m The European Journal of foe CLEVER

———— Research and Development journals.orclever.com/ejrnd Science & Research Group

Research Article

Physicochemical and Sensory Parameters of Vegan
Water Kefir Beverages Fermented with Different Fruits

Suzan Tireki

Department of Gastronomy and Culinary Arts, Ozyegin University, Istanbul, 34794, Turkey, Orcid ID:
https://orcid.org/0000-0002-7424-7378, E-mail: suzan.tireki@ozyegin.edu.tr

(First received October 12, 2022 and in final form December 25, 2022)

Reference: Tireki, T. Physicochemical and sensory parameters of vegan water kefir beverages
fermented with different fruits. The European Journal of Research and Development,2(4), 1-12.

Abstract

Fermented foods have drawn the attention of the consumers due to their health advantages particularly
after Covid-19 pandemic. Water kefir is one of these fermented foods which is produced by fermenting
water-based solution containing sugar source, fruits and/or vegetables with water kefir grains. It is a
slightly fizzy and sour beverage with low sugar fruity taste satisfying the needs of consumers who are vegan
or having lactose intolerance/sensitivity. Although there are many fruit/vegetable alternatives that can be
used in water kefir, figs are stated to be the most used and popularity is not understood fully. Therefore, in
this study water kefir was produced with different fruits, namely fig, apricot, peach, mulberry and grapes
and the effects on physicochemical properties during fermentation of 3 days were studied. Sensory analysis
of beverages made with both dried and fresh peach, apricot and grapes was carried out to see the impact of
the use of dried form. pH decreased for all samples and brix increased for all beverages except the one
prepared with dried mulberry. L* value increased, b* value decreased for all samples and a* value decreased
for the samples with dried figs, dried peach, dried grapes and fresh peach, increased for the one fermented
with fresh grapes and remained same for the other beverages. Water kefir drinks made with fresh grapes,
dried peach and dried apricot had the top three scores for color; samples with fresh grapes, dried peach and
fresh apricot had the top three scores for smell; beverages with dried grapes, fresh grapes and fresh apricot
had the top three scores for mouthfeel; samples with fresh and dried grapes and fresh apricot had the top
three scores for taste; kefirs with fresh and dried grapes and fresh apricot had the top three scores for
carbonation and water kefirs prepared with fresh fruits had the highest rankings for preference.
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1. Introduction

Consumers have prioritized their health more since Covid-19 pandemic, which has
increased demand for foods and beverages that strengthen the immune system.
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Fermented products are one of the product categories that has drawn the attention of the
consumers [1] with anti-oxidant, anti-carcinogenic, anti-diabetic, anti-microbial, anti-
inflammatory and probiotic properties [2]. Water kefir is one of these fermented products
and this artisanal beverage is produced by fermenting a water-based solution containing
sugar source, fruits and/or vegetables with water kefir grains [3]. It is a slightly fizzy,
sour, acidic beverage with low sugar fruity taste [3] satisfying the needs of consumers
who are having lactose intolerance/sensitivity or vegan [2].

Water kefir grains contain yeasts, acetic acid bacteria, and lactic acid bacteria in a
relationship which is stable and symbiotic [4]. There are more genera of yeast in water
kefir grains with respect to milk kefir grains [5]. The unique taste and flavor of water kefir
depends on the diversity and symbiotic activity of the microorganisms in the grains [6].
Water kefir grains have 5-20 mm diameter with gelatinous structures and irregular
cauliflower like shapes [7] and they are whitish to gray, however, color can be affected
by the color of fruits and vegetables used in the beverage [5]. These grains are recoverable
after the fermentation process and may be re-used for the following kefir preparation [8].

In water kefir production, sucrose is used as carbon source and fresh or dried fruits
and vegetables are used as nitrogen source. Although there are many carbon and/or
nitrogen sources such as grapes, strawberry, apple, carrot and onion that can be involved
in water kefir, yet fresh or dried figs appear to the most commonly used. It is not fully
known why they are the most popular fruit [7]. There is a growing request from the
consumers for products with health advantages in the food industry [6]. Therefore, in this
study it was aimed to produce water kefir beverages with different fruits, which are figs,
apricot, peach, mulberry and grapes and the impacts on physicochemical characteristics
(pH, brix, color) during fermentation of three days were investigated. This article also
addressed the effect of the fruit form-fresh or dried- used in fermentation by studying the
physicochemical parameters accompanied with sensory analysis of the beverages.

2. Materials and Methods

Sucrose, bottled water, dried figs, fresh and dried apricot, fresh and dried peach, dried
mulberry and fresh and dried grapes were purchased from a local market in Istanbul,
Turkey. Water kefir grains were obtained from Etik Farma, Istanbul, Turkey.

Properties of the water used in the experiments were retrieved from the label of
the product and given in Table 1. Moisture contents of the dried fruits were estimated
from the nutrition labels and shown in Table 2 together with the other nutrients
information coming from the labels and the literature.
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Table 1: Water properties

Calcium (mg/L) Magnesium (mg/L) Potassium (mg/L) Sodium (mg/L) Iron (mg/L)

32.2 4.2 0.2 54 0.007

7.34

Table 2: Nutrient composition of the commercial dried fruits

Dried Fruit Grapes  Apricot Figs Mulberry  Peach
Moisture Content (7%) 12.7 27.8 7.0 9.2 41
(Estimated)
Carbohydrates (g/ 100g) 77.0 61.0 72.7 77.7 83.0
Proteins (g/ 100g) 3.0 3.3 7.2 2.8 6.3
Calcium (mg/ 100g) 50.0* 55.0* 195.0 - -
Magnesium (mg/ 100g) - - - 112.0 -
Iron (mg/ 100g) - - - 59 -

*: Data retrieved from literature [7]

2.1. Water Kefir Production

Water kefir beverages were produced with 60 g sucrose, 40 g fruit, 15 g water kefir grains
in 1 liter of water. Figure 1 shows the production of water kefir beverages in the
experiments. Firstly, sugar is mixed water and water kefir grains and fruits added to the
slurry and mixed gently. Then, samples left for fermentation for 3 days at ambient
temperatures in the range of 25-28°C. After fermentation, the beverage was filtered,
bottled and stored for 1 day at 4°C in glass bottles for the sensory analysis part of the

study.

Online ISSN: 2822-2296 journals.orclever.com/ejrnd



The European Journal of Research and -
Development, 2(4), 2022 https://doi.org/10.56038/ejrnd.v2i4.119 e gl:’ggg{;m%
water . sugar
N mixmg “————
fruits l kefir grains
E— slight mixing 1
1 =
g
=
fermentation §
|
filtration ’J

l

water kefir beverage

Figure 1: Water kefir preparation
2.2. Physicochemical Measurements

pH of the beverages during fermentation was measured with a pHmeter (Adwa
AD12, Szeged, Hungary) and brix was measured with a refractometer (BX90, ATC, New
Delhi, India) every 24 hours. Total dissolved solids (TDS) and electrical conductivity (EC)
of the water used in the beverages was measured as 1045.33 + 41.50 ppm and 2090.67 *
83.00 us/cm with TDSmeter (TDS-3, ZYT, Mainland, China) at 24°C. Color of the
beverages were evaluated by measuring CIE L*, a*, b* parameters using color analyzer
colorimeter (Beley, Fru, China).

2.3. Sensory Analysis

Eight students, academic and administrative staff of Ozyegin University, who
have sensory testing experience, were the panelists in the sensory evaluation part of the
study. Sensory testing of the samples was done after one day storage in 4°C. Color, smell,
mouthfeel, taste and carbonation were scored. Hedonic scale of 9 points used in the
scoring shows the following: 9= like extremely, 8= like very much, 7= like moderately, 6=
like moderately, 5= neither like nor dislike, 4= dislike slightly, 3= dislike moderately, 2=
dislike very much and 1=dislike extremely. Preference ranking was also evaluated for the
samples in the sensory analysis part.

2.4. Statistical Analysis

One way analysis of variance (ANOVA) was carried out by using IBM SPSS Statistics
27.0.1 software and means were compared at the significance level of 0.05. Duncan’s
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Multiple Comparison Test was also conducted for the comparisons (p < 0.05) when
significant differences were found between treatments. Experiments were done in three
replications and results were shown as mean+standard deviation.

3. Results

Fig.2 shows the pH change of the water kefir beverages during fermentation. It was
seen that pH decreased for all the beverages after fermentation for three days. The highest
pH was measured for the samples prepared with dried figs and dried grapes and lowest
pH was observed for the sample with dried peach before fermentation (day=0). On the
other hand, the highest pH value of 3.53 was seen for the water kefir prepared with dried
apricot and the lowest pH value of 2.70 was measured for the sample with fresh peach
after the fermentation (day=3).

9.00

8.00

6,00
5,00
=400
3,00
2,00

1,00

0,00
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Figure 2: pH change of the water kefir samples during fermentation

Brix or total soluble solids (%) of the water kefir was measured every 24 hours
during the fermentation and shown in Fig. 3. Brix value increased after 3 days
fermentation for all beverages except the one prepared with dried mulberry. Although
the sucrose amount was same in all samples, beverages containing dried mulberry had
the highest and beverages with fresh apricot had the lowest brix value before the
fermentation. After the fermentation, it was seen that water kefir formulated with dried
figs had the highest and the samples with fresh apricot, dried grapes and fresh grapes
had the lowest brix value.
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Figure 3: Brix change of the water kefir samples during fermentation

Color change of the water kefir samples is presented as before and after
fermentation of three days in Table 3. L*, a* and b* values of the beverages were
measured. L* a* and b* shows brightness/darkness, redness/greenness and
yellowness/blueness, respectively [9]. L* value increased and b* value decreased for all
samples and a* value decreased for all samples except the ones with fresh grapes, dried
apricot, dried mulberry and fresh peach.

Sensory results of water kefir prepared with different type and forms (dried versus fresh)
of fruits were shown in Fig. 4 for color, smell, mouthfeel, taste and carbonation
parameters with 9-point hedonic scale. Beverages made with fresh grapes, dried peach
and dried apricot had the top three scores for color; samples with fresh grapes, dried
peach and fresh apricot had the top three scores for smell; beverages with dried grapes,
fresh peach and fresh apricot had the top three scores for mouthfeel; and drinks with
fresh grapes, dried peach and fresh apricot had the top three scores for taste.

In addition, panelists ranked the beverages for preference to evaluate the form of the fruit.
Eight panelists evaluated the samples in three sensory sessions as follows: beverages with
fresh and dried grapes were tasted in the first session, samples with fresh and dried peach
were tasted in the second session and kefirs with fresh and dried apricot were tasted in
the third session. Preference ranking results are shown in Table 4.
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Table 3: Color of water kefir beverages

Parameter Fruit Before fermentation After Fermentation

dried figs 16.40+0.5252 19.23+0.613f
dried apricot 16.19+0.5062 18.47+0.258
dried mulberry 13.91+0.815¢ 16.81+0.2632"

L* value dried peach 14.19+1.188<d 18.91+0.468f
dried grapes 15.27+0.345b¢i 17.59+0.3228h

fresh apricot 15.90£0.311¢ 18.77+0.289f

fresh grapes 14.86+1.217cde 16.30+0.2874

fresh peach 15.18+0.477bde 17.92+0.234s!

dried figs -0.79+0.0622 -1.05+0.051fs
dried apricot -0.66+0.140° -0.99+0.1234bf

dried mulberry -0.07+0.107¢e -0.05+0.035¢

o+ value dried peach -0.32+0.399¢ -1.28+0.123f8
dried grapes -0.95+0.061 -1.35+0.0258

fresh apricot 0.41+0.2544 -0.68+0.164>

fresh grapes -0.27+0.243¢ 0.78+0.212h

fresh peach 0.10+£0.307¢ -0.20+0.085¢

dried figs -1.18+0.2202 -1.9620.229¢

dried apricot -1.16+0.064> -2.00+0.445¢

dried mulberry -0.70+0.269¢d -1.71+0.125¢

dried peach -1.19+0.1762 -3.95+0.160f

b* value .

dried grapes -2.41+0.167¢ -4.56+0.0258

fresh apricot -0.46+0.2174 -2.36+0.032¢

fresh grapes -0.94+0.265% -3.37+0.185h

fresh peach -0.79+0.225bd -2.38+0.197¢
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Figure 4: Sensory analysis of water kefir samples

Table 4: Preference ranking results of water kefir beverages in sensory evaluation

Fruit Number of Panelists Number of Panelists
Ranked the beverage as 1**  Ranked the beverage as 2¢

Fresh grapes 6 2
Dried grapes 2 6
Fresh peach 7 1
Dried peach 1

Fresh apricot 7 1
Dried apricot 1

4. Discussion and Conclusion

pH shows the acidity of a product, and it is used to assess the quality of a fermented
beverage since it affects the taste, flavor and mouthfeel parameters [10]. As shown in Fig.
2, pH decreased significantly for all water kefir samples during the fermentation. This
was in accordance with the previous studies [2, 4, 6]. Average pH drops was 3.69 units,
and minimum 2.26 and maximum 4.22 units were observed for the beverages prepared
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with dried peach and dried figs, respectively. Decrease of pH shows the acidification of
the beverage. Increase of acidity in kefir products during fermentation is due to the
consumption of mainly carbohydrates present in the substrate by the yeasts and the
bacteria in the grains [4]. Carbohydrate amounts were analyzed for the fruits from Table
2 and carbohydrate data was found as 8.99, 5.66 and 14.75 g/ 100 g fruit for the fresh fruits
of peach, apricot and grapes [11], respectively. However, minimum pH decrease was
seen for the water kefir fermented with dried peach (Fig. 2) and dried peach had the
highest carbohydrate amount (Table 2). Hence, another factor might have played an
important role and calcium is considered to be that factor since calcium concentration is
stated to affect water kefir properties with higher buffering capacity for lower pH values
[7]. For the fruits, dried figs had the highest calcium level (Table 2), so highest pH drop
was seen for that fruit containing kefir (Fig. 2).

Brix (total soluble solids) measurement is an important part of the quality analysis of
beverages and agricultural products [12]. The brix of all water kefirs increased after 3
days fermentation except the one fermented with dried mulberry (Fig. 3). The highest
increase of brix was seen for the sample with dried figs and it was about 49% and the
lowest increase of 9% was observed for the dried grapes. On the other hand, the brix
increase in dried mulberry samples was very slight and it was about 2%. There are very
limited studies in the literature, only one study [2] reported brix decreases during
fermentation showing about 60% sugar reduction, in which fermentation time was
shorter (24 hours) and substrate was different than this study. Since the fermentation time
is longer brix increase might be explained with the enhancement in the hydrolysis of acids
and carbohydrates [13]. In addition, increase of brix can be linked to the fact that when
the pectin of the fruit used in the fermentation is degraded, free calcium coming from the
water and the fruit may cause stable gel formation increasing the total solids of the
beverage [14].

Color is one of the main properties affecting the consumer acceptance of products
since color of a food predetermines the consumers’ opinions regarding taste and quality
[15]. L* value is between 0 and 100, where 0 means black and 100 means white. According
to the color measurement results shown in Table 3, L* value showing the
lightness/darkness increased for all the samples after 3 days of fermentation. Similarly,
Parades et al. (2022) reported significant increases in L* after 48 hours of fermentation
[16]. It was observed that a* parameter for color declined for the water kefirs fermented
with dried figs, dried peach, dried grapes and fresh peach and it was increased for the
beverage with fresh grapes and remained same for the samples with dried apricot, dried
mulberry and fresh peach. a* values were negative after the fermentation for all water
kefirs except the one prepared with fresh grapes (Table 3). Positive a* values show
reddish colors and negative values show greenish ones [16]. b* parameter decreased for
all beverages and values were all negative (Table 3). Positive b* values indicate yellowish
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and negative ones indicate bluish colors [16]. Changes in color during fermentation can
be related to the color of the fruit substrate used. It was also mentioned that change in
lightness and redness could be due to browning processes taking place during the
fermentation [16, 17].

Intrinsic properties of food products can be estimated through sensory analysis
conducted via counting in function of the responses to the senses which come from
physiologic responses [18]. Sensory evaluation for color, smell, mouthfeel, taste and
carbonation of the water kefirs was conducted and shown in Fig. 4. Beverages made with
fresh grapes, dried apricot and dried peach had the top three scores for color with 7.0, 6.0
and 5.1 out of 9.0. For the smell parameter, water kefirs prepared with fresh apricot, fresh
grapes and dried peach had 6.5, 6.3 and 5.8 points, respectively, and were the top three
beverages in this parameter. For the mouthfeel parameter showing the texture of the
beverages, samples fermented with dried grapes, fresh apricot and fresh grapes had the
top three scores. Samples prepared with fresh grapes, fresh apricot and dried grapes were
the top three kefirs for the taste and carbonation parameters. As a summary for these
sensory results, it can be concluded that water kefirs fermented with fresh grapes, fresh
apricot and dried grapes were the most liked samples in terms of the stated parameters.
In order to evaluate the form of the fruit preference ranking was also carried out (Table
4) and it was found that beverages prepared with fresh fruits had the highest rankings.

Standardization of industrial water kefir production is a big challenge to
reproduce the same quality and sensorial profiles over fermentation cycles [19]. This
study will provide an insight for the researchers and the food industry to decide on the
type and form of the substrate to be used in the fermented water kefir beverages.
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