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Abstract
This study aims to assess the microbial, nutritional, volatile, and sensory characteristics of rice, almond, and chickpea water 
kefir beverages during refrigerated storage. Plant-based kefirs contained significant amounts of lactic acid bacteria and yeasts. 
The microbial content of kefirs was stable during 14-day refrigerated storage. Lactic acid, acetic acid, and tartaric acid are 
commonly detected organic acids in kefir samples. Almond and chickpea kefirs were rich in potassium mineral. Almond 
kefir had the highest ethanol content among plant-based kefirs, followed by chickpea and rice-based kefirs. Ethyl acetate, 
acetic acid, propionic acid, hexanoic acid, and benzenemethanol were identified as key volatile compounds in almond kefir 
and chickpea kefir samples using a GC–MS detector during water kefir fermentation. According to sensory analysis results, 
significant differences are present for all test parameters except odor. Almond kefir was the most accepted, while the other 
two kefir samples were below the general acceptance level (P < 0.05).
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Introduction

The global trend toward plant-based foods and bever-
ages has grown in response to ethical, environmental, 
and health concerns associated with dairy products [1]. 
Legumes, cereals, and nuts are rich in nutrients and con-
tain bioactive substances. In 2019, global rice production 
reached 755 million metric tons, while chickpeas and 
almonds production amounted to 14.25 million metric 

tons and 1.48 million metric tons, respectively [2–4]. 
Chickpeas are rich in proteins, albumin, globulin, fiber, 
vitamins, choline, and minerals [5]. Rice is a nutritious 
food that is rich in carbohydrates, vitamins, and minerals. 
One of its standout qualities is that it is gluten-free [6]. 
Almonds are recognized for their abundance of essential 
nutrients, including fatty acids, lipids, amino acids, pro-
teins, carbohydrates, vitamins, minerals, and bioactive 
substances such as hydrolyzable tannins, proanthocyani-
dins, and flavonoids [7]. The rise in food allergies, lac-
tose intolerance, and vegan diets has influenced the food 
industry, resulting in distinct trends. Legumes, nuts, and 
cereals have been increasingly used to produce plant-based 
extract in recent years [8–10]. The development of plant-
based probiotic foods and beverages provides an alterna-
tive for individuals, and the market share of plant-based 
fermented extract is expected to grow in the next decade. 
It has been reported that this growth is attributed to the 
enhanced functional properties of new-generation plant-
based extract, which offers superior sensory qualities and 
nutritional content [11]. Furthermore, unlike animal-based 
milk, plant-based extract contains significant amounts of 
phytochemicals and nutritional fiber and has low glyce-
mic indexes; it has been claimed that plant-based extract 
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has high antioxidant activity and is rich in fatty acids [8, 
12]. However, fermentation with lactic acid bacteria can 
degrade antinutritional compounds found in plants, such 
as tannins, saponins, phytic acid, α-galactosides, and 
trypsin inhibitors. This enhances the beneficial quality of 
the product [1].

Water kefir grains are a unique microbiota used as a 
natural starter culture to produce a fermented beverage 
known as water kefir. The water kefir microbiota is 
made up of a consortium of probiotic bacteria, mostly 
lactic acid bacteria, acetic acid bacteria, and yeasts 
embedded in a flexible water-soluble polysaccharide 
matrix [13, 14]. Several studies have found that 
water kefir has antimicrobial effects against various 
microorganisms [15, 16]. Studies have reported the anti-
inflammatory, antioxidant, and hepatoprotective effects 
of water kefir [17–19]. Various studies have reported 
the antihyperglycemic and antidiabetic effects of water 
kefir [20]. It has also been found to improve lipid profiles 
[21], regulate blood sugar, stabilize cholesterol levels, 
and have prophylactic effects against irritable bowel 
syndrome [17, 22]. Water kefir grains have distinctive 
characteristic properties than milk kefir grains; it is more 
appropriate to use in a plant-based environment, thus, the 
use of water kefir grains in plant-based extract is more 
appropriate than the use of milk kefir grains [13]. There 
are some advantages of water kefir grains over milk kefir 
grains. Firstly, water kefir grains also have abundant and 
characteristic microbiota, as reported by Gökırmaklı 
and Guzel-Seydim [13]. Additionally, water kefir grains 
contain as much Lactobacillus spp. and yeasts as milk 
kefir grains. Furthermore, water kefir grains contain 
higher levels of Cu, Fe, and Mo elements than milk kefir 
grains. These are all desirable properties to consider water 
kefir grains for producing a fermented plant-based food. 
Previously, various plant materials such as soy extract, 
peanuts,  hazelnuts, almonds, walnuts, and cashews 
were preferred as substrates to ferment milk kefir grains 
[23, 24]. However, only few studies [25–28] have been 
conducted on the fermentation of plant-based extract using 
water kefir grains, to the best of our knowledge. According 
to Satir [26], tigernut extract provides an optimal 
environment for the growth of water kefir microbiota and 
the production of bioactive substances such as quercetin 
and vitamin K. Our hypothesis suggests that water kefir 
grains would have a good harmony with various plant-
based extracts following to fermentation with them.

The aim of this research is to identify the features of kefirs 
made from plant-based sources. To obtain kefir samples, we 
preferred using gluten-free plant extracts such as chickpeas 
as a legume sample, rice as a cereal sample, and almonds 
as a nut sample. These agricultural products are widely 

produced worldwide. Water kefir beverages were produced 
by fermenting the plant extracts with water kefir grains.

Materials and methods

Plant extracts and water kefir production

Chickpeas, rice, and raw almonds were sourced from local 
markets in Isparta, Turkey. They were separately added to 
chlorine-free sterile water (1 L water + 200 g plant source) 
and kept at 25 °C for 8 h. After eight hours, heat treatment 
was applied at 85 °C for 10 min. The excess water was then 
drained from the mixture of chickpeas, rice, and almonds. 
The mixture was then blended with 1 L of sterile water until 
it became a smooth puree without any particles. After mix-
ing, the mixture was sieved to obtain plant-based extract. 
After filtration, 1% refined sugar was added, and all plant-
based extracts were pasteurized at 85 °C for 15 min. Then, 
chickpeas, rice, and almond extracts were acquired (Fig. 1).

Water kefir grains were generously provided by Danem 
Inc. (kefirdanem.com). Water kefir grains were added 
to plant-based extracts at a 2% inoculation rate, and 
fermentation took place at 25 °C. The fermented plant-
based extracts were stored in the refrigerator (4 °C) after 
fermentation (Fig. 1).

Proximate analyses

pH analysis was conducted using a pH meter Lab 850 (Schott 
instruments, USA) following the AOAC [29] guidelines. 
The dry matter content was measured using the Shimadzu 
MOC63U Moisture Analysis device.

Microbiological analysis

One milliliter of each plant-based kefir sample was diluted 
with 9 mL of sterile peptone water and vortexed. Samples 
were appropriately plated on de Man, Rogosa, and Sharpe 
(MRS) Agar (Merck) utilized for Lactobacillus spp. at 37 °C 
for 48 h, MRS-salicin agar utilized for L. acidophilus at 
37 °C for 48 h, M17 Agar (Merck) utilized for Lactococcus 
spp. at 37 °C for 48 h, and Potato Dextrose Agar (Merck) 
contained 0.14% lactic acid utilized for yeasts at 25° C for 
five days [30].

Elemental analysis

The sample preparation process followed EPA 3015, a wet-
burning method. It involved adding 8 mL of HNO3 and 2 mL 
of H2O2 to 0.2–0.3 g of the sample using the Milestone brand 
Ethos One model microwave. The final volume was adjusted 
to 20 mL by adding distilled water. ICP-OES measurements 
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were conducted using the Perkin Elmer Optima 5300 DV 
device, following the EPA 6010 method, under the specified 
conditions (Table S1).

Organic acid analysis

The samples were weighed at five grams, homogenized 
in a 20 mL solution of 0.01 mono potassium phosphate 
(KH2PO4), and then centrifuged at 4000 rpm for 30 min. 
After the coarse filtering, the samples were further filtered 
using 0.45-μm filters to prepare them for use. The organic 
acids in the samples were analyzed using an HPLC 
instrument (Shimadzu SCL-10A, Scientific Instruments, 
Inc., Tokyo, Japan) equipped with an Inertsil ODS 3 V 
(4.8 × 250  mm, 5  μm) column, a DAD detector (LC 
20ADvp), a pump (LC 10ADvp), a gas separator (DGU 
20A), and a column oven (CTO 10Avp). The analysis was 
conducted using the method developed by Gökırmaklı 
et al. [31]. The calibration equations and R2 values for the 
standard organic acids can be found in Table S2. A sample 
chromatogram is given in Figure S1.

Volatile compound analysis

Volatile compounds from the sample matrix were isolated 
using the headspace solid-phase microextraction method, 
as described by Gökırmaklı et al. [31]. For this purpose, 

briefly, the fiber (SPME Fiber Assembly 50/30 μm DVB/
CAR/PDMS, Stableflex (2 cm), 24 Ga. Manual Holder. 
3pk (Gray-Notched)) was initially conditioned at 270 ℃ for 
30 min. The HP 6890 GC and 7895 C mass selective detector 
(Agilent Technologies, Wilmington, DE, USA) were used in 
conjunction with a polar capillary column (HP-INNOWax 
60 m length, 0.25 mm i.d., 0.25 μm df; J&W Scientific, 
Folsom, CA). The oven temperature was initially set at 40 ℃ 
for 2 min and then increased to 150 ℃ at a rate of 4 °C per 
minute. After 20 min at 150 °C, the temperature was further 
increased to 200 °C at a rate of 5 °C per minute.

Color analysis

The Chroma Meter, CR-400 (Minolta, Osaka, Japan) 
colorimeter instrument, was used to determine L*, a*, and 
b*. The L* value represents the brightness of a color, with a 
maximum value of “-100” indicating black and a minimum 
value of “0” indicating the absence of black. The a* value 
represents the degree of redness, ranging from red (+ 100) 
to green (− 100), while the b* value indicates the level of 
yellowness, ranging from blue (− 100) to yellow (+ 100).

Sensory analysis

The results were analyzed based on their color, appearance, 
consistency, taste, smell, and overall quality. Scoring was 

Fig. 1   Production flowchart of 
chickpea kefir, rice kefir and 
almond kefir
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done on a scale of 1–5 points, with 1 indicating strong 
dislike and 5 indicating strong liking. A panel of 7 trained 
individuals, aged between 24 and 50 (three male and four 
female), was carried out for assessment. Participants were 
informed to evaluate plant-based water kefirs in terms of 
sensory evaluation. Each sample was randomly coded with 
numbers. The panelists were provided with drinking water 
and crackers to use during the analysis. The characteristic 
properties of samples written in sensory evaluation forms 
were determined after conducting preliminary trials.

Statistical analysis

The results were analyzed using the one-way analysis of 
variance (ANOVA) test in IBM SPSS v. 22.0 (SPSS Inc., 
Chicago, USA). The Duncan’s test (P < 0.05) was used 
to assess significantly different results in pH, dry matter, 
mineral content, organic acid, and color and sensory 
analyses. All analyses were conducted with two replications 
and four parallels, except for the sensory analysis test. 
Sensory analysis was conducted with seven replications and 
fourteen parallels.

Results and discussion

Proximate composition findings

The findings on pH levels and dry matter contents of plant-
based extract and kefir samples are given in Table 1. The 
lactic acid bacteria in water kefir ferment plant-based 
extract, leading to an increase in acidity. The pH range of 
plant-based extract was 6.46–6.89, while the pH values in 
kefir samples ranged from 4.52 to 4.70. This difference is 
attributed to the microbial metabolism of water kefir grains 
during the 17-h fermentation process. In most cases, the pH 
of a food is essential to meet food safety requirements. For 
example, to prevent the risk of Clostridium botulinum toxin, 

the pH of a food should be kept below 4.6 [32]. Typically, 
milk kefir fermentation is deliberately ceased at pH 4.6 [33]. 
In most cases, the pH of the water kefir drinks was below 
4.5. Therefore, water kefir drinks could be considered to 
be potentially safe from risky pathogens [34]. The findings 
indicate that plant-based extract is rich in nutrients that sup-
port the growth of water kefir microbiota. Aydar et al. [8] 
reported the pH values of plant-based extract. Rice extract 
had a pH range of 5.21–6.10, while almond extract had a pH 
range of 5.72–6.92. Aydar et al. [8] found lower pH values 
for plant-based extract compared to our study. The final pH 
values of various plant-based water kefirs ranged between 
3.58 and 5.41 [25, 27, 28, 31]. Our results were consistent 
with the literature. In this study, water kefir grains were used 
to produce kefir from plant-based extract. The plant extracts 
created a favorable environment for the growth of water kefir 
grains, as indicated by the decrease in pH. Lynch et al. [34] 
highlighted that fermentation can lead to a decrease in pH 
below 4.5, primarily due to the increased production of lac-
tic acid and acetic acid.

The dry matter contents of plant-based extracts and kefir 
samples are shown in Table 1. The dry matter contents of 
almond extract and kefir were found to be higher than those 
of rice and chickpea kefir. Alozie Yetunde and Udofia [35] 
reported that the total dry matter values of almond kefir 
samples range from 3.36% to 8.11%. The dry matter content 
of various water kefirs has also been reported to be between 
1.50 and 8.00% [25, 27, 31, 36]. The dry matter content 
of water kefirs may vary and is affected by the type and 
amount of carbon source used as a substrate for water kefir 
fermentation [37]. The dry matter content of the almond 
kefir sample, which is 6.94%, aligns with previous research 
findings. It was determined that changes in dry matter 
content were suitable for plant-based kefirs.

Microbial findings

Almond kefir contained 8.3 log cfu/mL Lactobacillus spp.; 
no significant decrease was detected during storage. The 
Lactobacillus spp. content of rice kefir was 5.64 log cfu/mL 
and significantly increased during cold storage, maybe due 
to the slow metabolism of rice starch. The initial Lactoba-
cillus spp. content of chickpea kefir was 7.3 log cfu/mL, and 
there was a significant increase observed on Day 14 (Fig. 2). 
Similar to our results, the number of lactic acid bacteria was 
reported to be around 7 log cfu/ml for the water kefir drink, 
and the number of bacteria also increased during storage for 
28 days [27]. Darvishzadeh, Orsat, and Martinez [38] found 
that the microbial content of fruit-based water kefir was 
7.20 log cfu/mL for acetic acid bacteria, 7.06 log cfu/mL 
for lactic acid bacteria, and 7.17 log cfu/mL for yeasts. Due 
to the high contents of L. acidophilus in plant-based kefirs, 
it was thought that plant-based extract was rich in nutrients 

Table 1   pH values and dry matter contents of plant extracts and kefirs

Experiments were carried out with two replications and four parallels. 
Values were given as mean ± standard deviation. Plant extract 
samples and kefir samples were subjected to statistical analysis within 
and independently of each other. Different letters in the same column 
indicate statistically significant difference (P < 0.05)

Sample pH Dry matter

Rice extract 6.89 ± 0.01a 4.42 ± 0.42a

Almond extract 6.46 ± 0.02a 7.47 ± 0.20a

Chickpea extract 6.76 ± 0.06a 2.74 ± 0.30b

Rice kefir 4.70 ± 0.18b 3.70 ± 0.38b

Almond kefir 4.52 ± 0.27b 6.94 ± 0.50b

Chickpea kefir 4.68 ± 0.18b 2.97 ± 0.53b
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for the growth of probiotics. Rice kefir has a relatively 
low content of Lactobacillus spp., but Lactococcus spp. is 
detected at the highest amount with 8.5 log cfu/mL in rice 
kefir. The population of Lactococcus spp. in almond kefir 
and chickpea kefir was 7.73 log cfu/mL, and it showed no 
significant increase during cold storage. The microbial find-
ings in kefir made from cow’s milk exhibit similar values 
[39]. Yeasts in water kefir grains were successfully grown 
in almond, rice, and chickpea extracts during fermentation. 
Bacteria and yeasts in water kefir are highly adaptable to 
different substrates [40]. Almond kefir had a yeast count 
of 5.36 log cfu/mL, and there was no significant change 
observed after cold storage. The rice kefir contained 3.62 
log cfu/mL of yeast, while the chickpea kefir contained 4.38 
log cfu/mL of yeast. The yeast levels in plant-based kefirs 
were comparable to those found in water kefir made with 
fruits and kefir made from cow’s milk, as well as the lac-
tic acid bacteria levels observed in previous studies [19, 
41–43]. Our results confirm that water kefir grains thrive in 
a plant-based extract environment, supporting our hypoth-
esis. Plant-based extracts are a good source for fermenting 
water kefir grains.

In a study of kefir samples obtained from various fruits 
such as cornelian cherry, hawthorn, red plum, rosehip, and 
pomegranate juice, using water kefir grains, the total aerobic 
mesophilic bacteria ranged from 5.03 to 7.28 log cfu/mL 
[42]. In a study on water kefir production using buckwheat 
as a carbohydrate source, the levels of lactic acid bacteria 

and yeasts were found to be 7.06 log cfu/mL and 7.17 log 
cfu/mL, respectively [38]. Our findings align with prior 
research.

Elemental analysis findings

The minerals calcium (Ca), chromium (Cr), copper (Cu), 
iron (Fe), potassium (K), magnesium (Mg), manganese 
(Mn), molybdenum (Mo), sodium (Na), phosphorus (P), 
selenium (Se), and zinc (Zn) were analyzed in plant-based 
kefir samples (Table 2). Almonds, chickpeas, and rice are 
mineral-rich products. The mineral content in plant-based 
kefir samples is nutritionally significant when compared 
to kefir made from animal milk. The analysis revealed that 
plant-based kefir samples were high in calcium, potas-
sium, and magnesium, but low in chromium, manganese, 
molybdenum, and selenium minerals. Calcium and potas-
sium levels in plant-based kefirs ranged between 54 and 
133 mg/L and 68 and 831 mg/L, respectively. In a previ-
ous study [44], the mineral content of rice-based drinks 
was reported as 125 mg/kg for Ca, 84 mg/kg for P, and 
228 mg/kg for Na. Similar to our results, rice drinks were 
described as low in minerals [44]. The mineral content of 
almond-based drinks was reported by various scientists as 
214 mg/kg and 13.10 mg/100 mL for Ca, 131 mg/kg and 
65.33 mg/100 mL for P, 65 mg/kg and 42.05 mg/100 mL 
for Mg, 218  mg/kg and 65.33  mg/100  mL for K, and 
253 mg/kg and 6.38 mg/100 mL for Na [35, 44]. It seems 
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Fig. 2   a Lactobacillus spp., b L. acidophilus, c Lactococcus spp. and d yeast content of plant-based water kefir on day 1, day 7 and day 14
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that the mineral content of almond beverages varied 
depending on the almond variety and the process condi-
tions during the production of the almond beverage. Our 
findings indicate that the calcium, potassium, magnesium, 
and phosphorous levels in almond and chickpea kefir sam-
ples were significant. Rice kefir had lower levels of these 
minerals, but rice extract was high in copper. The study 
found that plant-based kefirs can be rich sources of miner-
als (Table 2).

Organic acid findings

Lactic acid and acetic acid are common products of 
lactic acid fermentation, acetic acid fermentation, and 
glucose metabolism. As a result, they are found in high 
concentrations in fermented foods. Organic acids have 
a range of health effects and physiological functions on 
humans. For example, lactate exerts immunomodulatory 
effects by regulating the cellular cytokine network and the 
signaling systems of the gut mucosa. Citric acid modulates 
tyrosinase activity and thus inhibits melanogenesis in human 
cells. Acetic acid and propionic acid improve and modulate 
insulin response by increasing the satiety time of humans. 
Organic acids have antimicrobial effects on pathogenic 
microorganisms, which may be advantageous in promoting 
gut colonization by beneficial microorganisms rather than 
pathogens [45, 46].

The almond kefir had the highest amount of lactic acid 
at 1.99 ± 0.27 g/L, while the rice kefir had the lowest 

amount at 1.089 ± 0.22 g/L among the plant-based kefir 
samples (P < 0.05). The highest acetic acid was observed 
in almond kefir. However, the lowest acetic acid level was 
determined in chickpea kefir samples (P < 0.05). Tartaric 
acid was detected in rice extract and chickpea extract with 
significantly different amounts from each other (P < 0.05). 
A similar trend was available for rice kefir and chickpea 
kefir. The presence of acetic acid and lactic acid in our 
samples indicates the presence of both homofermentative 
and heterofermentative lactic acid bacteria [47]. Increas-
ing the concentration of acetic acid as the fermentation 
process progresses helps to develop the fruity flavor and 
aroma of water kefir beverages [36]. The formation of 
organic acids in water kefir beverages serves important 
functions, including antimicrobial effects against patho-
gens and the development of characteristic taste and aroma 
in fermented beverages [48]. The content of organic acids 
in plant extracts can be influenced by a number of factors, 
such as the conditions of the plantation, the ripeness, the 
geographical area and origin, the quality of the soil, the 
intensity of fertilization, the storage conditions, and the 
time of harvest [26]. Other studies have reported similar 
trends to our results, indicating that following fermenta-
tion, the organic acid content of water kefirs increases as 
a result of microbial activity [26, 31]. The concentrations 
of lactic acid and acetic acid in different plant-based water 
kefirs were reported as 0.02–4.81 g/L and 0.02–1.90 g/L, 
respectively [43, 47]. Our values were in line with these 
values (Table 3).

Table 2   Mineral contents of 
plant-based kefirs (mg/L)

Experiments were carried out with two replications and four parallels. Values were given as 
mean ± standard deviation. Plant extract samples and kefir samples were subjected to statistical analysis 
within and independently of each other. Different letters in the same row indicate statistically significant 
difference (P < 0.05)

Element and wavelength Almond kefir (mg/L) Rice kefir (mg/L) Chickpea kefir (mg/L)

Ca—317.933 133.03 ± 43.65a 54.37 ± 6.68a 70.63 ± 13.32a

Cr—267.716  < 0.003  < 0.003  < 0.003
Cu—327.393 44.67 ± 8.6a 65.97 ± 32.64a 47.56 ± 13.46a

Fe—238.204 0.845 ± 0.03a  < 0.030 1.35 ± 0.21a

K—766.490 831.5 ± 370.03a 68.425 ± 11.105b 806.55 ± 281.57a

Mg—285.213 116.205 ± 37.51a 10.51 ± 1.58b 70.37 ± 34.59a

Mn—257.610  < 0.005  < 0.005  < 0.005
Mo—202.031  < 0.008  < 0.008  < 0.008
Na—589.592 25.045 ± 4.17a 30.64 ± 2.25a 28.55 ± 2.81a

P—213.617 193.415 ± 70.60a 18.205 ± 4.1b 115.36 ± 34.83b

Se—196.026  < 0.030  < 0.030  < 0.030
Zn—206.200 5.8 ± 0.51a 6.1 ± 1.33a 5.47 ± 0.30a
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Volatile profiles of plant‑based extract and kefir 
samples

Volatile compounds were detected in extracts and kefir sam-
ples. The chromatograms of volatile compounds in the sam-
ples are shown in Figure S2. Volatile compounds are crucial 
for conveying the metabolomic properties of water kefir. 
Ethanol and acetic acid were the two most widely detected 
volatiles among the samples except rice extract. Then, ethyl 
acetate and benzenemethanol were two commonly detected 
volatiles among the samples. Chickpea kefir samples had 
most of the volatiles (13/19) in this study and then almond 
kefir and rice kefir (11/19). Ethyl acetate was not found in 
almond extract, rice extract, and chickpea extract. However, 
it was detected in the highest amount, 571.62 μg/100 mL, 
in almond kefir as a result of fermentation with water kefir 
grains. Ethyl acetate is produced through the fermentation 
reaction of acetyl-CoA and ethanol [49]. Ethyl acetate is 
sensorially significant because it has a sweet aroma that 
adds a fruity taste to foods. Other scientists have reported 
the presence of ethyl acetate in water kefir [50]. However, 
higher levels of ethyl acetate are undesirable in water kefir 
as they can result in a solvent-like aroma [50]. Previous 
studies have reported various concentrations of ethyl acetate 
detected in water kefirs, ranging from 21.74 to 1581.5 mg/
kg and 13.40 mg/liter [37, 51]. Studies have shown that the 
ethanol content in kefir contributes to its distinctive aroma 
[50]. After fermenting water kefir grains, the ethanol content 
of plant-based extract significantly increased. Almond kefir 
had the highest ethanol content among plant-based kefirs, 
while chickpea kefir had a higher ethanol content than rice 
kefir. Ethanol concentrations ranging from 0.674 to 20.3 g/
liter were reported for various water kefirs [31, 51]. Plant-
based extract and their kefirs were compared to understand 
the volatile profiles and the effect of the kefir fermentation. 
It was observed that ethyl acetate and acetaldehyde were 
not present in plant extracts and were detected at high rates 
in the kefirs of these extracts. The development of ethanol 

and acetic acid in almond kefir was found to be the highest 
compared to other samples.

The microbial community present in the water kefir 
grains and fermentation medium is responsible for the flavor 
and taste of water kefir. For example, certain lactic acid 
bacteria, such as L. hordei, L. mali, and L. plantarum, have 
been found to contribute to the production of lactic acid, 
ethanol, and acetic acid. Saccharomyces spp. yeasts have 
been reported to contribute to the formation of aldehydes 
and esters [52]. The yeasts present in water kefir grains 
were identified in our laboratory. Saccharomyces spp., 
Zygotorulaspora florentina, Dekkera bruxellensis, and 
Lachancea fermentati were identified using RT-PCR in water 
kefir grains used for producing plant-based water kefir in our 
current study (unpublished data). Various yeasts, particularly 
Saccharomyces sp., have also been found in previous 
studies [53, 54]. Different fermentation characteristics of Z. 
florentina resulted in a more robust floral flavor and lower 
bitterness perception. D. bruxellensis is commonly found in 
biotechnological environments with high ethanol levels. It 
has an essential feature that contributes to the characteristic 
aromatic properties of some red wines and is essential in 
the flavor profile of Belgian Lambic and Gueuze beers with 
the acetic acid taste it provides [55]. Lachancea species are 
known to ferment glucose and utilize raffinose, ethanol, and 
mannitol. Monoculture fermentations with L. fermentati 
have been found to result in lower levels of acetaldehyde, 
H2S, and SO2 production, increased volatile acidity, and 
lower titratable acidity compared to S. cerevisiae [56]. As 
can be understood from the findings, ethanol fermentation 
was carried out with these yeasts in the water kefirs.

Acetic acid content increased in plant-based kefirs, 
with the highest levels found in almond kefir. In contrast, 
the acetic acid level was low in plant extracts. It has been 
reported that the presence of oxygen in the water kefir fer-
mentation environment leads to an increase in the number 
of acetic acid bacteria species, resulting in a higher con-
centration of acetic acid at the end of the water kefir fer-
mentation process [57]. The concentration of acetic acid 

Table 3   Organic acid contents 
of plant extracts and kefir 
samples (g/L)

Experiments were carried out with two replications and four parallels. Values were given as 
mean ± standard deviation. Plant extract samples and kefir samples were subjected to statistical analysis 
within and independently of each other. Different letters in the same column indicate statistically 
significant difference (P < 0.05)

Lactic acid Acetic acid Tartaric acid Citric acid Propionic 
acid

Malic acid

Almond extract – – – – – –
Almond kefir 1.99 ± 0.27a 0.61 ± 0.12a – – – –
Rice extract – – 0.52 ± 0.06* – – –
Rice kefir 1.09 ± 0.22b 0.650 ± 0.01a 0.52 ± 0.06a – – –
Chickpea extract – – 0.22 ± 0.06b – – –
Chickpea kefir 1.16 ± 0.34b 0.318 ± 0.11b 0.25 ± 0.05b – – –
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in various water kefirs was reported to range from 0.11 
to 7.88 g/liter [57]. Acetaldehyde is a flavor component 
found in fermented milk products, particularly yogurt and 
kefir, made from cow’s milk. Acetaldehyde is primarily 
formed during water kefir fermentation as a result of the 
metabolism of lactic acid bacteria and yeast [58]. Acet-
aldehyde was found in chickpea kefir and rice kefir, as 
shown in Table 4. 1-hexanol was detected in samples of 
rice kefir and chickpea kefir. The concentration of 1-hex-
anol was found to be between 18.43 and 218.38 μg/L in 
different fruit juice-based water kefirs [43]. This alcohol 
has a positive effect on aroma when its concentration is 
below 20 mg/L [59]. The concentration values for 1-hex-
anol in our samples were lower than 20 mg/L, which is 
a desirable outcome. Phenylethyl alcohol is produced by 
yeast during food production [60]. It contributes a flo-
ral scent to the product [61] and has been identified as 
a quorum-sensing molecule [62]. Phenylethyl alcohol 
was detected in water kefirs by various scientists, with 
amounts ranging from 54.34 to 2241.74 μg/L [43, 47].

Sensory findings

The sensory evaluation of plant-based kefir includes 
assessments of color, appearance, consistency, taste, 
odor, and general criteria (Fig. 3). Almond kefir received 
the highest scores for taste and consistency among the 

samples. Chickpea kefir received the lowest scores in all 
criteria. It was observed that the distinct smell of chick-
peas is present in the fermented product, which negatively 
impacts its sensory properties. Although the scores for 
chickpea kefir were low, it was evident that it still had a 
certain level of acceptability. The purpose of this study 
was to investigate the potential use of water kefir grains in 
plant-based extract production and to assess the microbial 
activity and metabolism involved. Natural flavors are used 

Table 4   Volatile compound profiles of plant extracts and kefirs (μg/100 mL)

Experiments were carried out with two replications and four parallels. Values were given as mean ± standard deviation
*Retention index is based on the HP-INNOWax column. -: not detected

RI* Almond extract Almond kefir Rice extract Rice kefir Chickpea extract Chickpea kefir

Acetaldehyde 716 – – – 8.53 ± 4.94 – 40.90 ± 6.56
Ethyl acetate 853 – 571.62 ± 25.38 – 5.13 ± 0.00 – 103.49 ± 22.15
Ethanol 902 8.19 ± 2.55 652.98 ± 124.45 – 215.92 ± 60.70 22.42 ± 14.62 678.92 ± 137.10
2,3-Butanedione 937 – – – 10.53 ± 3.33 – 38.13 ± 6.49
Benzene, 1,2,3-trimethyl- 1190 – – – – 4.53 ± 1.84 –
Benzene, 1,2,4-trimethyl- 1202 – – 2.79 ± 0.55 3.04 ± 0.24 – –
Acetoin 1251 – – – 1.73 ± 0.16 – –
Propanoic acid, 

2-hydroxy-, ethyl ester
1310 – 27.92 ± 7.23 – – – –

1-Hexanol 1313 – – – 24.88 ± 4.38 – 18.92 ± 1.99
Acetic acid 1411 15.02 ± 8.36 1686.51 ± 369.02 – 12.13 ± 0.18 54.69 ± 35.36 279.49 ± 87.92
Propionic acid 1497 – 17.23 ± 4.62 – – – 8.32 ± 5.14
Butanoic acid 1586 – 19.40 ± 4.79 – – – 3.50 ± 1.65
Oxime-, methoxy-phenyl 1721 93.81 ± 42.87 139.56 ± 10.85 – 133.07 ± 6.52 145.65 ± 68.69 39.55 ± 4.31
Hexanoic acid 1800 – 40.14 ± 6.90 – - – 9.78 ± 0.08
Phenylethyl alcohol 1870 – – – 3.86 ± 0.06 – 32.13 ± 13.52
Benzenemethanol 1871 – 16.36 ± 15.86 – 6.06 ± 3.85 – 23.86 ± 1.70
Benzene–ethanol 1878 – 7.61 ± 1.74 – – – –
Octanoic acid 2007 – – – – – 10.55 ± 1.82
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Almond kefir Rice kefir Chickpea kefir

Fig. 3   Sensory evaluation of plant-based kefirs
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in industrial production to enhance sensory results. Con-
sumers are generally not familiar with plant-based extract 
products. Additionally, the sensory quality of these prod-
ucts may not be preferable. This is probably as a result of 
off flavor or beany flavor. These are generally not desir-
able for consumers [10, 63]. Various factors can impact 
the overall acceptance of plant-based kefir products. The 
addition of sugar or flavoring can enhance the taste of 
plant-based products, making them more enjoyable for 
consumers [10].

Color findings

Color is one of the most important properties of food that 
can influence a consumer’s preference [64]. The white-
ness and lightness of a food sample are crucial factors that 
impact consumer acceptance of a food product. The size 
and dispersion of oil particles, the type and concentration 
of chromophores, and the production method are the main 
factors influencing these parameters [65]. In the color 
analysis of the plant-based kefirs, the L* value, which 
represents whiteness, is highest in almond kefir. Chick-
pea kefir had the lowest L* values. The sensory analysis 
results were in line with this; e.g., overall acceptability and 
attractiveness of color were highest for almond kefir and 
lowest for chickpea kefir. While the L* value increased in 
rice extract due to fermentation, the L* value decreased in 
almond and chickpea extract after fermentation (Table 5). 
There was a significant difference between the brightness 
values of extract samples (P < 0.05). Almond kefir had a 
significant difference in brightness value rather than rice 
kefir and chickpea kefir. The study conducted by Sezgin 
[66] compared the L* values of hazelnut, walnut, almond, 
coconut, soy extracts, and cow’s milk. It was found that 
hazelnut extract had the highest L* value among all the 
extract types. There was a significant difference in the 
degree of redness between extract samples, while chickpea 
kefir had a significant difference rather than almond kefir 
and rice kefir in the aspect of redness degree (Table 5). 
Rice extract was significantly different in level of yellow-
ness rather than almond extract and chickpea extract. In 

addition, kefir samples were significantly different from 
each other for level of yellowness (P < 0.05). Green tones 
are represented by the negative value “a,” while yellow 
tones are represented by the positive value “b.” Thus, the 
almond extract and almond kefir samples had a greenish-
yellow color, which may be attributed to the riboflavin 
content of the samples [26]. Nevertheless, consumers are 
generally willing to accept various and even strange colors 
for plant extracts, such as light brown or grey [67].

Conclusion

Almond kefir, rice kefir, and chickpea kefir are great 
options for vegans, individuals with allergies to animal 
protein, and those seeking new and unique flavors. It has 
been confirmed that the microbiota of water kefir grains 
can thrive in plant-based extracts. Other metabolites and 
volatile compounds are formed during fermentation, along 
with probiotic microorganisms. The study is pioneering 
as it is the first to utilize water kefir grains, particularly 
in almond and chickpea extracts. The results of this study 
open up possibilities for using water kefir grains in various 
plant-based nutrients, leading to the development of new 
products. Kefirs made from plant-based extracts are a rich 
source of probiotics and minerals, including calcium, 
phosphorus, potassium, and magnesium.
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