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The aim of the present research was to evaluate the use of the sugary Kefir grains as a starter culture 
for new rice cereal-based Kefir beverage. Fermentation was performed by inoculating Kefir grains in 
rice extract. Flasks containing Kefir grains and substrates were statically incubated at 28°C for 24 h. 
The microbiota of sugary Kefir grains and rice cereal-based Kefir beverage were genera Lactobacillus, 
Lactococcus and Acetobacter as well as yeasts, such as Saccharomyces, Kluyveromyces, Lachancea 
and Kazachstania. The sugary Kefir grains were able to ferment the rice extract and produced Kefir 
beverage that are functional and healthy that satisfy nutrition-related conditions such as allergies and 
malabsorption, food intolerances, and lifestyle choices, for example vegetarianism and low salt. The 
use of starter cultures as Kefir grains offers a promising tool for innovation and diversification of 
cereal-based beverages. This study was the first to report the rice cereal-based Kefir beverage 
production. This result opens up perspectives for this innovative application of sugary Kefir grains for 
developing cereal-based beverages. 
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INTRODUCTION 
 
The use of cereals grains around 10,000 B.C. led to 
cereals becoming source of nutrients for population 
throughout the world. Cereals grains are a source of 
dietary fibers and carbohydrate and provide nutrients 
such as vitamins and minerals and low-gluten or gluten-
free. Soy-based food and beverages, cereals, fruits, and 
vegetables have been considered as ingredients for 

functional food/beverages that satisfy dietary lifestyles 
such as allergen-free and veganism (Peyer et al., 2016; 
Fiorda et al., 2017). On a worldwide basis, rice is the 
prevailing crops in terms of area reserved for cereal 
cultivation and total cereal production. In Segundo, the 
world rice production in 2017 was 756.7 million tonnes. 
However, cereals, such as quinoa and buckwheat, have
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generated interest in western countries, because of their 
higher content in dietary fiber, starch, vitamins and 
minerals (Peyer et al., 2016). 

Kefir is a traditional Middle Eastern beverage. It 
originated in the Caucasus in Asia in thousands of years 
(Magalhães et al., 2010a; Nalbantoglu et al., 2014; Fiorda 
et al., 2017). Kefir is a symbiosis between yeast and 
bacteria. A vast variety of different species of 
microorganisms formed the Kefir grains (Miguel et al., 
2011; Nalbantoglu et al., 2014; Viana et al., 2017; 
Magalhães-Guedes et al., 2017; Fiorda et al., 2017; Roos 
and Vuyst, 2018). Lactobacillus genera are the most 
frequent in kefir. Other lactic bacteria including 
Lactococcus and Leuconostoc genera are also common 
in Kefir (Nalbantoglu et al., 2014; Magalhães-Guedes et 
al., 2017; Fiorda et al., 2017; Roos and Vuyst, 2018). 
Acetobacter genera represent acetic bacteria and the 
yeast isolates are Kluyveromyces, Candida and 
Saccharomyces genera (Leite et al., 2013; Marsh et al., 
2013; Viana et al., 2017).  

The microbial species from Kefir grains carried out 
three types of fermentation during the process: lactic, 
alcoholic and acetic. Kefir can easily adapt to different 
substrates and lead to production of new probiotic 
products (Nalbantoglu et al., 2014; Fiorda et al., 2016; 
Fiorda et al., 2017). “Traditional” way of Kefir beverage 
production is using pasteurized or Ultra-high-temperature 
(UHT) processing treated milk. Kefir beverage is mainly 
considered a probiotic resource (Leite et al., 2013). Kefir 
may help bridge the gap between the health benefits and 
consumption of non-dairy foods and provide the benefits 
of probiotic without milk or diary product consumption 
(Leite et al., 2013; Garofalo et al., 2015; Fiorda et al., 
2016).   

Due to the numerous positive effects of Kefir on the 
human health, alternative substrates others may be used 
for kefir grains fermentation. Names of the resulting 
beverages are changed in case additional fruit, molasses 
or vegetable are used as medium of fermentation 
(Magalhães et al., 2010a,b; Miguel et al., 2011; 
Nalbantoglu et al., 2014; Fiorda et al., 2016, 2017).  The 
adaptation of Kefir grains into different substrates has 
shown potential for production of Kefir beverages with 
distinct sensory characteristics and functional proprieties. 
For all the aforementioned, the objective of this study was 
the use of Kefir grains as starter culture for fermented 
rice cereal-based beverage. 
 
 

MATERIALS AND METHODS 
 
The raw materials used were polished rice type 1 (Oryza sativa) 
and brown sugar, from the city of Salvador, Bahia. The sugary Kefir 
grains were obtained from the Probiotics Laboratory of the Federal 
University of Bahia, UFBA. 
 
 

Preparation of rice extract 
 
The    rice   extract   was  elaborated   based   on  the  methodology 
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proposed by Peyer et al. (2016). The Kefir grains were initially 
washed in water to reduce or eliminate soil contamination. In a 
stainless, the beans were cooked in the ratio of 1 part grain to 2 
part water (1: 2 w/w), for 30 min. The product was filtered, drained 
and homogenized. 
 
 
Experimentation and chemical analysis 
 
Samples (in triplicate), control and rice extract, were inoculated with 
sugary Kefir grains following the traditional method (Figure 1). The 
control (C) and test (T) samples were 1000 mL of filtered 5% sugary 
water and rice extract, respectively. The proportion of 10% sugary 
Kefir grains was added in sterile glass containers (5% sugary water 
and rice extract). The fermentation time of the samples 
corresponded to 24 h/28°C. pH, acidity, and Kefir grains weight 
mass, were performed in 0 and 24 h. pH was determined using a 
Neomed model pH meter. Titratable acidity (in lactic acid) and mass 
weight (Shimadzu) were done according to the rules of the Adolfo 
Lutz Institute (2008). 
 
 
DNA extraction and PCR-DGGE analysis  
 
The sugary Kefir (grains and rice cereal-based Kefir beverage) 
microbiological analysis was carried out at the Molecular Biology 
Laboratory of the Federal University of Lavras, UFLA, Brazil. For 
analysis, 1 g of sugary Kefir grains and 1 mL of rice cereal-based 
Kefir beverage sample were transferred into a plastic tube and was 
subjected to DNA extraction using a Nucle-oSpin Tissue kit 
(Macherey-Nagel, Du ¨ren, Germany). DNA extraction was 
performed according to the manufacturing instructions. The 
bacterial community DNA was amplified with primers 338fgc and 
518r spanning the V3 region of the 16S rDNA gene (Puerari et al., 
2015). The yeast community DNA was amplified using the primers 
NS3 and YM951r (Magalhães et al., 2010b). The amplification was 
carried according to the method of Magalhães et al. (2010b). 
Polymerase chain reaction (PCR) products were analysed by 
denaturing gradient gel electrophoresis (DGGE) using a Bio-Rad 
DCode Universal Mutation Detection System (Bio-Rad, Richmond, 
CA, USA). Samples were applied to 8% (w/v) polyacrylamide gels 
in 0.5% TAE. Optimal separation was achieved with a 15 to 55% 
urea-formamide denaturing gradient for the bacterial community 
and a 12 to 50% gradient for the yeast community, where 100% is 
defined as 7 M urea and 40% (v/v) formamide. Electrophoresis was 
carried out for 3 h at 200 V at 60°C, and the gels were stained with 
SYBR-Green I (Molecular Probes, Eugene, OR, USA) (1:10,000 
v/v) for 30 min. The gels were visualised via U. V. transilluminator, 
and images were captured using a Polaroid camera (Concord, 
USA). The bands were excised with a sterile surgical blade and 
stored at -20°C until further analysis. 

DGGE bands were excised from the acrylamide gels and the 
fragments were purified using the QIAEX II gel extraction kit 
(Qiagen, Chatsworth, CA, USA). DNA recovered from each DGGE 
band was reamplified using the primers 338f (without GC clamp) 
and 518r for bacteria and NS3 (without GC clamp) and YM951r for 
yeast. The PCR amplicons were then sequenced (Applied 
Biosystems, Foster City, CA, USA). GenBank searches (http://www. 
ncbi.nlm.nih.gov/BLAST/) were performed to determine the closest 
known relatives of the partial ribosomal DNA sequences obtained. 
 
 
Statistical analysis 
 
In order to obtain the means of the control and test samples, 
Statistical package for Social Science (SPSS) statistical software, 
version 20.0 was used. Student's t test, using the 95% confidence 
level, was also used. 
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Figure 1. Kefir beverage production. Kefir grains (1) are added to substrate and are left to 
stand at room temperature for fermentation 24 h; (2) substrate is then fermented forming the 
Kefir beverage; (3) after which they are filtered, and (4) ready to start another cycle. The 
fermented beverage that results from step 3 is appropriate for consumption. 

 
 
 

Table 1. Kefir grains weight in 24 h fermentation period. 
 

Kefir grains 
weight (g) 

Time (h) 

0 24 

C 5.00
a 

± 0.01 10.2
b 

± 0.20 

T 5.00
a 

± 0.01 15.1
c 
± 0.15 

 

C, Control; T, test. Values represented by samples means ± standard 
deviation in triplicates. Different letters in same column indicate 
differences between (p<0.05) values in the group, according to the 
Student's t-test. 

 
 
 
RESULTS AND DISCUSSION 
 
After 24 h fermentation period, a significant difference 
(p<0.05) was observed between the Kefir grains weight of 
the control (C) and test (T) samples (Table 1). The cell 
mass (T) growth was higher in relation to the (C) cultures 
(Table 1). According to Magalhães et al. (2010a, b), the 
amount of Kefiran (polysaccharide) released during the 
fermentation depends on the microorganisms involved, 
the culture medium composition, the temperature and the 
fermentation time. Probably, the growth of the (T) 
samples is related to the  greater  availability  of  nutrients 

present in the rice extract. 
The decreased pH value (~4.3 to ~3.5) and the 

increased acidity (~0.2 to ~0.3) during 24 h of 
fermentation are shown in Table 2. These observations 
indicated that the fermentation process was followed by 
the production of acids. This also demonstrates that the 
sugary Kefir grains were able to ferment the rice extract. 
The low pH value (~3.5) and high acidity value (~0.3) 
present at the end of fermentation appears to be 
responsible for the presence of lactic acid bacteria as the 
major bacterial species at 24 h (Table 2). 

Traditionally, many plating procedures are only partially
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Table 2. pH and acidity analysis in Kefir beverages. 
 

pH 
Time (h) 

0 24 

C 4.30
a 

± 0.01 3.58
b 

± 0.10 

T 4.35
a 

± 0.01 3.88
b 

± 0.15 

   

Acidity   

C 0.20
c 
± 0.01 029.2

d 
± 0.20 

T 0.20
c 
± 0.01 0.38

d 
± 0.15 

 

C, Control; T, test. Values represented by samples means ± Standard 
Deviation in triplicates. Different letters in same column indicate 
differences between (p<0.05) values in the group, according to the 
Student's t-test. 

 
 
 
selective and exclude members of the microbial 
community (Miguel et al., 2011; Nalbantoglu et al., 2014; 
Corona et al., 2016; Fiorda et al., 2017; Cho et al., 2018; 
Roos and Vuyst, 2018). Thus, to determinate the total 
composition of microbiota in the sugary Kefir grains and 
rice cereal-based Kefir beverage, PCR-DGGE analysis 
was used. The V3 region of the 16S rDNA gene of the 
bacteria and NS3 region of the 18S rDNA gene of the 
yeast were amplified and representative DGGE 
fingerprints are as shown in Figure 2. To determine the 
composition of microbiota, individual bands observed in 
the PCR-DGGE profiles were excised from the 
acrylamide gel and re-amplified to provide a template for 
sequencing. After BLAST analysis, sequence results 
showed between 99 and 100% identity with the 
sequences retrieved from GenBank accession numbers. 
DGGE bands a and d were clearly identified as 
Lactobacillus paracasei, Lactobacillus parabuchneri, 
Lactobacillus kefiri, Lactococcus lactis, Lactobacillus 
casei, L. paracasei subsp. paracasei, Leuconostoc 
citreum, L. paracasei subsp. tolerans, Lactobacillus 
buchneri, Acetobacter lovaniensis, Saccharomyces 
cerevisiae, Kluyveromyces lactis, Lachancea meyersii 
and Kazachstania aerobia. 

Descriptions of the different types of yeast and bacteria 
present in different Kefir grains have been provided by 
different authors (Jianzhong et al., 2009; Magalhães et 
al., 2010a; Miguel et al., 2011; Nalbantoglu et al., 2014; 
Viana et al., 2017; Corona et al., 2016; Fiorda et al., 
2017; Cho et al., 2018). Previous results have shown that 
three groups of microorganisms co-exist in Kefir grains: 
lactic acid bacteria, acetic acid bacteria and yeast 
(Jianzhong et al., 2009; Miguel et al., 2011; Nalbantoglu 
et al., 2014; Viana et al., 2017; Corona et al., 2016; 
Fiorda et al., 2017; Cho et al., 2018; Roos and Vuyst, 
2018).  

This data indicated that the sugary Kefir grains 
contained a diverse spectrum lactic acid bacteria group 
including Lactobacillus, Lactococcus and Leuconostoc. 
Another important bacterium found in sugary Kefir grains 

is L. kefiri. There are reports on the presence of L. kefiri 
as a member of the lactic acid microbiota in Kefir grains 
(Garrote et al., 2001; Jianzhong et al., 2009; Corona et 
al., 2016; Fiorda et al., 2017; Cho et al., 2018; Roos and 
Vuyst, 2018). The following lactic acid bacteria were also 
found: L. parabuchneri, L. lactis and L. casei, besides the 
species of L. citreum. Previous studies showed that a 
variety of lactic acid bacteria’s different species have 
been isolated and identified in Kefir grains from around 
the world (Jianzhong et al., 2009; Magalhães et al., 
2010a; Miguel et al., 2011; Nalbantoglu et al., 2014, 
Corona et al., 2016; Fiorda et al., 2017; Cho et al., 2018; 
Roos and Vuyst, 2018). The acetic acid species, A. 
lovaniensis, was also identified. The species Acetobacter 
pasteurianus has been also described in fermented Kefir 
beverages (Corona et al., 2016; Viana et al., 2017; Fiorda 
et al., 2017; Cho et al., 2018).  

The lactose-fermenting yeast, K. lactis was identified in 
the sugary Kefir grains together with non-lactose-
fermenting yeast S. cerevisiae, K. aerobia and L. 
meyersii (Figure 2). Of these yeasts, S. cerevisiae 
represented the most commonly identified yeast isolates 
in Kefir grains. The presence of S. cerevisiae contributes 
to the organoleptic quality enhancement of the Kefir 
beverages, promoting a refreshing and pungent taste 
(Cho et al., 2018).  

The results demonstrated that rice extract could be an 
ideal alternative substrate for the production of functional 
cultured Kefir beverage, especially for vegans and 
lactose intolerant consumers, because the 
microorganisms of the Kefir grains successfully 
fermented the rice extract. 
 
 
Conclusion 
 
The results indicate that genera of bacteria, such as 
Lactobacillus, Lactococcus and Acetobacter, as well as 
yeast, such as Saccharomyces, Kluyveromyces, 
Lachancea and Kazachstania were the microorganisms
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Figure 2. Profiles of microbial communities from Kefir grains and cereal-based Kefir beverage.  

 
 
 
present in sugary Kefir grains and rice cereal-based Kefir 
beverage. The sugary Kefir grains were able to ferment 
the rice extract and produce Kefir beverage functional 
and healthy that satisfy nutrition-related conditions such 
as allergies and malabsorption, food intolerances, and 
lifestyle choices, for example vegetarianism and low salt. 
This study is the first to report the rice cereal-based Kefir 
beverage production. The use of starter cultures as Kefir 
grains offers a promising tool for innovation and 
diversification of cereal-based beverages. 
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