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Abstract: To lower the risk of obesity, diabetes, and other related diseases, the WHO recommends
that consumers reduce their consumption of sugars. Here, we propose a microbiological method to
reduce the sugar content in red beet juice, while incurring only slight losses in the betalain content
and maintaining the correct proportion of the other beet juice components. Several yeast strains with
different metabolic activities were investigated for their ability to reduce the sugar content in red
beet juice, which resulted in a decrease in the extract level corresponding to sugar content from 49.7%
to 58.2%. This strategy was found to have the additional advantage of increasing the chemical and
microbial stability of the red beet juice. Only slight losses of betalain pigments were noted, to final
concentrations of 5.11% w/v and 2.56% w/v for the red and yellow fractions, respectively.
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1. Introduction

In the last two decades, there has been increasing consumer interest in food safety
and nutrition. This has been reflected in a growing body of research examining the
relation between diet and health [1]. As a result, there is currently a renewed emphasis
on the importance of fruits and vegetables, as “functional foods” with phytochemical
nutrients capable of preventing or postponing the onset of chronic diseases [2]. Red
beets (Beta vulgaris L.) are a rich source of sugars and bioactive compounds, including
phenolics, cyclic amines, and various minerals. Red beets usually contain about 9.6 g/100 g
carbohydrates. Their caloric value is 42 kcal per 100 g. In contrast to many popular fruits,
the main sugar in red beet is sucrose [3,4]. Red beets can be eaten raw, baked, boiled,
pickled, or used to make juice and soup, which is popular in many Eastern and Central
European countries. The bioactive substances in red beet exhibit numerous beneficial
properties, such as anti-inflammatory, antimicrobial, anticancer, and antiviral effects [5].

Betalains are nitrogenous pigments which are characteristic of plants belonging to
the order Caryophyllales. B. vulgaris roots are the best known edible source of betalains
among the plants in the Caryophyllales order. There are two types of betalains: yellow
(betaxanthins) and red-violet (betacyanins). The pure yellow and red-violet colors com-
bine in nature to make orange and red shades. Betalains show good bioactive potential.
These compounds exhibit strong antioxidant properties, inhibiting lipid peroxidation and
protecting red blood cells against oxidative hemolysis [6]. Betalain extracts are listed as
additive 73.40 in the 21 CFR section of the Food and Drug Administration (FDA) in the
USA and under the E-162 code in the European Union [7]. The data show that a beta-
cyanins/betaxanthins proportion of 2.08 is associated with good inner color and other
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sensory values [8]. However, treatment processes have been found to reduce the bioactivity
value of red beet. Both betacyanins and betaxanthins are prone to degradation in the
presence of oxygen, light, and elevated temperature, which act in a synergistic way [9].
Water activity and pH level also influence the stability of betalains, leading to the loss of
pigment [8].

Red beet juice is a popular product of beets. To produce red beet juice, ripe beets
are crushed and pressed. The juices are sometimes mixed, enabling the production of
tailor-made blends. Red beet juice offers huge growth potential for the food industry,
which could be explored through the development of new ingredients, processes, and
products. Juiced red beets are ten times more nutrient-rich than raw red beet, because
the sugars and other nutritive compounds are highly concentrated [10]. However, the
high sugar content may be a disadvantage, in terms of ensuring a healthy balanced diet.
Overconsumption of sugar is a major contributor to obesity, diabetes, and tooth decay.
World Health Organization (WHO) guidelines advise adults and children should reduce
their consumption of sugars to less than 10% of their daily energy intake and suggest a
further reduction to below 5% of daily energy intake [11-13].

Various fermentation processes can be used to reduce the sugar content of red beet
juice, as well as improve its nutritional value and stability. Numerous studies have inves-
tigated the extraction of red beet juice, with optional boiling, spontaneous fermentation
or fermentation using bacterial starters with probiotic properties [14-17]. Both red beets
and lactic fermented products offer nutritional benefits. However, according to Sawicki
and Wiczkowski [15], heat-treatment and lactic fermentation may reduce the content of
betalains by up to 88%. Moreover, fermented red beet juices are not always palatable to
consumers. These facts have given impetus to the recent expansion of non-dairy lactic
fermented juices on the market.

There is a need for safe, biological methods to reduce the sugar content in red beet
juice, while stabilizing the natural betalain ratio and improving the sensory and nutritional
quality of the juice. An interesting possibility is red beet juice fermentation using yeast
strains. The activities of different yeast species and strains have an impact on the sensory
profiles of juices. Classical Saccharomyces cerevisiae strains can metabolize sugar in two
ways: aerobically or anaerobically. When yeast metabolizes a sugar under anaerobic
conditions, ethanol and carbon dioxide are the main fermentation products. Under both
aerobic and anaerobic conditions, the preliminary final product of sugar utilization is
pyruvate. Under anaerobic conditions, pyruvate is reduced to ethanol. In turn, in the
presence of oxygen, pyruvate is converted to acetyl-coenzyme A and oxidized to carbon
dioxide in the tricarboxylic acid cycle [18]. The Crabtree effect plays important role in
yeast metabolism. This mechanism occurs in S. cerevisiae (Crabtree-positive) yeasts when
oxygen concentrations exceed a certain limit. The yeast utilizes glycolysis as the terminal
electron acceptor instead of oxygen, despite the presence of sufficient dissolved oxygen [19].
In non-Saccharomyces strains, this effect does not function. As a result, non-conventional
(Crabtree-negative) yeasts show rather weak fermentation activity, but they can create
more flavor precursors. In general, each of the non-Saccharomyces yeasts shows unique
fermentation characteristics [20]. Consequently, yeasts have the potential to improve the
organoleptic values of red beet juice.

The purpose of this study was to evaluate the potential of conventional and non-
conventional yeast strains with different sugar and enzymatic profiles to reduce the sugar
content while maintaining the compactness and the proportion of betalain fractions in
red beet juice. There has been little research concerning the reduction of sugar content by
yeast cultures while stabilizing the natural betalain ratio. The following parameters were
controlled: sugar content; extract content during fermentation; ethanol formation; changes
in the concentration/proportion of betalain dyes.
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2. Materials and Methods
2.1. Red Beet Juice

Red beet juice was obtained from Vin-Kon S.A in Konin (Poland). Red beet roots
(Beta vulgaris L., cv. Detroit dark red) were used to make the juice. The red beets were
grown locally (Poland, 52°13/24.17" N, 18°15'4.36” E) in the season of 2018. The roots of the
red beet were washed and crushed using type-J63 hammer grinders (ZPOW, Jaslo, Poland)
and type-C5 mills (Bucher, Ziirich, Switzerland). The pulp was transferred to Bucher type
HP5000 basket presses and pressed at 150 bar. The extracted juice was stabilized using citric
acid (E330). The extract content of the juice was measured as 15 degrees Bx (symbol °Bx),
and the pH level was 4.5. One degree Brix is 1 g of saccharose in 100 g of solution. The
juice was kept in a refrigerator (4 °C) for a maximum of 5 days before use.

To investigate the betalain content after heat treatment, the red beet juice was treated
at various temperatures, from 40 °C to 121 °C, for 60 min. This constant period was chosen
to investigate the effect of temperature on the betalain content over a comparable time. To
determine the effect of each of the tested yeasts (conventional and non-conventional) on
extract reduction and betalain content, the red beet juice before fermentation was sterilized
at 121 °C for 20 min. In the case of the strong fermentative yeasts, raw beet juice was used
without any heat treatment.

2.2. Sugar Content

The saccharide profiles of the red beet juice were analyzed using Megazyme kits (Su-
crose Fructose/D-Glucose Assay Kit, Raffinose/D-Galactose Assay Kit, L-Rhamnose Assay
Kit, D-Xylose Assay Kit) (Megazyme Inc., County Wicklow, Ireland) and using a Multiskan
GO UV spectrophotometer (Thermo Fisher Scientific, Munich, Germany), according to the
manufacturer’s instructions, as previously described by Modelska et al. [21]. Total sugar
content was determined using the Luff-Schoorl method, in accordance with the Polish
Standard PN-90/A-75101/07 and the Grain and Feed Trade Association (GAFTA) Method
10.1. [22,23]. This method is based on hot reduction of an alkaline copper salt solution by
direct titration, using a reducing sugar solution in the presence of methylene blue as an
indicator. The reduction of the Cu(Il) ions present in the Luff solution by the saccharides in
the analysed sample was initiated at the boiling point. The volume of sodium thiosulphate
(VI) corresponding to the amount of copper (II) reduced by saccharides was calculated as
the difference between the volumes obtained from two (blank and specific) titrations. Based
on these results, the content of reducing saccharides was determined in each sample [24].

2.3. Yeast Strains

Eight strains of yeasts representing various genera and species were used in the
study. Four strains of the genus Saccharomyces represented commercial fermentative
strains commonly used in breweries, distilleries, and wineries. The other four strains
were non-Saccharomyces yeasts of weak fermentative nature, belonging to the genera
Kluyveromyces, Scheffersomyces and Metschnikowia (Table 1). These yeasts are capable of pen-
tose fermentation (Scheffersomyces sp.) or various biocontrol mechanisms (Kluyveromyces sp.,
Metschnikowia sp.) [25-27], which may improve sugar reduction and contribute to microbial
stabilization.
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Table 1. Yeast strains used in the study.

Collection Number /

Strain Manufacturer No.
Saccharomyces cerevisiae TT (brewery) LOCK**0105 I
Saccharomyces cerevisiae Tokay (winery) LOCKO0204 II
Saccharomyces cerevisiae Ethanol Red*(distillery) Leaf/Lessaffre* III
Saccharomyces cerevisiae Lalvin*(winery) ICV K1-V1116 Lallemand* v
Kluyveromyces marxianus NCYC***179 \%
Kluyveromyces lactis LOCKO0028 VI
Scheffersomycesstipitis NCYC1541 VII
Metschnikowia pulcherrima NCYC747 VIII

* Commercial strain; supplied by the Department of Environmental Biotechnology, Lodz University of Technology.
** LOCK—Culture Collection LOCK105 (Lodz, Poland). *** NCYC—National Collection of Yeast Cultures
(Norwich, UK)

The yeast inoculums were prepared in YPD [2% w/v peptone, 2% w/v glucose, 1%
w/v yeast extract] broth (Merck, Darmstadt, Germany) after incubation at 30 °C for 24 h on
a rotary shaker at 150 rpm.

2.4. Assimilation Profiles

The assimilation profiles of each of the tested yeast strains were determined using
the API 20 C AUX identification system (bioMérieux, Lyon, France), according to the
manufacturer’s instructions, as previously described by Pawlikowska et al. [27]. The ability
of the yeasts to assimilate fructose and rhamnose (not present in API set) was evaluated
using the conventional method for yeast identification [28].

2.5. Enzymatic Profiles

The enzymatic profiles of the tested yeast strains were estimated using API ZYM tests
(bioMerieux). Inoculation and evaluation were carried out based on the manufacturer’s
instructions and recommendations. Only the suspensions that showed visible changes
in the color of the medium were considered to demonstrate enzymatic activity. Enzyme
activity was graded from 0 to 5 by comparing the developed color to the API-ZYM color
reaction chart, where ‘0’ indicates a negative reaction and ‘5" indicates a high positive
reaction [27].

2.6. Red Beet Juice Fermentation

Sterile glass bottles (volume 500 mL) were filled with 300 mL of the red beet juice. All
samples were inoculated with 15 mL of yeast inoculum (5% v/v). The glass bottles were
closed with fermentation airlocks and silicone stoppers, then incubated without agitation
at 30 °C. The end of fermentation was estimated after stabilization of the extract content.
The control sample was the sterilized or raw red beet juice without yeast inoculation.
Inoculation was carried out using suspensions of the tested yeasts prepared to equal the
1.0 McFarland standard (1 °McF). Yeast cell density was measured using a DEN-1 densito-
meter (Merck). Yeast cells before and after fermentation were observed microscopically
using a BX41 light microscope (Olympus, Tokyo, Japan) equipped with a digital camera.

2.7. Fermentation Efficiency

Standard analytical measurements were performed over the course of fermentation.
The fermentation process was periodically monitored by measuring the apparent extract on
a Rudolf Research J157 automatic refractometer (Rudolf Research Analytical, Hackettstown,
NJ, USA) [29]. The ethanol content was determined using the classical distillation method,
with a Rudolf Research DDM 2910 oscillatory densimeter (Rudolf Research Analytical) A
digital oscillatory densimeter technique is suitable for measuring the density of ethanol
solutions at different concentration [30].
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2.8. Betalain Content

Stability tests for betalain dyes were performed across a wide range of temperatures
(40-121 °C). Betalain pigments were assayed by differential spectrophotometry following
the Nilsson method [31]. The samples were diluted with a phosphate buffer (pH 6.5), and
the contents of betacyanins (red pigments) and betaxanthins (yellowish pigments) were
determined at 476, 538, and 600 nm using a Spectroquant® Prove 300 spectrophotometer
(Merck, Darmstadt, Germany) [32].

2.9. Sugar Index

We used the sugar index as a simple parameter to determine the stability of the red
beet pigments relative to the reduction of sugar content in the tested red beet juices. The
Sugar Index was calculated according to the formula I = (S/P), where I is the Sugar Index,
S is the sugar content [g/100 g], and P is the betalain content [g/100 g].

2.10. Statistics

All experiments were performed in triplicate and the data shown are representative. In
the statistical analysis, the mean and the standard deviation of five technical measurements
were calculated. The mean values of the betalain content were compared using one-
way repeated measures analysis of variance (ANOVA; OriginPro 8.1, OriginLab Corp.,
Northampton, MA, USA). The results were compared to those for the control samples.
Values with different letters presented in the figures show statistically significant differences:
a,p > 0.05; b, 0.005 < p < 0.05; ¢, p < 0.005.

3. Results and Discussion
3.1. Sugar Content in Red Beet Juice

Table 2 presents the carbohydrate content in the raw red beet juice before fermentation.

Table 2. Carbohydrate content in the raw red beet juice.

Carbohydrate [g/L]
Saccharose Fructose Glucose Rhamnose Raffinose Xylose
862+75 33.8£0.2 17.6 £ 0.1 8.8 £ 0.6 43403 3.0+£02

The total concentration of carbohydrates was 153 g/L. This value corresponded to the
extract content of 15 °Bx. Therefore, the extract measurement was used as an indicator of
the loss of sugars in the fermentation trials conducted by yeasts.

3.2. Assimilation Profiles

Red beet is known to contain various carbohydrates, such as sucrose, glucose, fructose,
starch, and dietary fiber [33,34]. It has been confirmed in our study. This stimulated us to
research the assimilation profiles of the yeast strains used in this study. The tested yeasts
represent different genera, with various metabolic activities and potential applications.
Saccharomyces cerevisiae is a model Crabtree-positive yeast widely used in biological pro-
cesses and is responsible for alcohol production. Its metabolism has evolved to enable
oxidative fermentation, meaning that it conducts fermentative metabolism even in the
presence of oxygen and excess glucose. This feature provides its ecological niche, which is
the ability to rapidly consume glucose and produce ethanol with antiseptic properties [35].
Other yeasts, so-called non-Saccharomyces (such as Kluyveromyces, Pichia, Scheffersomyces,
and Metschnikowia) have weak fermentative activity, producing lower levels of ethanol.
However, they have the ability to form various by-products, such as acetic acid, higher
alcohols, esters, and acetoin [36]. These weak-fermentative but aromatic yeasts represent
multi-enzyme pathways for the synthesis of fine chemicals and small molecular weight
compounds of medicinal and nutritional importance [37].
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Of the sugars used to characterize the tested yeasts, three were utilized by all the
strains: glucose, fructose and saccharose. Few of the strains assimilated xylose and raffinose.
Other sugars, such as arabinose, rhamnose, raffinose and xylose, were also assimilated, but
there was variation between species. The narrowest assimilation profile was observed for
the strain M. pulcherrima (VIII) (Table 3).

Table 3. Assimilation profiles of the tested yeast strains.

Strain Glucose Saccharose Fructose Arabinose Rhamnose Raffinose Xylose

I* +** + + + -
1I
111
v
\Y%
VI
VII
VIII +

* Symbols: L 11, 111, IV, V, VI, VII, VIII (as in Table 1); ** Symbols “+”: positive assimilation test, “-“ negative
assimilation test.

+ 4+ + + + o+
+ 4+ + + + o+
+ 4+ + o+
+ o4+ o+ o+ o+
+ 4+ 4+ + + +

+
+
1
+
1
1

3.3. Enzymatic Fingerprinting

Enzymatic fingerprinting was used to assess the ability of the yeasts to both assimilate
various carbon compounds and create new sensory features in the fermented red beet
juice. Red beet juice may contain unpleasant flavors, e.g., geosmin [38]. Therefore, the
use of appropriate yeast strains can significantly improve its sensory qualities. Enzyme
systems of microbial strains are usually mixtures of several enzymes. Some, including
glycosidases, may act synergistically. The activity of one group of enzymes can influence
another. For example, the activities of x- and (3-glucosidase stimulate the action of «- and
-glucanases [25]. Hydrolysis of glycosyl-glucosides by yeast glucosidases enhances the
content of aroma profiles in different plant materials [39-41]. Arylamidases (proteases)
contribute to release amino acids as precursors of aromatic compounds. These enzymes
catalyze the hydrolysis of the N-terminal amino acids from peptides or amides. Therefore,
cystine arylamidase, leucine arylamidase, valine arylamidase, and acid phosphatase or
naphthol-AS-Bl-phosphohydrolase each have a significant role in enhancing aroma profiles
during fermentation [42]. In the present study, we investigated the enzymatic profiles
of all the tested strains, with special attention to the activities of proteases, esterases,
phosphatases, and glycosidases (Table 4). According to the enzymatic profiles obtained
from the API ZYM system, all the tested strains showed leucine arylamidase activity
(score 5). S. cerevisiae were characterized by high acid phosphatase (score 5), naphtol-AS-
Bl-phosphohydrolase (score 3-5), and valine arylamidase (score 3—4). Other enzymatic
activities were weaker and more variable. The enzymatic activities of the non-Saccharomyces
yeasts varied. K. marxianus (V) showed the widest enzymatic spectrum. Both K. lactis (VI)
and M. pulcherrima (VIII) showed high x-glucosidase activities (score 5). Similar results
have been reported in other studies on the enzymatic profiles of S. cerevisize and non-
conventional yeasts. In research conducted by [43], S. cerevisiae isolates displayed alkaline
phosphatase and acid phosphatase activities, and also exhibited two esterases. High
leucine arylamidase activity was detected in all the tested strains. In other studies of
non-conventional yeasts, strains from the genera Pichia and Metschnikowia, showed high
a- and p-glucosidase activities. Esterase activity, which is involved in the formation
of volatile aromatic ester compounds, was detected in non-Saccharomyces strains [44,45].
Kluyveromyces sp. and Metschnikowia sp. are able to produce various aroma compounds,
such as fruit esters, carboxylic acids, ketones, furans, and alcohols [46—48]. Of these
compounds, 2-phenyl ethanol with a characteristic rose aroma is the most important in
commercial non-food applications [49]. The formation of a wide range of aroma profiles
with decreasing carbohydrate concentration could become an important strategy for the
development of new functional drinks with low-sugar content [50]. One of the easiest
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ways to reduce sugar is to replace it with sweeteners. However, research conducted in the
Netherlands by the NIZO group suggests that rich aroma profiles can be leveraged as an
alternative strategy, as a sweet aroma can enhance the perceived sweet taste of various types
of food [51,52]. Another interesting result is the high activity of M. pulcherrima strain (VIII)
for leucine arylamidase. Most of the pulcherriminic acid synthesized by M. pulcherrima
clade is derived from the leucine present in the environment. The presence of leucine
as a pulcherriminic acid precursor may have an additional ecological role in biocontrol
mechanisms (pulcherrimin formation) [27,53]. Therefore, fermentation with M. pulcherrima
yeast could provide the additional benefit of increasing the microbiological stability of red
beet juice, especially with regard to fungal contamination [54,55].

Table 4. Enzymatic fingerprinting of the tested yeast strains.

Enzymes

Yeast Strain

Classes

Specific Activity

Tt

*
e
(=
i
I
=

v

S

VII VIII

Proteases

Esterases

Phosphatases

Leucine arylamidase
Valine arylamidase
Cystine arylamidase
Esterase C4
Esterase C8
Alkaline phosphatase
Acid phosphatase
Naphtol-AS-Bl-phosphohydrolase
a-Glucosidase
B-Glucosidase

a1
£
X
a1

Wk U1 W W Wo Wk
W o U1 B B R G
N WUTO NN R G
O Ul Uk W WWWwu

B O Il Ul Ul glal | <&

U1 UT W TN B Wb Gl

ONWWO W WWU

WU N~ WWR~N

o
o
[68}
o

* Symbols: I, IT, III, IV, V, VI, VII, VIII (as in Table 1); ** The intensity of coloration in 5-grade scale (from 0 to 5).

3.4. Red Beet Juice Fermentation

The high sugar content in the red beet juice accounts for its high caloric content. We
therefore decided to research the possibility of reducing the content of saccharides while
maintaining the content of betalains—health-promoting phytochemicals—in the juice.

We investigated fermentation with various yeast strains. Figure 1 presents the ethanol
concentrations obtained on the third day of fermentation and at the end of the fermentation
process. The tested strains showed various fermentation activities. Much better dynamics
of ethanol production were noted for the Crabtree-positive S. cerevisiae strains (I, II, III).
The Crabtree-negative, non-Saccharomyces yeasts (V, VI, VII, VIII) fermented much more
slowly. The amount of ethanol produced ranged from 4.52% v /v for K. marxianus (V) to
6.08% v /v for Saccharomyces cerevisiae Lalvin (IV). The most active strains (I, II, III) finished
fermentation after 3-5 days, and the weak fermentative strains finished fermentation after
2-8 weeks (Table 5).

The metabolic pathways of the central carbon metabolism are the same in different
yeast species. However, several differences have been noted between Crabtree-positive
and Crabtree-negative yeast strains, including different kinetics of sugar uptake and rates
of glycolysis [56-58].

Table 5. Extract reduction after fermentation trials.

Yeast Strain Control I* 11 III v \' VI VII VIII
E""ag]gg“‘em 1501 £031 6554023 6184034  664+053  660+046  636+043 658+017 681 +046  7.54+0.67
Day of Completed 0 3 5 4 15 13 17 13 56
Fermentation

* Symbols of yeast strains: I, II, IIL, IV, V, VI, VII, VIII—as in Table 1. The end of fermentation was estimated after stabilization of the extract
content. The control sample was sterilized unfermented red beet juice.
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Figure 1. Ethanol content in the sterilized red beet juice on the 3rd day and at the end of the
fermentation process. The end of fermentation was estimated after stabilization of the extract content.
At the start of fermentation the ethanol content was 0% v/v. * Symbols of yeast strains: I, II, III, IV, V,
VI, VII, VIII—as in Table 1.

The extract content halved in the juice sample fermented with S. cerevisiae (II) com-
pared to the control, from 15 °Bx in the control (unfermented) sample to 6.18 °Bx. It should
be emphasized that the red beet juice had not been additionally supplemented. Red beet
juice is known to contain not only nutrients (carbohydrates, proteins, etc.) but also natural
stabilizers (saponins, polyphenols, flavonoids, etc.) with a wide range of antimicrobial
effects [34,59,60]. However, the fermentation process with the tested yeasts took place even
in the presence of these phytochemicals.

3.5. Control of Betalains and Sugar Index

Beetroot is one of the richest sources of betanin pigment, which is what gives its red
or yellow color. The redness of beetroot varieties depend on the ratio of betacyanin (red)
and betaxanthins (yellow) [34,61]. Betalains are generally used as color additives in food,
due to their non-precarious, non-toxic, non-carcinogenic and non-poisonous nature. All
betalain fractions have numerous nutritional and health benefits [61,62]. However, temper-
ature, oxygen, and light are known to exhibit detrimental effects on betalain integrity [63].
Betalains are unstable under oxygen atmosphere, and antioxidants such as ascorbic acid
offer only slight protection against oxidation in colour formulations. Betalain content has
likewise been reported to be inversely related to light intensity. Under anaerobic condi-
tions, the effect of light was found to be negligible [7]. To evaluate the influence of yeast
fermentation processes on pigment stability in the raw red beet juice, we first assessed the
effect of heat treatment. Various temperatures, from mild (40 °C) to very high (121 °C),
were used to evaluate the effect of heating on the betalain content and the proportions of
the individual fractions. The constant time 60 min was chosen to investigate the effect of
temperature over comparable time. The results are presented in Figure 2. As expected, the
betalains were found to be very sensitive to thermal treatment at the highest temperature.
In particular, the instability of the red-violet fraction of betalains was inversely related
to the temperature values. After incubation at 40 °C, the total betalain (betacyanins and
betaxanthins) concentration was almost 10%, but at the highest temperature 121 °C this
value decreased to 3.3% (loss 77%). We also observed that the desirable proportion of
betacyanins to betaxanthins (about 2) was not maintained after the sterilization process.
These results are similar to the literature data [7].
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Figure 2. Betalain content (red and yellow fractions) in raw red beet juice after 60 min of incubation at various temperatures.
The results were compared to the control sample—the raw red beet juice. Values with different letters presented in the
figures show statistically significant differences: a, p > 0.05; b, 0.005 < p < 0.05; ¢, p < 0.005.

The betalain contents were also investigated after sterilization and controlled fermen-
tation trials, with well-defined yeast strains representing various fermentation activities.
Before inoculation with yeast, the fermentation medium was sterilized (121 °C, 15 min)
to avoid uncontrolled microbial processes. The control sample was the raw red beet juice
before sterilization and fermentation (Figure 3).

—~ 10.00
B
3
2 8.00
§
2 6.00
b1
=
E 4.00
8 c c
C c
5 2.00 =0 cc = c : c c c € C
z N W ml ml
("]
a 0.00 Control * 1 I v v VI VI VI
BRed dyes 811% | 1.09% | 12% | 1.04% | 111% | 1.14% | 119% | 104%  1.36%

OvYellowdyes| 4.76% | 125% | 13% | 129% @ 194% 2% 211% | 129% | 1.82%

Figure 3. Betalain content after sterilization (121 °C) and fermentation with selected yeast strains. * Symbols: I, II, ITI, IV, V,
VI, VII, VIII—as in Table 1. The control sample was the raw red beet juice before sterilization and fermentation. The results
were compared to the control sample. Values with different letters presented in the figures show statistically significant
differences: a, p > 0.05; b, 0.005 < p < 0.05; ¢, p < 0.005.

The total betalain contents after the fermentation trials varied from 2.34% to 3.29%,
and decreased significantly in comparison to the control sample. The loss of the betalain
fractions ranged from 75 to 82%. The desired proportion of betacyanins and betaxanthins
(about 2) was not maintained [8]. We suppose that the main reason for this change was
the sterilization process. The effects of incubation at various temperatures were shown
in Figure 2. Yeast fermentation did not improve this negative effect. Similar results have
been obtained in other studies after boiling and spontaneous juice fermentation, which
resulted in high levels of betalain degradation (61-88%) [15]. The loss of betalains in the
fermentation samples also may be due in part to the adsorption of dyes on the yeast cell wall.
It is well known that yeast cells have the ability to adsorb various phytochemicals [64,65].
The absorption of the red pigment on the yeast cell wall was also confirmed microscopically,
with the cells after fermentation having a distinct violet-red outline (Figure 4A,B).
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10um 10um

Figure 4. S. cerevisiae cells under a light microscope. (A) cells suspended in isotonic saline; (B) cells after fermentation in
sterilized red beet juice (scaling bar: 10 pm).

Table 6 presents Sugar Index values, representing the effect of yeast metabolic activity
on the levels of sugars and betalains in sterilized red beet juice after fermentation. The Sugar
Index was calculated as the ratio of the sugar content (which ranged after fermentation
from 1.16 to 2.84 g/L) to the betalain concentration. In the case of the post-fermentation
media, the results were 9-20-times lower in comparison to the raw red beet juice.

Table 6. Sugar index values after fermentation of sterilized red beet juice.

Yeast

X Control I* 1I 111 v A% VI VII VIII
Strain
Sugar 0.814 £ 0.062 + 0.078 + 0.072 £ 0.044 + 0.090 + 0.059 + 0.041 £+ 0.065 +
Index 0.023 0.031 0.022 0.011 0.023 0.011 0.009 0.013 0.012

* Symbols of yeast strains: I, II, III, IV, V, VI, VII, VIIl—as in Table 1. The control sample was the raw red beet juice before fermentation.

The betalain content was also evaluated following fermentation of the raw red beet
juice by the yeast strains with the best fermentation activity (I, II, III) (Figure 5).

— 10.00
Q)
3
2 8.00
§
2 600 b = .
[+
§ 4.00
g 2 b
& 200 | \ | o | c
<
= | |
@ 0.00
M Control I* I 11
B Red dyes 8.11% 5.11% 4.86% 4.56%
O Yellow dyes 4.76% 2.65% 2.28% 1.37%

Figure 5. Betalain content in raw beet juice after fermentation with selected yeast strains (I, II, III). * Symbols of yeast strains:
I, II, Ill—as in Table 1. The control sample was the raw red beet juice before fermentation. The results were compared to the
control sample. Values with different letters presented in the figures show statistically significant differences: a, p > 0.05; b,
0.005 < p <0.05; ¢, p < 0.005.

After 3-5 days of fermentation trials, the contents of both betalain fractions were strain-
dependent and ranged from 5.93% to 7.78%. Therefore, the loss of betalain ranged from
22 to 41%. These values represent much smaller decreases compared to the losses resulting
after 60 min of thermal treatment (Figure 2) or after the fermentation of sterilized red beet
juice (Figure 3). It is worth noting that a favorable ratio of betacyanins and betaxanthins
was maintained after fermentation of the raw red beet juice.

Table 7 presents sugar index values, representing the effect of yeast metabolic activity
on the levels of sugars and betalains in the fermented raw red beet juice.
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Table 7. Sugar index values after fermentation of raw red beet juice.

Yeast Strain Control Sample I* II III
Sugar Index 0.814 £ 0.023 0.019 £ 0.009 0.033 £ 0.011 0.024 £ 0.007

* Symbols of yeast strains: I, I, Ill—as in Table 1. The control sample was the raw red beet juice before fermentation.

Controlled fermentation with Crabtree-positive yeasts led to a significant improve-
ment in the sugar index values, calculated as the ratio of the sugar content to the betalain
concentration. The sugar indexes were reduced significantly and were 25-43-fold lower in
comparison to the raw red beet juice. The sugar index values were more favorable than
those obtained for sterilized beet juice, in which the sugar indexes reduced only 9-20-times.

4. Conclusions

The consumption of red beetroot products, including juice, is high in nutritional values.
However, it is ten times more nutrient-rich than the root, which can be disadvantage due
to the high sugar content and high caloric value. High sugar consumption has been shown
to contribute to obesity and related lifestyle diseases. One common way to reduce sugar is
to replace it with artificial sweeteners. Non-nutritive sweeteners often impart additional
taste qualities considered as off-flavors. Instead, we propose a healthy alternative: the
biological reduction of sugar content by yeast strains with different metabolic pathways and
fermentation activities. Each of the tested species offered different advantages, from fast
fermentation (Saccharomyces sp.) to slower ethanol formation (non-Saccharomyces yeasts).
The activities of the different yeast species and strains may have a positive impact on
the sensory profiles of juice, increasing its complexity and organoleptic richness. Fast
fermenting yeasts belonging to S. cerevisiae reduced sugar content while maintaining the
amounts of betalain fractions in the raw red beet juice. This strategy, based on the use of
Crabtree-positive yeasts in a controlled fermentation process, could contribute to increase
the microbiological and chemical stability of raw red beet juice. However, more research is
needed on to select a proper strain or consortium of yeast strains for use in the production
of low-sugar red beet juice with the desired sensory features.
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