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Abstract
The use of non-Saccharomyces yeasts means a great source of biodiversity for the production of differentiated beer products. 
With this objective, five species of different genera have been selected in order to evaluate their influence on beer quality. 
Two different experiments were carried out with four non-Saccharomyces strains (Schizosaccharomyces pombe, Torulaspora 
delbrueckii, Saccharomycodes ludwigii and Lachancea thermotolerans) and Saccharomyces cerevisiae, as control. In the 
first experimental setup, the five strains were used to carry out the pure culture wort fermentation and to undertake bottle 
conditioning. In a second experimental setup, the wort was fermented with S. cerevisiae and the four non-Saccharomyces 
strains were used for bottle conditioning. Beers from the first experimental setup had low ethanol content due to the wort’s 
original gravity; T. delbrueckii produced a beer with the largest quantity of isoamyl acetate. In the second setup, the wort 
had higher original gravity; most of the fermentative volatiles were produced in larger amounts (1-propanol, isobutanol, 
2-methyl-1-butanol, 3-methyl-1-butanol) with all tested strains. The differences observed in the volatiles production were 
more pronounced when the yeast strains were used for the fermentation and the bottle conditioning than whey they were 
used just for the bottle conditioning. The species S. pombe produced a significantly higher ethanol concentration (%v/v) in 
both experimental setups; these beers also obtained the highest scores for the sensory attributes foam consistency and foam 
persistence. Beers produced with T. delbrueckii and S. ludwigii had low ethanol content in both experimental designs, in 
pure culture fermentation and in bottle conditioning.
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Introduction

Nowadays, there is a growing interest for beer production 
in several countries and craft brewing, an alternative to 
mainstream beer, have re-emerged. Craft brewing is a term 
that applies to relatively small breweries, which production 
aimed at maintaining original sensory characteristics on the 
basis of quality and diversity. A variety of off-flavours in 
craft beers increase their probability of being perceived as 
having a higher quality than commercial beer [1].

Although there are various options for obtaining differ-
ent sensory profiles among beers (using special malts or 
adjuncts, hop varieties, water quality, etc.), the choice of 
yeast strains for wort fermentation and beer conditioning is 
crucial. The production of most aroma-active compounds 
is strictly dependent on the yeast strain chosen for the fer-
mentation [2, 3].

Considering that craft beers are generally unfiltered, 
unpasteurized and conditioned in bottle [4, 5], selection of 
suitable strains is a good important choice to producing good 
beer. In addition, the use of aromatic-enhancing microorgan-
isms offers the advantage of being a natural and sustainable 
solution that does not negatively influence the list of ingredi-
ents [6]. The use of S. cerevisiae yeast strains isolated from 
food matrices such as wine [7] or bread [7, 8], as starters for 
craft beer production is gaining interest. On the other hand, 
the highly developed use of non-Saccharomyces yeasts in 
oenology is still a very unknown concept in brewing and 
it opens up new possibilities compared to traditional S. 
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cerevisiae strains [9]. Although non-Saccharomyces yeasts 
have been widely disregarded due to their possible over-
production of acetic acid and other off-flavour compounds, 
they can potentially exert positive influences on beer fla-
vour through the generation of secondary metabolites with 
significant organoleptic impact and excretion of enzymes 
responsible for the bioconversion of non-volatile precursors 
into desirable aroma compounds [10].

Today, Dekkera/Brettanomyces, isolated from spontane-
ous brewing processes, are the most relevant non-Saccharo-
myces yeasts in the production of sour beers, mainly because 
of the discovery of its singular influence in Lambic beers 
[11]. American craft brews are using Dekkera spp. for fer-
mentations [12], due to a complex aroma profile perception 
that is described including clove, barnyard, smoke, humid 
leather, tropical fruit, and/or spices; T. delbrueckii strains 
traditionally used in the production of Bavarian wheat beers 
(Hefeweizen) [13] can grow—even with an increase in the 
lag-phase—in the presence of up to 90 ppm isoα-acids in the 
medium, a concentration that correlates to highly hopped 
beer styles [11]. Some studies have investigated the con-
tributions of T. delbrueckii in beer, where it has proven to 
reveal important characteristics, both in pure and mixed fer-
mentations with S. cerevisiae, producing low-alcohol beers 
with pleasant and aromatic flavours [5, 13]; S. ludwigii and 
Zygosaccharomyces rouxii are unable to ferment maltose 
and are used for the industrial production of low-ethanol 
or alcohol-free beer entailing inhibition of alcohol produc-
tion via biological processes [12]. There have been extensive 
studies of Lachancea thermotolerans in wines for its ability 
to reduce pH and volatile acidity and increase glycerol in 
co-inoculations with S. cerevisiae [14, 15]. In beer, it has 
been observed that L. thermotolerans can produce lactic 
acid, which enables the production of sour beers without 
the need to use bacteria, shortening the process and affecting 
the taste and sensation in the mouth [16].

The aim of the present study was to evaluate the feasibil-
ity of the use of different strains of non-Saccharomyces yeast 
(S. pombe, T. delbrueckii, S. ludwigii and L. thermotoler-
ans) as starters for craft beer production at a microbrewery 
scale during both wort fermentation and bottle conditioning. 
The volatile profiles of the beer samples were evaluated by 
instrumental and sensory analysis.

Materials and methods

Yeast strains

The 6 yeast strains used in this study belong to the species: 
Saccharomyces cerevisiae (as control) (7VA Yeast Collec-
tion of Dpto. Química y Tecnología de Alimentos Univer-
sidad Politécnica de Madrid UPM (Spain), Saccharomyces 

cerevisiae commercial strain (Florapan® A18, Lallemand), 
Schizosaccharomyces pombe (938 Yeast Collection of the 
Instituto de Fermentaciones Industriales IFI (Spain), Toru-
laspora delbrueckii (291 Lallemand), Saccharomycodes lud-
wigii (979 Yeast Collection of the IFI (Spain), and Lachan-
cea thermotolerans (kt 421 Hansen). Non-Saccharomyces 
yeasts were used because of their specific features: S. pombe 
938 have been used in sole and mixed fermentations improv-
ing aroma production, deacidification and colour stability 
[17, 18]. Torulaspora delbrueckii 291 was used by the low 
volatile acidity production and the aroma enhancement [19]. 
Saccharomycodes ludwigii 979 was studied by the release 
of cell wall polysaccharides and fermentative power [20]. 
Lachancea thermotolerans 421 was due to the acidification 
properties and aroma enhancement [21]. Saccharomyces cer-
evisiae strains were used as controls to compare. C. cerevi-
siae 7VA has low production of volatile acidity and strong 
fermentative power [19]. The ability of these yeast strains 
to ferment maltose and maltotriose was evaluated in liquid 
growing YEPM media with yeas extract (1%), peptone (2%) 
and maltose or maltotriose (2%). A Durham’s tube indicated 
the production of  CO2 from the metabolic processes by each 
strain. The summary of the observed results is shown in 
Table 1.

Two experimental setups (labelled A and B) were car-
ried out (Fig. 1). In the first experiment (Experiment A), the 
fermentation of the wort and the bottle conditioning were 
done with each of the five strains as pure culture (7VA, 938, 
291, 979, kt 421). In the second experiment (Experiment B), 
a mixed culture was used: first fermentation of the wort was 
made with a Lallemand’s commercial strain S. cerevisiae 
(Florapan® A18 which is a special strain of beer yeast with 
a round and complex flavour contribution. http://www.lalle 
mandb aking .com/produ cts/cultu red-flour s/) and the condi-
tioning took place in the bottle after adding inoculums of 
each of the five strains (7VA, 938, 291, 979, kt 421).

For short-term storage, YPD agar medium (1% yeast 
extract, 2% peptone, 2% glucose, 1.8% agar; all w/v) (Oxoid, 
Basingstoke, UK) at 4 °C was used across all yeast strains, 

Table 1  Maltose and maltotriose fermentation ability by the six eval-
uated yeast strains

+++ strong fermentation, + weak fermentation

Yeas strain Maltose fer-
mentation

Maltotriose 
fermenta-
tion

Florapan® A18 +++ –
7VA Saccharomyces cerevisiae +++ –
938 Schizosaccharomyces pombe +++ –
291 Torulaspora delbrueckii + –
979 Saccharomycodes ludwigii – –
kt 421 Lachancea thermotolerans + –

http://www.lallemandbaking.com/products/cultured-flours/
http://www.lallemandbaking.com/products/cultured-flours/
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while for long-term storage, YPD broth supplemented with 
80% (w/v) glycerolat − 80 °C was used.

Brewing process

Wort production. The specific wort employed for the micro-
fermentation trials was produced by means of a 25-L pilot-
scale brewing plant (Braumeister, Speidel, Ofterdingen, 
Germany).

The malt used in each experiment was crushed in a Brew-
ferm hand iron malt mill, leaving part of the whole grain 
husk: for experiment A 4 kg (40% Pilsen type/60% wheat 
malt) were prepared, and for Experiment B, 4.4 kg (97.8% 
Pilsen type/2.2% coloured malt (900 ± 100 EBC) were 
obtained. The grist was mixed in a 27-L capacity Brew-
ferm® stainless steel pot to begin the mashing process. The 
wort was boiled with 13 g Hallertauer hop (Experiment 
A)/21.4 g Nugget hop (Experiment B) and then cooled at 
20 °C. The initial density of the wort was 1020 for Experi-
ment A and 1060 for Experiment B.

Suspensions of cells in water, characterized by an absorb-
ance A580 = 0.5, which corresponds to an average cell con-
centration of  106 cells per millilitre, were obtained for all of 
the yeast strains. Wort was pitched with 10 × 106 yeast cells 
per millilitre and fermented for 10 days at 20 °C.

Two different protocols were tested in triplicate:
Experiment A. The same yeast strain was inoculated in 

both primary wort fermentation and bottle conditioning. Pri-
mary fermentation was performed in five 3-L volume steri-
lized Erlenmeyer flasks. Each of the different yeast strains, 
S cerevisiae (7VA), S. pombe (938), T. delbrueckii (291), S. 
ludwigii (979) and L. thermotolerans (kt 421) were inocu-
lated in a flask. The bottle conditioning was carried out in 
glass bottles with a 0.33-L capacity, amber colour, corona 
stopper, standard model, adding 5 g L−1 sucrose and inocu-
lated with each of the same five strains (1 × 106 CFU  mL−1).

Experiment B. A special beer strain yeast S. cerevisiae 
Florapan A18 was inoculated in primary wort fermentation. 
At the end of the fermentation process, the green beer had 
a density of 1016 and was transferred into 0.33 L bottles, 
adding 5 gL−1 sucrose and inoculated with the five strains 

(1 × 106 CFU  mL−1): S. cerevisiae (7VA), S. pombe (938), 
T. delbrueckii (291), S. ludwigii (979) and L. thermotolerans 
(kt 421). The bottle conditioning was carried out in glass 
bottles with a 0.33-L capacity, amber colour, corona stopper, 
standard model.

The bottle conditioning was carried out at 18–20 °C for 
25 days. After this period, the beers underwent sensory 
analysis.

Sensory analyses

Sensory analyses were carried out by means of sensory 
profile analysis tests ISO 6564: 1985 [22] and ISO 4121: 
2003 [23]. In this way the scores of the different attributes 
presented in the tasting chart were obtained, for each of 
the beers, by each judge on the panel (eight males and four 
females). At each tasting station, there was a small white 
tablecloth and five tasting glasses with the samples being 
evaluated. Likewise, the judges all had a glass of water each. 
A code was assigned to each type of beer according to the 
yeast strain inoculated. The attributes to be analysed were 
classified into three groups: appearance, smell and taste. For 
each attribute, judges scored from 0 to 10 on an unstructured 
hedonic scale, with 0 being the lowest value and 10 being 
the highest.

For appearance, effervescence was determined referring 
to the intensity of the  CO2 flow in the beer matrix, with a 
low intensity receiving the lowest value and a high inten-
sity, the highest value; turbidity, was rated depending on 
the range of transparency with opaque receiving the highest 
value on a sliding scale; the consistency of the foam, related 
to the size of the bubble, very light in the case of large bub-
bles for the lowest value and creamy in case of small bubbles 
for the highest value; the persistence of the foam, depending 
on the duration of the foam, between low duration and high 
duration; and the colour of the foam, in a range of intense 
white for the lowest value and brown for the highest value.

For olfaction parameters, malt, yeast, caramel, banana 
and hops were analysed, the lowest value being a slight or 
absent odour and the highest value an intense odour for each 
one. For taste, we examined bitterness, sweetness, acidity, 

Experiment B

Florapan
A18

Sc 7VA Sp 938 Td 291 Sl 979 Lt kt4212

1

Experiment A

Sc 7VA

Sc 7VA

Sp 938

Sp 938

Td 291

Td 291

Sl 979

Sl 979

Lt kt421

Lt kt421

Fig. 1  Experimental design of the two setups: first fermentation (1) and bottle conditioning (2)
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body, astringency and aftertaste, with a range of mild or 
absent tastes receiving the lowest value and a strong or 
intense taste, the highest. Finally, a comments section for 
each type of beer was offered. To enable a results compari-
son, a radar diagram was elaborated with the average values 
for each beer type.

After completion of the sensory tasting, beer samples 
were poured into 50 ml amber glass flasks and were stored 
at 4 °C before the instrumental analysis.

pH determination

The pH of each sample was measured with a Crison micropH 
2000 pH meter. The results were collected in a table and 
plotted on a column chart.

Determination of alcohol content by HPLC–RI

The ethanol content in beer was analysed with a Waters 
e2695 Alliance liquid chromatograph (Waters, Massachu-
setts, USA) equipped with a refractive index detector 2414 
and a photodiode array detector 996. MilliQ water was used 
as the solvent with a flow rate of 0.4 mL/min in isocratic 
mode. 200 µm of each beer sample was removed for pre-fil-
tering through 0.45 µm pore size cellulose ester filters (Tek-
nokroma, Barcelona, Spain) and then a total of 25 samples 
were injected into the HPLC apparatus. Separation of the 
analytes was carried out on a C18 PhenoSphere XDB reverse 
phase column (150 × 4.6 mm, 5 µm particle size) (Phenom-
enex, California, USA) stabilized at 30 °C. Quantification 
was performed with ethanol (99.5% purity) (Panreac, Spain) 
as an external standard with four calibration levels: 5, 10, 15 
and 20% v/v (r2 = 0.9734). The injection volume was 2 µl. 
The data were collected in a table and the mean value of 
each species was calculated for comparison.

Determination of by‑products and volatile 
compounds by GC–FID

For the sample preparation, 1 ml of each beer sample was 
filtered using 0.45 µm pore size cellulose ester filters (Tek-
nokroma, Barcelona, Spain) and 100 µl of internal standard 
was added (concentration 500 mgl−1) to each.

Aromatic profiles of the beer were determined by GC–FID 
using an Agilent Technologies 6850 gas chromatograph (GC 
System Network) equipped with an integrated flame ioniza-
tion detector (GC–FID) (Hewlett-Packard, Palo Santo, CA, 
US). A DB-624 column (60 m × 250 mm × 1.4 mm) was 
used, calibrated with compounds as external standards: 
acetaldehyde, methanol, 1-propanol, diacetyl, ethyl acetate, 
2-butanol, isobutanol, 1-butanol, acetoin, 2-methyl-1-bu-
tanol, 3-methyl-1-butanol, ethyl lactate, isobutyl acetate, 
2,3-butanediol, isoamyl acetate, 2-phenylethyl acetate and 

2-phenylethyl alcohol. Similarly, 4-methyl-2-pentanol was 
used as an internal standard (all compounds of Fluka, Sigma-
Aldrich Corp., Buchs SG, Switzerland). The temperature of 
the injector was 250 °C and the detector was 300 °C. The 
column temperature was 40 °C for the first 5 min, progres-
sively increasing at 10°C/min intervals to 250 °C, with the 
latter remaining constant for 5 min. Hydrogen was used as 
the carrier gas. A microliter per sample was injected into 
the gas chromatograph. The limit of detection was 0.1 mg/l.

Statistical analysis

The means, standard deviations were calculated and the dif-
ferences were examined by analysis of variance (ANOVA) 
and the least significant difference test (LSD). All calcula-
tions were performed using Statgraphics software v.16.2.04 
(Graphics Software System, Rockville, MD, United States). 
Significance was set at p < 0.05. Five replicates were made 
for each yeast species for the measurement of pH, ethanol 
and by-products, and volatile compounds and 12 replicates 
for sensory analysis. In order to highlight the similarities and 
differences between the obtained results, a principal compo-
nent analysis (PCA) was carried out on the analytical data.

Results

Wort density at the beginning of the first fermentation (origi-
nal gravity) was quite different in the two experiments (A 
and B), probably due to the lack of water evaporation during 
boiling in Experiment A, therefore resulting in a low concen-
tration in the wort. Table 2 shows the original gravity (ºP) 
of the wort in both experiments, A and B, as well as the pH 
and the ethanol content (mg l−1) in the beer produced by the 
five yeast strains in the same two experiments.

The final values of original gravity were 5ºP in Experi-
ment A and 15ºP in Experiment B. In this way, the origi-
nal gravity obtained in Experiment A is according to what 
Branyik et al. [24] have described for stopped or limited 
fermentation processes (between 4.0 and 7.5 wt).

The pH values measured in beers ranged from 3.8 to 4.7; 
these values are within the range found by Polshin et al. [25] 
after analysing the physicochemical parameters of 50 Bel-
gian and Dutch beers. According to them the pH of the beers 
ranged between 3.35 and 4.56.

The original gravity measured in the worts yielded eth-
anol volumes with significant differences for each of the 
five beers elaborated in both experiments; ethanol content 
in Experiment A reached values from 0.5 ± 0 to 2.2 ± 0.1 
(%v/v) (values close to those of alcohol-free and low-alco-
hol beers), while beers in Experiment B produced ethanol 
between 6.7 ± 0 and 8.1 ± (%v/v).
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Schizosaccharomyces pombe produced the highest 
amount of ethanol (%v/v) (Table 2) in both experiments; 
this fact evidences the high fermentative power of this 
strain in comparison to the other tested strains. Pure cul-
ture fermentation followed by bottle conditioning with S. 
pombe in Experiment A had a significant lower pH value 
(3.8 ± 0.1), while the same strain used for bottle condition-
ing in Experiment B had the significant highest pH value 
(4.28 ± 0.06).

Concentration of the average values for volatile com-
pounds produced by the five yeast strains in both experi-
ments, A and B, can be seen in Table 3. Even though the 
volatiles concentration is higher in beers where the yeasts 
were used just for bottle conditioning (Experiment B), there 
are, in many volatile compounds, more pronounced differ-
ences between strains were observed when the yeast strains 
were used for pure culture fermentations and bottle con-
ditioning (Experiment A). The concentration of acetalde-
hyde had significant higher values in beers produced with S. 
pombe in both experiments (A and B) (green, herbal aroma); 
the highest value (20.6 mg l-1) was observed in Experiment 
B where S. pombe was used for bottle conditioning. On the 
other hand, beers produced with T. delbrueckii and S. lud-
wigii in Experiment B, yielded the lowest ethanol content 
when used for bottle conditioning.

Regarding diacetyl content, all samples from Experiment 
A, with the exception of that fermented with S. cerevisiae, 
had concentrations higher than its perception threshold of 
0.15 ppm; in Experiment B, all tested strains apart from S. 
ludwigii produced larger diacetyl amounts when used only 
for bottle conditioning. S. ludwigii produced the highest 
amount of diacetyl in Experiment A, while in Experiment 
B, species L. thermotolerans reached the largest values.

In terms of 2,3-butanediol production, the concentration 
of this compound is greater in Experiment B, and so too with 
diacetyl; despite this fact, none of the samples reached the 
perception threshold for this compound (4500 mg  l−1) [26].

There are no significant differences for acetoin content 
among tested strains even though the concentration of this 
compound was larger in beers from Experiment A.

Higher alcohols, also called “fusel alcohols”, are the most 
abundant components in beer and are important flavour and 
aroma components in terms of their concentrations. Below 
300 mg  l−1, these compounds add complexity to the beer, 
by conferring refreshing, flowery, and pleasant notes, and 
imparting a desirable warming character [27].

For most of the volatiles analysed, the concentrations 
were larger in Experiment B where the worts had higher 
original gravity and the strains were used for bottle condi-
tioning; 1-propanol went from (4.6 ± 0.4–8.7 ± 0.7 mg  l−1) 
to (29.9 ± 0.2–35.5 ± 3.6 mg  l−1), isobutanol increased from 
(3.6 ± 0.2–10.6 ± 2.9 mg  l−1) to (62.8 ± 0.3–68.9 ± 5.9 mg  l−1), 
2-methyl-1-butanol increased from (5.8 ± 0.5–24.1 ± 7.8 mg 
 l−1) to (116.8 ± 0.5–141.5 ± 16.6  mg  l−1), 3-methyl-
1-butanol increased from (2.9 ± 0.3–10.9 ± 3.2  mg 
 l−1) to (44.7 ± 0.1–53.2 ± 6.0  mg  l−1) and 2-phenyle-
thyl alcohol went from (2.6 ± 5.8–12.9 ± 2.6  mg  l−1) to 
(101.1 ± 12.5–179.8 ± 10.5 mg  l−1). With the exception of 
2-phenylethyl alcohol, there are no significant differences in 
the concentration of higher alcohols for the strains used for 
bottle conditioning in Experiment B; on the other hand, there 
are significant differences for strains used in Experiment A, 
and S. cerevisiae produced the largest values.

Esters are of major industrial interest because they have 
very low thresholds and define the fruity aroma of the beer, 
with beers produced from worts containing higher percent-
ages of both glucose and fructose and higher ester levels 
than those obtained from maltose-rich worts [27]. From 
the esters analysed (ethyl acetate, isobutyl acetate, isoamyl 
acetate, 2-phenylethyl acetate), the concentrations were 
higher in Experiment B due to the higher original grav-
ity and the strains were used for bottle conditioning; ethyl 
acetate values went up from (2.0 ± 0.4–6.3 ± 0.8 mg  l−1) to 
(29.0 ± 0.5–34.3 ± 2.5 mg  l−1), isoamyl acetate increased 
from (0–2.3 ± 0.8 mg  l−1) to (4.0 ± 0.1–4.4 ± 0.1 mg  l−1) 

Table 2  Original gravity (ºP), pH and ethanol content (mg  l− 1) in the beer produced by the five yeast strains in both experiments, A and B

Data are means ± standard deviations (n = 3)
Data with different superscript letters within each row are significantly different (Tukey tests: P < 0.05); A: the same yeast strain was inoculated 
in both primary fermentation and bottle conditioning; B: S. cerevisiae Florapan A18 was used in primary fermentation. The bottle conditioning 
was performed with the five yeast strains

Experiment S. cerevisiae 7VA S. pombe
938

T. delbrueckii
291

S. ludwigii
979

L. thermotolerans
kt 421

A Original gravity 5
pH 4.1 ± 0.0b 3.8 ± 0.1a 4.6 ± 0.1d 4.7 ± 0.1d 4.3 ± 0.0c

Ethanol 1.9 ± 0.0bc 2.2 ± 0.1c 0.5 ± 0.0a 0.6 ± 0.1a 1.4 ± 0.8b

B Original gravity 15
pH 4.11 ± 0.03a 4.28 ± 0.06b 4.09 ± 0.01a 4.08 ± 0.02a 4.10 ± 0.01a

Ethanol 6.7 ± 0.0a 8.1 ± 0.0b 6.7 ± 0.1a 6.8 ± 0.1a 6.8 ± 0.0a
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and 2-phenylethyl acetate increased concentration from 
(0–6.6 ± 0.9 mg  l−1) to (7.1 ± 0.1–11.5 ± 1 mg  l−1). Regard-
ing yeast strain influence, the production of ethyl acetate was 
below threshold (30 mg  l−1) of beers produced in Experi-
ment A.

In order to better illustrate these results, a multivariate 
statistical analysis was carried out. The PCA was performed 
on the entire database, which included the level of the vol-
atile compounds analysed for all strains used in the study. 
In this case, the higher alcohols were combined for each 
strain tested across each of the two experiments. The first 
two principal components explained most of the variance 

(94%). Only first principal component (PC1) covered 79.3% 
of the variation in the data, summarized in the following 
equation:0, 34 ∗ ethanol + 0, 01 ∗ acetaldehyde + 0, 26 ∗

diacetyl + 0, 35 ∗ ethyl acetate − 0, 34 ∗ acetoin + 0, 35 ∗

ethyl lactate + 0, 35 ∗ 2, 3 − butanediol + 0, 33 ∗ Isoamyl

acetate + 0, 31 ∗ 2 − phenylethanol + 0, 35 ∗ higher alcohols

− hexanol.

Four main groups could be clearly differentiated (Fig. 2). 
Two of these sit on the positive part of the component 1 
axis, and represent those beers obtained in Experiment 
B, with higher original gravity worts inoculated with S. 
cerevisiae Florapan A18 in primary fermentation and 

Table 3  Concentration of volatile compounds in the beer produced by the five yeast strains in both Experiment A and B (mg  l− 1), as determined 
by GC–FID

Data are means ± standard deviations
Data with different superscript letters within each file are significantly different (Tukey tests: P < 0.05); A: the same yeast strain was inoculated 
in both primary fermentation and bottle conditioning. B: S. cerevisiae Florapan A18 in primary fermentation. The bottle conditioning with the 
five yeast strains

S. cerevisiae S. pombe T. delbrueckii S. ludwigii L. thermotolerans Experiment

Acetaldehyde 14.8 ± 10.0b 12.9 ± 8.4b 2.3 ± 0.5a 4.2 ± 1.4a 4.1 ± 1.2a A
5.8 ± 0.3a 20.6 ± 2.3b 6.7 ± 1.9a 5.5 ± 1.5a 6.9 ± 1.3a B

Methanol 4.8 ± 0.4ab 4.8 ± 0.2ab 4.6 ± 0.3a 5.1 ± 0.2b 4.5 ± 0.3a A
8.2 ± 0.2b 5.9 ± 0.3a 6.7 ± 0.4a 8.0 ± 0.1b 6.3 ± 0.7a B

1-Propanol 8.2 ± 1.9b 8.7 ± 0.7b 4.6 ± 0.4a 5.3 ± 0.1a 7.6 ± 0.9b A
31.6 ± 0.9a 34.7 ± 3.5a 35.0 ± 3.6a 29.9 ± 0.2a 31.4 ± 0.7a B

Diacetyl 0.0 ± 0.0a 0.3 ± 0.8a 0.7 ± 1.0ab 1.9 ± 1.1b 0.8 ± 1.1ab A
1.6 ± 0.1ab 1.4 ± 0.0a 1.7 ± 0.1ab 1.4 ± 0.0a 1.9 ± 0.3b B

Ethyl acetate 5.3 ± 0.6c 3.3 ± 0.7b 2.8 ± 0.5ab 2.0 ± 0.4a 6.3 ± 0.8d A
29.0 ± 0.5a 31.7 ± 3.6ab 34.3 ± 2.5b 29.4 ± 0.7a 29.5 ± 0.8ab B

2-Butanol 0.0 ± 0.0a 0.0 ± 0.0a 0.0 ± 0.0a 0.0 ± 0.0a 0.0 ± 0.0a A
3.4 ± 0.1bc 3.2 ± 0.1ab 3.1 ± 0.1a 3.5 ± 0.1c 3.2 ± 0.1ab B

Isobutanol 10.6 ± 2.9c 3.6 ± 0.2a 4.5 ± 0.5a 9.9 ± 0.4c 7.6 ± 0.9b A
67.8 ± 2.9a 68.9 ± 5.9a 67.7 ± 4.9a 62.8 ± 0.3a 63.3 ± 0.6a B

1-Butanol 5.4 ± 5.4b 1.6 ± 3.5ab 1.2 ± 2.7ab 0.0 ± 0.0a 5.3 ± 5.0b A
4.3 ± 0.1a 4.5 ± 0.1bc 4.6 ± 0.1c 4.4 ± 0.1ab 4.4 ± 0.0abc B

Acetoín 8.4 ± 0.2a 8.8 ± 0.1a 8.6 ± 0.1a 8.7 ± 0.3a 7.0 ± 3.9a A
5.5 ± 0.0a 5.6 ± 0.1a 5.4 ± 0.1a 5.5 ± 0.1a 5.5 ± 0.1a B

2-Methyl-1-butanol 24.1 ± 7.8c 5.8 ± 0.5a 7.2 ± 1.1a 10.0 ± 0.3a 17.8 ± 2.7b A
126.7 ± 4.2a 133.0 ± 14.7a 141.5 ± 16.6a 116.8 ± 0.5a 123.6 ± 2.7a B

3-Methyl-1-butanol 10.9 ± 3.2d 2.9 ± 0.3a 3.1 ± 0.3ab 5.0 ± 0.3bc 5.6 ± 0.8c A
47.9 ± 1.5a 51.6 ± 5.1a 53.2 ± 6.0a 44.7 ± 0.1a 46.6 ± 1.2a B

Ethyl lactate 0.0 ± 0.0a 0.0 ± 0.0a 0.0 ± 0.0a 0.0 ± 0.0a 0.0 ± 0.0a A
5.6 ± 0.0a 5.6 ± 0.0a 5.7 ± 0.1a 5.6 ± 0.0a 5.6 ± 0.0a B

2,3-Butanediol 0.0 ± 0.0a 0.0 ± 0.0a 63.0 ± 58.0b 67.8 ± 37.9b 72.1 ± 40.8b A
278.1 ± 8.9a 291.7 ± 19.4a 295.5 ± 14.6a 265.5 ± 5.4a 287.2 ± 8.3a B

Isoamyl acetate 0.0 ± 0.0a 0.0 ± 0.0a 2.3 ± 4.1a 0.0 ± 0.0a 0.0 ± 0.0a A
4.3 ± 0.1 a 4.1 ± 0.3 a 4.4 ± 0.1 a 4.0 ± 0.1 a 4.3 ± 0.1 a B

2-Phenylethyl alcohol 12.9 ± 2.6c 7.1 ± 4.1abc 9.5 ± 1.7bc 5.5 ± 8.2ab 2.6 ± 5.8a A
179.8 ± 10.5b 101.1 ± 12.5a 177.2 ± 36.8b 167.4 ± 9.0b 176.6 ± 3.5b B

2-Phenylethyl acetate 0.0 ± 0.0a 5.5 ± 0.7b 4.4 ± 4.2b 6.6 ± 0.9b 5.3 ± 0.3b A
10.9 ± 1.2b 7.1 ± 0.1a 11.5 ± 1.0b 9.1 ± 0.3ab 10.4 ± 0.4b B
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bottle conditioning with non-Saccharomyces yeasts in bottle. 
These beers exhibit the highest production of higher alco-
hols, esters and aldehydes. It can be seen for the beer where 
S. pombe was used for bottle conditioning, that the profile 
is clearly different from the rest of the beers which are more 
similar to each other.

The other two groups sit on the negative part of the axis, 
and represent those beers obtained in Experiment A. One 
of these represents those beers obtained from S. pombe 
and S. cerevisiae yeast strains (positive side of component 
2), and the other includes the other 3 non-Saccharomyces 
yeast beers (negative side of component 2). Beers with the 
S. pombe yeast strain in Experiment A also appear on the 
positive side of component 2 (right top quadrant on the bi-
plot) related to higher acetaldehyde production and lower pH 
values in both experiments. Although T. delbrueckii, L. ther-
motolerans and S. ludwigii are grouped on the negative axis, 
their position on the chart, distance between them, repre-
sents less similarity between them than the results observed 
in Experiment B; this reinforces the evidence of having more 
pronounced differences when the yeast strains are used for 
the fermentation and the bottle conditioning.

Sensory analysis. The beers obtained in Experiment A 
(primary fermentation and bottle conditioning with the 
five different yeast strains) and in Experiment B (yeast S. 

cerevisiae Florapan A18 inoculated in primary fermentation 
and bottle conditioning with the five different yeast strains) 
underwent sensory analysis, with data illustrated in Fig. 3.

Discussion

The production of quality beer depends not only on good 
yeast fermentation efficiency, but also on the characteristic 
aroma and flavours that yeast can provide to the final product 
[27]. Five different species of different genera have been 
evaluated in this study (four non-Saccharomyces and S. cer-
evisiae as control); the differences in beer aromas found in 
final product, across the different trials, have been evaluated 
analytically and for sensory attributes.

Beers obtained from fermentations with S. pombe had the 
highest ethanol content in both experiments. This could be 
related to how organic acids are metabolized by yeast spe-
cies other than S. cerevisiae. It could also be related to the 
high ability that the yeast species S. pombe has to ferment 
maltose, being the most abundant sugar available in beer 
wort at ca. 60% [28]. Linder initially isolated the species 
S. pombe in 1893 in East Africa and it is able to metabo-
lize malic acid across the maloalcoholic (MA) fermentation 
pathway with ethanol and  CO2 as final products instead of 

Fig. 2  Principal component analysis (PCA) of volatile compounds 
in the beer produced by the five yeast strains in both Experiment A 
and B (mg  l−1), by GC/MS. SCA S. cerevisiae 7VA Experiment A, 
SPA Schizo. pombe Experiment A, TDA T. delbrueckii Experiment A, 
LTA L. thermotolerans Experiment A, SLA S. ludwigii Experiment A, 
SCB S.cerevisiae 7VA Experiment B, SPB Schizo. pombe Experiment 

B, TDB T. delbrueckii Experiment B, LTB L. thermotolerans Experi-
ment B, SLB S. ludwigii Experiment B. Experiment A: the same yeast 
strain was inoculated in both primary fermentation and bottle con-
ditioning. Experiment B: S. cerevisiae Florapan A18 in primary fer-
mentation. The bottle conditioning with the five yeast strains
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lactic acid like in the bacterial malolactic fermentation. This 
peculiar yeast has been traditionally used in some areas of 
Africa in the production of mijo beer [9]. Pombe means beer 
in the Swahili language.

At the same time, beers produced with S. cerevisiae 
and S. pombe, both yeast strains able to ferment maltose, 
have achieved the highest acetaldehyde concentration 
(green aroma, herbal) when used as pure culture fermenta-
tive strains (Experiment A) with values between 12.9 and 
14.8 mg  l−1, although higher values were obtained with S. 
pombe when this species was used for bottle condition-
ing (20.6 mg  l−1). Acetaldehyde has a flavour threshold of 
10–20 mg  l−1 and its presence in beer above threshold values 
result in ‘grassy’ off-flavours [29]. However, many tasters 
can detect this compound at much lower levels.

Beers produced with T. delbrueckii and S. ludwigii had 
the significantly lowest ethanol content in Experiment A. 
The species S. ludwigii is developed more for low-alcohol 
beer production since it does not ferment maltose and mal-
totriose [12, 24, 30]; although it has been seen to consume 
maltose but much slower in comparison to the species S. 
cerevisiae [13, 31]. The suitability of different strains of T. 
delbrueckii in pure cultures to produce low-alcohol beers has 
also been demonstrated [32, 33]. In this body of research, T. 
delbrueckii produced the greatest concentration of isoamyl 
acetate in Experiment A, with isoamyl acetate being per-
haps the most important ester, owing to its very low flavour 
threshold [4]. Traditionally, T. delbrueckii has been used in 
the production of German-style wheat beers (Hefeweizen) 
for its banana, bubble-gum, and clove-like flavours [12]; it 
has also been considered for brewing because of its ability 
to enhance flavour and to reduce ethanol content.

During wine fermentation, T. delbrueckii yeast strains 
produce noticeably higher concentrations of higher alcohols, 
esters, terpenes and phenolic aldehydes as well as other mol-
ecules including 2-phenyl ethanol, linalool, methylvanillin 

[13]. In Experiment B, this yeast species produced the high-
est concentration of ethyl acetate (34.3 mg  l−1) above thresh-
old (30 mg  l−1) [34]. Regarding the content of ethyl lactate, 
no evidence of this ester was found in beers of trial A. Nev-
ertheless, first principal component (PC1) was characterized 
by high positive values for ethyl lactate (35%) variation in 
the data, this underlines the importance of ethyl lactate in 
the separation into two groups by PC1.

With the exception of beer brewed with S. cerevisiae 
in Experiment A, diacetyl concentrations were strikingly 
high for all beers. L. thermotolerans in Experiment B and 
S. ludwigii in Experiment A produced higher concentra-
tions of diacetyl (1.9 mg  l−1). Diacetyl gives wine a but-
tery and nutty aroma, but in some lighter-flavoured lager 
are considered undesirable above threshold levels. Concen-
trations of diacetyl higher than those found in our study in 
non-Saccharomyces yeasts were previously reported by S 
ludwigii by Escott et al. (2016) [35], and T. delbrueckii by 
Loira et al. [19], both in wine production. A concentration 
of 0.8 ppm of diacetyl in beer was reported for Zygosac-
charomyces rouxii by De Francesco et al. 2015 [36]. Dia-
cetyl is a vicinal diketone produced as a by-product of yeast 
valine metabolism during fermentation. In beer condition-
ing, yeasts reduce diacetyl to the much less flavour-active 
acetoin and 2,3-butanediol. The high levels of diacetyl found 
in this study in general can be related to the low capacity to 
reduce the high amounts of this compound, during bottle or 
cask conditioning, which has been described by Basso et al. 
[11] for T. delbrueckii. The sensory evaluation did not result 
in a negative perception regarding this compound.

Even though some authors have validated that beer 
fermented by S. ludwigii tends to be sweet due to its high 
residual maltose and maltotriose content, no differences 
were perceived sensory wise among the tested beers in any 
of the Experiments (A and B) tentatively due to the relative 
sweetness of these sugars that is significantly lower than 
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Fig. 3  Spider net graph for sensory analysis results. Values are the 
means for nine independent tasters. Different letters in the same series 
indicate significant differences between means (p < 0.05) Left: Exper-
iment (A) Right: Experiment (B) Experiment A: the same yeast strain 

was inoculated in both primary fermentation and bottle conditioning. 
Experiment B: S. cerevisiae Florapan A18 in primary fermentation. 
The bottle conditioning with the five yeast strains
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that of sucrose and glucose. As pure culture [24], S. ludwigii 
obtained isobutanol concentrations of up to 9.9 ± 0.4 mg  l−1 
in Experiment A, similar to those analysed by Francesco 
et al. [36] after testing 11 non-conventional yeast strains for 
low-alcohol beer production. This confirms that S. ludwigii 
is more suitable for brewing low-alcohol content beer.

Ethanol production had no significant difference for 
strains L. thermotolerans and S. cerevisiae. In Experiment 
A, principal fermentation and bottle conditioning with the 
same strain, pH value for beer produced with the species L. 
thermotolerans was higher than that produced with S. cerevi-
siae despite the fact that Domizio et al. [16] suggested that 
pure culture beer fermentation by L. thermotolerans may be 
a good choice for producing sour beers since they lowered 
the pH more than in beers fermented with Saccharomyces 
spp.

Concerning sensory analysis, the beers produced in 
Experiment B obtained the highest scores for most of the 
parameters evaluated; this could be related to an attenuation 
phenomenon and higher alcohol content produced in these 
beers from musts with greater original gravity.

The highest score for consistency and persistence of foam 
was obtained by S. pombe (Fig. 2), a yeast with a greater 
fermentative power (higher  CO2 production) and a cell wall 
structure that following autolysis releases mannoproteins 
and polysaccharides [20, 37], compounds related to in the 
consistency and persistence of the foam [38]. There are more 
differences perceived in aroma attributes among strains in 
Experiment A.

Conclusions

Although the original wort was different for both experi-
mental designs, beers produced with S. pombe were nota-
bly differentiated from the other evaluated strains in each 
experiment. In general, esters and higher alcohols achieved 
higher global values when the original gravity of the wort 
was also higher and, the fermentative strains were used for 
bottle conditioning. Nevertheless, the differences in con-
centration of the volatiles produced were more pronounced 
when the yeast strain under study was used for both, the 
fermentation and the bottle conditioning (first experiment 
setup) than when it was used just for the bottle conditioning 
(second experiment setup). The high levels of diacetyl gener-
ally found in the beers in this study could be related to the 
low capacity to reduce the high amounts of this compound 
during bottle or cask conditioning The species T. delbrueckii 
and S. ludwigii, followed by L. thermotolerans, are prone 
to producing low ethanol content beers with characteristic 
aroma profiles, while S. pombe may increase ethanol and 
acetaldehyde content and, at the same time, enhance foam 
consistency and persistence. In this way, and in line with the 

results assessed during this experimental body of research, it 
is possible to tackle different industrial approaches for beer 
production where non-Saccharomyces yeasts may play an 
important role.
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