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Abstract

The aim of the paper was to determine the potential of using grape pulp, marc and must in the beer production process. Sam-
ples were fermented using non-Saccharomyces yeasts (Dekkera bruxellensis 3429, Metschnikowia pulcherrima MG970690),
while Saccharomyces cerevisiae Safale US-05 was used as a control. Grape marc was obtained by pressing grape must. The
grape marc, must and pulp were pasteurized and, together with wort, volumetrically introduced into fermentation flasks for
fermentation. Mass changes taking place during the process were analyzed. Real extract, alcohol content, free amino nitrogen
(FAN) content, titratable acidity, pH, color, organic acid profile and content of sugars were determined in obtained beers.
The addition of grape marc, must and pulp increased the value of most of the tested parameters. It did not adversely affect
the fermentation process. This offers the possibility of using grape marc, must and pulp in the brewing industry, even with

the use of non-Saccharomyces yeast monocultures.
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Introduction

The modern beer market offers a variety of different types of
beers and is subject to constant dynamic changes. Consum-
ers are resigning from high-percentage alcohols in favor of
consuming beer with a characteristic taste and aroma. Not
only classic beers are popular, but also those containing unu-
sual ingredients. Use of distinctive additions or unconven-
tional yeasts in the beer production process improves taste
and quality and enriches the nutritional value of the product.
The increasing demand for non-classic beers causes constant
competition among manufacturers to produce innovative
products. One idea, which has arisen out of it is coopera-
tion of beer and wine enthusiasts, is the production of beers
with the addition of wine or grape must. The production is
aimed at combining the advantages of both drinks. Such
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beer-wine hybrids can be an attractive option among new
generation beers.

In recent years, the role of yeast strains in beer produc-
tion has been increasingly acknowledged. They are respon-
sible for metabolism of carbohydrates and production of
ethyl alcohol, carbon dioxide, as well as higher alcohols,
aldehydes, esters, carboxylic compounds and organic acids
in the fermentation process. The aforementioned reaction
products determine the quality and aroma-taste profile of
obtained beers.

The wine industry in Poland is constantly developing.
Favorable climate changes and increasing consumption of
wine are constantly increasing its production. This con-
tributes to the generation of a large amount of waste in the
form of grape marc [1]. It is used to produce bioethanol,
alcohol for cosmetic and pharmaceutical applications or as
an animal feed additive. Grape marc includes grape peel,
pulp damaged cells and seeds. Its addition can enrich beer
with tannins, dietary fiber, polysaccharides, dyes and aroma
and taste compounds [2]. Production of beers with such an
addition offers a new possibility to use the waste. It can also
contribute to the prevention of economic losses to the wine
industry.

The aim of the paper was to determine potential of using
grape pulp, marc and must in the beer production process.

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00217-022-04195-5&domain=pdf
http://orcid.org/0000-0002-5327-9637

1060

European Food Research and Technology (2023) 249:1059-1072

Samples were fermented using non-Saccharomyces yeasts
(Dekkera bruxellensis 3429, Metschnikowia pulcherrima
MG970690), while Saccharomyces cerevisiae Safale US-05
was used as a control. Unconventional strains were selected
based on their natural occurrence in certain alcoholic fer-
mentations and their prior use in winemaking. Grape marc
was obtained by pressing grape must. Subsequently, the
grape marc, must and pulp were pasteurized and, together
with wort, volumetrically introduced into fermentation
flasks for fermentation. Mass changes taking place during
the process were analyzed. Real extract, alcohol content, free
amino nitrogen (FAN) content, titratable acidity, pH, color,
organic acid profile and content of sugars were determined
in obtained beers.

Materials and methods
Materials

The yeast strains Saccharomyces cerevisiae Safale US-05,
Dekkera bruxellensis 3429 and Metschnikowia pulcherrima
MG970690 from the own collection of the Department of
Fermentation Technology and Microbiology of the Uni-
versity of Agriculture in Krakéw were used in the study.
To make the Polish Pale Ale style wort the malts Strzegom
Plizneniski (Viking Malt), Abbey Malt (Weyermann) and
Caramel Red (Viking Malt) as well as the hop pellets Iunga
PL 2019 (10% alfa-acids) and Crystal US 2017 (3% alfa-
acids) were used. The red grape variety Leon Millot from
the Goja vineyard in Buréw was used in the study.

Preparation of wort, grape marc, must and pulp

Wort was prepared by heating 35 L of water to the tempera-
ture of 66 °C and subsequently adding 10 kg of the Strzegom
Pilzneriski (Viking Malt) light malt, 0.5 kg of the Abbey
Malt (Weyermann) caramel malt and 0.5 kg of red cara-
mel malt (Viking Malt). Mash was kept at the temperature
of 64 °C for 60 min. The temperature was then raised to
77 °C and the mash continued to be kept at such tempera-
ture for 1 min. An iodine test was performed to determine if
all starch had been saccharified. To complete the mashing
process, the wort was heated to the temperature of 78 °C
and kept at it for 10 min. The mash was then transferred to a
filter tank and left to develop a layer of spent grain. Subse-
quently the mash was filtered with liquor of 68 °C, yielding
80 L of wort. Then, the wort was boiled for an hour. 50 g of
the Tunga PL 2019 (10% alfa-acids) hop pellets and 50 g of
the Crystal US 2017 (3% alfa-acids) hop pellets were added
in the beginning of boiling and 10 min prior to the end of
it, respectively, to obtain an appropriate degree of hopping
(approximately 30 IBU). After boiling, the wort was left
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to cool down (extract 11.4°P). Grape marc was obtained
by pressing grape must and it was subsequently pasteurized
(100 °C, 15 min) together with must and pulp.

Inoculation and fermentation

Pure yeast cultures were passaged in triplicate. In the first
stage, the strains were grown on the Sabouraud agar (Bio-
corp, Poland) slants for 24 h. Then, the strains were trans-
ferred to 10 mL of Sabouraud Broth (Biocorp, Poland).
After another 24 h dynamic propagation of the strains was
conducted in 200 mL of Sabouraud Broth (Biocorp, Poland)
on a water bath shaker (120 rpm, 20 °C) for 48 h. After the
growth process, the dry yeast mass was determined on a
moisture analyzer and an appropriate amount of yeast slurry
was centrifuged (10 min, 4989 X g/min). Sediment obtained
from centrifugation of the yeast slurry was washed with ster-
ile water, centrifuged again under the same conditions and
introduced to wort and wort with an addition of grape marc,
must and pulp.

The basic raw material for fermentation was wort (extract
11.4°P, 30 IBU) and wort with the addition of grape marc,
must and pulp. The samples of 0.3 L were fermented in 0.5
L glass flasks. The wort and appropriate volumes of grape
marc, must and pulp were introduced into them (according
to the variants below). The yeast slurry was introduced in an
amount of 0.5 g d.w./L. The S. cerevisiae Safale US-05 yeast
was used as a control. After carefully closing the flasks and
attaching fermentation tubes filled with glycerin, the system
was additionally sealed with parafilm. The fermentation pro-
cess was conducted for 14 days at the temperature of 20 °C.

The fermentation was conducted using the yeast strains
Saccharomyces cerevisiae Safale US-05, Dekkera bruxel-
lensis 3429 and Metschnikowia pulcherrima MG970690
in the following variants (each sample in triplicate): wort;
wort+20% addition of grape marc/must/pulp; wort +40%
addition of grape marc/must/pulp.

Methods
Determination of fermentation dynamics

The fermentation rate was determined on the basis of a mass
loss of samples weighted every 24 h with 0.01 g accuracy.
Results from three independent repetitions were presented as
a percentage loss of the fermentation media mass.

Determination of real extract and alcohol content

Alcohol concentration in final beer was determined using
the pycnometric method. For this purpose, the sample after
fermentation was distilled. The obtained distillate was filled
up to 100 g with distilled water, its density was determined
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and the concentration of ethanol was read from the adequate
tables (Analytica EBC Methods 9.2.1, Analytica EBC Meth-
ods 9.4), (Analytica EBC, European Brewery Convention,
1998).

Determination of titratable acidity

The potentiometric method was applied to determine titrat-
able acidity, titrating a sample with 0.1 M NaOH solution
to obtain pH=S8.

Determination of FAN content

Free amino nitrogen (FAN) was measured using ninhydrin-
based methods with the use of the absorbance measurement
at 570 nm (Beckman DU-650 UV-Vis) according to the
method: 8.10 Free Amino Nitrogen in wort by Spectropho-
tometry (IM) (Analytica EBC, European Brewery Conven-
tion, 1998).

Determination of color

The color of the filtered samples was determined spectro-
photometrically (Beckman DU-650 UV-Vis) at a wave-
length of 430 nm (according to Analytica EBC Methods 8.5
and Analytica EBC Methods 9.6).

Determination of organic acids

Organic acids analysis was carried out on a Perkin—Elmer
(USA) FLEXAR chromatograph equipped with a pump sys-
tem, and a UV/Vis (monitored at 210 nm). Malic, tartaric,
succinic, lactic, citric and acetic acids (Sigma-Aldrich) were
determined using Rezex ROA-Organic Acid Aminex HPX-
87H (300 mm, 18 cm X 7.8 mm). Samples were eluted iso-
cratically at 40 °C with a mobile phase (0.005 mol/L H,SO,)
at a flow rate of 0.4 mL/min.

Determination of content of sugars (HPLC)

Analyses were performed using a Shimadzu (Japan) NEX-
ERA XR with an RF-20A refractometric detector. The sepa-
ration was performed on a Asahipak NH2P-50 250 X 4.6 mm
Shodex column (Showa Denko Europe, Germany), thermo-
stated at 30 °C. The mobile phase was an aqueous solu-
tion of acetonitrile (70%), while the isocratic elution profile
(0.8 mL/min) lasted for 20 min. For quantitative determina-
tion, standard curves were prepared for the respective sugars:
fructose, glucose, sucrose, maltose and glycerol.

Statistical analysis

The results have been presented as the arithmetic mean of
three repetitions, standard deviation included. Moreover, a
repeated measures ANOVA and a Tukey's (HSD) multiple
range test at the significance level of @ =0.05 have been
performed.

Results and discussion

Characteristics of wort and wort with the addition
of grape marc, must and pulp

The tested wort had a pH of 5.89 (Table 1). The obtained
result differs from literature data, according to which the
value of this parameter should be at the level of 5.4-5.6
[3]. Introduction of grape marc and grape must into the
wort caused a decrease in pH. However, the low results for
the variants with additions did not inhibit the adaptation of
yeasts to the environment, which is shown in the graphs of
fermentation kinetics (Fig. 1).

The values of titratable acidity for the samples increased
along with the addition of grape marc, must and pulp. The
tested wort contained 107 mg/L of free amino nitrogen
(Table 1), which is within the range of the recommended
amount of FAN, i.e., 100-140 mg/L, for the proper growth
and development of yeast [4]. The values of free amino

Table 1 Characteristics of the wort and wort with the addition of grape must, grape marc and grape pulp

Sample Titratable acidity [mL 1 pH FAN [mg/L] Color [EBC]
M NaOH/100 mL beer]

Wort 1.12 £(0.10) 5.89 e +(0.09) 107 +(10.3) 14.0b +(0.63)
Wort with a 20% addition of grape must 4.08 +(0.07) 3.89b +(0.10) 76.0 +(0.25) 12.0a +(0.04)
Wort with a 40% addition of grape must 7.08 +(0.05) 3.54a +(0.15) 83.9 +(0.37) 12.5a +(0.10)
Wort with a 20% addition of grape marc 4.80 +(0.22) 3.99b +(0.05) 109 +(10.4) 29.3d +(1.92)
Wort with a 40% addition of grape marc 6.88 +(0.34) 3.62a +(0.07) 125 +(12.1) 54.8 f +(3.07)
Wort with a 20% addition of grape pulp 5.04 +(0.02) 490d +(0.10) 116 +(0.05) 21.0 ¢ +(0.10)
Wort with a 40% addition of grape pulp 6.16 +(0.01) 4.40c +(0.10) 145 +(0.05) 39.8 e +(0.10)

a,b,c,d,e,f: The mean values marked with different letters in the columns show differentiation according to Tukey’s test (p < 0.05)
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grape pulp
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nitrogen and color increased after addition of grape marc
and grape pulp to wort (except for the samples with the addi-
tion of grape must) (Table 1). The darkening of the color
of the samples with 20% and 40% addition of grape marc
and pulp was caused by the introduction of dyes naturally
occurring in grapes.

Fermentation dynamics

The yeast’s ability to utilize sugars largely determines the
fermentation rate as well as the final quality of the beer pro-
duced. The efficiency of the process depends, inter alia, on
the content of the substrates in wort needed for the proper
growth of yeast. These include elements, such as free amino
nitrogen, phosphorus, potassium and magnesium in an
absorbable form. The pH and temperature of the process
are also important [5].

The data presented in Fig. 1a show the differences in the
fermentation process of different yeast strains. The yeast
strains S. cerevisiae Safale US-05 and D. bruxellensis 3429
were characterized by the shortest and similar adaptation
time to the environmental conditions in the wort. In both
cases there was a sharp decrease in the mass of the samples.
Both strains probably utilized most of the sugars within 6
days after inoculation. However, in the case of the yeast
strain D. bruxellensis 3429, there was another decrease in
the mass on the ninth day of the fermentation process. In
comparison with the first two yeast strains, M. pulcherrima
MG970690 needed more time to adapt to the new environ-
ment and had a much slower fermentation rate. The fer-
mentation process of the yeast strain was the most linear.
This suggests that there was a gradual decrease in the mass
caused by slower metabolism of sugars.

The data in Fig. 1b show that the fermentation process
of the samples with the addition of grape marc and control
samples (Fig. 1a) was similar. In the case of beers obtained
with the use of D. bruxellensis 3429 and S. cerevisiae Safale
US-05 there was a significant mass loss already on the sec-
ond day after inoculation, which indicated the beginning of
fermentation. Then, from the fourth day, the sample mass
loss was slight for both strains. In the case of M. pulcherrima
MG970690, however, the time of adaptation to the environ-
ment was longer, and the fermentation process started on
the fourth day after inoculation. A period of turbulent fer-
mentation and more pronounced decrease in the mass of the
samples were observed for the M. pulcherrima MG970690
strain, which is different compared to the beers without
the addition of grape marc (Fig. 1a). All strains showed a
similar mass loss from the seventh day onward. Despite the
increased addition of grape marc (40%), a similar fermenta-
tion rate was observed. The total mass loss was just slightly
greater than in the variant with the addition of 20% of grape
marc (Fig. 1b). According to studies by Blomqvist et al.

[6], the strain D. bruxellensis, compared to S. cerevisiae, is
characterized by a slower rate of growth and consumption
of sugars, as well as greater or equal mass loss. The data
presented in Fig. 1a, b confirm the information contained in
the literature. The difference in fermentation rate between D.
bruxellensis 3429 and S. cerevisiae Safale US-05 was slight.
The aforementioned authors also noted in their research that
in the case of using glucose as the carbon source the growth
of yeast and alcohol production were faster than when using
maltose. Both S. cerevisiae and D. bruxellensis have variable
maltose fermentation abilities. The addition of grape marc
introduced naturally occurring simple sugars to the samples.
The increased amount of these compounds could contributed
to the earlier occurrence of the fermentation process, which
is shown in Fig. 1b. On the other hand, in all samples pro-
duced with the use of M. pulcherrima MG970690 a longer
adaptation time and thus a delayed occurrence of mass
loss was observed compared to the other two strains. The
obtained results are consistent with literature data saying
that M. pulcherrima is characterized by weak fermentation
activity [7]. Yeasts not belonging to the genus Saccharo-
myces show a similar ability of fermentation and utilization
of ingredients contained in wort as S. cerevisiae. However,
these processes may take more time, especially for the strain
M. pulcherrima. The addition of grape marc does not inter-
fere with the fermentation process, and even contributes to
the creation of conditions to which yeasts adapt faster.

In the samples with the addition of grape must (20%),
the yeasts that adapted the fastest to the environment were
D. bruxellensis 3429 which started fermenting already on
the day of inoculation, causing a sharp decrease in the mass
of the samples that continued until the fourth day (Fig. 1c).
Then, the mass loss of the samples was minimal, up to 0.5%.
For S. cerevisiae Safale US-05 a significant decrease in the
mass occurred from the first to the fifth day, after which
silent fermentation began. The species that adapted the least
was M. pulcherrima MG970690. It started turbulent fermen-
tation between the first and the second day after inoculation
and used up available sugars relatively quickly (Fig. 1c).
Fermentations of the samples with a 40% addition of grape
must obtained a higher degree of attenuation than the sam-
ples with a 20% addition of must (Fig. 1c¢), which may be
related to the greater availability of fermentable sugars
derived from grape must. The increased percentage content
of grape must thus caused a slight extension of the duration
of turbulent fermentation for M. pulcherrima MG970690.
The strain adapted to the environment the least. Only after
the second day it started fermenting. The fermentation pro-
cess in this case was rather mild than turbulent and also the
longest among the tested yeasts. The yeast M. pulcherrima
MG970690 can be used in the fermentation of non-alco-
holic/low alcohol or fruit beers, e.g., based on must. In the
studies of Meneghin et al. [8] it was found that S. cerevisiae
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fermented faster than D. bruxellensis, which was confirmed
by the obtained results (Fig. 1a).

Figure 1d shows the fermentation process of the samples
with 20% and 40% grape pulp addition. As in other variants
(Fig. la—c), it was observed that the species that showed the
fastest adaptation to the environment was D. bruxellensis
3429 (Fig. 1d). These yeasts started a turbulent fermentation
already on the first day and it continued until the fifth day.
Then, the process slowed down and the sample mass fluc-
tuations were slight. The slowest fermentation process was
recorded for M. pulcherrima MG970690 (Fig. 1d).

Despite the different adaptation times to the environment,
all the tested yeasts fermented satisfactorily. This shows that
both S. cerevisiae Safale US-05 as well as non-Saccharo-
myces strains are suitable for the fermentation of beer to the
lesser or greater extent.

Alcohol and real extract content
Alcohol content

The most important stage in the production of alcoholic bev-
erages is fermentation. During this process complex bio-
chemical reactions take place that produce alcohol, CO,,
as well as other metabolic by-products. The most important
compound among alcohols is ethanol. It affects the texture
of beer, improves its viscosity and also makes the foam more
stable. In addition, ethanol is important in creating the taste
of the beverage and is a precursor to some esters [9]. The
effectiveness of yeast strains in performing alcoholic fer-
mentation depends on their ability to use the sugars present
in wort [5].

Depending on the alcohol content, beers are classified as
non-alcoholic (up to 0.5% vol.), low alcohol (0.5-1.5% vol.),
light (up to 3.5% vol.), regular (3.5-5% vol.) and strong
(over 5% vol.) [10]. The attenuated wort exhibited an alco-
hol content of 4.11-4.55% vol. (Table 2), thus correspond-
ing to the parameters of regular beer. The values obtained
and showed in Table 2 indicate a relatively high alcohol
content in the analyzed beers. The addition of grape marc,
pulp and must contributed to the increase of this parameter.
It was probably caused by the introduction of more sugars
that the yeast could utilize during the fermentation process.
The increase in alcohol content depended on the amount
of added raw materials and ranged from 1% to 2.5% (v/v)
(Table 2). The amount of alcohol produced in beers by S.
cerevisiae Safale US-05, D. bruxellensis 3429 and M. pul-
cherrima MG970690 strains was comparable (Table 2). The
obtained results are consistent with literature data. During
fermentation processes, the strain D. bruxellensis were capa-
ble of producing the same or even slightly higher alcohol
concentrations as S. cerevisiae [6]. It was also found that
during fermentation using monocultures M. pulcherrima
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there was usually up to 4.5% (v/v) of ethanol produced [11],
which was confirmed by our tests (control sample, Table 2).

Real extract content

Real extract consists of all substances soluble in water.
These mainly include carbohydrates, nitrogen compounds,
minerals, and glycerol. After fermentation, the extract con-
tent in beer lowers, because some of the sugars are processed
by the yeast [3].

The data in Table 2 show that the yeasts S. cerevisiae
Safale US-05 produced lower amount of extract in beers,
compared to the non-Saccharomyces strains. The only
exception were the samples with 40% addition of grape
marc. In their case beers obtained with the yeasts D. bruxel-
lensis 3429 exhibited lower extract content (Table 2). Due
to the presence of 3-D-glucosidase, D. bruxellensis has the
ability to metabolize complex sugars [12]. However, the
results obtained for D. bruxellensis 3429 do not give extract
values low enough for proving high enzymatic activity and
increased utilization of carbohydrates. The results obtained
indicate that the non-Saccharomyces yeasts exhibit similar
utilization abilities for sugars contained in wort and deliv-
ered with grape marc. The values of this parameter did not
exceed 60 g/L (Table 2) for any of the obtained samples.
The addition of grape marc, pulp and must contributed to
an increase in the alcohol content and a decrease in the real
extract content in the tested samples. The obtained values
confirm the changes in the mass of the samples presented
in Fig. 1. Contrary to popular belief, unconventional yeasts
have a similar, and in some cases even higher, ethanol pro-
duction capacity.

Titratable acidity and pH
Titratable acidity

There are numerous types of acids in beer that are con-
sidered the main flavor chemicals. They are classified as
organic and inorganic acids. To a greater or lesser extent
they come from raw materials used, compounds produced
in the fermentation process and substances released after
yeast autolysis. Organic acids are also abundant in grapes
and include mainly tartaric, malic and citric acids. Such
acids also include lactic, succinic and acetic acids, which
are formed during the alcoholic fermentation of grape must.
The content of organic acids determines the acidity of the
finished product [9].

Table 2 clearly shows that the introduction of grape marc,
pulp and must into beers resulted in an increase in titrat-
able acidity. This may suggest that such an addition contrib-
utes naturally occurring organic acids as well as provides
yeasts with more substrates. As a result, production of acid
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Table 2 Alcohol and real extract contents, titratable acidity, pH, FAN and color in analysed beers (mean of 3 series + standard deviation)
Parameter Yeast Beer Beer with a20%  Beer with a40%  Beer with a20%  Beer with a40% Beer with a20% Beer with a 40%
addition of grape  addition of grape addition of grape addition of grape addition of grape addition of grape
must must marc marc pulp pulp
Real extract con-  Dekkera bruxel- — 4.50 abed +(0.04) 4.28 ab +(0.07)  4.72 cdef +(0.03) 4.49 abcd +(0.04) 4.72 cdef +(0.07) 4.19a +(0.09)  4.30 ab +(0.05)
tent [°P] lensis 3429

Alcohol content
[v/v]

Titratable acid-
ity [mL 1 M
NaOH/100 mL
beer]

pH

FAN [mg/L]

Color [EBC]

Metschnikowia
pulcherrima
MG970690

Saccharomyces
cerevisiae Safale
US-05

Dekkera bruxel-
lensis 3429

5.03 f +(0.08)

4.40 abe +(0.06)

4.46 ab +(0.19)

Metschnikowia 4.11 a £(0.05)

pulcherrima

MG970690

Saccharomyces 4.55 ab +(0.05)
cerevisiae Safale
US-05

Dekkera bruxel-  3.12 a +(0.14)

lensis 3429

Metschnikowia
pulcherrima
MG970690

Saccharomyces
cerevisiae Safale
US-05

Dekkera bruxel-
lensis 3429

4.28b +(0.20)

2.83a +(0.12)

4.57 ef +(0.07)

Metschnikowia
pulcherrima
MG970690

Saccharomyces
cerevisiae Safale
US-05

Dekkera bruxel-
lensis 3429

472 +£(0.03)

454 ef +(0.11)

103 ef +(5.29)

Metschnikowia
pulcherrima
MG970690

Saccharomyces
cerevisiae Safale
US-05

Dekkera bruxel-
lensis 3429

Metschnikowia
pulcherrima
MG970690

Saccharomyces
cerevisiae Safale
US-05

121 fg +(2.10)

136 fgh +(1.67)

2.17a +(0.12)

1.96 a +(0.12)

2.39a +(0.08)

4.64 bedef +(0.00)4.57 abede +(0.01)4.57 abede +(0.07) 4.72 cdef +(0.06) 4.39 abe +(0.06) 4.55 abede +(0.05)

4.23a +(0.05)

5.19 abc +(0.17)

5.29 abe +(0.02)

5.57 be £(0.19)

5.80 ef +(0.05)

5.89 efg +(0.16)

5.64 de +(0.04)

3.97 bed +(0.06)

4.07 bed +(0.06)

3.95 bed +(0.05)

384 ab +(4.44)

55.4bc £(1.58)

64.1 cd +(0.58)

3.27a +(0.13)

2.37a £(0.03)

3.132a +(0.12)

4.37 abe +(0.10)

5.90 cd +(0.16)

6.14 cd +(0.08)

6.27 cd +(0.09)

8.01 ij +(0.07)

8.25 jk +(0.20)

8.59k +(0.07)

378 ab +(0.13)

3.87 bed +(0.02)

3.76 ab +(0.06)

304 a +(0.46)

39.3ab +(1.50)

46.6 abc +(1.27)

3.68a +(0.01)

3.33a +(0.04)

3.37a +(0.04)

4.43 abc +(0.06)

5.47 be +(0.09)

5.29 abc +(0.16)

5.53 be +(0.23)

4.25b +(0.08)

432b +(0.02)

476 be +(0.17)

4.20 cde +(0.03)

4.28 de +(0.06)

4.20 cde +(0.06)

929 ¢ +(4.25)

124 fg +(6.47)

138 fgh +(8.20)

212e +(0.71)

19.4d +(0.05)

228 ¢ +(0.18)

4.90 ef +(0.10)

6.23 cd +(0.07)

6.36 cd +(0.18)

6.17 cd +(0.09)

639 g +(0.16)

5.96 efg +(0.20)

6.28 fg +(0.14)

4.06 bed +(0.02)

4.10 bed +(0.02)

4.03bed +(0.01)

83.2 de +(3.93)

95.1e +(6.78)

140 fgh +(5.17)

3541 +(0.94)

34.6 f +£(0.25)

36.3f +(0.32)

4.18 a +(0.00)

5.60 be +(0.09)

6.13 cd +(0.05)

6.17 cd +(0.02)

5.59 de +(0.02)

5.63 de +(0.08)

5.23 ch +(0.02)

3.85be +(0.10)

4.22a +(0.08)

6.16 cd +(0.05)

6.90d +(0.23)

5.95 c¢d +(0.06)

744 h +(0.11)

7.67 hi +(0.06)

7.36 h +(0.08)

3.95 bed +(0.10)

3.80 abe +(0.05) 3.42a +(0.05)

5.80 g +(0.10)

89.0 e +(4.37)

158 hi +(6.24)

153 ghi +(8.63)

11.1b +(0.73)

10.8 b +£(0.73)

11.7b +(0.32)

479 f +(0.10)

155 ghi +(6.84)

166i +(3.12)

132 fg +(0.16)

16.1 ¢ +(0.40)

15.6 ¢ +(0.00)

21.2¢ +(0.08)

a,b,c,d,e.f,g,h,i,jk: The mean values marked with different letters (for a given parameter) show differentiation according to Tukey’s test

(p<0.05)

compounds both from substances in wort and from grapes
increases. In the variants without any addition and those
containing grape pulp and 20% of grape must, the lowest
acidity value was observed for S. cerevisiae Safale US-05
compared to the other two yeast strains. The highest acidity
value was observed in the samples produced by the strain
M. pulcherrima MG970690 (Table 2). It may indicate dif-
ferent abilities of these yeasts to produce acidic metabolites.

Literature describes some studies on musts fermented using
the strain M. pulcherrima in which there was a slight reduc-
tion in acidity compared to S. cerevisiae used as a control.
The acidity of wines is determined by the ratio of tartaric
acid to malic acid. M. pulcherrima exhibits an ability to
degrade the latter, which influences the acidity value. As to
acetic acid, both species produce similar amounts [11]. In
limited oxygen supply D. bruxellensis produces little or no
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acetic acid. It also exhibits the ability to convert tartaric acid
into lactic acid, which may also reduce acidity [6]. However,
in our study, no considerable differences in titratable acidity
were found for beers attenuated with D. bruxellensis 3429
compared to other strains (Table 2). The results obtained
show that non-Saccharomyces yeasts exhibit similar capac-
ity to produce acid compounds as the strain S. cerevisiae
Safale US-05.

pH

In the brewing industry pH of wort greater than 5.2 is desir-
able as it causes a strong extraction of hop tannins. It also
contributes a sustained and intense bitterness. A slightly
acidic pH favors creating appropriate conditions for yeast.
It also affects the final color and taste of the product [3,
13]. Grapes are rich in organic acids and their pH is much
lower than that of traditional beers (4.3—4.6). In beer wort,
the pH drops during the fermentation process and then
remains constant [2]. The results obtained for beers without
the addition of grapes confirm the above statement. In these
samples a decrease in pH was observed as compared to the
non-fermented samples. On the other hand, in the variants
with the addition of grape marc, pulp and must the value of
this parameter increased (Tables 1, 2). The obtained results
are similar to the values obtained for fruit beers analyzed
by Nardini and Garaguso [14] in which pH was within the
range of 3.56—4.87. The value of this parameter for ale type
beer with the addition of 200 g of grapes per 1 L of wort was
4.02. The obtained results may be influenced by different
yeast abilities to utilize nitrogen compounds or to produce
acidic metabolites. It should be noted that a low pH can
prevent the growth of undesirable microorganisms, which
is an additional advantage.

Free amino nitrogen (FAN)

Free amino nitrogen (FAN) is a term defined as the sum
of amino acids, ammonium ions and low molecular weight
peptides that can constitute a source of nitrogen for yeast in
the fermentation process. The FAN level in wort depends on
the quality of the malt used and the correctness of the malt-
ing and mashing process. FAN content in finished beer is
also influenced by the use of this element by yeast. Nitrogen
from wort is absorbed by yeasts for their growth through the
synthesis of proteins and other cellular compounds. FAN
is also used by yeast cells to produce a range of metabolic
products, especially higher alcohols which affect the flavor
and stability of beer. Too high level of free amino nitrogen
can make beer cloudy. Conversely, too low level of it can
delay the fermentation process and causes the formation of
undesirable compounds. High nitrogen content in wines is

@ Springer

caused by the production of amino acids, as a result of pro-
teolysis of grape must [4].

The data presented in Table 2 show different levels of free
amino nitrogen in the tested samples. In beers without and
with 20% content of grape marc and pulp fermented using
the yeast strains S. cerevisiae Safale US-05 and M. pulcher-
rima MG 970,690, there was an increase in the content of
free amino nitrogen compared to the wort (Tables 1, 2). The
greatest increase was observed in the samples produced by
the yeast S. cerevisiae Safale US-05. Perhaps it was related
to the process of autolysis of yeast cells which takes place
at the end of fermentation or the lack of adequate amount of
nitrogen. In such circumstances compounds in the form of
amino acids are released. Yeasts utilize different sources of
nitrogen during the fermentation process and not all amino
acids are metabolized [15]. Concerning the yeast D. bruxel-
lensis 3429, no such phenomenon was observed (except for
beer with 40% addition of grape pulp) (Table 2). Accord-
ing to Colomer et al. [16], the yeast D. bruxellensis use a
variety of compounds as their nitrogen source. Moreover,
these yeasts are able to assimilate nitrates which are largely
transferred to wort from hops. This is confirmed by the fact
that the strain D. bruxellensis 3429 showed the highest con-
sumption of FAN in all variants compared to the samples
before fermentation. Beers with a higher content of grape
must, pulp and marc (40%) exhibited a relatively higher, pro-
portionally to the initial content, FAN assimilation by yeast
(Table 2). It was probably also influenced by the pH values
(Table 2) which had an impact on the quantitative consump-
tion of nitrogen material by yeasts used for fermentation [4].

Color

The color of beer depends primarily on the selection and
proportion of grains used in the production of wort. The
greater the addition of darker malts, the darker the color
of the drink becomes. The color of beer is also determined
by the reactions that occur during the malting process. Dye
compounds are formed as a result of the Maillard browning
reaction and, in some cases, caramelization and pyrolysis.
These processes depend on the temperature, amino acids and
sugar content in the grains used. Yeasts affect the color of
beer indirectly. They show the ability to adsorb color com-
pounds on the cell surface. To a small extent, the color of
beer comes from the oxidation of polyphenols contained in
malt and hops [17]. The color of grapes is influenced by the
phenolic composition, especially the level of anthocyanins,
their derivatives and tannins. The content of the aforemen-
tioned compounds is particularly high in grape peels [18].
The addition of grape marc, pulp and must contributed
to a significant increase of color in the analyzed samples
(Table 2). The main source of dye compounds in grapes is
their peel. It constituted a significant part of marc added to
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the samples. Therefore, darker color were obtained for these
variants, depending on the size of the addition. The values
obtained for beers after fermentation were lower than for
non-fermented samples (Table 2). It is likely that during the
fermentation process some of dye compounds decomposed
[19]. The color of the beer fell during fermentation. It is
caused by decoloration of some substances caused by the
decrease in pH, and precipitation of highly colored com-
pounds or absorption in the yeast cells [20].The greatest
decrease of color was observed for the samples obtained
with the use of the yeasts M. pulcherrima MG970690. A
smaller decrease was observed in beers fermented by the
strain D. bruxellensis 3429, and the smallest one for S.
cerevisiae Safale US-05 (Tables 1, 2). Both the yeasts M.
pulcherrima and D. bruxellensis are characterized by good
enzymatic activity. These abilities may have contributed to
the decomposition of compounds that gave color to unfer-
mented samples. This resulted in a higher decrease of color
for these yeasts than for the control yeasts, i.e., S. cerevisiae
Safale US-05. Used non-Saccharomyces yeasts showed no
adverse effect on color. On the other hand, the introduction
of grape marc had a positive effect on this parameter, con-
tributing to the unusual carmine color of the tested beers.

Organic acids
Organic acids in wort, grape pulp, marc and must

Beer acidity is related to the presence of organic acids,
hydrogen ions and CO, (present in non-degassed beer). Its
value ranges from 1.2 to 3.4 mL of NaOH/100 mL of beer
[10]. It gives lightness and freshness to beers and wines.
The main organic acids found in grapes are tartaric acid and
malic acid. Although these compounds have a similar chemi-
cal structure, they are synthesized in fruits from glucose
using different metabolic pathways. What especially affects
the ratio of the two acids are differences in the acidity of

various grapevines. Tartaric acid is usually present in grapes
in concentrations of 5-10 g/L., while the content of L-malic
acid in ripe fruit usually ranges between 2 and 6.5 g/L. Its
particularly large content (25 g/L) can occur in grapes har-
vested in cold climates, as low temperatures slow down the
acid respiration process [21]. The organic acid content of
grapes depends on the climate, region, season and grape
variety [22].

Table 3 shows the profile of organic acids in non-attenu-
ated samples. It was observed that the highest content values
of tartaric and malic acid occurred in grape marc. L-malic
acid accumulates mainly in the peel of the fruit, much less
in grape pulp and must. This tendency may be subject to
change during grape ripening and technological treatment
[23, 24]. The lowest malic acid content among the tested
samples was definitely found in wort (Table 3). Greater addi-
tion of grape must, pulp and marc to the wort resulted in
higher content of malic acid in the samples. Although citric
acid is present in grapes only in trace amount (0.5-1 g/L),
it plays an important role in biochemical and metabolic
processes (Krebs cycle). It delays the development of yeast
cells without inhibiting their growth completely. L-tartrates
are resistant to degradation by microorganisms during the
fermentation process, while malic and citric acids can be
partially metabolized by yeast and bacteria, which reduces
the acidity of wine [25]. The highest amounts of citric acid
were observed in grape marc, while the lowest in grape
must (Table 3). This proves that the highest content of this
compound occurs in the grape peel. Acetic acid in small
amounts (<500 mg/L) positively affects the complexity of
the taste and aroma of wine. It plays an important role in
the production of acetate esters which give drinks a fruity
character. However, too high an amount of it contributes
to the sour aftertaste and undesirable smell of drinks [26].
A small amount of acetic acid was found in the analyzed
samples (Table 3). The only exception was grape marc. The
grape marc introduced into the wort was fresh; therefore, it

Table 3 Organic acids profile in unfermented samples (mean of 3 series + standard deviation)

Wort with a | Wort witha | Wort witha | Wort witha | Wort witha | Wort with a
Organic acid Wort 20% 40% 20% 40% 20% 40% G |G ol G
[¢/L] or addition of | addition of | addition of | addition of | additionof | additionof | ~roP¢™Must | Lrapepulp | Lrapemarc
grape must | grape must | grape marc | grape marc | grape pulp | grape pulp
0.63 051 046 0.75 0.94 0.66 0.65 027 1.03 2.10
Citric acid +(0.02) £(0.01) £(0.04) +(0.02) £(0.03) +(0.07) £(0.04) £(0.01) +(0.08) £ (0.06)
0.00 2.17 3.77 1.92 344 2.19 4.08 5.39 5.16 6.94
Tartaric acid +(0.00) +(0.07) +(0.05) £ (0.00) +(0.08) +(0.07) +(0.07) £(0.11) + (0.45) £(0.13)
221 3.58 5.09 3.88 6.22 377 6.18 10.35 11.69 13.70
Malic acid +(0.03) +(0.18) +(0.08) £(0.13) £(0.15) £(0.03) +(0.20) +(0.23) +(0.67) £(0.21)
0.24 ab 0.23 ab 0.23 ab 0.20 a 0.56 ¢ 0.29 abc 0.49 be 0.00 a 0.00 a 0.00 a
Suceinic acid +(0.02) +(0.05) £(0.01) +(0.02) £(0.05) +(0.02) £(0.02) +(0.00) +(0.00) £ (0.00)
0.72 ab 1.08b 0.33 ab 0.49 ab 0.70 ab 0.30 ab 0.22 ab 0.00 2 0.19 ab 0.002
Lactic acid +(0.05) £(0.01) £(0.02) +(0.07) £(0.02) + (0.04) £(0.07) £ (0.00) £(0.02) +(0.00)
0.29 ab 0.21 ab 0.17 ab 0.46 ab 0.54b 0.22 ab 0.40 ab 0.00 2 123¢ 1.68¢
Acetic acid +(0.01) +(0.02) £(0.02) +(0.05) £(0.04) £(0.01) £(0.02) £ (0.00) £(0.2) £(0.2)

The highest content is in the darkest red and the lowest content is in the darkest green

a,b,c: The mean values marked with different letters in the rows show differentiation according to Tukey’s test (p <0.05)
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was not possible that it had been acidified. Another compo-
nent produced by yeast during the fermentation process is
succinic acid (1,4-butanedioic acid). In combination with
fumarate, it participates in lipid metabolism and the Krebs
cycle [26]. Succinic acid is produced in the fermentation
process, hence its presence in grape must, pulp and marc
was not found (Table 3).

Organic acids in beers

Most of organic acids found in beer come from the deamina-
tion of amino acids by yeast or they are products of carbohy-
drate metabolism in the glycolysis pathway. The developing
yeast cells use the amino group, NH,, from amino acids. It
is used by them to build their own proteins, and the organic
acids devoid of the amino group created in this way remain
in beer. As a result, in addition to higher alcohols obtained
in a similar cycle of reactions, a wide range of organic acids
is formed. They, together with the higher alcohols, create
the so-called bouquet of flavor and aroma of the drink. They

contribute to lowering the pH during fermentation and affect
the taste, aroma, color, stability, acceptability and quality
of the product [27, 28]. Knowing the level of organic acids
in beverages provides important information to monitor the
fermentation process [29].

Table 4 shows the profile of organic acids in the tested
beers The lowest content of organic acids was definitely
found in beers without any additions, while the highest in
samples with grape marc (40%). The exception was malic
acid, the highest amounts of which were recorded in beers
with pulp (40%). The lowest malic acid content was found
in beers fermented with the yeast D. bruxellensis 3429
(Table 4). This shows that this yeast proved to be the most
effective in breaking down malic acid, the content of which
in the non-attenuated samples is presented in Table 3.
The strain S. cerevisiae Safale US-05 was less effective
in decomposing malic acid (Tables 3, 4). Saccharomyces
yeasts exhibit different degradation abilities of L-malic
acid during alcoholic fermentation (up to 3 g/L). The abil-
ity depends, among others, on the growth temperature of

Table 4 Organic acids profile in analysed beers (mean of 3 series + standard deviation)

Beer witha | Beer witha | Beer witha | Beer witha | Beer witha | Beer with a
Organic acid Yeast strain Beer 20% 40% 20% 40% 20% 40%
[g/L] addition of | addition of | addition of | addition of | addition of | addition of
grape must | grape must | grape marc rape marc | grape pulp | grape pulp
0.69 cdef 0.59 cd 1.09 gh 0.91 efg 0.95 efg
Dekkera bruxellensis 3429 +(0.01) +(0.03) +(0.07) +(0.07) +(0.05)
0.79 def 0.57 bed 1.391 0.90 efg 0.95 efg
Metschnikowia pulcherrima MG970690 +(0.03) +(0.03) +(0.07) + (0.05) + (0.05)
Citric acid 1.24 hi 0.96 fgh 2.40 k 0.48 be 0.68 cde
Saccharomyces cerevisiae Safale US-05 +(0.12 + (0.04 +(0.14 +(0.06 +(0.09
1.03 ab 1.35ab 3.04cd 1.84 be
Dekkera bruxellensis 3429 +(0.13) +(0.12) +(0.06) +(0.20)
1.18 ab 3.45d 1.54b 3.11cd 3.13cd
Metschnikowia pulcherrima MG970690 +(0.04) +(0.32) +(0.11) +(0.21 +(0.26
Tartaric acid 1.51b 3.44d 3.15¢cd 341d 3.51d
Saccharomyces cerevisiae Safale US-05 +(0.05) +(0.23) +(0.08) +(0.08 +(0.32
1.27 ab 2.88 cdefgh | 1.97 bede 1.96 bede 2.67 cdefg
Dekkera bruxellensis 3429 +(0.07) +(0.06) + (0.08) +(0.20) +(0.09)
1.72 bed 3.23 efghi | 2.73 cdefg 3.65 ghi 3.42 fghi
Metschnikowia pulcherrima MG970690 + (0.08) +(0.07) + (0.06) +(0.07 +(0.37
Malic acid 1.55 be 3.02 defgh | 2.15 bedef 3.16 efghi
Saccharomyces cerevisiae Safale US-05 + (0.07) +(0.16) +(0.03) +(0.31)
0.93 abed 1.41 bede 1.52 cdef 0.97 abed
Dekkera bruxellensis 3429 +(0.02 =+ (0.06) + (0.16) +(0.09
1.18 abcde 1.65 ef 1.66 ef 2.19 fg 0.97 abed
Metschnikowia pulcherrima MG970690 +(0.03) + (0.04) +(0.03) +(0.03 +(0.01
Succinic acid 0.88 abc 1.50 cde 1.59 def 0.84 abc
Saccharomyces cerevisiae Safale US-05 +(0.07) +(0.03) +(0.02) +(0.03)
1.08 bede 1.10 bede 0.93 be 1.06 bede
Lactic acid Dekkera bruxellensis 3429 + (0.02 +(0.07 +(0.01) +(0.02)
0.88b 1.55 def 0.98 bed 091b
Metschnikowia pulcherrima MG970690 +(0.07) +(0.15) +(0.03) +(0.05)
» 0.88b 1.14 bed 225g 0.79b 0.75b
Saccharomyces cerevisiae Safale US-05 £(0.03) +(0.08) £(0.18) +(0.07) £(0.01)
0.33 abc 0.31 abc 0.80 cd 0.43 abc 0.34 abc
Dekkera bruxellensis 3429 +(0.07 +(0.03) +(0.04) +(0.01) +(0.04)
0.17 ab 0.36 abc 0.32 abc 0.36 abc 0.46 abed
Metschnikowia pulcherrima MG970690 + (0.01 + (0.03) + (0.04) +(0.03 + (0.04)
Acetic acid 0.28 abc 0.26 ab 0.21 ab 0.24 ab 0.34 abc
Saccharomyces cerevisiae Safale US-05 +(0.03) +(0.01) +(0.02) +(0.03) +(0.03)

The highest content is in the darkest red and the lowest content is in the darkest green. Analysis was performed for all acids separately

a,b,c,d,e.f,g,h,i,j,k,]: The mean values marked with different letters (for all acids separately) show differentiation according to Tukey’s test

(p<0.05)
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these microorganisms [30]. The cultures S. cerevisiae show
the ability to decompose L-malic acid in the presence of
glucose in amounts even up to 48% [31]. Unlike L-malic
acid, tartaric acid is resistant to degradation by microor-
ganisms during the fermentation process [25]. Our research
also showed no considerable differences in the tartaric acid
content in non-fermented samples and beers (Tables 3, 4).
Analyzing the profile of the remaining organic acids, signifi-
cant amounts of succinic acid were found (Table 4). Citric
acid was present in all analyzed samples and remained at a
relatively similar level. The only exception was beer with the
addition of grape marc in which much larger amounts of this
component were found. A similar tendency was found in the
case of lactic acid (Table 4). Yeasts are capable of producing
small amounts of acids, e.g., lactic, succinic, citric or acetic
acids, which may lead to an increase in the acidity of wine/
beer compared to its level in must/wort.

Sugars
Sugars in wort, grape pulp, marc and must

Glucose and fructose are the main sugars in grapes. Usually,
they are in equal proportions, but in the case of overripe ber-
ries, the share of fructose is higher. It also predominates in
grapes covered with Botrytis cinerea. The content of sugar
depends on a grape variety, ripeness and health condition
of grapes. During the fermentation process, glucose is pro-
cessed much faster; therefore, the residual sugar in the wine
consists of mainly fructose. The actual concentration of
glucose and fructose in grape must is from 80 to 130 g/L
for each of the sugars separately. In addition, grapes also
contain trace amounts of sucrose (2-10 g/L), rhamnose (up
to 0.4 g/L) and arabinose (up to 1.5 g/L) [26]. In the exam-
ined grape must, grape pulp and grape marc, a compara-
ble content of glucose and fructose was found (Table 5).
The highest glucose content was noted in the grape pulp
(Table 5). A significant amounts of maltose, glucose and

fructose were found in the wort. It also contained sucrose
(Table 5). Not all sugars in the wort were fermented. These
ingredients give the beer body and sometimes sweetness
[27, 32]. The fructose content in the wort is in the range of
1.0-1.5 g/L [33]. In the analyzed wort, the concentration of
this sugar was equal 4.82 g/L. In turn, glucose was present
in the amount of 11.4 g/L. (Table 5). The obtained glucose
concentration in the wort is similar to the values reported in
the literature, indicating the range of this parameter between
8 and 10 g/L [33]. Introducing grape must, marc and pulp
into the wort increased the amount of glucose and fructose
in the tested variants (Table 5). Among the sugars in a typi-
cal wort, maltose is present in the highest amount [33, 34].
Maltose in the tested wort exceeded the level reported in the
literature (33-54 g/L) [33]. Most likely this was caused by
the type of malt used.

Sugars in beers

All the samples, except for the variant with 20% addition
of grape pulp, inoculated with D. bruxellensis 3429, were
characterized by a similar, low level of glucose (Table 6).
In the variants without the addition of grapes, glucose
was completely attenuated (Table 6), which proves that non-
Saccharomyces yeast showed similar glucose fermentation
efficiency to S. cerevisiae Safale US-05. Slight differences
occurred in beers with the addition of grape must (Table 6).
The obtained results are within the range presented in the
literature for glucose (0-8 g/L) in beers after fermentation
[35]. The obtained results suggest that, depending on the
composition of the environment, the yeast species used in
the study assimilate carbohydrates in different ways. D.
bruxellensis compared to S. cerevisiae, are characterized by
a slower rate of growth and the consumption of sugars, as
well as higher or equal mass loss [6]. The data shown in
the graphs (Fig. 1) confirm the information in the litera-
ture. Between D. bruxellensis 3429 and S. cerevisiae Safale
US-05, the difference in fermentation rate was insignificant.

Table 5 Profile of sugars in unfermented samples (mean of 3 series + standard deviation)

Wort witha | Wort witha | Wort witha | Wort witha | Wort witha | Wort with a
Sugars Wort 20% 40% 20% 40% 20% 40% Grape must | Grape pulp | Grape marc
[g/L] addition of | addition of | addition of | addition of | addition of | addition of
grape must | grape must | grape marc | grape marc | grape pulp | grape pulp
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Glycerol +(0.00) +(0.00) +(0.00) +(0.00) +(0.00) +(0.00) +(0.00) +(0.00) +(0.00) +(0.00)
4.82a 22.8b 45.1¢ 16.9 ab 413¢ 27.8b 43.1c¢ 101d 116 ¢ 95.0d
Fructose +(0.29) +(0.42) +(0.98) +(0.79) +(0.48) +(0.83) + (0.64) +(10.7) +(4.99) +(2.95)
11.4a 21.4 ab 46.4 de 203a 42.8 cd 32.7 bc 55.0¢e 117¢g 137h 97.8 f
Glucose +(0.27) +(0.63) +(0.33) +(0.93) +(1.03) +(0.16) +(2.41) +(6.67) +(2.59) +(1.26)
123 a 3.37ab 5.55b 3.34 ab 590b 3.61 ab 6.12b 11.0¢ 10.7 ¢ 114c¢
Sucrose +(0.16) +(0.07) +(0.18) +(0.04) +(0.08) +(0.13) +(0.36) +(1.37) +(0.03) + (0.76)
107 d 86.0 ¢ 58.6b 859¢ 5320 85.8 ¢ 58.8b 0.00 a 0.00 a 0.00 a
Maltose +(4.54) +(4.02) +(0.59) +(1.89) +(1.88) +(1.88) +(2.76) +(0.00) +(0.00) +(0.00)

The highest content is in the darkest red and the lowest content is in the darkest green

a,b,c.d,e.f,g,h: The mean values marked with different letters in the rows show differentiation according to Tukey’s test (p < 0.05)
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Table 6 Profile of sugars in analysed beers (mean of 3 series + standard deviation)

Beer witha | Beer witha | Beer witha | Beer witha | Beer witha | Beer with a
Sugars Yeast strain Beer 20% 40% 20% 40% 20% 40%
[g/L] addition of | addition of | addition of | addition of | addition of | addition of
grape must | grape must | grape marc | grape marc | grape pulp | grape pulp
0.52a 0.00 a 0.00 a 0.13a 0.71 ab 0.02a 0.00 a
Dekkera bruxellensis 3429 + (0.05) + (0.00) + (0.00) +(0.01) +(0.04) + (0.00) + (0.00)
0.00 a 0.00 a 0.00 a 0.54a 0.26 a 0.11a 0.00 a
Metschnikowia pulcherrima MG970690 +(0.00) +(0.00) +(0.00) +(0.03) +(0.02) +(0.01) + (0.00)
Glycerol 0.14 a 034a 028 a 1.71b 0.99 ab 0.08 a 0.75 ab
Saccharomyces cerevisiae Safale US-05 +(0.01) +(0.02) +(0.01) +(0.10) + (0.04) +(0.00) +(0.01)
7.20 bedef 11.0f 4.99 abed 194¢g 7.64 cdef 4.94 abed 249 a
Dekkera bruxellensis 3429 +(0.06) +(0.20) +(0.12) +(0.12) +(0.55) +(0.20) +(0.25)
2.67a 8.31 def 3.10 ab 11.1f 9.67 ef 4.74 abed 1.83a
Metschnikowia pulcherrima MG970690 +(0.09) +(0.03) +(0.11) +(0.11) +(0.95) +(0.30) +(0.12)
Fructose 3.86 abc 5.72 abede 3.13 ab 8.12 def 9.62 ef 3.78 abc 3.42 ab
Saccharomyces cerevisiae Safale US-05 + (0.05) +(0.09) +(0.09) +(0.10) + (0.65) +(0.15) +(0.22)
0.00 a 0.57a 0.44 a 0.01a 0.01a 7.32b 0.00 a
Dekkera bruxellensis 3429 +(0.00) +(0.03) +(0.02) +(0.00) +(0.00) +(0.95) +(0.00)
0.00 a 0.60 a 0.16 a 0.00 a 0.00 a 0.00 a 0.00 a
Metschnikowia pulcherrima MG970690 +(0.00) +(0.02) +(0.01) +(0.00) +(0.00) +(0.00) +(0.00)
Glucose 0.00 a 0.12a 0.48 a 0.00 a 0.00 a 0.00 a 0.00 a
Saccharomyces cerevisiae Safale US-05 + (0.00) +(0.01) +(0.02) =+ (0.00) + (0.00) + (0.00) + (0.00)
5.20 cde 1.40 abed 2.87 abed 21.01 0.00 a 6.11 def 12.3 gh
Delkkera bruxellensis 3429 +(0.20) +(0.02) + (0.06) +(0.65) +(0.00) +(0.05) +(0.12)
8.68 efgh 0.16 ab 0.45 abc 129h 4.94 bede 8.30 efgh 11.7 gh
Metschnikowia pulcherrima MG970690 +(0.41) +(0.01) +(0.03) +(0.50) +(0.45) +(0.50) +(0.15)
Sucrose 4.61 abede 0.38 abc 0.18 ab 10.4 fgh 4.09 abcde 7.78 efg 7.81 efg
Saccharomyces cerevisiae Safale US-05 +(0.20) +(0.02) +(0.01) +(0.10) + (0.20) + (0.65) + (0.40)
3.65 be 2.11 abc 1.74 abc 12.5d 11.7d 3.54 be 0.00 a
Maltose Delkkera bruxellensis 3429 +(0.02) +(0.03) +(0.12) + (0.60) +(0.95) + (0.20) +(0.00)
1.03 ab 2.06 abc 3.72bc 10.8d 0.00 a 0.00 a 0.00 a
Metschnikowia pulcherrima MG970690 +(0.02) +(0.04) +(0.13) +(0.70) +(0.00) +(0.00) +(0.00)
2.26 abc 0.82 ab 0.00 a 490b 0.00 a 0.77 ab 2.68 abc
Saccharomyces cerevisiae Safale US-05 + (0.04) +(0.02) + (0.00) +(0.45) +(0.00) +(0.01) +(0.02)

The highest content is in the darkest red and the lowest content is in the darkest green. Analysis was performed for all sugars separately

a,b,c,d,e.f,g,h,i: The mean values marked with different letters (for all sugars separately) show differentiation according to Tukey’s test (p <0.05)

Moreover, both S. cerevisiae and D. bruxellensis yeasts have
variable maltose fermentation abilities [6]. In fermented
beers without the addition of grapes, the highest content
of maltose was found in variants inoculated with D. brux-
ellensis 3429 (Table 6). A similar tendency was noted in
beers with the addition of grape must, grape pulp and grape
marc (Table 6). The highest content of maltose was found
in beers with the addition of grape marc, inoculated with
D. bruxellensis 3429 (Table 6). In beers inoculated with D.
bruxellensis 3429 yeast without the addition of grapes, as
well as beers with a 20% share of grape must and grape
marc, the maltose concentration was twice as high as com-
pared to beers fermented with S. cerevisiae Safale US-05
yeast (Table 6). This could be due to the higher amount
of fermenting compounds derived from grapes or a lower
fermentation capacity of maltose by the yeast D. bruxel-
lensis 3429. Glycerol is the third most abundant product of
yeast metabolism, after ethanol and carbon dioxide. This
compound is characterized by a sweet taste and is largely
responsible for the full flavor of fermented beverages. Its
typical content in beers is in the range of 1-3 g/L [3, 36].
Microorganisms produce glycerol mainly due to its protec-
tive properties against osmotic and thermal stresses [37].
Glycerol is a by-product of yeast metabolism; therefore, it
was not found in the wort (Table 5). Its content in particular

@ Springer

beers was significantly diversified (Table 6). Beers inocu-
lated with D. bruxellensis 3429 yeast, without the addition
of grapes, showed a higher content of glycerol, compared to
S. cerevisiae Safale US-05 (Table 6). Literature data indicate
a higher content of glycerol in beers fermented with non-
Saccharomyces yeast, compared to traditional brewer’s yeast
[38]. The highest content of glycerol was found in beers with
the addition of grapes, inoculated with S. cerevisiae Safale
US-05 (Table 6). This yeast produced a greater amount of
this compound in beers as compared to non-Saccharomyces
yeast. Presumably, the higher presence of glycerol in the
samples with the addition of grapes was due to the addition
of more sugars with the grape must, pulp and marc. Compar-
ing the course of the dynamics of fermentation with the use
of sugars by the tested yeasts, it was found that despite the
different adaptation times of the strains to the environment,
all the tested yeasts carried out the fermentation satisfac-
torily. The non-Saccharomyces showed a similar ability to
attenuate and utilize the ingredients contained in the wort
as S. cerevisiae. This proves that both S. cerevisiae Safale
US-05 and the non-Saccharomyces strains are suitable for
the fermentation of beer. Despite the longer fermentation
time by M. pulcherrima MG970690 strain and lower mass
loss compared to the other trials, this yeast used most of the
available sugars in the fermenting media (Fig. 1, Table 6).
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The addition of grape marc to the wort caused the introduc-
tion of naturally occurring simple sugars to the samples.
They were not fully fermented by yeast. Although the yeast
S. cerevisiae Safale US-05 and D. bruxellensis 3429 had
the shortest and similar adaptation time to environmental
conditions in the fermenting broth with the addition of grape
marc, the yeast S. cerevisiae Safale US-05 fermented twice
as much maltose compared to D. bruxellensis 3429.

In conclusion, despite the different adaptation times to
the environment, all tested yeasts conducted the fermen-
tation satisfactorily. This proves that both S. cerevisiae
Safale US-05 and the non-Saccharomyces strains are suit-
able for the fermentation of beer. The yeast S. cerevisiae
Safale US-05 produced a comparable amount of alcohol in
the beers compared to the strains D. bruxellensis 3429 and
M. pulcherrima MG970690. The addition of grape marc,
grape pulp and grape must to the wort contributed to the
increase of this parameter, which was probably the result of
introducing more sugars into the wort, which could be con-
sumed by yeast during the fermentation process. The non-
Saccharomyces yeast was characterized by a similar ability
to assimilate the sugars contained in the wort and those pro-
vided with the grape marc. These strains showed a similar
glucose fermentation performance to S. cerevisiae Safale
US-05. The highest content of maltose was found in beers
with the addition of grape marc, inoculated with D. bruxel-
lensis 3429. In beers without the addition of grapes, with a
20% share of grape must and marc, the value of maltose was
twice higher than in beers fermented with yeast S. cerevisiae
Safale US-05. This could be due to the greater amount of
fermenting compounds derived from grapes or the lower
fermentation capacity of maltose by the yeast D. bruxellensis
3429. The introduction of grape marc, pulp and grape must
into the beers increased the titratable acidity. This may sug-
gest that the addition of grapes provides naturally occurring
organic acids and more substrates for the growth of yeasts.
There is an increased production of acidic compounds, both
from substances in a wort and in grapes. The obtained results
show that the non-Saccharomyces yeast is characterized by
similar acid production capacity as the S. cerevisiae Safale
US-05 strain. D. bruxellensis 3429 yeasts were character-
ized by the highest consumption of FAN, compared to the
samples before fermentation. This strain was also the most
effective in breaking down malic acid.

Conclusion

The research has shown that the fermentation performed by
strain D. bruxellensis 3429 is similar to S. cerevisiae Safale
US-05. Along with the increase in the content of grape must,
marc and pulp in the samples, the amount of alcohol, titrita-
ble acidity and color in beers increased. The utilization of

L-malic acid in the fermentation process was most effective
for strain Dekkera bruxellensis 3429. The unconventional
yeast used in the study is capable of producing beers without
and with the addition of grape marc, pulp and must with
parameters similar to beers obtained using S. cerevisiae
Safale US-05. The conducted research provides a lot of new
information on beers with the addition of grape must, pulp,
and marc, which were obtained with the use of non-Saccha-
romyces yeast. However, more research is needed to better
understand the metabolism of the yeast used in the study.
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