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Abstract. Wort-based beverages produced by lactic acid fermentation showed high nutritional value and
functional properties but their flavor was not well accepted by consumers. Therefore, raspberry (Rubus idaeus
L) seed oil in concentration of 0.0375% (v/v) was used in order to improve beverage flavor and to increase
its biological value. Fermentation was carried out in bottles (static conditions) and in a stirred tank bioreactor
(dynamic conditions) at 25°C. The effect of raspberry seed oil addition was investigated by measuring the
content of lactic acid bacteria cells, the pH, the phenolic compounds and the antioxidant activity of the
beverages with raspberry seed oil addition and the control sample without oil addition. Results showed that
stirring increased fermentation rate but led to a decrease in the phenolic compounds content and the
antioxidant activity of the beverages produced. Nevertheless, all beverages can be classified as functional
because the concentration of lactic acid bacteria was over 107 cells/mL. Our results indicated that functional
lactic acid wort-based beverage with improved biological value and flavour can be produced in static
fermentation by adding 0.0375% raspberry seed oil.

1 Introduction

The development of healthy beverages that contain
minerals, vitamins, anti-inflammatory compounds, high
content of antioxidants, and low content of sugar and
alcohol is a task of the modern beverage industry.
Moreover, the use of fermentation and the presence of live
microorganisms that can positively affect the consumer's
health, such as probiotic bacteria and yeasts, could
contribute to offering consumers better choices in terms
of beverages [1].

Wort is a semi-product in the production of beer,
obtained after the thermal and enzymatic degradation of
starchy raw materials, e.g. barley or wheat malt and
subsequent lautering of the mash [2]. Wort consists of
many substances that are beneficial to human health such
as: fibres (B-glucan and arabinoxylan), antioxidants
(phenolic compounds and melanoidins), and vitamins
(folate, riboflavin, pantothenic acid, pyridoxine and
niacin) [3,4]. Therefore, wort can be used as a basis for
the production of functional beverages.

Wort-based beverages produced by lactic acid
fermentation showed high nutritional value and functional
properties but their flavour was not well accepted by
consumers [5]. Therefore, wort can be mixed with
different plant- and fruit-based extracts, essential oils and
juices in order to improve its functionality and taste [6].
Raspberry (Rubus idaeus L.) seed oil (RSO) is considered
as a source of different bioactive compounds such as fatty
acids, tocopherols, carotenoids, flavonoids, phytosterols,
antioxidants, monoterpenes and many other chemical
constituents. Both internal and external consumption of
raspberry seed oil have a significant impact on human
health, but there is lack of data on internal consumption
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dosing and treatment for the prevention of specific
diseases [7].

The aim of the present study was to investigate the
effect of the addition of RSO on the dynamic of lactic acid
fermentation of wort under static and dynamic conditions.
The phenolic compounds and antioxidant activity were
determined in order to estimate the biological value of the
beverages produced. The beverages were ranked
according to their sensorial characteristics.

2 Materials and methods
2.1 Media and reagents

2.1.1 Media

MRS Broth. Composition (g/L): peptone from casein - 10;
yeast extract - 4; meat extract - 8; glucose - 20; K;HPOy, -
2; sodium acetate - 5; diammonium citrate - 2; MgSOy -
0.2; MnSO4 - 0.04; Tween 80 - 1 mL/L; pH = 6.5.
Sterilization — 15 minutes at 118°C. The medium was used
for cultivation of lactic acid bacteria at 37+1°C for 24
hours.

LAPTgl0-agar. Composition (g/L): peptone - 15; yeast
extract - 10; tryptone - 10; glucose — 10; Tween 80 — 1
mL/L; agar — 15; pH = 6.6-6.8. Sterilization - 20 minutes
at 121°C. The medium was used for the determination of
the number of viable lactobacilli cells.

2.1.2. Reagents

Gallic acid, caffeic acid, quercetin, DPPH (2,2-diphenyl-
1-picrylhydrazyl), TPTZ (2,4,6-tripyridyl-s-triazine),
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2,2'-Azino-bis (3-ethylbenzothiazoline-6-sulfonic acid)
diammonium salt, neocuproine, FeCls-6H,0, and Trolox
(6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic
acid) were purchased from Sigma-Aldrich. Hydrochloric
acid was purchased from Merck, Germany. All the other
reagents were of analytical grade.

2.2 Raw materials

Pilsen, Vienna and Caramel Munich II malt were supplied
by Best malt, Germany. RSO was purchased by a local
market. Lacticaseibacillus casei ssp. rhamnosus LBRCI11
with proven probiotic properties, isolated from home-
made cheese, was used for fermentation.

2.3 Wort production

Fourth and a half (4.5) kg of malt mixture (60% Pilsen
malt, 20% Vienna malt, and 20% Caramel Munich II
malt) was milled using a hand disc mill (Corona,
Germany) and was mixed with water at a ratio of 1:5.
Mashing was conducted in a 20 L laboratory scale
brewery (Braumeister, Germany) 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 fermentation temperature. The wort
extract was 12.0+0.1% (w/w) and the pH was 4.94+0.05.

2.4 Wort fermentation

2.4.1 Static fermentation

Each one of two plastic bottles was filled with 200 mL of
the wort obtained. The first bottle was used as a control
sample, while 0.0375% (v/v) RSO was added into the
second one. Wort was inoculated with 2% (v/v)
Lacticaseibacillus casei spp. rhamnosus LBRCI11 with
initial concentration of 2.107 cells/mL. Lactic acid
bacteria (LAB) suspension for inoculations in both static
and dynamic fermentation was obtained by pre-
inoculation in MRS broth and incubation at 37+1°C for
24 h. Fermentation was carried out at a constant
temperature of 25+1°C. The wort extract, the pH, and the
concentration of viable LAB cells were monitored every
12 h.

2.4.2 Dynamic fermentation

Fermentations were carried out in the stirred bioreactor
shown in Fig. 1. The apparatus has a geometric volume of
2 L and a working volume of 1.5 L and is equipped with
a Sartorius A2 control device, which includes all the
measuring instruments for the fermentation process:
electrodes for temperature, pH, dissolved oxygen, etc.
Wort was inoculated with 2% (v/v) Lacticaseibacillus
casei spp. rhamnosus LBRC11 with initial concentration
of 2.107 cells/mL and the fermentation was carried out at
constant temperature of 25+1°C and a stirring rate of 150
rpm. Two fermentations were carried out: without RSO

(control) and with 0.0375% (v/v) RSO addition. The wort
extract, the pH, and the concentration of viable LAB cells
were monitored every 12 hours.

2.5 Analytical procedures

2.5.1 Fermentation parameters

The extract was measured by the means of Anton Paar
DMA 35 density meter (Anton Paar, Graz, Austria). The
pH was measured by a pH meter (Sartorius PB 11) for
static fermentation or by the bioreactor itself at every 5
min for dynamic fermentation.

1 - vessel with a geometric volume of 2 dm?; 2 - baffles; 3 -
temperature electrode (thermometer); 4 - cooling/heating
device (water jacket); 5 - an additional cooling/heating
device; 6 - turbine stirrer; 7 - pH/Eh electrode; 8 -
fermentation medium/inoculum/pH adjustment medium; 9 -
peristaltic pump; 10 - stirrer drive; 11 — Sartorius A2
reference device;

Fig. 1. Stirred tank bioreactor

2.5.2 Determination of the number of viable LAB
cells

Appropriate tenfold dilutions of the samples were
prepared using sterile saline solution. 1 mL of the last
three dilutions was used for pour plating in Petri dishes
with LAPTgl0-agar. The inoculated and solidified Petri
dishes were incubated for 48-72 h at 37 +1°C until the
appearance of countable single LAB colonies [8].

2.5.3 Determination of phenolic compound content
and antioxidant activity

The wort and lactic acid wort-based beverages were
diluted in ratio of 1:5 with methanol, rested for 30 minutes
and filtered using Whattman No. 1 filter paper. The
filtrate was used to analyse the phenolic compounds and
the antioxidant activity of the beverages. The content of
phenolic compounds (total phenolic compounds (TPC),
phenolic acids (PA), and flavonoids (F) by the modified
Glories method, antioxidant activity (AOA) against the
DPPH radical, AOA by the FRAP method, AOA by the
ABTS method, and AOA by the CUPRAC method were
measured according to Shopska et al. [9].
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2.5.4. Sensory analysis

A sensory evaluation of the beverages was carried out by
a trained, 5-member tasting panel. The samples were
evaluated by their taste and aroma using ranking method
(methods 13.11) [10].

2.5.5. Statistical analysis

In this study, statistical analyses were performed to
evaluate the significance of the differences observed
between the treatment groups. Each experiment was
conducted in triplicate (n=3) to ensure the reliability of the
results and to minimize the impact of random variability
on the outcome measures. To assess the statistical
significance of the differences observed between the
groups, an ANOVA was performed, followed by Tukey's
test. Results were presented as mean value + standard
deviation (SD) for each group (p<0.05) [11].

3 Results and discussion

In our preliminary study, we performed static
fermentations with 4 different concentrations of RSO —
0.0125% (v/v), 0.025% (v/v), 0.0375% (v/v), and 0.05%
(v/v) [unpublished data]. On the basis of the sensory
profile of the beverages obtained, it was decided to carry
out a dynamic fermentation with 0.0375% (v/v) RSO
addition and to compare the results with the results for
static fermentation in order to choose the better
fermentation conditions.

3.1 Fermentation dynamics

The fermentation dynamics was monitored by the change
of the extract, the pH, and the number of viable LAB cells.
In regard to the extract, its consumption was very low.
During the dynamic fermentation the extract decreased
from 12.0+£0.1% (w/w) to 11.8+0.1% (w/w) for both the
control and the beverage with RSO addition. The extract
consumption was even lower during static fermentation -
from 12.0+0.1% (w/w) to 11.940.1% (w/w). Therefore,
pH drop can be used as a main indicator for the end of
fermentation.

m+0.0375% RSO static
2+0.0375% RSO dynamic
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Fig. 2. pH dynamics during fermentation

The pH change (Fig.2) showed that fermentation
under static conditions lasted for 48 h. There was no
significant difference between pH of the final beverages
produced with and without RSO addition. In regard to
dynamic fermentation, the pH drop showed that
fermentation continued 24 h. The shorter fermentation
time was due to stirring, which kept the LAB cells in a
suspension. The pH in the control sample under dynamic
conditions at the end of the fermentation was almost 0.3
units lower than the same parameter in the other samples.
The pH drop can be ascribed to an increase in the lactic
acid concentration of the media. However, the lactic acid
concentration was not determined because the buffering
capacity of the fermenting media also affected the pH
drop.

The results for LAB cells growth dynamic are
presented on Fig. 3. The RSO addition inhibited lactic
acid fermentation under both static and dynamic
conditions until the 12 h. Then, at the 24" h, the number
of LAB cells in both dynamic fermentations was almost
equal but the inhibition of RSO on static fermentation
continued till the end of fermentation. However, the
number of viable LAB cells in the sample with RSO
addition at the end of the dynamic fermentation was
higher than the one in the sample with RSO addition at the
end of the static fermentation, which can be ascribed to
stirring. Nevertheless, all the beverages produced can be
described as functional beverages because the
concentration of the probiotic LAB cells was over 10'!
CFU/mL [12].
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Fig. 3. Changes in the concentration of viable lactobacilli
cells during static and dynamic fermentation. Log N is logio
N, where N is the number of viable L. rhamnosus cells, cfu/g

3.2 Phenolic compounds

Phenolic compounds apart from been related to food
flavor, astringency and color, are also precursors of aroma
compounds and show antioxidant activity [13]. The data
for total phenolic compounds, phenolic acids, and
flavonoids in the final lactic acid wort-based beverage are
presented in Table 1.

The addition of RSO led to a higher concentration of
total phenolic compounds, phenolic acids, and flavonoids
in the beverages, produced during static fermentation. The
opposite trend was observed during dynamic
fermentation.



BIO Web of Conferences 102, 01015 (2023)
FoSET 2023

https://doi.org/10.1051/bioconf/202410201015

Table 1. Phenolic compounds content in the final lactic acid
wort-based beverages

I TPC | PA | F
ample mg/L
Control static 729+10 16244 8443
fermentation
P -
+0.0375% RSQ static 948413 20548 10846
fermentation
Control dyn.amlc 890417 210+7 113+8
fermentation
0,
+0.Q375 % RSO. 68249 15616 90+6
dynamic fermentation

Therefore, it can be suggested that stirring affected
positively interactions between RSO and some of the wort
constituents, which led to a decrease in the total phenolic
compounds in the lactic acid wort-based beverages with
RSO, produced under dynamic conditions. However, the
stirring resulted in an increase in the total phenolic
compounds, phenolic acids, and flavonoids between 22
and 34% in the control under dynamic conditions
compared to the one under static conditions. Therefore, it
can be suggested that stirring affected biotransformation
of certain phenolic compounds by LAB or induced the
release of bound phenolic compounds.

3.3 Antioxidant activity

According to Munteanu and Apetrei [14] antioxidant
activity should not be tested on the basis of a single
method. Therefore, it was determined using four different
methods and the results are shown in Figure 4.
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Fig. 4. Antioxidant activity of the final lactic acid wort-
based beverages

The highest antioxidant activity in all the samples was
measured by the CUPRAC method, followed by ABTS,
FRAP, and DPPH. However, the data showed that
regardless of the method used to study the antioxidant
activity, the RSO addition under static conditions led to
higher results compared to the control sample. The results
were in a correlation with the data for phenolic
compounds in Table 1. The addition of RSO under
dynamic conditions decreased the antioxidant activity of
the beverage produced compared to that of the control
sample. Again, a correlation between the results for the
antioxidant activity and the phenolic compounds content

(Table 1) was observed. The same relationship between
the phenolic compounds content and the antioxidant
activity in different malt types was reported by Shopska
etal. [9]

3.4 Sensory evaluation

A sensory evaluation of the lactic acid beverages was
made by the ranking method. The tasting panel scored the
beverage with RSO addition, produced under static
condition with the highest mark, followed by the control
sample produced under dynamic condition. The lowest
mark was given to the control sample produced under
static conditions because of its extremely sour taste and
highest viscosity.

4 Conclusion

Lactic acid fermentations of wort with the addition of
RSO in a concentration of 0.0375% (v/v) under static and
dynamic conditions were carried out. Fermentations
under the same conditions without RSO were used as
controls. The combination of RSO and stirring resulted in
the lowest phenolic compounds content and antioxidant
activity of the beverage produced. On the contrary, the
addition of RSO under static conditions resulted in the
highest phenolic compounds content and antioxidant
activity, measured by DPPH and FRAP. The results
showed a positive relationship between the phenolic
compounds concentration and the measured antioxidant
activity. Although the slight inhibition effect of RSO on
lactic acid fermentation under static fermentation, a
sufficient number of viable probiotic lactobacilli cells was
grown in all the beverages produced in order to
manifestate their probiotic effect. Although the tasting
panel preffered the lactic acid wort-based beverage with
RSO addition, produced under static conditions, this
fermentation type was 24 hours slower than the
fermentation in stirred tank bioreactor. The future
perspective of this study will be focused on the selection
of a proper RSO concentration in order to produce
beverage in the stirred tank bioreactor with higher
biological value and acceptable sensory profile.
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