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ABSTRACT

In this study, detox juice prepared from green fruit and vegetable juices was fermented with water kefir
grains at 25 °C for 48 hours and stored at 4 °C for 6 days. The samples had pH values of 3.41-3.97, titratable
acidity of 0.196-0.495 g/100 mlL., and brix values of 8%-10.4%. The 0% day samples had less phenolic
substance than the control (861.26+0.24 mg GAE/L) (P<0.05). DPPH (82.210.19%) and CUPRAC
(1.18£0.05 mmol Trolox/g) were the highest on the 6t day of storage. At the end of fermentation, an
increase in color values for I* and /* and a decrease in #* value were determined (P<0.05). The
microorganism loads rose from the 2nd to the 6th day of storage. Green fruit and vegetable juices may be
utilized to make water kefir, an innovative functional beverage for vegetarians and vegans who can not
consume probiotic dairy products.
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SU KEFIR TANELERI ILE FERMENTE EDILMIS FONKSIYONEL DETOKS
SULARININ FIZIKOKIMYASAL, MIKROBIYOLOJIK VE DUYUSAL
ANALIZLERI

oz

Bu ¢alisgmada, yesil meyve ve sebze sularindan hazirlanan detoks suyu, su kefiri taneleri ile 25 °C 'de
48 saat fermente edilmis ve 4 °C 'de 6 giin depolanmistir. Orneklerin pH degerleri 3.41-3.97, titre
edilebilir asitlik degetleri 0.196-0.495 ¢/100 mL, brix degetleri %8-%10.4 arasinda bulunmustut.
Toplam fenolik madde miktari kontrol (861.26£0.24 mg GAE/L) ile kargilastirildiginda 0. gin
(798.41£0.32 mg GAE/L) numunelerinde istatistiksel olarak azalmistr (P<0.05). DPPH
(%82.2£0.19) ve CUPRAC (1.18+0.05 mmol Trolox/g) depolamanin 6. giniinde en yuksekti.
Fermantasyon sonunda L* ve b* icin renk degerlerinde artis, a* degerinde azalma belirlenmistir
(P<0.05). Depolama siiresinin 2. giiniinden 6. gliniine kadar belirlenen mikroorganizma yiikleri log
KOB/mL olarak artmigtir. Probiyotik stt triinlerini tiketemeyen vejetaryenler ve veganlar icin
yenilik¢i fonksiyonel bir icecek olan su kefiri yapiminda yesil meyve ve sebze sulari kullanilabilir.
Anahtar kelimeler: Su kefiri, detoks suyu, fermantasyon, mikrobiyoloji, duyusal analizler
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INTRODUCTION

Foods containing probiotics are among the most
popular functional foods preferred by consumers
due to their benefits to human health (Lillo-Perez
et al, 2021). Most probiotic foods produced
consist of fermented milk products such as
yogurt. However, factors such as lactose
intolerance increased allergies to milk proteins,
high cholesterol content, and an increase in
consumers adopting vegetarian or vegan diets are
limiting the consumption of probiotic foods
obtained from milk and its products (Rezaei and
Koohsari, 2021; Chielle et al., 2022). For these
reasons, the worldwide importance of non-dairy
probiotic products is increasing daily (Corona et
al.,, 20106). Fruits and vegetables are foods rich in
carbohydrates, minerals, vitamins, dietary fibers,
carotenoids, and phenolic compounds with
antioxidant activity (Panghal et al., 2017; Silva et
al., 2020). They also contain various prebiotics,
such as inulin, fructooligosaccharides, or
galactooligosaccharides, that support probiotic
growth (Do and Fan, 2019). Because of these
properties, fruits and vegetables can be used as
suitable substrates for non-dairy probiotics
(Rezaei and Koohsari, 2021). Mixed fruit and
vegetable-based beverages, marketed as “detox”,
are part of popular detoxification diets favored by
consumers looking for healthy food (Fraga et al.,
20205 Silva et al., 2020). Phytochemicals found in
detox beverages and probiotics have protective
effects on cardiovascular risk factors (Chielle et
al., 2022). There are studies on adding probiotics
to mixtures produced using different fruits and
vegetables (Di Cagno et al., 2011; Sharma and
Mishra, 2013, Simsek et al., 2014, Panghal et al,,
2017, Culi et al., 2019, Yang et al., 2020). Within
non-dairy fermented beverages, water kefir is a
carbonated, slightly acidic beverage produced by
fermenting a solution of sucrose to which fresh or
dried fruit has been added with water kefir grains
(Corona et al., 2016, Lynch et al.,, 2021). Kefir
grains contain predominantly lactic acid bacteria
(LAB) and yeasts in a polysaccharide matrix
named kefiran. Water kefir has beneficial effects
on health, such as the ability to change the gut
microbiota composition and activity (Ayed et al.,
2020). The starter culture consists of LAB, the
genera of Leuconostoc, Lactobacillus, Streptococcus, and

Lactococcus, and yeasts the genera of Saccharomyees,
Zygosaccharomyces  spp.,  Dekkera,  Candida,
Kluyveromyces, and Pichia. In addition, acetic acid
bacteria were also isolated due to oxygen (Ayed et
al., 2020, Lynch et al., 2021). There are studies on
some fruit and vegetable juices fermented with
water kefir (Corona et al., 2016, Randazzo et al.,
2016, Bueno et al., 2021, Ozcelik et al.,, 2021).
However, no study has been found in the
literature on the fermentation of fruit and
vegetable juice mixtures with water kefir, which
can show detox properties. Consumption of fruit
and  vegetable-based  probiotic = beverages
commercially produced abroad is quite common.
In recent years, the production of beverages that
can also show detox properties by using different
fruits and vegetables has increased in our country.
It is important to investigate the activities of water
kefir microorganisms as a fermentation medium
in fruit and vegetable juice mixtures with detox
effect. This study aimed to add probiotic food
properties as a result of fermentation by adding
water kefir microorganisms to the prepared detox
juices. In addition, physicochemical and
microbiological changes in the samples were
determined at the end of fermentation and during
storage, and the sensory acceptability of the
products was evaluated.

MATERIALS AND METHODS

Materials

The fruits and vegetables used in the preparation
of green fruit and vegetable juices and sucrose
were obtained from a local market in
Aksaray/Turkey. The water kefir grains were
obtained from Danem Dairy Products (Isparta,
Turkey).

Preparation of green detox juice

For the production of beverages, fruits and
vegetables were effectively washed after being
sorted.  Green detox juices were obtained
separately using a juicer (Vestel NS3100). The
formulation of green fruit and vegetable (detox)
juice was chosen as a result of the researches made
by examining the components of detox juices of
different brands produced in the market and
considering the nutritional value in the literature.
In the preparation of the detox juice, 30% mint
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juice, 20% cucumber juice, 20% spinach juice,
15% lettuce juice and 15% apple juice were used.
For the growth of microorganisms in water kefir
grain and the formation of fermentation products,
sucrose was added at a rate of 3% as a carbon
source (Lynch et al., 2021). Prepared fruit and
vegetable juices were pasteurized at 80 °C for 5
min (Rezaei and Koohsari, 2021) in a water bath
(Thermomac WB15). Then pasteurized juices
wereimmediately cooled to 25 °C for microbial
inoculation. 3 g of water kefir grains were added
to the prepared 500 mL detox juice and mixed.
Then the prepared mixture was incubated at 25
°C for 48 hours under anaerobic conditions
(Corona et al, 2016). Fermentation was not
applied to the control (C) samples that did not
contain water kefir grains. The shelf life of fruit
and vegetable juice mixtures (detox juices) that do
not contain any additives or preservatives sold
commercially is between 3 and 5 days. For this
reason, the products obtained wete stored at 4 °C
for 6 days. Samples were taken on at the end of
the fermentation, 2nd, 4t and 6% days and
examined in terms of physical, chemical,
microbiological and sensory properties.

pH analysis
The pH values of the prepared beverages were

measured at 20 °C using a pH meter (Seven Easy
GMBH 8603, Switzetland) (AOAC, 2007).

Titratable acidity (TA) analysis

The TA of the samples was determined by the
titration method followed by a pH meter. For this
purpose, samples were titrated with 0.1 N NaOH
up to pH 8.1. TA was calculated from the amount
of spent NaOH and expressed as “g citric
acid/100 mL detox juice” (AOAC, 2007).

Total soluble solid (°Brix) analysis
The total soluble solid (°Brix) of the samples were
measured using a refractometer (Atago, PAL-3,

Japan) (AOAC, 2007).

Color analysis

Color measurements of the samples were made
with a Konica Minolta brand (CR-400,
MINOLTA Co., Osaka, Japan) color measuring
device. Lightness (L.¥), redness (¥, yellowness

(b® and the index of total color difference (AE)
were detected (Do and Fan, 2019).

Serum separation analysis

The colloidal stability of the samples was
determined by a phase separation analysis during
the storage petiod (0, 2, 4 and 6 days) at 4 °C. For
this purpose, 50 mL detox juice samples were
placed in 50 mlL measuring cylinder and the
volumes of the separated phases were read out
(Bernat et al., 2014).

Determination of carbon dioxide amount
Carbon dioxide was calculated by indirect method
based on weight loss before and after
fermentation (Ozcelik et al., 2021).

DPPH radical scavenging activity

The ability of samples to scavenge free radicals
was assessed using a modified version of the
DPPH technique reported by Brand-Williams et
al. (1995). 20 uL of the diluted sample (0.5
mg/ml) was added to 180 uL of a 0.2 mM
methanolic DPPH solution in a 96-well
microplate (Micro Well, Thermo Fisher Scientific,
France), and the mixture was left to stand.
Thermo Fisher Scientific's Multiskan Go, F1-
01620 microplate reader was used to measure the
absorbance at 517 nm, which is the wavelength
where the most DPPH is absorbed. After 25 min
of incubation at room temperature (15-20 °C), the
Asample and Ablank without extract were
measured. DPPH inhibition was calculated as:
Equation 1: % inhibition=100 x (Ablank -
Asample) / Ablank

CUPRAC assay

500 pL of CuCl; solution and 500 pL. of C:H7NO2
(1 M pH: 7.0) solution were placed in test tubes
for this investigation. Each tube received 500 pL
of neocuproin (Ci14H12N) (7.5X103 M) solution.
On it was poured 100 uL of lyophilisate solution
at a concentration of 1 mg/mL and 550 uL of
distilled water was added. The extract was
replaced with distilled water in the blank samples.
It was incubated for 30 min at room temperature
and in a 50 °C water bath. The absorbance at 450
nm was measured in comparison to a blank

sample, and ascorbic acid served as a reference
(Apak et al., 20006).
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Determination of total phenolic compounds
Spectrophotometric techniques were used to
evaluate the samples' total phenolic compund
(TPC) levels. In order to test the detox juices
samples at 760 nm, distilled water (7.9 mL), Folin-
Ciocalteu reagent (0.5 mL), and 20% Na>COs (1.5
mL) were combined. The mixture was then
maintained at 25 °C 2 hours Three measurements
were obtained concurrently using gallic acid as the
standard and expressed as mg GAE/L (Singleton
and Rossi, 1965).

Microbiological analyses

Dilutions between 10 and 107 were prepared
from the samples, and analyzes were carried out
by sowing by pout-plate method into empty petri
dishes in which 1 mL was planted. Plate count
agar (PCA) was used for the aerobic mesophilic
count (TMC) and incubated aerobically at 30 °C
for 72 h. Total LAB analysis was performed using
MRS (De Man Rogosa Sharp Agar) and M17
Agar. Incubation conditions are anaerobically at
30 °C for 48 h. To perform the yeast analysis,
DRBC (Dichloran Rose Bengal
Chloramphenicol) agar was used and incubated
acrobically at 25 °C for 48 h. Count plates were
performed in duplicate. The microbial population
was expressed as log CFU/mL (Randazzo et al.,
20106).

Sensory quality

Green fruit and vegetable juices fermented with
water kefir microorganisms and unfermented C
samples were served to the panelists for sensory
evaluation. Before the sensory evaluation, the
panelists informed about fruit and
vegetable-based beverages and water kefir.
Sensory analysis of the samples was carried out by
8 panelists using a 9-point hedonic scale, ranging
from 1 to 9 (9 = like extremely and 1 = dislike
extremely). Samples were evaluated for
appearance, aroma, consistency, taste, mouth feel,
and overall acceptability (Panghal et al., 2017).

were

Statistical Analysis

Minitab version 21.3 software was used for
statistical analysis of the obtained data. All results
are given as means (SEM) obtained from three
independent experiments (n = 3). At least three

replications were made for each sample in the
study. Variability between means of results was
determined by ANOVA and Tukey’s multiplex
analysis of variance. Signifcance levels were
considered statistically signifcant for P < 0.05.

RESULTS AND DISCUSSION

Properties of green detox juice

pH, one of the most important parameters
affecting food fermentation, is directly related to
the structural changes of microbiota and
phytochemicals during fermentation. The stability
of various phenolic components in detox juice
may vary depending on pH. They are very
unstable in alkaline solutions but stable in acidic
solutions. Storage time and temperatures may
affect the metabolic activities of some bacteria
and yeast species in a water kefir medium. It may
result in lowering of pH and Brix and an increase
in TA (Bueno et al., 2021). The changes in pH,
TA, °Brix, and color properties of the prepared
green detox juice are given in Table 1. The pH
value of the prepared detox juice before
fermentation was 3.97, the titratable acidity value
was 0.196 g citric acid/100 mL, and the brix value
was 10.4%. The L*, a*, b*, and AE values of the
detox  juice were  28.58%0.02,-4.30%0.03,
6.55%0.06 and 53.52%0.02, respectively. Fraga et
al. (2020) calculated the pH wvalue of Green
(Detox) juice prepared from orange juice,
cabbage, mint, ginger, and cucumber as 4.27, the
total titratable acidity as 163.57 mg citric acid/100
mL, and the brix value as 4.9 ¢g/100 g. Di Cagno
et al. (2011) stated that brix value was 10.8 green
smoothies prepared using kiwifruits (40%, w/w),
fennels (7%, w/w), spinach (8%, w/w) and
papaya (15%, w/w). The pH values of
commercially available detox beverages were
found to be between 3.02 and 4.63, soluble solids
(brix) between 4.23 and 11.76, and acidity (%)
between 0.10 and 0.53 (Silva et al., 2020). The pH
value of green fruit and vegetable juices decreased
to 3.41 after 48 h of fermentation with water kefir
microorganisms. The pH values of the samples
taken on the 2nd) 4th and 6t days of storage were
measured as 3.42, 3.43 and 3.45, respectively
(Table 1). No significant change was observed in
pH values during storage (P>0.05). Corona et al.
(2016) stated that the pH of the water kefir-like
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beverages from carrot, melon, onion, tomato,
strawberry, and fennel juices ranged from 3.6 to
5.0. It was stated that the pH values of water kefir
beverages produced from different fruit juices
(cornelian  cherry,  hawthorn,  roseship,
pomegranate, red plum) varied between 3.11-3.65
during 28 days of storage (Ozcelik et al., 2021).
TA value of green fruit and vegetable juices
increased to 0.455 g citric acid/100 mL at the end
of fermentation. On the second day of storage,
this value increased to 0.495 g citric acid/100mL.
(Table 1). In the data revealed by some research
results, regular increases in titratable acidity values
were detected after the fermentation of fruit and
vegetable juices with water kefir microorganisms
and during storage (Corona et al., 2016; Randazzo
etal., 2016; Ozcelik et al., 2021). It can be said that
factors such as the components of the raw
materials used in the production of water kefir,
the microbial population in the water kefir, the
storage time change the pH and titratable acidity
values of the beverages. After the fermentation of
water kefir, there was a decrease in the brix values.
While the brix value of fresh detox juices was
10.4, this value decreased to 8.6 at the end of
fermentation. Brix value showed no statistically
significant (P>0.05) change during storage (20d-6th
days). During the fermentation, fermentable
sugars are converted to ethyl alcohol and COs.
Therefore, the sugar contents of beverages are
decreased after fermentation. It can be said that
there is a decrease in brix values due to the

decrease in sugar (Corona et al., 2016; Ozcelik et
al., 2021). Randazzo et al. (2016) stated that the
brix value before fermentation was 12.03% in
apples, 14.93% in grapes, 11.73% in kiwi, 15.73%
in pomegranate, 14.07 in prickly pear, 11.67 in
quince, and after fermentation %8.70, 8.47%,
9.97%, 9.37%, 9.67% and 5.87, respectively.
Ozcelik et al. (2021) determined that brix values
of cornelian cherry, hawthorn, roseship,
pomegranate, and red plum juices were 10.92,
10.85, 11.42, 12.80 and 9.85, respectively. At the
end of 48 h of fermentation with water kefir
microorganisms, these values decreased to 8.94,
9.16, 7.36, 7.34, and 7.38. Do and Fan (2019)
stated that the pH value of the vegetable juice
mixture (jicama, winter melon, and carrot) before
termentation with Lactobacillus plantarnm was 5.97,
the brix value was 0.4, and the titratable acidity (%o
lactic acid) was 0.09. After 48 h of fermentation,
these values changed to 3.40, 5.0 and 0.95. In this
study, it is seen that the changes in pH, titratable
acidity and brix values at the end of fermentation
and during storage are consistent with other
research results. In the scientific researches, it is
thought that differences in factors such as used
fruits or vegetables, microbial load of water kefir
grains, fermentation and storage conditions
caused different results in each fermented
product Randazzo etal., 2016; Corona et al., 2016,
Ozcelik et al., 2021). Changes in color values of
fermented detox juices are shown in Table 1.

Table 1. Changes in physicochemical properties of fermented detox juice during 6 days of storage

Paramaters Control (Oth Jnd 4h 6th

pH 3.97%0.122 3.41%£0.07> 3.42%0.08> 3.43%0.06> 3.45%0.07>
TA 0.196%0.17> 0.45510.31~ 0.495%0.342 0.49310.322 0.49410.332
°Brix 10.410.272 8.610.14b 8.0+0.19> 8.1+£0.17> 8.0£0.13b

Colors

¥ 28.58+0.02b 32.5710.01» 32.4910.022 32.791+0.012 32.8710.012
e -4.30£0.03b -4.66£0.022 -4.60£0.042 -4.75%0.012 -4.70%0.022
b* 6.5510.06b 7.00£0.042 6.91+0.07» 7.10+0.052 6.9510.062
AE 53.5240.02 52.59+0.01 52.70£0.01 52.3710.01 52.3740.01

ab Different superscripts within the same row demonstrate significant differences (P<0.05) (n=3%SD),~ No
significant difference(P>0.05), TA: g citric acid/100 mL, °Brix: %
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As a result of the fermentation of prepared detox
juices with water kefir microorganisms, an
increase in lightness (L¥) and 4* values and a
decrease in a* and the total color differences (AE)
values were determined. The increase in I.* values
indicates that the samples fade in color tone. The
negative measure of «* value is compatible with
the green color of the beverages. As the storage
time (from 2nd to 6t day) increased, the change in
a* value was found to be statistically insignificant
(P<0.05). L* generally increased after fruit juices
(apple, grape, kiwifruit, pomegranate, prickly pear
and quince) were fermented with water kefir
microorganisms (Randazzo et al., 2016). Corona
et al. (2016) reported significant differences in
color parameters after carrot, fennel, melon,
onion, tomato and strawberry juices were
fermented with water kefir microorganisms. The
total color difference varies between 2.94 (carrot)
and 11.55 (fennel). The change in L* a* and b*
values as a result of fermentation depending on
the number of LAB in the prepared vegetable
juice mixtures showed parallelism with the
research results of Do and Fan (2019).

The carbon dioxide content of the detox juices
calculated after fermentation was 3.78 g/100 mL.
Ethanol and carbon dioxide, found in small
amounts in water kefir beverages, are produced by
the yeasts in the water kefir grains during
fermentation (Lynch et al, 2021). It can be
concluded that the decrease in the brix value at
the end of fermentation is related to the
breakdown of sugars and the formation of CO..
It was stated that the COz contents in water kefir
beverages prepared from cornelian cherry,
hawthorn, red plum, roseship, and pomegranate
juices ranged from 1.41 to 4.10 g/100 mL
(Ozcelik et al., 2021). After fermentation by water
kefir microorganisms, the CO2 amounts of carrot,
fennel, melon, onion, tomato, and strawberry
juices were 1.51, 0.87, 3.39, 0.14, 1.29, and 1.71,
respectively (Corona et al., 2016). In fruit and
vegetable-based beverages, solid and liquid phases
are separated during storage. This separation
should be stated quantitatively. It was determined
that serum separation values of green fruit and
vegetable juices tended to decrease during
storage. On days 0, 2, 4, and 6 of storage, 7.5%,

10%, 17.5%, and 20% serum separation were
observed, respectively.

This decrease was found to be statistically
significant (P<0.05). In a study, Baysal et al.
(2013) stated that while the serum separation in
carrot and pumpkin juices was 10.12% and
8.50%, depending on the increase in fermentation
time, these values changed as 40, 50 and 35% in
carrot and pumpkin juice powders produced by
drum drying. In another study, it was reported
that serum separation value in fermented hazelnut
milk stored at 4 °C was 11, 28% after 1 day of
storage and 25.1% at the end of storage (Bernat et
al., 2014).

Measurement of total phenolic content and
antioxidant activities

The dietary trends recommended for the
prevention of chronic diseases that are
widespread in the world are to increase the intake
of fruits and vegetables. Fruits and vegetables are
food groups rich in biomolecules, vitamins,
minerals, polyphenols, and phytochemicals.
Consumption of fruit and vegetable juices
enriched or fermented with  probiotic
supplements has been a popular topic recently.
Lactic acid bacteria (LAB) can metabolize
different substrates and produce biochemical
modifications in the molecules in their content. In
addition, it is thought that foods’ nutritional
propertties, taste and health-related aspects can be
improved with LAB fermentation (Karovicova et
al., 2011). TPC changes in the samples taken
during 6 days of storage of detox juices fermented
in a water kefir medium are given in Table 2.
According to the results obtained, it was
determined that there was a statistical decrease
(P<0.05) in the 0th day (798.4110.32 mg GAE/L)
samples compared to C (861.261£0.24 mg
GAE/L). In line with the results of the current
study, Corona et al. (2016) determined decreases
in the total phenolic component content at the
start of fermentation in some vegetable juice
substrates (carrot, fennel, melon, onion, tomato
and strawberry) that they fermented with water
kefir. They explained that the most significant
decrease was in fennel (49%). This was
interpreted as the cloudiness of fruit and
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vegetable juices at the beginning of fermentation
and the decrease in the phenolic content and
antioxidant activity of detox juice, which is high
in bioactive components. Sabokbar et al. (2015)
showed that the TPC of different beverages
increased significantly during fermentation, in
contrast to our results. They said that the TPC
increase during fermentation might be related to
the metabolic activities of microorganisms in kefir
grains, which can alter the levels of bioactive
components such as different phenolic

compounds. Other researchers have reported that
fermentation by lactic acid bacteria or other
microorganisms can increase the level of total
phenolic content (Dordevic et al., 2010; Coda et
al., 2012). In addition, since the optimum pH is
known to affect the release of enzymes derived
from microorganisms, the difference in pH of
different fermentations may be another reason for
these results.

Table 2. Changes in TPC, CUPRAC, and DPPH of fermented detox juice during 6 days of storage

Antioxidant parameters

dii:rz‘i;) TPC CUPRAC DPPH
(mg GAE/L) (mmol Trolox/g) (% inhibition)
C 861.261+0.24> 1.01+0.06> 65.4£0.35¢
0 798.41+0.32¢ 0.91£0.09¢ 53.9£0.314
2 820.39+0.27> 1.04+0.07> 68.5£0.29¢
4 823.57+0.21b 1.04£0.07> 74.3%£0.37b
6 927.6210.132 1.18£0.052 82.2%0.192

abed Different superscripts within the same row demonstrate significant differences (P<0.05) (n=3%SD).~ No

significant difference(P>0.05).

Hashemi et al. (2017) fermented it with
Lactobacillus plantarum 1S5 to produce a probiotic
juice to preparesweet lemon juice. They stated
that the samples showed decreases in their
phenolic component capacity immediately after
fermentation. They also found that phenolics and
antioxidants decreased in fermented samples
during storage. They attributed this to the fact
that the bioactive substances in fruit juices
contain highly unstable compounds at the
beginning of fermentation and can degrade

rapidly under storage conditions. Similarly,
Othman et al. (2009) reported that the
fermentation process caused a significant

reduction (32-58%) in the total phenolics of
olives. Parallel to these results, Mousavi et al.
(2013) found that the concentration of phenolic
compounds decreased during the fermentation of
pomegranate juice while the antioxidant activity
of fermented pomegranate juice increased. In the
current study, it was determined that there was an
increase in TPC values after day O™ and the
highest TPC (927.62+0.13 mg GAE/L) was on
day 6 (P<0.05). Fraga et al. (2020) determined
the total phenolic content of the detox mixture

they prepared with green juices and vegetables as
2833.60 mg GAE/g. Compared to the current
study, the high phenolic content may be because
it is not a fermented product or the difference in
the products that make up the prepared green
detox juice. In another study, Dani et al. (2007)
reported a positive correlation between total
phenol content and antioxidant activity for all
samples before and after fermentation in their
vegetables and juices. High antioxidant activity
was noted, especially for the fermented beverage
prepared from strawberries. One of the most
essential mechanisms of antioxidant capacity tests
is proton-radical capture. The results of DPPH
and CUPRAC methods and antioxidant capacity
tests in detox juice fermented with water kefir are
given in Table 2. Zero-day results of the DPPH
and CUPRAC tests were statistically decreased
compared to C. These values were determined as
53.9£0.31% for DPPH and 0.91+0.09 mmol
Trolox/g for CUPRAC at zero-day. The results
showed statistical reductions at zero-day for
DPPH  (65.4%£0.35%) and  (53.910.31%),
CUPRAC (1.01£0.06 mmol Trolox/g) and
(0.91+0.09 mmol Trolox/g), compared with C
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(P<0.05). It was observed that the antioxidant
capacity results determined by both methods
(DPPH: 82.2%%0.19 and CUPRAC: 1.18+0.05
mmol Trolox/g) reached the highest levels on the
6t day of storage. These results showed that the
total content of polyphenols was positively
associated with antioxidant activity before and
after fermentation. Many studies have reported
that water kefir has high antioxidant activity
(Alsayadi et al., 2013). One of the most critical
factors of water kefit's strong antioxidant capacity
is its rich microbiota. There are numerous studies
on the potent antioxidant potential of LAB
(Amaretti et al., 2013; Alsayadi et al., 2013; Aligita
et al., 2020). In addition, it has been stated that the
antioxidant activity of water kefir is due to the
bioactive components in the exopolysaccharide
structure produced, especially  during
fermentation. It strengthens the immune system
and prevents oxidative stress, reduces oxidative
damage and reduces the production of active
oxygen components (Barboza et al., 2018). On the
other hand, antioxidant activity varies according
to the type of lactic acid bacteria, the radical
scavenging capacity of cellular or intracellular
extracts, and the type of fermentable sugar in the
medium (Wu et al., 2010). Alsayadi et al. (2013)
found that DPPH radical scavenging activity was
over 70% in water kefir samples. This shows that

=
o

log (CFU/mL)
O B N W & U1 O N 0 ©

0 2

the antioxidant activity of water kefir is higher
than soy-whey kefir, cow and goat milk kefir, rice
milk kefir, and whey kefir. These results revealed
that water kefir has much higher antioxidant
capacity than other milk-based kefir products
(Monajjeni et al., 2012). Similarly, Luang-In et al.
(2018) showed high DPPH scavenging culture
activity from water kefir, especially from
Acetobacter pastenrianus. Mechmeche et al. (2019)
detected high radical scavenging activity of
bioactive peptides obtained from tomato seed
substrate fermented in a water kefir medium.
Another reason for the increase in TPC and
antioxidant capacity during fermentation may be
that the metabolic activities of microorganisms in
kefir grains increase their levels by contributing to
the modification of bioactive components.

Microbiological assesments

Water kefir grains contain LAB and yeasts. LAB
convert carbohydrates to lactic acid by
homofermentative pathway. It converts lactic
acid, acetic acid, ethyl alcohol, and carbon dioxide
in a heterofermentative way. Yeast converts these
organic substances formed by heterofermentative
LAB into alcohol (Koh et al, 2019).
Microbiological analysis results of fermented
detox juices are given in Figure 1.

4 6

Storage time (day)

® MRS mM17 mPCA

DRBC

Figure 1. Changes in microbiological of fermented detox juice during 6 days of storage
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During the storage of fermented detox juices,
Lactobacillus  spp. number was higher than
Lactococens spp. During the 6-day storage period,
the number of Lactobacillus spp. varied between
8.1 and 9.1 log CFU/mL. The highest number of
Lactobacillus spp. was determined on the 2rd day of
storage. Lactococcus spp. count of the samples
vatied between 7.9 and 8.6 log CFU/mL duting
the storage period. The aerobic mesophilic
bacteria counts of the fermented detox juices
varied between 7.9 and 8.7 log CFU /mL during
storage. Lactococcus spp. and aerobic mesophilic
bacteria counts were highest after 48 h of
fermentation. During storage, the yeast counts of
fermented beverages varied between 6.1 and 6.8
log CFU/mL. On the 20 day of storage, an
increase in the yeast counts of the samples was
detected. However, as the storage time increased,
the yeast counts of the samples decreased. When
all the microbiological analysis results were
examined, it was determined that the microbial
load tended to decrease with the increase in
storage time, but the high cell count was
preserved. During the storage, no statistically
significant (P>0.05) change in cultivations for
different microbiological media existed. Fruit and
vegetable juices are suitable substrates for lactic
acid fermentation (Garcia et al., 2020). Studies
have shown that different strains of probiotics

can grow and survive at constant levels during
storage in fruit and vegetable juices (Di Cagno et
al., 2011; Cui et al., 2019; Do ve Fan, 2019, Giiney
and Gungérmisler, 2020). Corona et al. 2016
subjected some fruit and vegetable juices to
fermentation with water kefir microorganisms at
25 °C for 48 h. Microbial loads (log CFU/mL)
were found to be 8.5, 8.5, 8.4 and 6.7, respectively,
after microbiological cultivation on MRS, M17,
PCA, and DRBC agars in carrot juice. In tomato
juice, these values are indicated as 8.9, 8.9, 9.0 and
7.1, respectively. In another study, total
mesophilic counts ranged from 7.4 to 8.4 log
CFU/mL, rod LAB 7.6 to 8.0 log CFU/mL,
mesophilic coccus LAB 6.6 to 8.3 log CFU/mL,
and yeasts 7.4 to 8.0 log CFU/mL in juices
fermented with water kefir microorganisms
(apple, grape, kiwifruit, pomegranate, prickly pear,
and quince) (Randazzo et al., 2016). It has been
stated that the numbers of LAB and yeast in water
kefir vary depending on the fermentation time
and temperature, sugar type, sugar concentration,
and storage time (Ozcelik et al., 2021).

Sensory analyses

The sensory properties of the beverages were
evaluated in terms of appearance, aroma,
consistency, taste, mouth feel, and overall
acceptability. The results are shown in Figure 2.

Appearance
10

8

Overall acceptability
4

Mouth feel

AN

Aroma

Consistency

Taste

=0-Unfermented detox juice

Fermented detox juice

Figure 2. Changes in sensory analyses of fermented detox juice during 6 days of storage
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Detox juice fermented with water kefir
microorganisms was more accepted (7.710.05)
than fresh juice (7.010.09). Fermented detox
juices were preferred regarding aroma, taste,
mouth feel, and overall acceptability. In studies
where the sensory properties of beverages
produced by water kefir fermentation are
determined, the microorganism content of water
kefir grains, fermentation conditions, storage
temperature and time, fruits or vegetables used in
production are the factors affecting the results
(Randazzo et al, 2016, Corona et al, 2016,
Oczcelik et al., 2021). The desirable flavor of many
fruit and vegetable juices fermented with water
kefir grains is due to volatile esters from the
reaction of acids with alcohol (Ayed et al., 2020).

CONCLUSIONS

In  recent years, consuming  different
fruit/vegetable juice mixtures with a detox effect
has become widespread. Adding probiotics to
fruits and vegetables rich in vitamins, minerals,
antioxidants, and dietary fibers will improve the
quality of these foodstuffs. In this study, the use
of detox juices in the production of water kefir

was investigated. It was determined that
fermented detox juices’physicochemical
characteristics, microbial composition, and

sensory profiles were acceptable during storage. It
has been determined that detox juice-based water
kefir beverages have very high antioxidant
activity. Prepared detox juice was a suitable
substrate for water kefir microorganisms during 6
days of storage at 4 °C. In addition to the benefits
of detox juices for human health, a new and
different flavor beverage was produced as a result
of fermentation with water kefir grains, which
may attract consumers’ attention. It will also be an
important alternative for people who are lactose
intolerant and who cannot consume probiotic
dairy products due to health problems such as
milk protein allergy, as well as consumers who
adopt a vegetarian/vegan diet. By prepating fruit
or vegetable juices in different formulations, it
should be studied which formulations will create
suitable substrates for microorganisms in water
kefir grains. More studies are needed to determine
the positive effects of fruit/vegetable juices on

the human body, which can display detox
properties.
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