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Abstract: This study focuses on the polyphenol levels and antioxidant activity in the water kefir bev-
erage after 72 and 96 h of fermentation. The exopolysaccharides (dextran) were extracted from water
kefir granules and characterized using Fourier-transform infrared spectroscopy (FTIR). Increasing the
fermentation time induced a significant increase both in polyphenol content, with more than 100% for
each of the polyphenol classes investigated, and in antioxidant activity. The kefir grain accumulated
higher levels of dextran. The tribiotic characteristics of water kefir, determined by the combination of
prebiotics (polyphenols and polysaccharides) with probiotics and bioactive microbial metabolites, are
enhanced after 96 h of fermentation.
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1. Introduction

Water kefir is a homemade fermented drink that has started to receive attention in
scientific research. This fermented drink is produced by immersing the grains with a
specific symbiotic culture of bacteria and yeast (SCOBY) in a 5-10% sucrose solution, along
with various dried fruits and slices of lemon. Usually, this mixture of SCOBY, sucrose
solution, dried fruits and slices of lemon is left to ferment for 1-2 days at a temperature
of 25-30 °C [1]. The result of this fermentation process is a carbonated beverage with a
pale yellow hue and a pleasant sour taste. Importantly, the resulting beverage contains
relatively low levels of sugar and alcohol [2].

Water kefir includes a variety of compounds that may provide health benefits when
consumed, including those with antioxidant, anti-inflammatory, and antimicrobial proper-
ties [3]. SCOBY produces a specific biofilm structure, that is the water kefir grains, which
consist of a symbiotic matrix of various microorganisms, such as lactic acid bacteria (LAB)
like Lactobacillus paracasei, Lactobacillus hilgardii, and Lactobacillus nagelii, as well as yeast
(Saccharomyces cerevisiae) and acetic acid bacteria [3,4]. These grains have a gelatinous
texture and typically appear in shades of brown to translucent white [2,5]. Throughout
the fermentation process, the microorganisms within the water kefir grains metabolize the
sugars, resulting in the production of lactic acid, carbon dioxide, and small amounts of
alcohol. These byproducts contribute to the distinct taste and carbonation found in water
kefir [6]. As the fermentation progresses, some of the microorganisms may transfer into the
liquid, enriching it with probiotics and other beneficial compounds. This process is known
as “pitching” and transforms the sugar-water solution into the fermented beverage that is
known as water kefir [5].
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Furthermore, lactic acid bacteria are able to metabolize sucrose to produce two impor-
tant types of polysaccharides: a-glucans and fructans. In the case of water kefir, the main
a-glucan that is formed is dextran [7]. Depending on the fermentation substrates, water
kefir drinks can be enriched with other valuable compounds such as polyphenols which
have antioxidant activity (AOA). We have limited knowledge concerning the polyphenol
content and AOA in water kefir and how the fermentation time influences these, in the
absence of polyphenol-rich substrates. Also rather limited is the information about the
production of polysaccharides after 3 days of fermentation.

The combination of prebiotics (polyphenols and polysaccharides) with probiotics and
bioactive microbial metabolites is characteristic of tribiotic products [8-10]. Understanding
the evolution of these components at the end of the fermentation is useful for the production
of a beverage with enhanced tribiotic effect.

The main aim of this research was to evaluate the polyphenol content and antioxidant
potential of water kefir after fermentation periods of 3 and 4 days. An additional goal
was the extraction of dextran polysaccharides from water kefir granules at the end of the
fermentation period.

2. Materials and Methods
2.1. Materials

The following substances were employed: 96% pharmaceutical ethanol, copper sulfate,
potassium ferricyanide (from Chimopar Srl, Bucharest, Romania), Trolox with a purity of
97% (from Acros Organics, Thermo Fisher Scientific, Pittsburgh, PA, USA), gallic acid, 2,2-
diphenyl-1-picrylhydrazyl, and ascorbic acid (procured from Sigma-Aldrich, Merck Group,
Darmstadt, Germany), Folin Ciocalteu’s phenol reagent, iron(IlI) chloride with a purity
of 98%, 2,9-dimethyl-1,10-phenanthroline with a purity of 98%, and 2,4,6-tri(2-pyridyl-
1,3,5-triazine) with a purity of 98% (all from Alfa Aesar, Kandel, Germany), hydrochloric
acid, acetic acid (from Chimopar Srl, Bucharest, Romania), sodium acetate, phenol (from
Scharlau, Barcelona, Spain), chlorogenic acid (from Cayman Chemical, Ann Arbor, MI,
USA), and quercetin dihydrate (from Sigma-Aldrich, Merck Group, Darmstadt, Germany).
The water kefir granules were purchased from The Water Kefir Company, Amsterdam, The
Netherlands.

2.2. Preparing Water Kefir Drink

Water kefir granules were introduced into a solution containing 5% (w/v) sugar, 1 L
of sterilized water, and 50 g of lemon (equivalent to 2 slices). The container was covered
with a sterile gauze and left to ferment for 4 days at a temperature of 21 °C, with occasional
stirring during this period. Once the fermentation process was complete, the kefir grains
were separated and kept aside for future use in a new fermentation cycle and for dextran
extraction. The resulting beverage was then refrigerated at 4 °C and reserved for further
analysis. A sample was aseptically collected after 3 days as well. The dried substance was
determined by freeze-drying 1 mL of water kefir sample at 3 and 4 days of fermentation
obtaining the following values: 0.053 g dry substance water kefir fermented for 3 days and
0.044 g dry substance water kefir fermented for 4 days.

2.3. Analysis of Total Phenolic Content
2.3.1. Total Polyphenol Content

The Folin—Ciocalteau method [11] was used to determine polyphenol content. A
calibration curve was prepared using known concentrations of gallic acid. Results were
expressed as pg of gallic acid equivalent per gram of dry mass (ng GAE/g).

2.3.2. Total Flavonoid Content

We used the sodium acetate colorimetric method [12]. Results were expressed as pg of
quercetin equivalent per gram of dry mass (ug QE/g).
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2.3.3. Total Hydroxycinnamic Acids

A modified method [13] involving HCI and NaOH was used to determine total
hydroxycinnamic acid content. Results were expressed as ug of chlorogenic acid per gram
of dry mass (ug Chae/g).

2.4. Analysis of Antioxidant Activity

The assessment of antioxidant activity was carried out through a series of experiments
employing the DPPH assay [14], FRAP assay [15], CUPRAC assay [16], and PFRAP as-
say [17]. These methods utilized diverse standard solutions: Trolox was used for the DPPH,
FRAP, and CUPRAC assays, while PFRAP employed ascorbic acid. The outcomes were
presented as Trolox equivalents and ascorbic acid equivalents per gram of dry mass (UM
TE/g and ascorbic acid equivalents/g).

2.5. Total Carbohydrates with HySO4-Phenol Method

Total carbohydrates were determined using the H;SO4-Phenol method [18]. Glucose
was used as a standard. Results were expressed as milligrams of glucose equivalent per
gram of sample.

2.6. Dextran Extraction

Dextran was extracted from water kefir grains using a 10:1 water-to-grains ratio (w/v),
hot water extraction, centrifugation, and ethanol precipitation. The resulting exopolysac-
charides were freeze-dried [18].

2.7. FT-IR Analysis of Dextran

Fourier-transform infrared (FT-IR) spectra were acquired using a Perkin Elmer instru-
ment located in Beaconsfield, UK. The measurements were conducted across a frequency

range spanning from 4000 to 500 cm !, employing a resolution of 4 cm~!.

2.8. Statistical Analysis

Statistical significance was evaluated through independent samples t-tests, employing
the SPSS 26 statistical software (IBM SPSS Corp, Armonk, NY, USA). A significance level
of p < 0.05 was adopted. The experiments were conducted in triplicate. The significance
levels were denoted using the following symbols: p < 0.05 was indicated as “*”, p between
0.05 and 0.01 as “**”, and p between 0.01 and 0.001 as “***”. For highly significant results
with p < 0.001, “****” was used.

3. Results and Discussion
3.1. Analysis of Total Phenolic Content

From Figure 1 it can be seen that the fermentation time significantly influenced
(p < 0.001) the total polyphenol content (TPC), total flavonoid content (TFC), and total
hydroxycinnamic acid content (HAT) in water kefir. Increasing the fermentation period
from 3 to 4 days increased more than 2* the polyphenol content.
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Figure 1. Assessment of total polyphenols (a) (ug GAE/g dried mass sample), flavonoids (b) (ug
QE/g dried mass sample) and hydroxycinnamic acids (c) (ug Chae/g dried mass sample). Bars are
error bars. Statistical significance was assessed using independent samples t-tests. The sample size
(p) for each group was 3. The significance level (p) was set at 0.05. p < 0.05 was indicated as “*”,
p between 0.05 and 0.01 as “**”, and p between 0.01 and 0.001 as “***”. For highly significant results

with p < 0.001, “***” was used.

3.2. Analysis of Antioxidant Activity

To assess the antioxidant activity of samples obtained from the two fermentation
periods, several methods were used, such as DPPH for measuring radical scavenging
activity, FRAP, PFRAP, and CUPRAC for evaluating reducing antioxidant power.

For the DPPH, FRAP and CUPRAC methods, the p values range from 0.004 to 0.001
(Figure 2a—c), indicating strong statistical evidence that fermentation time has a significant
effect on the results. However, for the PEFRAP method, the p value is 0.014 (Figure 2d),
suggesting weaker statistical evidence for a significant impact, although there could still
be a significant influence at a stricter level of significance. In conclusion, fermentation
time seems to have a significant impact on the results for most methods (DPPH, FRAP
and CUPRAC), whereas for the PFRAP method the influence of fermentation time is not
statistically significant.
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Figure 2. Antioxidant activity assays using the DPPH (a), FRAP (b), CUPRAC (c) and PFRAP (d)
methods. Results were expressed as TE (uM Trolox equivalent/g sample mass) or ascorbic acid

4 days

equivalents (for PFRAP) at 3 and 4 days. Bars are error bars. Statistical significance was assessed
using independent samples t-tests. p < 0.05 was indicated as “*”, p between 0.05 and 0.01 as “**”, and
p between 0.01 and 0.001 as “***”. For highly significant results with p < 0.001, “****” was used. The
significance level (p) was set at 0.05. p was between 0.004 and 0.0001 for DPPH, FRAP and CUPRAC;
p was 0.014 for PFRAP.

In fermented beverages like water kefir, several microorganisms, including Lacto-
bacillus, Lactococcus, Leuconostoc, and Streptococcus species, play a crucial role [19]. During
the fermentation process, these microorganisms facilitate enzymatic hydrolysis, breaking
down the cell wall structure and metabolizing the bioactive compounds present. This could
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explain the increase in antioxidant activities and phenolic compound content with the
increase in fermentation time. Lemons are especially known for their high content in citric
and ascorbic acid, but they also contain polyphenols with proven health benefits [20-23],
the release of which is probably enhanced by fermentation. The observed increase in
antioxidant activity after 4 days of fermentation suggests that longer fermentation periods
are beneficial for improving the nutritional quality of water kefir. It is important to note
that the antioxidant activity observed in fermented water kefir may vary depending on
factors such as the composition of the kefir grains, fermentation conditions, and specific
nutrients present in the beverage [6,16].

3.3. Total Carbohydrate Content (TCC)

From Figure 3a one can observe that the left TCC is approx. 23 g/L from the 50 g/L (5%)
initial sugar concentration after 3 days of fermentation; i.e., a significant proportion of initial
saccharides were metabolized by the SCOBY consortium. After 4 days of fermentation
the concentration decreases to 18 g/L. The TCC was also expressed per gram of dry
substance, with the results indicating that almost 45% of the dry substance is represented
by carbohydrates (Figure 3b).
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Figure 3. The total carbohydrate content (TCC) of the water kefir beverage: (a) per liter of beverage;
(b) per gram of dry substance. Bars are error bars. Statistical significance was assessed using
independent samples t-tests. The significance level (p) was set at 0.05. The sample size (1) for each
group was 3. p < 0.05 was indicated as “*”, p between 0.05 and 0.01 as “**”, and p between 0.01 and
0.001 as “**”. For highly significant results with p < 0.001, “****” was used. p was <0.001 for TCC.

3.4. FTIR Analysis of the Extract from Water Kefir Granules

The main component of water kefir grains is dextran, which is a polysaccharide metab-
olized by lactic acid bacteria (LAB) such as Lactobacillus casei, Leuconostoc mesenteroides, Lac-
tobacillus hordei and Lactobacillus hilgardii. Dextran is a high-molecular-weight homopolysac-
charide composed of glucose molecules linked by 1-6 glycosidic bonds. Branching in the
dextran structure occurs at the 2-, 3- or 4-positions [24], with the structure ascertained by a
FT-IR analysis of the dextran sample. Figure 4 presents the FTIR spectrum of the extract
from the water kefir grains after 4 days of fermentation, with several bands characteristic
of stretching and deformation vibrations of chemical bonds in polysaccharides.
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Figure 4. ATR-FTIR spectrum of the extract from water kefir granules.

The band at 3221 cm ™! represents the stretching vibrations of the OH groups in-
volved in hydrogen bonds. The band at 2924 cm ! shows the stretching vibrations of C-H
bonds (sp3 hybridization). The band at 1651 cm~! is given by -OH groups of adsorbed
water [25-27], but it can also show the contribution of amide I from proteins possibly
extracted from the SCOBY biofilm. The band at 1532 cm ! is usually attributed to amide II
in proteins. The band at 1348 cm ! is characteristic of the deformation band of the C-H
bond [28].

The region 1200-900 cm ! is characteristic of polysaccharides with a pyranosic struc-
ture, that could be given by the monomeric units of glucose present in dextran [29]. The
band at 1147 cm ™! corresponds to the stretching vibrations of the C-O bond from the
carboxylic group. The band at 1007 cm ™! is characteristic of the stretching vibrations of
the ether bond C-O-C, in glycosidic position a-1—+6 or «-1—. The peak at 917 cm ! comes
from the vibrations of the pyranosic ring, and the bands under 900 cm ! could be attributed
to C-H bonds. Mainly the stretching vibrations of lateral groups (C-OH, C-C, C-H) can be
found in this region.

The FTIR spectrum confirms the predominant polysaccharide character of the extract
and suggests the possible presence of proteins.

4. Conclusions

Based on our preliminary findings, it can be observed that longer fermentation times
result in the formation of a beverage that is both richer in bioactive compounds with
antioxidant properties and also a significant source of dextran. This indicates that extended
fermentation is useful in enhancing the nutritional and functional attributes of the final
water kefir product.
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