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ABSTRACT

Background. In recent years, increasing health awareness in consumers has motivated breweries to expand
their beverage ranges with products with increased biological value. The aim of the present research was to
develop probiotic wort-based beverages with grapefruit or tangerine zest essential oil addition.

Materials and methods. Wort was produced with 60% Pilsen malt, 20% Vienna malt and 20% Caramel
Munich IT malt with and without the addition of 0.05% (v/v) grapefruit or tangerine essential oils. It was
inoculated with the probiotic yeast strain Saccharomyces cerevisiae var. boulardii Y 1. Fermentations were
carried out at a constant temperature of 10°C for 5 days. The dynamics of the extract, the alcohol content and
the concentration of viable cells were monitored daily. The total phenolic content, phenolic acid and flavo-
noid phenolic compounds were determined because of their antioxidant activity. The antioxidant activity was
determined by radical scavenging assay (DPPH) and ferric reducing antioxidant power (FRAP). A descriptive
organoleptic evaluation of the final beverages was performed.

Results. The essential oils inhibited yeast growth to some extent at the beginning of the fermentation, even
at a concentration of 0.05% (v/v), which resulted in lower alcohol content in the beverages with essential oil
addition. Nevertheless, at the end of fermentation the concentration of viable cells was almost equal in all the
beverages. Tangerine essential oil addition led to the highest content of phenolics, of which phenolic acids
predominated. Therefore, the highest antioxidant activity of the beverage with tangerine essential oil can be
ascribed to phenolic acids. The results of the sensorial evaluation also showed that the panel had preference
towards the beverage with tangerine essential oil.

Conclusion. The combination of essential oil and the probiotic yeast strain resulted in beverages with higher
biological value than the beverages produced with the probiotic strain alone. The results obtained will be
used for optimisation of process variables in the production of pilot-scale wort-based probiotic beverages
with essential oil addition.
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INTRODUCTION

Functional foods contain technologically developed
ingredients with a specific health benefit (Niva, 2007).
Beverages can be described as functional if they do not
contain more than 1.2% v/v ethanol (Regulation...,
2006). The positive effects of a functional food can
be either maintaining a state of well-being and health
or reducing the risk of development of pathological
consequences. Among the most promising targets for
functional food science are gastrointestinal functions,
redox and antioxidant systems, and metabolism of ma-
cronutrients (Roberfroid, 2000). In these areas, sweet
wort, probiotic yeast Saccharomyces cerevisiae var.
boullardii and different essential oils can be used as in-
gredients for the development of functional beverages.

Sweet wort is produced after a mixture of ground
malt is mashed with a carefully controlled amount of
water and subsequent filtration of this mash. Sweet
wort consists of many substances that are beneficial
for human health such as: fibres (B-glucan and arabi-
noxylan), antioxidants (phenolic compounds and mel-
anoidins), and vitamins (folate, riboflavin, pantothenic
acid, pyridoxine and niacin) (Bamforth, 2004; Briggs
et al., 2004; Zhao, 2014).

S. boulardii is the only yeast species with probi-
otic properties. Recently, many clinical studies have
shown its beneficial effects against acute diarrhea
in children by significantly reducing the duration of
the disease. On the other hand, it is also efficient in
the prevention and treatment of antibiotic-associated
diarrhea and in traveler’s diarrhea with a significant
efficacy. S. boulardii also helps in the treatment of
Clostridium difficile and Escherichia coli infections,
reducing the occurrence of diarrhea and colitis (co-
lon inflammation). S. boulardii produces enzymes in
the digestive tract (aminopeptidase, phosphatase) that
widely inhibit some toxins produced by pathogenic
microorganisms. S. boulardii has been used success-
fully in the production of alcohol-free beer (Czerucka
et al., 2000; Senkarcinova, 2019).

Essential oils are used in a wide variety of con-
sumer goods such as confectionery food products,
soft drinks, and distilled alcoholic beverages. In ad-
dition to their widespread use as a flavoring material
they are used in the nutritional and agricultural fields
for their reported antibacterial, antifungal, antiviral,
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nematicidal, insecticidal, and antioxidant properties
(Turek, and Stintzing, 2013).

Grapefruit (Citrus paradisii) essential oil possess-
es antioxidant, antiseptic, disinfectant (due to antiviral
and antimicrobial activities), diuretic, and stimulant
properties (Ng et al., 2016).

Tangerine (Citrus reticulata L. var.) essential oil
can help relieve stress and digestive problems but is
mostly used to increase circulation to the skin, reduc-
ing fluid retention and to prevent the appearance of
stretch marks. Tangerine oil is soothing to the nervous
system and has a tonic effect on the digestive system,
while helping flatulence, diarrhea and constipation.
This essential oil exhibits antibacterial, antifungal
and antioxidant properties (Fayed, 2009; Mandal and
Mandal, 2016).

The aim of this study was to evaluate the effects of
the addition of grapefruit and tangerine essential oils
on the dynamics of wort fermentation with a probiotic
S. boulardii strain. The phenolic compounds content
and the antioxidant activity of the beverages produced
were examined. The sensorial characteristics of the
produced functional beverages were also described.

MATERIALS AND METHODS

Essential oils

Tangerine (Citrus reticulata L.) and grapefruit (Citrus
paradisi L.) zest essential oils were used. The tange-
rine and grapefruit essential oils were obtained from
the dried zest of C. reticulata L. (0.0167 g EO/g DW)
and C. paradisi L. (0.0158 g EO/g DW). 250 g from
each plant material was ground and passed through
a 0.5 mm sieve. The moisture content analyzed by
AOAC 934.06 (AOAC, 2007) was established to be
1.7% for tangerine and 1.9% for grapefruit. The es-
sential oils were extracted by aqueous distillation in
a laboratory glass apparatus according to the British
Pharmacopoeia, modified by Balinova and Diakov
(1974). The ground plant material was processed us-
ing the following parameters: plant material:water ra-
tio = 1:20; plant material:flask volume ratio = 1:100,
frequency of 6% and duration of 300 min. The distil-
lation rate was maintained evenly at the beginning of
the process for 5 or 10 minutes and in the middle and
at the end of the process the quantity of the obtained
essential oil and the distillation water were recorded
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every 20-30 minutes. The end of the distillation was
determined when two consecutive measurements did
not show an increase in the essential oil amount. The
experiments were performed in triplicate.

Microorganisms

Wort fermentation was carried out using the probiotic
yeast strain Saccharomyces cerevisiae var. boulardii
Y1, which was isolated from spontaneously fermented
oat milk.

Media
Wort agar was supplied by Merck, Germany.

Reagents

Folin-Ciocalteu reagent, gallic acid, caffeic acid, querce-
tin, DPPH (2,2-diphenyl-1-picrylhydrazyl), TPTZ
(2,4,6-tripyridyl-s-triazine), FeCl,-6H,O, and Trolox
(6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic
acid) were purchased by Sigma-Aldrich. Hydrochloric
acid was purchased by Merck (Germany). All the other
reagents were of analytical grade.

Wort preparation

Wort was produced with 60% Pilsen malt, 20% Vi-
enna malt and 20% Caramel Munich II malt, which
was purchased from Bestmaltz (Germany). The malt
was milled using a hand disc mill (Corona, Germa-
ny). The wort was produced in a 20 L laboratory scale
brewery (Braumeister, Germany). 4.5 kg of malt was
mixed with water at a ratio of 1:5. Mashing was con-
ducted by increasing the temperature by 1°C/min and
by maintaining rests at the following temperatures: 30
min at 50°C and 60 min at 77°C. Lautering and boiling
were also conducted in the same Braumeister. Boiling
duration was approximately 1 h without hop addition.
After hot trub removal, the wort was cooled to the fer-
mentation temperature. The wort extract was 12.4%
(w/w) and the pH was 5.30.

Wort fermentation

The wort obtained was divided into three equal parts.
0.05% (v/v) of grapefruit and tangerine essential oils
was added to the first and second part, respectively,
and the third part was used as a reference sample.
The fermentations were carried in plastic bottles with
a volume of 300 cm® and equipped with an airlock
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system. 200 cm® of wort was placed into bottles and
inoculated with a 2 ml (1% inoculum) yeast suspen-
sion with an initial concentration of 2.10° CFU/cm?.
The bottles were incubated at a constant fermentation
temperature of 10°C for 5 days.

Analytical methods and procedures

Fermentation parameters. Original and apparent
extract (methods 8.2.1, 8.3, 9.4), ethanol (method
9.2.1) and degree of fermentation (method 9.5) were
measured according to EBC standard methods (Ana-
lytica, 2004).

Determination of the number of viable yeast cells -
spread plate method on malt-agar medium. Appro-
priate tenfold dilutions of the samples were prepared
using a sterile saline solution. 0.1 cm? of the last three
dilutions was used to spread plating in the Petri dishes
on a malt-agar medium. The inoculated Petri dishes
were incubated for 24 hours at 30 =1°C until the appear-
ance of countable single yeast colonies. The number of
single colonies was used to estimate the concentration
of viable yeast cells in the sample.

Phenolic content. The wort was diluted at a ratio of
1:10 with methanol, rested for 30 minutes and filtered
using Whattman no. 1 filter paper. The filtrate was
used to analyze the phenolic compounds and the anti-
oxidant activity of the wort.

The content of total phenolic compounds was de-
termined using the Folin-Ciocalteu (FC) method, as
described by Dvorakova et al. (2008) with slight mod-
ifications. 1 cm?® of sample, 4 cm® of FC working solu-
tion, and 5 cm? of sodium carbonate (7.5% w/v) were
introduced into a test tube. This solution was agitated
and rested for 1 h. The absorbance was determined at
765 nm in a Shimadzu UV-VIS 1800 spectrophotom-
eter (Kyoto, Japan) against a blank sample prepared
with purified water. The calibration curve was per-
formed with gallic acid, and the results were expressed
as mg of gallic acid equivalents — GAE/dm’.

The total phenolic compounds, total phenolic ac-
ids and total flavonols were determined using the
modified Glories method as described by Mazza et al.
(1999). Briefly, the sample (1 cm?®) was pipetted into
a test tube and 1 cm® 0.1% HCI in 95% ethanol (v/v)
and 18.2 cm® 2% HCI (v/v) were added. The solution
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was thoroughly mixed and rested for approximately
15 min before the absorbance was read with a spec-
trophotometer against a blank sample prepared with
purified water. The absorbance (4) at 280 nm was used
to estimate the total phenolic content, 4320 nm was
used to estimate the phenolic acids, and 4360 nm was
used to estimate flavonols. The calibration curves for
the total phenolic compounds, total phenolic acids and
total flavonols were constructed by using gallic acid,
caffeic acid and quercetin, respectively, as a standard.

Antioxidant activity. The antioxidant activity was
measured using the DPPH method as described by
Dinkova et al. (2014) with minor modifications. Brief-
ly, 0.25 cm® of sample was added to a 2.25 cm* DPPH
solution in methanol (6x107° M); the mixture was left
for 15 min (kept in the dark at room temperature) so
that a reaction could take place, and then the absorb-
ance was measured at 517 nm against a blank sam-
ple with purified water. The control sample was made
with methanol.

The FRAP assay was done according to Benzie
and Strain (1996) with some modifications. The stock
solutions included 300 mM acetate buffer (3.1 g
C,H\NaO,-3H,0 and 16 cm* C.H,0,), pH 3.6, 10 mM
TPTZ solution in 40 mM HCl, and 20 mM FeCl,-6H,0
solution. The fresh working solution was prepared by
mixing acetate buffer, TPTZ solution and FeCl,-6H,0
solution at a ratio of 10:1:1. The extracts (0.15 cm?)
were allowed to react with 2.85 cm® of the FRAP solu-
tion for 4 min in the dark. Readings of the coloured
product were then taken at 593 nm against a blank
sample prepared with methanol.

For both analyses of the antioxidant activity, the
results were determined from a calibration curve using
Trolox as a standard and the results were expressed as
pumol Trolox equivalents/dm?.

Sensory analysis

A sensory evaluation of the beverages was carried out
by a trained, 6-member tasting panel. The samples were
evaluated for aroma and flavor using descriptive meth-
od (methods 13.10 and 13.3) (Analytica EBC, 2004).

Statistical analysis

The results of all the analyses were expressed as the
mean values #standard deviation of three replicates
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using Microsoft Excel 2013. Multiple comparisons
for verification of statistical differences in the groups
were performed using the Fisher’s least significant dif-
ference (LSD) method using the Statgraphics Centu-
rion 19 Trial version.

RESULTS AND DISCUSSION

Fermentation dynamics

In our preliminary studies, the antimicrobial activity
of grapefruit and tangerine essential oils against S. bo-
ulardii was investigated using the disc-diffusion meth-
od. It was found that they did not show antimicrobial
activity against the tested microorganism in concen-
trations up to 1% (v/v) (unpublished data). Because
of the oils’ strong taste and aroma, it was decided that
they should be used in concentrations of 0.05% (v/v).
For functional beverage production, sweet wort with
an optimized biological profile and low content of fer-
mentable sugars (about 30% of wort extract) was used.
The reduction of the alcohol content was achieved si-
multaneously using the low final attenuation of wort
and a low fermentation temperature at 10°C, which
was lower than the S. boulardii optimal growth tem-
perature (37°C) (Czerucka et al., 2007).

The results for fermentation dynamics are shown
in Figure 1. The fermentation started relatively slowly
(after 48 hours) because of the combination of a low
fermentation temperature and a low content of fer-
mentable sugars (Figs. la and 1b). Moreover, the
essential oils inhibited yeast growth to some extent,
even at a concentration of 0.05% (v/v) (Fig. 1c). This

Wort extract, % w/w

0 24 48 72 96 120
Time, h

=o- Reference Grapefruit oil -#=Tangerine oil

Fig. 1a. Changes in wort extract during fermentations
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Fig. 1b. Changes in alcohol content during fermentations
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Fig. 1c. Changes in viable cells concentration during fer-
mentation. Log N on Y axis is log, &V, where N is the number
of viable S. boulardii cells, cfu/cm?

inhibition resulted in a decrease in the number of vi-
able cells in the beverages with essential oils by about
one order in the first 48 hours, which affected the fer-
mentation rate thereafter.

At the end of the fermentation, the apparent degree
of fermentation was about 20%, 11%, and 9% for the
reference sample, the beverage with grapefruit essen-
tial oil, and the beverage with tangerine essential oil,
respectively. It corresponded to an alcohol content of
1.29% (v/v), 0.89% (v/v), and 0.68% (v/v), respective-
ly (Fig. 1b). Therefore, unlike the reference sample,
the drinks with essential oils can be classified as low
alcohol beverages according to Branyik et al. (2012).

The concentration of viable cells in the reference
sample increased to 9.10'° CFU/cm at the end of
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fermentation. In the variants with essential oils, the
initial decrease in viable yeast cell concentration dur-
ing the first 48 hours was overcome and at the end of
the fermentation the number of viable cells was simi-
lar to that in the control variant (Fig. 1c¢). The data in
Figure 1b and Figure lc show that the essential oils
affected the release of ethanol from the cells into the
medium, most likely by inhibiting ethanol transport
systems. It was observed that essential oils like all-
spice, cinnamon, clove, garlic, onion, oregano, savory,
and thyme reduced the fermentation activity of Sac-
chraromyces cerevisiae (Conner et al., 1984).

It is noteworthy that the essential oils acted as de-
foamers, because in the reference sample the release
of CO, was visible when the sample was opened, but
in the variants with essential oils, the amount of re-
leased CO, seemed lower.

Biological value

It is known that essential oils add a certain biological
value to beverages. All the beverages produced were
firstly evaluated in terms of total phenols and then
their antioxidant activities were compared. The results
for total phenolic compounds measured using the FC
method (Fig. 2a) showed approximately 1.5 times in-
crease during the first 24 hours for the reference sample.
This can be explained with the fact that yeast cells pro-
duce ferulic acid esterase, which leads to an increase in
the accumulation of ferulic acid. At the end of the fer-
mentation the results were almost equal to those at the
beginning of the fermentation. According to Szwajgier

I I
| I
0 24 48 72 96

120

1500

1250

1000

75

o

50

o

25

o

Total phenolic compounds, mg/dm?

o

Time, h

m Reference ® Grapefruit oil m Tangerine oil

Fig. 2a. Changes in total phenolic compounds, measured
using the FC method
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(2009), this might be due to the precipitation of tannins
and non-tannin phenolics from wort and the absorp-
tion by yeast during fermentation. The peak of total
phenolics for the beverage with tangerine essential oil
was at the 72" hour, but such a peak was not observed
for the beverage with grapefruit essential oil (Fig. 2a).
At the end of the fermentation the level of total phe-
nolics was higher in the beverages with essential oil.

The results for the concentration of total phe-
nolic compounds, phenolic acids and flavonoid phe-
nolic compounds are presented in Figure 2b, 2¢ and
2d, respectively. In general, the dynamics of the to-
tal phenolic compounds, measured using the modi-
fied Glories method (Fig. 2b) did not differ from
those determined using the FC method (Fig. 2a). It is

& 1500
k)
21250
g
§1ooo 1 :
s I I
€ 750 I
8 I
(s]
2 500
=
[0}
S 250
]
° 0
0 24 48 72 96 120

Time, h

m Reference m Grapefruit oil m Tangerine oil

Fig. 2b. Changes in total phenolic compounds, measured
using the modified Glories method
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0
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Phenolic acids, mg/dm?

Time, h

m Reference ® Grapefruit oil m Tangerine oil

Fig. 2c. Changes in phenolic acids, measured using the
modified Glories method
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Fig. 2d. Changes in flavonoid phenolic compounds, meas-
ured using the modified Glories method

noteworthy that at the end of the fermentation the bev-
erage with tangerine essential oil showed the highest
concentration of total phenolic compounds. In the case
of phenolic acids (Fig. 2c), the dynamic was the same
as for total phenolics. Flavonoid phenolic compounds
increased almost 2 times for the reference sample and
the beverage with grapefruit essential oil and approxi-
mately 3 times for the one with tangerine essential oil.
This was probably due to the fact that unlike phenolic
acids, which are more reactive, flavonoid phenolic
compounds remained in the wort and determined its
antioxidant potential.

The antioxidant capacity of the beverages was ana-
lysed using the FRAP and DPPH techniques. FRAP
evaluates the ability to reduce the Fe(II) complex to
Fe(Il) (Benzie and Strain, 1996), whereas DPPH as-
sesses the reduction by antioxidants of free radical
DPPH '+ (Mishra et al., 2012). The results regarding
the antioxidant potential of all the samples analysed
through different methods are shown in Figure 3a
and 3b. The DPPH assay showed that the addition
of essential oils did not affect wort antioxidant activ-
ity. The antioxidant capacity decreased by about 500
umol TROLOX/dm?® for the variants with essential
oils and by about 100 umol TROLOX/dm? for the
reference sample at the beginning of the fermenta-
tion process. However, at the end of the fermentation
(Fig. 3a) no significant differences were observed in
the antioxidant activities of all the samples. The FRAP
assay showed an increase in the antioxidant activity
of 100 umol TROLOX/dm? when essential oils were
added (Fig. 3b). The dynamics in the antioxidant
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Fig. 3a. Changes in antioxidant activity, measured using the
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Fig. 3b. Changes in antioxidant activity, measured using the
FRAP method

activity were different than the ones measured using
the DPPH method. First, the reference sample anti-
oxidant activity increased by approximately 500 pmol
TROLOX/dm? in the first 24 hours, which correspond-
ed to the data for the phenolic compounds. At the end
of the fermentation the antioxidant activity decreased
by 1000 pmol TROLOX/dm?. In the variants with es-
sential oils, the antioxidant activity was almost con-
stant until the 72" hour and afterwards it started to
decrease. At the end of the fermentation, the reference
sample antioxidant activity was lowest. The differenc-
es between the results obtained using the two methods
for evaluation of the antioxidant activity were based
on distinct reaction mechanisms and take into account
different proportions of the multiple substances with
antioxidant properties in the beverages produced.
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Despite the observed differences, one can assume that
the reduction of the antioxidant activity was associ-
ated mainly with the loss of phenolic compounds.

As the fermentation process was carried out dynam-
ically, multiple comparisons were made between the
indicators determining the biological value of the bev-
erages (antioxidant capacity and phenolic compound
content). The results of multiple comparisons against
the factor “Fermentation Time” performed using Fish-
er’s least significant difference (LSD) method are pre-
sented in Tables la and 1b (data are presented only
where statistically significant differences are found).

Table 1a. Multiple Range Tests — Method: 95.0% LSD

Count Mean Homogeneous groups
DPPH
Grapefruit oil 5 1027.19 X
Tangerine oil 5 1191.48 XX
Reference 5 1250.03 X
FRAP
Grapeftuit oil 5 1323.33 X
Tangerine oil 5 1489.45 X
Reference 5 1498.19 X
TPC (by FC)
Grapefruit oil 5 707.246 X
Tangerine oil 5 765.818 X
Reference 5 807.856 X

TPC (by Glorie)

Grapefruit oil 5 801.002 X

Tangerine oil 5 884.864 X

Reference 5 975.78 X
PA (by Glorie)

Grapefruit oil 5 174.146 X

Tangerine oil 5 193.964 X

Reference 5 210.83 X

FPC (by Glorie)

Grapefruit oil 5 7.082 35.1558
Tangerine oil 5 —-18.674 35.1558
Reference 5 -25.756 35.1558
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Table 1b. Contrast within the groups

Table 2. Results of descriptive sensorial analysis of bever-
age produced

Contrast Signifi- Difference +/— Limits
cance Sample Description
Reference — Grapeftuit oil * 222.846  216.324 Reference aroma: wort / sweet corn / toasted bread crust
Reference — Tangerine oil 58.554  216.324 taste: wort / caramel / honey
Grapefiuit - Tangerine oil 164290 216.324 Grapefruit oil aroma: dried herbs / lavender / lemon peel

*Denotes a statistically significant difference.

Table 1a applies a multiple comparison procedure
to determine which means are significantly different
from which others. The bottom half of the output (Ta-
ble 1b) shows the estimated difference between each
pair of means. An asterisk has been placed next to 1
pair (only for DPPH), indicating that this pair shows
a statistically significant difference at the 95.0% con-
fidence level. The homogenous groups are identified
using columns of X’s (Table 1b). Within each column,
the levels containing X’s form a group of means within
which there are no statistically significant differenc-
es. The method currently being used to discriminate
among the means is Fisher’s least significant differ-
ence (LSD) procedure. With this method, there is
a 5.0% risk of calling each pair of means significantly
different when the actual difference equals 0.

The data in Tables 1a and 1b show that a statisti-
cally significant difference was observed only for the
results of DPPH between the reference sample and the
grapeftuit oil sample. In the other indicators, no statis-
tically significant differences were observed between
the reference sample and the essential oil samples.
Nevertheless, the results in Figure 2 are quite different
in terms of the dynamics of the individual indicators,
although this is not confirmed by statistical analysis.
The most likely explanation is that during fermenta-
tion changes in the concentration of individual phe-
nolic compounds occur, and statistically significant
differences can probably be observed there.

Sensorial evaluations

At the end of the fermentation process, an organoleptic
evaluation of the drinks obtained by a descriptive meth-
od was made (Table 2). This method was applied in or-
der to evaluate the main characteristics of the beverages
without ranking the samples due to their small volume.
The reference sample showed some untypical flavours
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taste: harmonious taste / hints of lemon and
grapefruit

Tangerine oil aroma: faint aroma of tangerine
taste: fresh and harmonious taste / hints of

tangerine

like sweet corn, which can be ascribed to the yeast me-
tabolism or to the malt used (Russell, 2018). Because
in the other variants this flavor was not observed, it can
be assumed that it was masked by the essential oils.
The panel preferred beverages with tangerine essential
oil because its taste and aroma were more typical and
harmonious than those of the beverage with grapefruit
essential oil. It was difficult to make a more detailed
sensorial evaluation of the variants studied as no such
beverages are available on the market yet.

CONCLUSION

A fermentation process with a probiotic strain Saccha-
romyces cerevisiae var. boulardii Y1 and tangerine or
grapefruit essential oils was carried out to obtain a low-
alcohol wort-based functional drink. The addition of
essential oils led to lower alcohol concentration com-
pared to the reference sample. Nevertheless, at the end
of the fermentation the concentration of viable cells
was higher than 10'° CFU/cm?® in all the beverages,
which is a prerequisite for their functionality. The com-
bination of essential oil and the probiotic yeast strain
resulted in beverages with higher biological value than
the beverages produced with the probiotic strain alone.
The highest antioxidant activity and the panel’s prefer-
ence for the beverage with tangerine essential oil make
it a subject of further study for process optimization.
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