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KEYWORDS Abstract Water kefir is a sparkling, slightly acidic fermented beverage made from sugar, water,
Water kefir; and water kefir grains, which are a mixture of yeast and bacteria. These grains produce a variety
Bacteria; of fermentation compounds such as lactic acid, acetaldehyde, acetoin, ethanol and carbon
High-throughput dioxide. In this study, a high-throughput sequencing technique was used to characterize the
sequencing; bacterial composition of the original water kefir from which potential probiotics were obtained.
Beverages; We studied the bacterial diversity of both water kefir grains and beverages. DNA was extracted
Anaerocolumna from three replicate samples of both grains and beverages using the Powerlyzer Microbial Kit.

The hypervariable V1-V2 region of the bacterial 16S ribosomal RNA gene was amplified to
prepare six DNA libraries. Between 1.4 M and 2.4 M base-pairs were sequenced for the library.
In total, 28721971 raw reads were obtained from all the samples. Estimated species richness
was higher in kefir beverage samples compared to grain samples. Moreover, a higher level of
microbial alpha diversity was observed in the beverage samples. Particularly, the predominant
bacteria in beverages were Anaerocolumna and Ralstonia, while in grains Liquorilactobacillus
dominated, with lower levels of Leuconostoc and Oenococcus.
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Introduction

Although the bacterial diversity in kefir grains was low because only three genera were the
most represented, all of them are LAB bacteria with the potential to serve as probiotics in the
artificial feeding of bees.

© 2024 Asociacion Argentina de Microbiologia. Published by Elsevier Espafa, S.L.U. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Uso de la metagenémica del ARNr 16S para analizar la diversidad bacteriana del kéfir
de agua, una fuente innovadora de probiéticos para abejas

Resumen El kéfir de agua es una bebida fermentada con gas, ligeramente acida, hecha de
azlcar, agua y granos de kéfir de agua, que son una mezcla de levadura y bacterias. Estos gra-
nos producen una variedad de compuestos de fermentacion como acido lactico, acetaldehido,
acetona, etanol y didxido de carbono. En este estudio se utilizd una técnica de secuenciacion
de alto rendimiento para caracterizar la composicion bacteriana del kéfir de agua original
del que se obtuvieron posibles probioticos. Estudiamos la diversidad bacteriana tanto de los
granos de kéfir de agua como de las bebidas. Se extrajo ADN de muestras de granos y sobre-
nadante (tres réplicas) utilizando el Powerlyzer Microbial Kit. Se amplifico la region V1-V2
conservada del gen del ARN ribosémico 16S bacteriano para preparar seis bibliotecas de ADN.
Se secuenciaron entre 1,4M y 2,4M de pares de bases para la biblioteca. En total, se obtu-
vieron 28.721.971 lecturas sin procesar de todas las muestras. La riqueza de especies estimada
fue mayor en las muestras de sobrenadante de kéfir en comparacion con las muestras de gra-
nos. Ademas, se observd un mayor nivel de diversidad alfa microbiana en las muestras de
sobrenadante. En particular, las bacterias predominantes en el sobrenadante fueron Anaero-
columna y Ralstonia, mientras que en los granos dominé Liquorilactobacillus, con niveles mas
bajos que Leuconostoc y Oenococcus. Si bien la diversidad bacteriana en los granos de kéfir
fue baja debido a que solo tres géneros fueron los mas representados, todos ellos fueron bac-
terias acido lacticas (BAL) con potencial como probioticos en la alimentacion artificial de las
abejas.

© 2024 Asociacion Argentina de Microbiologia. Publicado por Elsevier Espaiia, S.L.U. Este es un
articulo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

of the grains, manufacturing techniques, temperature, sub-
strate used and storage conditions?®%’,
It is well-documented that kefir is a source of potential

Water kefir is a sparkling, slightly acidic fermented bever-
age, typically produced by fermenting a sucrose solution to
which fresh or dried fruits, and sometimes a slice of lemon,
have been added, using kefir ‘grains’*®. This beverage is
similar to but distinct from milk or dairy kefir which is pro-
duced typically with bovine milk using milk kefir grains®.
The gelatinous grains of water kefir are a symbiotic mixture
of bacteria and yeast embedded in a primarily polysaccha-
ride matrix'°. Water kefir is obtained by fermentation of
a sugar solution with kefir grains after 48 h. The microor-
ganisms produce a variety of fermentation compounds such
as lactic acid, acetaldehyde, acetoin, ethanol and carbon
dioxide®.

The microbial populations of water kefir comprise lactic
acid bacteria (LAB) such as Lactobacillus, Lactococcus, Leu-
conostoc and Streptococcus, yeasts, such as Kluyveromyces,
Candida, Pichia and Saccharomyces and some acetic acid
bacterial species'®?%2', The diversity, abundance, and inter-
actions between the microbial species, estimated at around
300 species, vary according to the culture medium, origin

probiotics*?224, In our laboratory, we have isolated bac-
teria and yeasts from water kefir with inhibitory in vitro
activity against Paenibacillus larvae and Ascosphaera apis,
two important bee pathogens?®. We have also evaluated the
microbial composition of water kefir grains and beverages
with culture-dependent techniques to determine whether
the number and type of microorganisms changed over a
period of one year'*?¢,

In this study, a high-throughput sequencing technique
was used to characterize the microbial composition of the
original water kefir from which potential probiotics were
obtained. Thus, the bacterial diversity of water kefir grains
and beverage was analyzed and compared to obtain a com-
prehensive insight into the microbiological profile of this
innovative source of probiotics for bee nutrition. This anal-
ysis provides various opportunities to better understand
the functional role of the microbial consortia, microbial
diversity and their functional profiles within kefir-fermented
beverage systems.
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Materials and methods

Preparation of water kefir

Three replicates of water kefir were prepared. For each
replicate, 60g of grains were inoculated in 400 ml of sugar
solution (14g/l of unrefined sugar) with some raisins and
a slice of lemon. Both, sugar and water, were previously
sterilized. The beverage was contained in a glass jar with
a non-hermetic cover. The fermentation process was con-
ducted at room temperature (23 £2°C) for 48 h3"32, After
fermentation, the grains were separated from the beverage
and washed with distilled water. Three replicates of water
kefir were prepared for characterization.

Purification of total DNA

DNA was extracted from three replicate samples of grains
and beverage which were lyophilized. For freeze-dry pur-
poses, fresh and cleaned kefir grains were frozen at —20°C
for a period of 48 h in Petri dishes covered with aluminum
foil. Samples were spray-dried in a pilot scale freeze dryer
apparatus (Heto FD 1.0, Copenhagen, Denmark). Spray dry-
ing conditions were: freeze-temperature —20°C, condenser
temperature —20 to —40°C and chamber air pressure
100-300uHg. Final products were kept in airtight bags at
room temperature until their use?.

For recovery of the total DNA from granules, 3g of
lyophilized grains were resuspended in 40ml of water
(molecular grade) using 50 ml plastic tubes as containers.
To recover DNA from the lyophilized supernatant, 14 ml
of water were added to the 15ml tubes containing the
lyophilized samples. For both types of lyophilized materi-
als, the tubes were heated for 45 min at 65°C and vortexed
every 15 min.

DNA extractions were performed using the Powerlyzer
Microbial Kit (Qiagen 12255), with the following modifica-
tions: for each sample, 2ml of the resuspended solutions
were placed in 2 ml tubes and centrifuged at 10000 RPM for
2 min. The supernatant was discarded. For each sample, the
resulting pellets were resuspended in 350 pl of PowerBead
solution and transferred into a Powerbead tubes contain-
ing 0.1 mm glass beads. Fifty microliter of solution SL were
added to each tube and the samples were homogenized
using a FastPrep®-24 5G homogenizer (MP Biomedicals) at
six m/s for 2 min, three times (total 6 min). DNA purification
was continued following the manufacturer’s protocol with-
out further modifications. The samples were recovered in
50 pl of elution buffer and stored at —20°C.

PCR amplification and DNA sequencing

A hypervariable region spanning from the V1-V2 region of
the bacterial 16S ribosomal RNA gene was amplified using
the universal primer set and thermal protocol described by
Floyd et al (2020). PCR amplification was performed using
Bio-Rad master mix reagents (166509EDU) and a Bio-Rad
CFX96 Real-Time System C1000 Touch Thermal Cycler. After
confirmation by gel electrophoresis of the expected 359
base-pair amplicons, samples were purified using Ultracel

100K 0.5 ml centrifugal filters (Amicon). Purified PCR prod-
ucts were used to prepare six DNA libraries for ILLUMINA
MiSeq sequencing using the TruSeq DNA library protocol.
Between 1.4 M and 2.4 M base-pairs were sequenced for the
library (University of Maryland, Institute for Genome Sci-
ences sequencing facility, Baltimore, MD).

Taxonomic assighment and relative abundance

Read quality was assessed using FASTQC software’. Subse-
quently, reads were trimmed using Trimmomatic software’
in order to remove the primers. The resulting reads were
processed using MOTHUR v1.48 software®®. Pair end reads
were combined using the make.contigs command, and the
result was filtered using the screen.seqs command. To
remove duplicate sequences, unique.seqs command was
used. Next, the resulting sequences were aligned to the
SILVA reference database v. 138.1 with the align.seqs com-
mand. Further de-noise of the sequences was performed by
means of the pre-cluster command, allowing for up to two
differences between sequences. In order to remove chimeric
sequences, the chimera.vsearch command was used. The
resulting sequences were classified with the classify.seqs
command, and those sequences not belonging to bacteria
were removed with the remove.lineage command. Finally,
the sequences were clustered into OTUs using the clus-
ter.split command with a taxlevel=4 and a cutoff=0.03, and
the resulting OTUs were classified by means of the clas-
sify.otu command. Low abundance OTUs with less than 10
reads on all samples were removed. The relative abundance
of each OTU was calculated as a proportion of the sum
of sequences for each sample based on annotation. The
microbial community structure was estimated by the Shan-
non Diversity Index and Simpson’s Diversity Index and were
used to calculate « diversity using the NAMCO software’
https://exbio.wzw.tum.de/namco/. The samples were nor-
malized by the Rarefaction.

Results

Sequencing coverage

The bacterial diversity of water kefir consortia was
determined by a metagenomic approach. The V1-V2 hyper-
variable region of the bacterial 16S ribosomal RNA gene was
sequenced from six samples, three corresponding to grain
samples and three to beverage samples. In total, 28721971
raw reads were obtained from all the samples. After pro-
cessing the libraries using MOTHUR software, 2975 unique
OTUs were inferred with a minimum abundance of 10 reads
across all samples (Table 1).

Diversity of the microbial communities

Diversity was calculated for each data set (Table 1). The
estimation of species richness was higher in kefir beverage
samples (1315, an average of the three samples) compared
to grain samples (667, an average of the three samples).
A higher level of microbial alpha diversity, estimated by
the Shannon Index (which is used to estimate the micro-
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Table 1 Sequencing results for Argentinian water kefir: estimations of diversity between kefir grain (G) and beverage (B)
samples.

Sample* Number of sequences (raw reads) OTUs Shannon Index Simpson Index
G-F12 3921280 678 1.59 0.35
G-G12 2969701 666 1.6 0.35
G-H12 2421456 657 1.65 0.33
Average 3104145 667 1.61 0.34
B-F12 7887669 1496 4.95 0.02
B-G12 6000839 1242 4.95 0.02
B-H12 5521026 1207 4.95 0.03
Average 6469844 1315 4.95 0.02

* Kefir grain samples: G-F12, G-G12 and G-H12 and beverage samples: B-F12, B-G12 and B-H12.

bial diversity in the sample) and by the Simpson (which is
used to study diversity between samples) was observed in
the beverage samples (Table 1).

Taxonomic analysis and relative abundances of the
bacterial communities in each sample

In order to determine the bacterial relative abundance in
each group, the inferred OTUs were used to interrogate
the SILVA reference database. In the beverage, the anal-
ysis at genus level showed that the microorganisms are
predominantly Anaerocolumna and Ralstonia. In grains, the
most represented genus was Liquorilactobacillus although
the genera Leuconostoc and Oenococcus are also well rep-
resented (Fig. 1).

Discussion

In our study, we used a genotype sequencing technique to
describe the complex bacterial community of an Argen-
tinian water kefir to get insights into the microbiological
profile of this source of potential bee probiotics. Similar
to other studies, we found that the richness and diversity
indices of kefir grains were lower than those of the respec-
tive beverages®'" ¢ (Table 1). We consider two hypotheses
to explain the lower levels of microbial diversity observed in
the grain samples compared to beverage samples. First, an
inefficient adhesion of microorganisms to the grain surface
results in an increased of bacterial load in the beverage?.
Second, while yeast and bacteria could be equally repre-
sented in the grains, bacteria could be more abundant in the
beverage??. It is also possible that the unidentified yeasts,
which are a great part of the microbial composition of water
kefir, led to an underestimation of the real diversity of
kefir'"23,

In previous studies, we compared the microbial composi-
tion of water kefir grains and beverage?®. We found that the
number of bacteria and yeasts from kefir grains was signifi-
cantly higher (p <0.01) compared with that of the beverage.
These results show that the culture-dependent techniques
and the culture-independent methods, such as the high-
throughput sequencing of the 16S rRNA gene, can lead to

different results. Thus, it is important to utilize both, the
traditional and the modern techniques to evaluate the com-
plex microbial community present in products such as water
kefir.

The analysis of the complex microbial community of
water kefir revealed three predominant genera in the grain
samples: Leuconostoc (18%) and Oenococcus (15%), which
belong to the Leuconostocaceae family, and Liquorilacto-
bacillus (55%), a member of the Lactobacilllaceae family. To
our knowledge, this latter genus had not been isolated from
the hive, but was previously reported in water kefir?. Liquo-
rilactobacillus is of great importance because it secretes
dextran-like EPS, which are of particular interest as poten-
tial prebiotics®>. On the contrary, in the beverage samples,
the group ‘‘others’’ achieved almost 50%, reflecting the
highest diversity observed. The other genera that were
sequenced in the beverage samples were not suitable candi-
dates to be probiotics as they were not LAB or were deemed
unsafe to be used as probiotics. Thus, despite the fact that
the bacterial diversity in the kefir grains was lower because
only three genera were the most represented, all three of
them include species that are potential probiotics to be used
in the artificial feeding of bees.

The metagenomic composition of water kefir microbiota
has been investigated by several authors®'>'>17:18 Yerlikaya
et al.*®® analyzed the microbial community of commercial
water kefir grains and found that they were dominated
by the bacterial species Lactobacillus ruminis and Bacillus
methanolicus, while the most common species were Lac-
tococcus lactis and Enterococcus faecium. Kumar et al."”
examined the microbial composition of water kefir from
Malaysia and, similar to our study, they described the gen-
era Lactobacillus and Oenococcus as the most abundant.
They also reported Acetobacter as one of the most com-
mon species. Water kefir from Belgium was studied by Verce
et al.*. They analyzed four samples using shotgun metage-
nomics and found evidence of a novel Oenococcus species
related to Oenococcus oeni and Oenococcus kitaharae. It is
important to notice, that Lentilactobacillus kefiri, is one of
the main lactic acid bacteria species in kefir. Carasi et al.*
discussed the potential of L. kefiri as a probiotic strain. The
authors proposed that certain L. kefiri strains are excellent
candidates for use in the development of food supplements
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Taxonomic Binning of samples by SamplelD.

Relative Abundance

Genus
0__Acelobastenas)
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9. Cenccoccus(100}
1 Pseudomonas 100}
0__Rastonial100)
B 5__Romboutsiad100)
W p_ Staphylococcus! 106)
Other

AE [

_ g
[

Beverage

Figure 1

and new fermented foods with health-promoting properties
in human beings.

LAB are mainly used as probiotics to improve ani-
mal health and their productive capacity’. Ramos et al.?’
highlighted the importance of beehives as a wide LAB
reservoir, with at least 43 identified bacterial species. In
particular, Oenococcus, Bifidobacterium and Lactobacillus
have been widely studied in this regard?’’. A novel flora
composed of Lactobacillus and Bifidobacterium has been
identified in the honey stomach of honey bees**: Lactobacil-
lus kunkeei (Fhon2), Bifidobacterium asteroides related
phylotypes (Hma3, Bin7 and Bin2), Bifidobacterium coryne-
forme (Bma6) and seven Lactobacillus phylotypes (Hon2,
Hma2, Biut2, Bma5, Hma8, Hma11 and Bin4). More recently,
Hoda Mahmoud et al.? isolated some LAB from the intestinal
tract of Apis mellifera carnica collected in El Cairo (Egypt).
These isolates were identified as Enterococcus faecalis
MG890204, Enterococcus faecalis KX073783, Enterococcus
faecalis EU594564, Lactobacillus brevis MH191230 and Lac-
tobacillus casei KT273339. The high-throughput sequencing
of this study revealed both alpha and beta diversity (Table 1)
of the bacterial population in water kefir. In this scenario,
even though the beverage showed a higher level of micro-
bial alpha diversity, the grains could be a potential probiotic
tool to be used in the artificial feeding of bees because the
three most represented bacteria were LAB.

In conclusion, the microbial community composition of
this Argentinian water kefir studied by high-throughput
sequencing technology revealed that the beverage and the
grain were significantly different. The bacterial diversity
and species richness of water kefir grains will be valuable to
isolate beneficial strains of probiotics to control honeybee

Grain

Relative abundance of the top 15 genera of bacteria in beverage and grain samples.

diseases. Additional studies focused on the yeast population
are still necessary to further enhance our understanding of
the microbial composition of this millennium-old fermented
product.
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