurs 

as a result of several factors, namely the carbonic acid formation from CO2 production, consumption of 
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Figure 19: Evolution of pH level over fermentation 
time (days) (orange – trial yeast strain with 109.8 
ppm of Zinc; blue – control yeast strain with 109.2 
ppm of Zinc; green – control yeast strain with 1.1 
ppm of Zinc). The time-course variation of the 
temperature imposed to the fermentor is also 
indicated (in red). 

Figure 20: Evolution of colour (EBC) over 
fermentation time (days) (orange – trial yeast strain 
with 109.8 ppm of Zinc; blue – control yeast strain 
with 109.2 ppm of Zinc; green – control yeast strain 
with 1.1 ppm of Zinc). The time-course variation of 
the temperature imposed to the fermentor is also 
indicated (in red). 
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buffering compounds (basic amino acids and primary phosphates) in the wort and secretion of organic 

acids and H+ by the yeast[4].  

Regarding colour (figure 20), the units used to measure the liquid’s colour are named EBC (European 

Brewery Convention). This parameter is highly dependent on the cereals used to fabricate the wort, 

which were the same for the three assays performed, hence the similar values. The colour (as well as 

the pH level), in real scale, is strictly adjusted according to specifications in the Carbo-blender stage 

(see subchapters 1.3.6.3 and 3.2.4). Colour variations between the three batches are probably due to 

the addition of different volumes of rehydrated/propagated mixture. Because the rehydrated yeast 

sludge presents a much dense and brighter colour (see figure 21), this is the batch that presents the 

lowest colour values.  

 

 

Figure 21: First propagation stage in round flasks with inoculated control yeast (left and middle flasks) 
and trial yeast (right flask). 

Regarding the temperature profile, it’s visible that the deep cooling was not performed correctly and the 

fermentor’s temperature didn’t reach the expected 5ºC at the end of the fermentation period. The 

thermostatic bath didn’t have enough potency to cool down the liquid to the desired temperature 

because the temperature room was too high. The room in which EBC tubes are placed doesn’t have 

windows or other source of refrigeration, so its temperature was considerably high. Since the EBC tubes 

are attached to the wall, it isn’t possible to move them, so this anomaly is noticed in all fermentation 

assays performed with this equipment. However, it doesn’t compromise the analysis of the overall yeast 

performance because it is the final step of the fermentation and, at this scale, the produced beer will not 

be treated or tasted for evaluation. 

 

3.1.2 Second and third laboratorial trials 
 

The second and third assays had a total duration of 22 and 21 days, respectively, from yeast pitching 

until the moment the deep cooling should be applied. Before the beginning of assay 2, zinc 

concentrations used in real scale propagations and fermentations at the brewery were corrected and 

consequently adopted these trials. Results obtained are going to be simultaneously presented and 

discussed for a better comprehension and comparison, since all conditions were identical in both 

assays. Data of assays 2 and 3, regarding volumes used for yeast pitching and zinc quantities added, 

are displayed in tables 2 and 3, respectively. 



 

 39 

Table 2: Operational conditions adopted in assay 2 regarding zinc supplementation, working volumes, 
pitch rates and yeast cells concentrations at propagation/rehydration and fermentation stages. 

 Yeast 
strain 

ZnSO4 
added (g/L) 

Equiv. Zn 
concentration 

(ppm) 

Total 
work 

volume 
(L) 

Pitch rate 
(viable 

cells/ml) 

Yeast 
prop/rehy 

concentration 
(viable 

cells/ml) 

Prop/rehy 
yeast 

volume 
pitched (L) 

Freh 
wort 

volume 
(L) 

Tube 
1 Control 0.0047 1.07 

3.00 1.60E+07 
8.52E+07 0.56 2.44 

Tube 
2 Trial 0.0049 1.11 1.12E+09 0.04 2.96 

 

In both trials, a single slope containing the control yeast was inoculated in a liter of propagation wort. 

The rehydration concentration used for the inoculation of the trial yeast was adjusted from 20 g/L to 100 

g/L. Calculations for yeast pitching were also improved. The total work volume was kept constant at 3 L 

and the volumes of fresh wort and propagated/rehydrated yeast inoculum to be added were calculated 

based on viable cells concentration of each inoculum, determined via NucleoCounter, to obtain the same 

pitch rate in each batch. 

 

Table 3: Operational conditions adopted in assay 3 regarding zinc supplementation, working volumes, 
pitch rates and yeast cells concentrations at propagation/rehydration and fermentation stages. 

 Yeast 
strain 

ZnSO4 
added (g/L) 

Equiv. Zn 
concentration 

(ppm) 

Total 
work 

volume 
(L) 

Pitch rate 
(viable 

cells/ml) 

Yeast 
prop/rehy 

concentration 
(viable 

cells/ml) 

Prop/rehy 
yeast 

volume 
pitched (L) 

Freh 
wort 

volume 
(L) 

Tube 
1 Control 0.0044 1.00 

3.00 1.60E+07 
8.13E+07 0.59 2.41 

Tube 
2 Trial 0.0046 1.05 1.19E+09 0.04 2.96 

 

As stated previously, due to a poor performance of the thermostatic bath, this last stage of the typical 

temperature diagram was not applied in both assays. Additionally, the cooling jacket from tube 3 started 

showing a temperature gradient, not being able to cool it in a uniform way. For this reason, in these 

assay, only tubes 1 and 2 were used. Samples were collected daily with an approximate interval of 24 

hours. Figures 22 and 23 show the evolution of ethanol concentration over the fermentation time in 

assays 2 and 3, respectively. 
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The ethanol production is quite similar in both assays, with the control yeast strain reaching a higher 

concentration in the initial days, comparing with the trial yeast strain. As explained in assay 1 (see 

section 3.1.1), the control yeast’s initial propagation stages led to a quicker adaptation to the medium, 

optimal yeast growth and earlier fermentation activity. These results are directly related to the evolution 

of real extract, shown in figure 24, since fermentable sugars are directly converted into ethanol, 

according to the expression (1) presented in section 1.3.3.3. The final ethanol concentration is identical 

in both strains, revealing similar fermentative capacity and ethanol concentration tolerance. 

 

 

The trial yeast strain, on the other hand, is pitched right after rehydration, a process much more 

exhausting for yeast cells in terms of osmotic shock and adaptation to the external environment, so the 

beginning of fermentation activity and consequent ethanol production is delayed. 

Next, figures 26 and 27 show the evolution of viable cells concentration in assays 2 and 3, respectively.  

Figure 25: Evolution of real extract concentration 
(%w/w) over fermentation time (days) in assay 3 
(orange – trial yeast strain; green – control yeast 
strain). The time-course variation of the 
temperature imposed to the fermentor is also 
indicated (in red). 

Figure 24: Evolution of real extract concentration 
(%w/w) over fermentation time (days) in assay 2 
(orange – trial yeast strain; green – control yeast 
strain). The time-course variation of the 
temperature imposed to the fermentor is also 
indicated (in red). 
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Figure 22: Evolution of ethanol concentration 
(%v/v) over fermentation time (days) in assay 2 
(orange – trial yeast strain; green – control yeast 
strain). The time-course variation of the 
temperature imposed to the fermentor is also 
indicated (in red). 

Figure 23: Evolution of ethanol concentration 
(%v/v) over fermentation time (days) in assay 3 
(orange – trial yeast strain; green – control yeast 
strain). The time-course variation of the 
temperature imposed to the fermentor is also 
indicated (in red). 
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Although the same pitch rate is used for both yeast strains, the control yeast strain presents a higher 

initial concentration of viable cells in both assays due to the difference between initial propagation and 

rehydration phases described previously. The analysis of cellular viability evolution in both assays 

(figures 28 and 29) also supports this explanation. The control yeast is pitched with a viability of almost 

100%, meaning all cells are alive and multiplying, thus the immediate increase in viable cells 

concentration. The trial yeast strain is pitched with a 70% viability in both cases, so fewer cells contribute 

for yeast propagation, generating less viable cells per volume unit. Similar viable cell concentrations 

and significant lower cell viability values of the trial strain show that it generates a much higher number 

of dead cells per volume unit. This is a good indicator that the scale at which these assays were 

performed is not adequate to replicate the real active dehydrated yeast growth conditions. Some authors 

have indicated that during laboratorial scale fermentations, employing active dry yeast (ADY) may lead 

to abnormal flocculation, haze formation and less stable foam structure. These effects have been 

attributed to reduced viability of dry yeast[3]. 
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Figure 27: Evolution of viable cells concentration 
(cells/ml) over fermentation time (days) in assay 
3 (orange – trial yeast strain; green – control yeast 
strain). The time-course variation of the 
temperature imposed to the fermentor is also 
indicated (in red). 
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Figure 26: Evolution of viable cells concentration 
(cells/ml) over fermentation time (days) in assay 2 
(orange – trial yeast strain; green – control yeast 
strain). The time-course variation of the 
temperature imposed to the fermentor is also 
indicated (in red). 
 

Figure 28: Evolution of cellular viability (%) over 
fermentation time (days) in assay 2 (orange – trial 
yeast strain; green – control yeast strain). The 
time-course variation of the temperature imposed 
to the fermentor is also indicated (in red). 
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Figure 29: Evolution of cellular viability (%) over 
fermentation time (days) in assay 3 (orange – trial 
yeast strain; green – control yeast strain). The 
time-course variation of the temperature imposed 
to the fermentor is also indicated (in red). 
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The original extract monitoring (figures 30 and 31) shows normal results with little variation throughout 

the process, like the previous assay. 

 

 

Regarding pH levels (figures 32 and 33), an initial decrease at the time of yeast pitching is registered, 

as explained in assay 1 (see figure 19 in subchapter 3.1.1). 

 

 

A significant difference is noticed on the wort’s average pH of both strains. Although their growth 

conditions were roughly identical, the control yeast is probably responsible for a higher excretion of 

organic acids and other by-products which are susceptible of increasing the hydrogen ion concentration 

in the wort, despite its buffering capacity[76]. A higher consumption of wort’s buffering compounds by the 

control yeast strain might also be associated to this difference[4]. 
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Figure 30: Evolution of original extract (%w/w) 
over fermentation time (days) in assay 2 (orange 
– trial yeast strain; green – control yeast strain). 
The time-course variation of the temperature 
imposed to the fermentor is also indicated (in red). 
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Figure 31: Evolution of original extract (%w/w) 
over fermentation time (days) in assay 3 (orange 
– trial yeast strain; green – control yeast strain). 
The time-course variation of the temperature 
imposed to the fermentor is also indicated (in 
red). 

Figure 32: Evolution of pH level over fermentation 
time (days) in assay 2 (orange – trial yeast strain; 
green – control yeast strain). The time-course 
variation of the temperature imposed to the 
fermentor is also indicated (in red). 
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Figure 33: Evolution of pH level over fermentation 
time (days) in assay 3 (orange – trial yeast strain; 
green – control yeast strain). The time-course 
variation of the temperature imposed to the 
fermentor is also indicated (in red). 
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Regarding the colour evolution in assays 2 and 3 (figures 34 and 35, respectively), the initial accentuated 

decrease is probably caused by the addiction of the propagated/rehydrated yeast mixture into the fresh 

wort. As it was also mentioned before (see section 3.1.1), the lower colour values in the trial yeast 

medium fermentation are probably due to the brighter colour of the rehydrated yeast mixture, when 

comparing with the propagated yeast pitched in the other tube. 

 

VDK’s concentrations were monitored between days 13 and 20, in assay 2 (figures 36 and 38), and 12 

and 21 in assay 3 (figures 37 and 39). In assay 2 the trial yeast strain performed a more efficient 

assimilation of both diacetyl and 2,3-pentenedione, registering a more pronounced decrease when 

compared with the control strain. However, in assay 3 the opposite occurred, with the control yeast 

strain decreasing the wort’s diacetyl and 2,3-pentanedione in 77% and 83%, respectively, in the first 24 

hours of the “ruh” phase. At the end of it, the dehydrated yeast batch reached the lowest VDK’s values 
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Figure 34: Evolution of colour (EBC) over 
fermentation time (days) in assay 2 (orange – trial 
yeast strain; green – control yeast strain). The time-
course variation of the temperature imposed to the 
fermentor is also indicated (in red). 

Figure 35: Evolution of colour (EBC) over 
fermentation time (days) in assay 3 (orange – trial 
yeast strain; green – control yeast strain). The 
time-course variation of the temperature imposed 
to the fermentor is also indicated (in red). 

Figure 36: Evolution of diacetyl concentration (ppb) 
over fermentation time (days) in assay 2 (orange – 
trial yeast strain; green – control yeast strain; 
dashed red line – superior conformity limit). The 
time-course variation of the temperature imposed 
to the fermentor is also indicated (in red). 

Figure 37: Evolution of diacetyl concentration 
(ppb) over fermentation time (days) in assay 3 
(orange – trial yeast strain; green – control yeast 
strain; dashed red line – superior conformity 
limit). The time-course variation of the 
temperature imposed to the fermentor is also 
indicated (in red). 
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in both assays. The initial value of the trial yeast in both figures of assay 3 constitutes an outlier due to 

their abnormal values when comparing with the general tendency of the remaining ones. 

 

 

3.2 Industrial scale trials 
 

3.2.1 Propagation stage 
 

The results obtained at laboratorial scale showed a similar fermentative performance between the two 

yeast strains under study, allowing the project to proceed to the next phase: industrial scale assays. 

This next phase allowed a more precise analysis of the trial yeast’s behavior during beer fermentation 

and also made it possible to monitor the physicochemical properties of the beer during subsequent 

stages like beer maturation, filtration, treatment, carbonation dilution and filling. Furthermore, the trial 

yeast lot propagated for this purpose was reused 2 times to assure the yeast growth and viability 

remained stable after multiple fermentations, otherwise its industrial use wouldn’t be profitable. 

Before initiating industrial assays, conditions regarding the yeast rehydration had to be well defined. 

Operational parameters were stablished after discussing with quality control experts of the brewery that 

provided the dehydrated yeast and other affiliates that have performed the same study with this strain. 

The selected values for operational parameters are shown in table 4. 

 

Table 4: Main operational parameters adopted for the rehydration of the trial yeast. 

Total C. 
flask 

volume (l) 

Wort 
volume 

(l) 
Trial yeast 
mass (kg) 

Rehydration 
concentration (g 
yeast/l of wort) 

Duration 
(h) 

Pressure 
(atm) 

Temperature 
(ºC) 

Average 
original 

extract (ºP) 

30 ~27 1 ~37 4 1 
Room 

temperature 
(~25) 

15 

 

Figure 38: Evolution of 2,3-pentanedione 
concentration (ppb) over fermentation time (days) 
in assay 2 (orange – trial yeast strain; green – 
control yeast strain; dashed red line – superior 
conformity limit). The time-course variation of the 
temperature imposed to the fermentor is also 
indicated (in red). 

Figure 39: Evolution of 2,3-pentanedione 
concentration (ppb) over fermentation time (days) 
in assay 3 (orange – trial yeast strain; green – 
control yeast strain; dashed red line – superior 
conformity limit). The time-course variation of the 
temperature imposed to the fermentor is also 
indicated (in red). 
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According to a specialist from the provider brewery company, the rehydration concentration is 

determined according to the work volume of the first propagator (work volume of 15 hl) used in the 

propagation scale up, namely 0.05 kg per liter of wort, which would mean a rehydration of 750 grams of 

trial yeast. However, the trial yeast is commercialized in sealed bags of 500 grams and, to avoid 

contaminations and initial viability losses, when a bag is open its content cannot be kept for reuse. 

Therefore, the obtained value was rounded, by excess, to 1000 grams, so the full content of two bags 

was used. 

An important issue was detected during yeast’s rehydration. As described previously in section 2.4.1, 

due to the lack of an integrated agitation system, the rehydrated inoculum homogeneity had to be 

assured by injecting sterile air inside the Carlsberg flask. This led to an excessive amount of oxygen 

available and, consequently, to a quicker rehydration and a more intense, premature yeast growth. The 

rehydration process took half the time it was supposed to (~2 hours), with the mixture starting to pour 

out of the vessel and having to be quickly inoculated in the propagator 1, following the methodology 

described in section 2.4.3. 

The first propagation phase took 5 days from yeast inoculation until transfer to propagator 2. Samples 

were collected daily, for yeast viability analysis, through the inoculation tap placed at the bottom of the 

tank, which was properly disinfected before each collection. The second propagation phase, carried in 

the propagator 2, also lasted for 5 days from the transfer from propagator 1 until the transfer to the 

fermentor. In this case, daily samples were collected with a sterile syringe through an aseptic septum at 

the bottom of the tank, thus a previous disinfection wasn’t required. Yeast viability results obtained in 

propagators 1 are showed in figures 40 and 41, respectively. Notice that the duration of the process in 

both tanks is fixed and does not depend on the viability values reached during propagation, unless a 

clear anomaly is detected. 

 

 

 

 

 

 

 

 

 

 

 

By performing several assays at laboratorial scale, it was understandable that the lack of propagation 

stages led to low viability values for the trial yeast (see figures 15, 28 and 29). In this case, viability 

values above 80% in the first propagation stage (figure 41) show a clear improvement on yeast growth 

when comparing with laboratorial results. The control strain presents higher viability values due to 
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Figure 40: Evolution of viable cells concentration 
(cells/ml) over propagation time (days) in 
propagator 1 (orange – trial yeast strain; green – 
control yeast strain). 

Figure 41: Evolution of cellular viability (%) over 
propagation time (days) in propagator 1 (orange – 
trial yeast strain; green – control yeast strain). 
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previous propagation stages in round flasks and the Carlsberg flask, which allows an earlier initiation of 

the exponential growth phase. For the same reasons, the control yeast shows a higher increase on the 

concentration of viable cells (figure 40).  

 

 

As for the second propagation step, scheduling issues led to a lack of collected samples in the control 

yeast propagation assay. It is important to refer that all propagation processes required to produce new 

batches of yeast take place in the same room and tanks, so the trial yeast propagation had to be planned 

in order to not interfere with the brewery’s propagation scheduling requirements. 

Results obtained show a clear decrease on viable cells concentration between day 5 in propagator 1 

and day 1 in propagator 2 (figures 40 and 42) due to the dilution of the propagating yeast with fresh 

wort. As expected, the trial yeast’s viability reached values above 90% (see figure 43), after a proper 

propagation scale up, which didn’t happen at laboratorial scale. As for the control strain, no anomalies 

were detected during propagation, reaching viability values close to 100%. 

Overall, both yeast lots reached the desired viability conditions at the end of propagation. The main 

difference relies on the fact that the trial yeast inevitably suffers a viability loss inherent to the rehydration 

step and lacks the initial propagation stages that are adopted in the pattern procedure, meaning it takes 

longer to present the same viability values. 

As for microbiological contaminations, fresh wort samples were collected from propagator 1 and 2 before 

yeast inoculation in both cases. Analysis were performed for detection of lactic and aerobic bacteria and 

no colony forming units were detected. 

 

3.2.2 Fermentation stage 
 

3.2.2.1 Yeast generation 0 
 

A yeast lot that comes directly from the propagation stage is fresh and prepared to be used for the first 

time in a fermentation batch, constituting the generation 0 of the referred lot (see section 1.6.6). It is 

directed to an available fermentor, without being previously stored in a YST. The yeast is pitched in the 

1.0E+05 

1.0E+06 

1.0E+07 

1.0E+08 

1 2 3 4 5

Vi
ab

le
 c

el
ls

 (c
el

ls
/m

l)

Propagation time (days)

0

20

40

60

80

100

1 2 3 4 5

Vi
ab

ilit
y 

(%
)

Propagation time (days)

Figure 43: Evolution of cellular viability (%) over 
propagation time (days) in propagator 2 (orange 
– trial yeast strain; green – control yeast strain). 

Figure 42: Evolution of viable cells concentration 
(cells/ml) over propagation time (days) in 
propagator 2 (orange – trial yeast strain; green – 
control yeast strain). 
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first brew that goes inside the vessel, followed by another 4 brews of 640 hl each, making a total of 3200 

hl of wort. The propagation batch of the trial yeast strain was designated 2A0 (see section 3.2.3) and 

was directed to a cylindroconical tank, designated as CC2. The propagation batch of the control yeast 

strain was designated 1M0 and was directed to a cylindroconical tank named CC10. Both fermentations 

lasted for 14 days from the fermentor’s filling until yeast crop and green beer draining for maturation. 

Samples were collected daily for yeast growth analysis in both fermentation batches and results are 

presented in figures 44 and 45. A wort sample was collected in both fermentors right after filling, in an 

aseptic environment, for contamination detection regarding lactic and aerobic bacteria. The results of 

these microbiological analysis are presented in table 5. 

 

 

Table 5: Microbiological analysis from 1 ml sample of fermenting wort from generations 0 industrial 
fermentation assays (green – inside specifications; red – outside specifications)  

Yeast Lactic Bacteria (cfu/ml) Aerobic Bacteria (cfu/ml) Total aerobics (cfu/ml) 
Trial strain 0,00 6,00 6,00 

Control strain 0,00 3,00 3,00 

 

Regarding microbiological analysis, if a parameter is outside specifications, at this point of the process, 

no special measures are adopted, but identical analysis are performed in subsequent production stages 

to monitor the evolution of the referred contaminations. The pasteurization operation before filling 

guarantees a proper elimination of wild yeasts and bacteria present in beer. If, even after pasteurization, 

contaminations are detected, the batch is kept in quarantine and will most likely be sent for disposal, or 

possibly mixed with another beer lot if severe contaminations aren’t detected.  

Both strains present similar growth and viability evolutions during fermentation (figures 44 and 45). The 

initial increase in viable cells concentration and yeast viability reflects the exponential growth phase. 

Afterwards, yeast viability should be similar and above 95%, which doesn’t happen for the trial yeast, 

showing a decrease at the beginning of the “ruh” phase, although the viable cells concentration is similar 
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Figure 44: Evolution of viable cells concentration 
(cells/ml) over fermentation time (days) by 
generation 0 (orange – trial yeast strain; green – 
control yeast strain). The time-course variation of 
the temperature imposed to the fermentor is also 
indicated (in red). 

Figure 45: Evolution of cellular viability (%) over 
fermentation time (days) by generation 0 (orange 
– trial yeast strain; green – control yeast strain). 
The time-course variation of the temperature 
imposed to the fermentor is also indicated (in red). 
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to the control yeast. This shows that the trial yeast presents an increased death rate while generating a 

higher amount of cells. 

The time the fermentor’s cooling jacket takes to reach the desired temperatures of the several 

fermentation stages is variable. Stages of temperature change in all temperature diagrams presented 

in this study are merely representative, as their duration varies according to the working volume, 

fermentor type, external environmental temperature and also the preservation status of the vessel’s 

cooling jacket. Normally, it takes about 24 hours to raise the fermentors temperature from 11ºC to 14ºC 

and from 14ºC to 17ºC, whilst the final decrease from 17ºC to 5ºC takes 48 hours to complete. 

 

 

Diacetyl and 2,3-pentanedione concentrations evolution, during the “ruh” phase, is shown in figures 46 

and 47, respectively. Temperature was kept constant at 17ºC between days 5 and 9 but concentrations 

under specifications were only reached at day 10. VDK’s concentrations continue to decrease even after 

the beginning of the deep cooling probably because the yeast metabolism is still active and yeast cells 

continue to absorb external components present in the fermentative medium. Having in mind that the 

moment to apply the deep cooling is dependent on the VDK’s concentration in the beer, and their 

monitoring requires sample collection in situ and analysis by a laboratory technician, which is time 

consuming, the detection of VDK’s is not worth doing during the whole fermentation stage. Both strains 

show similar decrease of these compounds and reach values according to specifications at the 10th day 

of fermentation. 

After the deep cooling is applied, the yeast flocculates and settles at the conical bottom of the tank, 

being harvested to an YST. A sample is sent to the laboratory for viability and sludge consistency 

analysis, whose results are shown in table D1 of the appendix D, and determination of the volume of 

phosphoric acid required for yeast treatment before reuse. The green beer produced was drained to a 

maturation tank at the beer cellars. 

 

 

Figure 46: Evolution of diacetyl concentration 
(ppb) over fermentation time (days) by generation 
0 (orange – trial yeast strain; green – control yeast 
strain; dashed red line – superior conformity limit). 

Figure 47: Evolution of 2,3-pentanedione 
concentration (ppb) over fermentation time 
(days) by generation 0 (orange – trial yeast 
strain; green – control yeast strain; dashed red 
line – superior conformity limit). 
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3.2.2.2 Yeast generation 1 
 

After a proper treatment with phosphoric acid in a YST, the same yeast batches were repitched for a 

second fermentation batch. Since they are being used for the second time, the yeasts’ generation is 

increased from 0 to 1. This time, the trial yeast was directed to an outdoor fermentor (see subchapter 

1.5), designated as OT1, due to fermentations logistics. The control yeast was directed to de 

cylindroconical tank CC9. Yeast analysis results are shown in figures 48 and 49. 

 

 

In the figures above, the control strain curves are only formed by three points because the yeast slurry 

was cropped at the 7th fermentation day in a total of 15 days, while the trial yeast slurry was cropped at 

the last one (13th day). In fact, it’s not recommended for the yeast to stay in contact with the green beer 

for too long at the fermentation temperature. The yeast will continue to metabolize energy reserve, 

reaching poorer conditions for the next fermentation, and by-products like fatty acids and proteases will 

continue to be excreted to the beer, interfering with its flavour and foam stability[34]. The yeast slurry 

must be cropped as soon as possible and not just before green beer transfer for maturation. 

Regarding viability results, the control yeast seems to be under normal conditions, with a slight decrease 

in cellular viability. The trial yeast data, however, shows a clear decrease in both parameters, after 5 

days of fermentation. This fact might be explained due to the later moment the yeast was cropped and 

the type of fermentor used. Due to outdoor tanks’ operating mode, the yeast is cropped after green beer 

transfer for maturation, staying in contact with it for the maximum period possible. This leads to an 

undesired loss of energy by the yeast and consequent loss of viability for the next generation.  

As for microbiological contaminations, none was detected at the fermentation beginning, as it is shown 

in table 6. 
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Figure 48: Evolution of viable cells concentration 
(cells/ml) over fermentation time (days) by 
generation 1 (orange – trial yeast strain; green – 
control yeast strain). The time-course variation of 
the temperature imposed to the fermentor is also 
indicated (in red). 

Figure 49: Evolution of cellular viability (%) over 
fermentation time (days) by generation 1 (orange 
– trial yeast strain; green – control yeast strain). 
The time-course variation of the temperature 
imposed to the fermentor is also indicated (in 
red). 
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Table 6: Microbiological analysis from 1 ml sample of fermenting wort from generations 1 industrial 
fermentation assays (green – inside specifications; red – outside specifications)  

Yeast Lactic Bacteria (cfu/ml) Aerobic Bacteria (cfu/ml) Total aerobics (cfu/ml) 

Trial strain 0,00 0,00 0,00 

Control strain 0,00 0,00 0,00 

 

Regarding the “ruh” phase, it lasted between days 5 and 9, in which the deep cooling was applied. As 

in the previous generation assay, diacetyl and 2,3-pentanedione levels decreased as expected, with a 

slight delay for the trial yeast when compared to the control yeast, as shown in figures below. This is 

possibly due to the higher amount of dead cells caused by the longer contact time with green beer. 

 

 

3.2.2.3 Yeast generation 2 
 

Results for the yeast generation 2 fermentation assays are presented next. Results from the yeast 

analysis prior to yeast treatment in the storage tank can be consulted in table D1 of the appendix D. 

This time, the trial yeast fermentation was also carried out in the outdoor tank OT1, while the control 

strain fermentation took place in the cylindroconical tank CC7. 

 

Figure 50: Evolution of diacetyl concentration (ppb) 
over fermentation time (days) by generation 1 
(orange – trial yeast strain; green – control yeast 
strain; dashed red line – superior conformity limit). 

Figure 51: Evolution of 2,3-pentanedione 
concentration (ppb) over fermentation time 
(days) by generation 1 (orange – trial yeast strain; 
green – control yeast strain; dashed red line – 
superior conformity limit). 
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Like the previous generation, the control yeast was cropped at the 7th day of a total of 14 days of 

fermentation, while the rehydrated yeast batch lasted 14 days, with the yeast crop taking place at the 

last one. Since the rehydrated yeast was pitched in the same outdoor tank as the previous generation 

and the operating mode remained the same, the relatively low viability registered at the end of the 

previous assay couldn’t be significantly improved. 

It is important to refer that the 6th day results constitute an outlier due to their abnormal values when 

comparing with the general tendency of the remaining ones. As seen in table 7, no microbiological 

contaminations were detected at the beginning of both fermentations.  

 

Table 7: Microbiological analysis from 1 ml sample of fermenting wort from generations 1 industrial 
fermentation assays (green – inside specifications; red – outside specifications)  

Yeast Lactic Bacteria (cfu/ml) Aerobic Bacteria (cfu/ml) Total aerobics (cfu/ml) 

Trial strain 0,00 0,00 0,00 

Control strain 0,00 0,00 0,00 

 

Like in previous generation assays, the “ruh” phase lasted between days 5 and 9. As seen in figures 

below, a normal decrease of VDK’s concentration in the beer was noticed, with a similar assimilation 

rate between both yeast strains. A slight delay is noticed in the control yeast assay and, although the 

2,3-pentanedione concentration is under specifications at the 8th day of fermentation, the green beer is 

left to rest for another day since the diacetyl level was still too high.  
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Figure 52: Evolution of viable cells concentration 
(cells/ml) over fermentation time (days) by 
generations 2 (orange – trial yeast strain; green – 
control yeast strain). The time-course variation of 
the temperature imposed to the fermentor is also 
indicated (in red). 

Figure 53: Evolution of cellular viability (%) over 
fermentation time (days) by generations 2 
(orange – trial yeast strain; green – control yeast 
strain). The time-course variation of the 
temperature imposed to the fermentor is also 
indicated (in red). 
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3.2.3 Maturation stage 
 

The green beer from the fermentation batches presented previously was kept at rest in maturation tanks. 

For each fermentation batch, 4 maturation tanks were filled, and physicochemical analysis were 

performed in two of them. Usually, they’re filled in sets of two tanks at a time which means that, unless 

CIP’s performed before filing presented anomalies, conditions in both tanks are identical. Therefore, 

results presented in the next figures were calculated as average values between data from both 

maturation batches analyzed per fermentation/yeast generation. As stated previously (see sections 

1.6.6 and 3.2.2), the yeast is classified as generation 0 when it is fresh, that is, when it comes directly 

from the propagation stage. Afterwards, for each fermentation batch it performs, the generation of the 

referred lot is incremented by 1. More specifically, in the following figures, “2A” and “1M” were the codes 

attributed to the dehydrated yeast lot and the control yeast lot under study, respectively. The numbers 

after the letters refer to the generation of the yeast that produced the respective fermentation batch. For 

example, “2A2” refers to the trial yeast lot after performing two full fermentation batches, and the 

parameter associated corresponds to the third fermentation batch performed by the referred lot. “1M0” 

refers to the control yeast lot after being propagated and the parameter associated corresponds to the 

first fermentation batch performed by the referred lot. Parameters analyzed at this stage are the same 

ones discussed in the laboratorial assays’ chapter (see section 3.1), plus the levels of bitterness, 

turbidity and SO2. 

Figure 54: Evolution of diacetyl concentration 
(ppb) over fermentation time (days) by generation 
2 (orange – trial yeast strain; green – control yeast 
strain; dashed red line – superior conformity limit). 

Figure 55: Evolution of 2,3-pentanedione 
concentration (ppb) over fermentation time 
(days) by generation 2 (orange – trial yeast 
strain; green – control yeast strain; dashed red 
line – superior conformity limit). 
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Figures 56 and 57 show the beer’s average ethanol and real extract concentration, respectively, per 

yeast generation. None of the values seems to be abnormal, although most of the ethanol 

concentrations (figure 56) are not according to the limits imposed by the brewery. Despite this, no 

corrective measures were taken because these values are not definitive. Maturated beer still needs to 

be filtrated, diluted, treated and carbonated, which will contribute to change practically all values 

measured at the maturation stage to the final, definitive ones. This happens with parameters affected 

by dilution like original (figure 58) and real extract concentration, ethanol concentration and colour (figure 

59). 

 

 

Before dilution, RDF is a direct relation between the original extract and the real extract the beer 

presents. This means that, when the RDF is out of specifications, so is one of the other two parameters, 

or even both. It’s important for these parameters to be under specifications in the maturation phase 

because they will not be corrected afterwards. If they are not, the referred beer lot will be mixed with 
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Figure 56: Ethanol concentration (%v/v) at 
maturation stage per yeast generation (orange – 
trial yeast strain; green – control yeast strain; 
dashed red lines – superior/inferior conformity 
limits).  

Figure 57: Real extract concentration (ºP) at 
maturation stage per yeast generation (orange – 
trial yeast strain; green – control yeast strain; 
dashed red lines – superior/inferior conformity 
limits).  

14.5

15.0

15.5

16.0

16.5

2A0 2A1 2A2 2A3 1M0 1M1 1M2 1M3

O
rig

in
al

 e
xt

ra
ct

 (º
P)

Yeast generation

Figure 58: Original extract concentration (ºP) at 
maturation stage per yeast generation (orange – 
trial yeast strain; green – control yeast strain; 
dashed red lines – superior/inferior conformity 
limits). 

Figure 59: Colour value (EBC) at maturation stage 
per yeast generation (orange – trial yeast strain; 
green – control yeast strain; dashed red lines – 
superior/inferior conformity limits). 
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another one to balance incorrect parameters. The addition of external corrective solutions would most 

likely change the flavour and stability of the beer, which cannot be compromised.  

 

 

Regarding flavour compounds, namely diacetyl and 2,3-pentanedione, the maximum allowed 

concentration at the maturation phase is 30 ppb, according to the limits imposed by the brewery. Figure  

shows that most trial yeast generations have VDK’s concentrations above the limit, most likely due to 

ineffective reabsorption by the yeast, caused by high dead cells concentrations, but these will also be 

corrected through dilution. Apart from diacetyl level of 1M2 generation, VDK’s concentrations of control 

yeast assays are all under specifications. 

 

 

As for SO2 concentration (figure 63), all samples analyzed are according to the limits imposed at the 

maturation phase, since this is the phase in which most of it is removed from the beer. Overall, the 

control yeast lots present higher SO2 levels, which is reflected later in the beer tasting trials (see section 

3.3). 
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Figure 60: pH level at maturation stage per yeast 
generation (orange – trial yeast strain; green – 
control yeast strain; dashed red lines – 
superior/inferior conformity limits). 

Figure 61: Real degree of fermentation (%) at 
maturation stage per yeast generation (orange – 
trial yeast strain; green – control yeast strain; 
dashed red lines – superior/inferior conformity 
limits). 
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Figure 62: VDK’s concentration (ppb) at 
maturation stage per yeast generation (orange – 
trial yeast strain; green – control yeast strain; 
dashed red line – superior conformity limit). 

Figure 63: SO2 concentration (mg/L) at maturation 
stage per yeast generation (orange – trial yeast 
strain; green – control yeast strain; dashed red line 
– superior conformity limit). 
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3.2.4 Bright beer tanks’ (BBT’s) stage 
 

The content of each maturation tank fills between 3 to 10 BBT’s, depending on its work volume and the 

type of beer that’s produced. Two types of beer were produced with the lots under study, differing in the 

dilution ratio adopted at the Carbo-blender stage. However, only data of the main type of beer is used 

in this study since the amount of the secondary beer produced is significantly lower and it is not adequate 

for a proper comparison of the studied parameters because it was subjected to a different dilution ratio. 

Regarding the beer lots produced with the trial yeast strain, since it is a product under study and is not 

valid to be sold to the public, most of it was mixed with regular beer to minimize beer waste. Only 1 to 2 

BBT’s per yeast generation weren’t mixed, to be used for finished product’s analysis and beer tasting 

trials. Therefore, for a more representative comparison, parameters measured from BBT’s containing 

unmixed beer from the trial yeast lots are compared with the average of parameters measured from the 

BBT’s containing the primary beer produced with the control strain. 

 

At this stage, prior to filling, beer properties must be carefully monitored, so two additional limits are 

imposed for the ones that are directly related to the beer’s dilution level and that contribute to its flavour, 

namely superior and inferior total limits (respectively, STL and ITL). If the parameter is outside of the 

gap defined by the STL and ITL, a warning note is emitted to identify the BBT out of specifications and 

to decide its destiny. Usually, its content is mixed with another BBT that presents opposite values of the 

same parameter. For example, if a BBT as an excessive ethanol concentration, it will be mixed with 

another one with a low ethanol concentration, in order to reach an average value. It is also important to 

refer that, in some cases (see figures 68 and 70), total and conformity limits can coincide, and only the 

total limit is shown. 

Regarding ethanol and real extract levels (figures 64 and 65, respectively), both yeast strains present 

similar values in all generations. The pH level, shown in Figure , seems to decrease with the increase 

of the trial yeast’s generation, remaining more stable in the control yeast assays. RDF shows similar 

values to the maturation phase because, even after dilution, the amount of fermented extract is constant. 
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Figure 64: Ethanol concentration (%v/v) at BBT’s 
per yeast generation (orange – trial yeast strain; 
green – control yeast strain; continuous red lines 
– superior/inferior total limits; dashed red lines – 
superior/inferior conformity limits). 

Figure 65: Real extract concentration (ºP) at 
BBT’s per yeast generation (orange – trial yeast 
strain; green – control yeast strain; dashed red 
lines – superior/inferior conformity limits).  
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Levels of original extract and colour (figures 68 and 69, respectively) seem to be acceptable, with no 

significant difference between strains. In this phase the original extract decreases from 15-16 ºP to 10.5-

11 ºP due to the water added to the beer. The amount of water added must be sufficient to obtain the 

desired levels of original extract, ethanol and colour, which explains why these are the parameters with 

defined STL and ITL. Like the RDF, the pH level is not affected by the addition of water. 

 

 

At this stage, two important parameters are additionally monitored: bitterness and turbidity (figures 70 

and 71, respectively). The bitterness level was not measured in 3 of the 4 trial yeast’s maturation 

batches, making this parameter inadequate for a proper comparison with the values obtained with the 

control yeast. However, a clear similarity is noticed between the bitterness of the trial yeast’s 2A3 

generation batch and the control yeast’s obtained values. 

As for turbidity, it is mainly dependent on the filtration stage, in which several particles that contribute to 

its increase are removed. However, it can only be reduced up to a certain point because certain 

compounds that precipitate are too small to be retained in the filter’s membrane and cannot be separated 

from the liquid. Several factors can contribute to the beer’s turbidity, from native particles, originated 

from the beer due to coagulation/precipitation, to particles from materials added during the process or 
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Figure 68: Original extract concentration (ºP) at 
BBT’s per yeast generation (orange – trial yeast 
strain; green – control yeast strain; continuous red 
lines – superior/inferior total limits; dashed red line 
– inferior conformity limit). 

Figure 69: Colour value (EBC) at BBT’s per yeast 
generation (orange – trial yeast strain; green – 
control yeast strain; continuous red lines – 
superior/inferior total limits; dashed red lines – 
superior/inferior conformity limits). 
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Figure 66: pH level at BBT’s per yeast generation 
(orange – trial yeast strain; green – control yeast 
strain; dashed red lines – superior/inferior 
conformity limits). 

Figure 67: Real degree of fermentation (%) at 
BBT’s per yeast generation (orange – trial yeast 
strain; green – control yeast strain; dashed red 
lines – superior/inferior conformity limits). 
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just contaminants. It seems clear that the beer fermented with the dehydrated strain presents higher 

turbidity values than the control beer. Although they’re still according to the limits imposed by the 

brewery, the aspect of the final beer may still be affected. Since the only variable in the process is the 

yeast strain used and the type of fermentor, the increase in turbidity is probably due to: precipitation of 

carbohydrates and proteins from autolyzed yeast (trial yeast slurry presented a higher number of dead 

cells in the propagation and fermentation batches); glycogen released by the yeast, if it was under 

stress; protein haze formed due to a poor beer clarification from the yeast[77]. Furthermore, specialists 

from other breweries belonging to the company that provided the dehydrated yeast reported the same 

issue when performing similar assays with this strain. Other authors also stated that employing lager 

strains in the active dried yeast form may lead to abnormal haze formation[3]. 

 

 

3.2.5 Finished product stage 
 

Most of the beer produced with the trial yeast strain was mixed with regular beer in order to be sold to 

the public, thus avoiding unnecessary wastes, as referred previously. However, one lot from the trial 

yeast’s generation 1 was directed to the filling section and used to fill 0.33 cl glass bottles. These bottles 

were then refrigerated at 5ºC, analyzed for determination of several physical-chemical parameters and 

used to perform beer tasting trials (see section 3.3). Two beer lots produced with the control yeast’s 

generation 1 were also analyzed for the same physical-chemical parameters. Average values between 

these two lots were then determined and compared with the ones obtained with the trial finished beer. 

Figure 72 shows the results obtained regarding ethanol concentration, real extract level and pH level.  

Overall, values obtained in this stage are fairly similar to the ones determined in the bright beer tanks’ 

stage because the beer was not subjected to physical or chemical alterations between these stages. If 

a clear difference in a specific parameter is detected between these stages, a contamination might have 

occurred. We have already seen, at laboratorial scale, that the fermentation performance between the 

two yeast strains is similar (see section 3.1), hence the similar levels of ethanol and real extract. 

Reasons for the lower pH value of the control beer were also discussed previously in the same section. 
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Figure 70: Bitterness level (BU) at BBT’s per yeast 
generation (orange – trial yeast strain; green – 
control yeast strain; continuous red lines – 
superior/inferior total limits; dashed red line – 
inferior conformity limit). 

Figure 71: Turbidity level (FTU) at BBT’s per yeast 
generation (orange – trial yeast strain; green – 
control yeast strain; continuous red line – superior 
total limit; dashed red line – superior conformity 
limit). 
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Figure 72: Ethanol concentration (%v/v) (left figure), real extract (ºP) (middle figure) and pH level (right 
figure) of the finished product per yeast generation (orange – trial yeast strain; green – control yeast 
strain; continuous red lines – superior/inferior total limits; dashed red lines – superior/inferior conformity 
limits). 
 

Results regarding the RDF, original extract level and colour level, results are shown in figure 73. All 

values are according to the limits imposed and are similar between the two beers under study.  

 

Figure 73: RDF (%) (left figure), original extract (ºP) (middle figure) and colour level (EBC) (right figure) 
of the finished product per yeast generation (orange – trial yeast strain; green – control yeast strain; 
continuous red lines – superior/inferior total limits; dashed red lines – superior/inferior conformity limits). 
 

The levels of turbidity and bitterness are presented in figure 74. Regarding the bitterness, values 

obtained are similar and according to the limits imposed. The difference in the turbidity level was 

discussed in the previous chapter. The use of dry yeast can lead to abnormal haze formation and high 

values of turbidity. Some measures could be applied to reduce the beer’s turbidity, such as the addition 

of a filtration step with a higher retention coefficient, like a microfiltration stage. The use of clarification 

aids could also help to reduce the formation of haze[78]. However, additional studies had to be performed 

to assure which method would be the most efficient for turbidity reduction. Additionally, a significant 

economical investment could be necessary, in order to implement new approaches in the production 

process. 
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Figure 74: Bitterness (BU) (left figure) and turbidity (FTU) (right figure) of the finished product per yeast 
generation (orange – trial yeast strain; green – control yeast strain; continuous red lines – 
superior/inferior total limits; dashed red lines – superior/inferior conformity limits). 
 

In the analysis of the finished product, two additional parameters are analyzed, beside the ones 

monitored in previous stages, namely foam and colloidal stabilities (presented in figure 75). The first 

one measures the time it takes for the beer’s foam structure to collapse right after being served through 

a beer tap. Results obtained with the two beers under study show a difference of around 20 seconds 

between them. However, both values are above the minimum time required for the foam to be consistent 

and approved. As for the colloidal stability, it translates the increase of the permanent haze of the beer 

when it’s stored for a considerable amount of time. In this case, beer bottles were kept in a chamber at 

57ºC during 7 consecutive days. The aim of this analysis is to assure that no additional colloids are 

formed inside the bottle after being sold to the public, even if it’s stored in adverse conditions. In this 

case, an increase of 1 to 2 EBC’s was measured for these beer lots, which is not sufficient to 

compromise the beer’s integrity. 

 

 
Figure 75: Foam stability (seconds) (left figure) and bitterness (ºP) (right figure) of the finished product 
per yeast generation (orange – trial yeast strain; green – control yeast strain; continuous red lines – 
superior/inferior total limits; dashed red lines – superior/inferior conformity limits). 
 

3.3 Beer tasting trials 
 

After all the production process, the beer produced with the trial yeast (prototype beer) was subjected 

to tasting trials and compared with the regular beer produced with the control yeast strain. Two types of 

trials were performed: group tasting trials and a triangular tasting trial. 
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3.3.1 Group tasting trials 
 

These trials were performed by gathering a group of 4 to 6 tasters and comparing the beer produced by 

both yeast strains under study, in an intermediate phase of the production process. The goal of these 

trials is to evaluate the organoleptic quality of the beer produced with the trial yeast and assure it meets 

the requirements to proceed for the filling section. 

Three group tasting trials were performed. In the first trial, the beer produced with the generation 2A0 

of the trial yeast, already filtrated and diluted, was tasted along with a regular lot of beer produced with 

the control yeast. No significant differences were spotted between the two beer lots, so the lot was 

authorized to proceed to the filling section. 

The second trial was more detailed than the others. A group of 6 tasters evaluated two beer samples (A 

and B) that were not identified, and had to score several organoleptic aspects of both. These samples 

were taken from beer lots produced by the generation 1M0 of the control yeast strain (sample A) and 

the generation 2A1 of the trial yeast strain (sample B), at the maturation phase. Results are shown in 

the table 8. Each characteristic can be classified from absent to rich and the numbers in each cell 

represent the number of tasters that chose that classification. 

 

Table 8: Scores given to organoleptic aspects of two beer samples for quality evaluation prior to filtration 
and dilution. Cells marked yellow correspond to the typical score given to the primary beer produced at 
the brewery, shown in the last column. 

Code Parameters Absent Weak Weak to 
Moderate Moderate Moderate 

to Strong Strong Primary beer 
typical profile 

A 
(control 

beer 
sample) 

Esteres    6   Moderate 

Hop  5 1    Poor 

Malt  6     Poor 

Sweetness  6     Poor 

Bitterness   1 5   Moderate 

Robustness   1 5   Moderate 

Balance    2 4  Moderate to 
Strong 

Aftertaste   4 2   Weak to 
Moderate 

Global 
Evaluation 

Very 
Weak Weak Neither goor 

nor bad Good Very 
good  

 1 1 4  

Code Parameters Absent Weak Weak to 
Moderate Moderate Moderate 

to Strong Strong Primary beer 
typical profile 

B 
(trial beer 
sample) 

Esteres   1 5   Moderate 

Hop  6     Weak 

Malt  4 2    Weak 

Sweetness  5 1    Weak 

Bitterness    4 2  Moderate 

Robustness    5 1  Moderate 

Balance     6  Moderate to 
Strong 
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Aftertaste   3 3   Weak to 
Moderate 

Global 
Evaluation 

Very 
Weak Weak Neither goor 

nor bad Good Very 
good  

   6  
 

Overall, the beer under study scored a better evaluation than the control beer, although this last one 

showed a higher score uniformity in individual parameters. Tasters agreed that the beer sample 

produced with trial yeast was more clean, and the beer produced with the control yeast showed a more 

sulphurous aroma. The respective beer lots were then directed for filtration and dilution. 

The third tasting trial was similar to the first one and made use of the same beer lots evaluated in the 

second trial, but this time at the BBT’s stage. The goal of this trial was to assure the organoleptic quality 

of the new beer and direct it to the filling section. A group of 5 tasters was chosen to perform this trial. 

A slight sulphurous aroma was detected in the control beer sample, whilst the beer under study had a 

cleaner taste. Both lots were authorized to proceed for the filling section. 

 

3.3.2 Triangular tasting trial 
 

The beer lots used in this trial were the same tested in group trials 2 and 3, namely lots of generation 

2A1 of the trial yeast strain and generation 1M0 of the control yeast strain. The trial involved the 

participation of 24 different tasters. Three black cups containing unidentified samples (A, B and C) were 

placed in front of each taster. Two samples were identical and one was different. The goal was to identify 

which sample was distinct and explain why. It’s important to refer that the order and type of sample was 

random, that is, the taster could receive 2 control beer samples and 1 trial beer sample or vice-versa. 

This is a test for difference, meaning it is used to confirm if the prototype beer can be distinguished from 

the current product, in order to justify testing with consumers. This test is only applicable when 2 samples 

are fairly identical. Samples used were prepared in an identical manner (e.g. same temperature (5ºC), 

same volume, identical way of pouring) and any difference in appearance was avoided by using black, 

opaque tasting cups. The trial is performed in individual cabins to assure the given answers were not 

influenced by other tasters’ opinion. Of 24 tasters, 14 gave the correct answer. Comments justifying 

their choice are shown in Table 9.  
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Table 9: Tasters’ observations regarding diferences noticed between beer samples evaluated during 
triangular tasting trial. 

Taster Control beer (control yeast strain) Trial beer (trial yeast strain) 

3 More acid and with sulphurous aroma - 

4 - Less carbonation, more dense 

6 - Different smell and less intense flavour 

7 Strong sulphurous aroma - 

8 - Less bitter, sweeter flavour 

11 Different aroma, possibly isovaleric - 

15 Sulphurous aroma - 

17 Seems to have less carbonation - 

18 More intense flavour - 

19 More robustness and bitterness - 

20 Slight diacetyl aroma, lighter and more 
refreshing flavour - 

22 More astringent - 

23 - Less bitterness 

24 Sulphurous aroma (“younger” beer) - 

 

For the analysis and interpretation of results, a value of the 𝛼-risk must be chosen. The value represents 

the probability of concluding that a perceptible difference exists when one does not. By default, an 𝛼-

risk of 0.05 was used. If the number of correct responses is greater than or equal to the number given 

in the table E1 (see appendix E), the conclusion is that a perceptible difference exists between the 

samples. In this case, the minimum number of correct responses required for significance at the stated 

𝛼-level is 13, and the number obtained was 14. Thus, the conclusion is that there’s a perceptible 

difference between the two beer samples evaluated. 
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4. Conclusion and prospects 
 

The brewing yeast is one of the main elements that influence beer fermentation, making it one of the 

main targets for research and development. Studies around the brewer’s yeast may be to improve the 

yeast’s fermentative performance, to reduce the production of contaminating by-products, to prolong its 

optimal cellular viability throughout several fermentation batches, among other objectives. Other studies 

may aim to optimize the brewing process, for economic savings or increase in the production yield. 

The main objective of the present study was to validate the use of an active dehydrated (trial) yeast 

strain for the production process of an already existing lager beer, with a solid organoleptic profile in the 

market. For this, parameters like fermentative performance, growth, yeast viability maintenance, and 

organoleptic characteristics of the final product were compared between this alternative yeast strain and 

the control yeast strain used at the brewery to produce the same beer. The conventional strain is 

commercialized in the form of viable cells cultures on agar medium. Fermentation assays were 

performed, first at lab scale, in EBC tall tube fermenters, and then at industrial scale. Beer lots produced 

with both strains in this last phase were compared in tasting trials for detection of perceptible differences. 

Regarding fermentation assays at laboratorial scale, results showed identical fermentative performance 

between strains, with similar extract consumption and ethanol production. Physicochemical properties 

of the fermented wort were also similar, supporting the study’s advance to the industrial scale phase. 

Poor results regarding the growth of the trial yeast strain show that laboratorial assays are not enough 

to replicate and understand the yeast behaviour at industrial scale, as other authors suggest[3]. The 

yeast needs a proper propagation scale up process to reach optimal viability values. 

The industrial propagation scale up assay with the trial yeast showed good cellular viability results and 

viable cells concentrations, supporting the need of several stages with increasing working volumes for 

the yeast to develop properly. Problems related to the yeast rehydration led to the conclusion that an 

adequate rehydrator, with an integrated agitation system, is required for a proper homogenization of the 

rehydrating mixture. Since the Carlsberg flask does not possess an agitation system, sterile air had to 

be injected for homogenization, leading to an excess of oxygen, intense yeast growth and slurry 

overflow. Also, a proper pipeline or connection system between the rehydrator to the first propagator 

should be designed. The system used for the propagation of the control yeast strain involving an aseptic 

septum and a sterile syringe is not viable for the propagation of the trial yeast strain. The increased 

density of the rehydration slurry would most likely clog the transfer hose or the syringe. The rest of the 

process occurred without complications and the yeast performed 3 full fermentation batches with 

satisfactory viability, although lower than the control yeast, regarding generations 1 and 2. This was 

probably due to the different type of vessel in which fermentations occurred, which has a distinct 

cropping method and higher contact times between the green beer and the yeast slurry than the 

cylindroconical tanks commonly used (see section 1.5). 

Analysis regarding the main physicochemical parameters of the beer were performed at the end of the 

maturation phase and at the filtrated beer tanks’ stage, prior to the filling section. Results showed lower 

concentrations of SO2 in the beer produced with the trial yeast strain, which is not a negative effect but 

constitutes a big difference between beers produced. High turbidity values (or haze formation) were also 
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detected in the prototype beer, as reported by other authors when employing active dried yeast for beer 

fermentation[3]. These turbidity levels, although according to specifications, are higher than the control 

beer’s and cannot be decreased by filtration steps. These are probably caused by components excreted 

by the yeast to the external medium[77], too small to be filtrated with the equipment used at the brewery. 

Further analysis had to be performed to determine the compounds responsible for the turbidity increase. 

If possible, filtration operations with a higher retention capacity could be used to decrease turbidity, like 

a microfiltration stage. Clarification aids could also constitute a viable solution for this problem[78]. In 

these cases, additional studies should be performed to assure the application of these solutions would 

be economically viable. By determining which components are responsible for the turbidity increase, 

other separations methods, less expensive, could be used for a proper beer clarification.  

Tasting trials were performed to evaluate the organoleptic profile of both beers under study. In all of 

them the conclusion was that there was a significant difference regarding their aroma and flavour. More 

precisely, the prototype beer showed a less sulphurous aroma and a “cleaner” taste than the beer 

produced with the control yeast, besides the turbidity differences referred previously. However, 

additional tasting trials should be performed to assure that differences found between beers are not due 

to variability between lots (the control beer may present organoleptic differences from lot to lot). Having 

into account that the control beer already has a solid organoleptic profile in the market, the conclusion 

of this study is that, with the adopted conditions, it is not advisable to validate the use of the trial yeast 

strain to produce this beer recipe due to the high risk of altering its main flavour and aromatic 

characteristics.  

The need of this study comes from low viability values obtained at the brewery when several slopes of 

the conventional yeast strain were inoculated for propagation. When the slopes were sent to the provider 

brewery company, genetic mutations and contaminations were detected. Dehydrated yeasts contain 

insufficient water for an active metabolism[1] and are sealed under vacuum, which may help to reduce 

the occurrence of these phenomena and to increase the replicability of optimal cellular viability values 

in initial propagation stages. Since the use of this strain is not adequate to produce the desired beer, an 

alternative solution would be to contact the yeast’s provider company and re-define the packaging 

conditions in which the control yeast is shipped, since the slope method is not ideal and generates purity 

issues. Also, comparative studies similar to the present one should be performed, involving the trial 

yeast strain in its dehydrated form and in the form of living cell cultures (like the control strain). This 

would help to understand if the high turbidity and organoleptic differences observed in the trial beer are 

due to the use of a different yeast strain or due to the state in which the yeast is conserved. Furthermore, 

these additional studies could help to assure of the trial strain in the form of living cell cultures presents 

a better fermentation performance and viability results than the control yeast strain. The trial yeast could 

still be used to produce an alternative beer recipe, making use of the positive features observed in this 

study like lower production of SO2 and the need of fewer propagation steps for yeast slurry production. 
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6. Appendices 
 

Appendix A - List of chemicals and equipment 
 
Table A1: List of chemicals used, with respective manufacturers and important properties. 

Chemical Manufacturer Properties 

Distilled water Self-production - 

Ethanol Aga 
96% (%v/v) 

Highly flammable 
May cause irritantions 

P3-topax 66 Ecolab 
Alkaline liquid detergent with 

chlorine for surface disinfection 

Zinc sulphate heptahydrate Merck Extra pure 

 

 
Table A2: List of equipment used, with respective manufacturers, models and important properties 

Equipment Manufacturer Model 

Alcolyzer Anton Paar Alcolyzer Beer ME 

Density meter: DMA 4500 M 
Alcolyzer (sample exchanger) Anton Paar Xsample 122 

Autoclave DuoSystem Uniclave 88 

Chromatographer Perkin Elmer Clarus 500 + HS 

NucleoCounter Chemometec YC-100 

Spectrophotometer Agilent Technologies Cary 100 UV-Vis 

Spectrophotometer (sample 

exchanger) 
Agilent Technologies SPS 3 

Stirring plate IKA – Combimag Reo - 

Water purifier Merck Milipore 
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Appendix B - Laboratorial assays using EBC tubes 

Figure B1: EBC tubes setup and dimension of its cooling circuit and retention basin.  

 

 
Figure B2: Scheme of an individual EBC tube with respective main dimensions.  
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Appendix C - Propagator 1 modifications for the trial yeast propagation 
scale up process 
 

 

Figure C1: Images of the aseptic septum at the bottom of propagator 1, at the left, and the needle valve 
used for the industrial propagation assay of the trial yeast. 

 
Appendix D - Yeast analysis during storage, between generations 
 

After fermentation, the yeast is kept in a YST and a sample of yeast slurry is sent to the laboratory for 

analysis of its viability percentage, concentration of viable cells and consistency, as well as for detection 

of bacterial contaminations. The amount of phosphoric acid to add to each lot for yeast treatment is not 

shown in this study due to confidentiality issues but it is also determined at the laboratory during this 

phase. Notice that generations indicated in the table refer to the next generation the yeast will adopt 

and not the previous one. 

 

Table D1: Data obtained through yeast analysis in between generation, during lot storage, of the trial 
yeast strain. Microbiological results refer to microbiological analysis performed for detection of bacterial 
contamination. 

Trial yeast strain 

Data YST Generation 
Total 
cells 

(cells/ml) 
Dilution 
factor 

Dead 
cells 

(cells/ml) 
Viability 

(%) 
Viable 
cells 

(cells/ml) 
Microb. 
Results 

03/08/17 114 2A1 1.27E+09 1723.7 1.10E+08 91.2 1.16E+09 - 

16/08/17 113 2A2 7.67E+08 1743.7 5.32E+08 69.3 2.35E+08 - 

30/08/17 112 2A3 1.49E+09 1465.13 2.16E+08 85.9 1.28E+09 - 
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Table D2: Data obtained through yeast analysis in between generation, during lot storage, of the control 
yeast strain. Microbiological results refer to microbiological analysis performed for detection of bacterial 
contamination. 

Slope/control yeast strain 

Data YST Generation 
Total 
cells 

(cells/ml) 
Dilution 
factor 

Dead 
cells 

(cells/ml) 
Viability 

(%) 
Viable 
cells 

(cells/ml) 
Microb. 
Results 

16/08/17 112 1M1 2.02E+09 1643.3 9.40E+07 95.4 1.93E+09 - 

23/08/17 113 1M2 1.37E+09 1154.3 9.50E+07 93.1 1.24E+09 - 

30/08/17 113 1M3 1.88E+09 1616.7 3.70E+07 98.0 1.84E+09 - 

 
Appendix E - Supporting data for analysis of the triangular tasting trial’s 
results* 
 

𝛼-risk: probability of concluding that a perceptible difference exists when one does not (also known as 

type I error, significance level or false positive rate. 

• 0.10 – 0.05: slight evidence that a difference is apparent; 

• 0.05 – 0.01: moderate evidence that a difference is apparent; 

• 0.01 – 0.001: strong evidence that a difference is apparent; 

• < 0.001: very strong evidence that a difference is apparent. 

Most often an 𝛼-risk of 0.05 is used. In table E1, “n” refers to the number of assessments (tasters) and 

“𝛼” is the probability of concluding that a perceptible difference exists when one does not. 

 

Table E1: Minimum number of correct responses required for significance at the stated 𝛼-level. 

n 𝛼 
0.20 0.10 0.05 0.01 0.001 

24 11 12 13 15 16 
25 11 12 13 15 17 
26 12 13 14 15 17 
27 12 13 14 16 18 
28 12 14 15 16 18 
29 13 14 15 17 19 
30 13 14 15 17 19 
31 14 15 16 18 20 
32 14 15 16 18 20 
33 14 15 17 18 21 
34 15 16 17 19 21 
35 15 16 17 19 22 
36 15 17 18 20 22 
42 18 19 20 22 25 
48 20 21 22 25 27 
54 22 23 25 27 30 
60 24 26 27 30 33 
66 26 28 29 32 35 
72 28 30 32 34 38 
78 30 32 34 37 40 
84 33 35 36 39 43 
90 35 37 38 42 45 
96 37 39 41 44 48 

102 39 41 43 46 50 
 

*Source derived from the intranet (not publicly available) of Heineken standards 


