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ABSTRACT

The microbial community composition and chemical
characteristics of a Brazilian milk kefir sample produced
during its manufacturing and refrigerated storage were
investigated by culture-dependent and -independent
methods and HPLC. Lactococcus lactis ssp. cremoris
and ssp. lactis, Leuconostoc mesenteroides, Acetobacter
lovaniensis, and Saccharomyces cerevisiae were iso-
lated, whereas the detected bands on denaturing gel
gradient electrophoresis corresponded to Lactobacillus
kefiranofaciens, Lactobacillus kefiri, Lactobacillus para-
kefiri, and S. cerevisiae. After fermentation, lactic acid
bacteria were present at levels of 10 log units, whereas
acetic acid bacteria and yeast were present at levels
of 7.8 and 6 log units, respectively. The lactic acid
bacteria and yeast counts remained constant, whereas
acetic acid bacteria counts decreased to 7.2 log units
during storage. From fermentation to final storage, the
pH, lactose content and citric acid of the kefir beverage
decreased, followed by an increase in the concentra-
tions of glucose, galactose, ethanol, and lactic, acetic,
butyric, and propionic acids. These microbiological and
chemical characteristics contribute to the unique taste
and aroma of kefir. This research may serve as a basis
for the future industrial production of this beverage in
Brazil.

Key words: microbial community, kefir, chemical
composition, culture-dependent and culture-indepen-
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INTRODUCTION

Kefir is a traditional dairy beverage originally from
Caucasian and Eastern European regions, produced by
the direct addition of kefir grains to milk. The bacteria
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and yeast that compose kefir grains are enclosed in a
polysaccharide known as kefiran and a protein matrix.
These microorganisms are responsible for the acid-alco-
holic fermentation of the milk, producing a fermented
milk product with unique properties. This product also
has a long history of beneficial health effects, which
has contributed significantly to the increase in the
consumption of kefir and interest in this product in
several Western countries (Farnworth and Mainville,
2008; Tamime et al., 2011).

The complex symbiotic relationship that exists
among the microorganisms that compose the kefir
grains makes them difficult to study, and also promotes
relative stability and specificity of the kefir micro-
bial community, which is generally composed of dif-
ferent lactic acid bacteria (LAB), acetic acid bacteria
(AAB), and yeast species (Farnworth, 2005). However,
some factors, such as the ratio of grain to milk, incuba-
tion, agitation, and storage conditions can influence the
microbiological and chemical characteristics of the final
kefir product (Farnworth, 2005; Irigoyen et al., 2005;
Oner et al., 2010).

After milk fermentation with grains or commercial
starter cultures, lactic acid, acetic acid, CO,, ethanol,
and aromatic compounds are formed (Giizel-Seydim et
al., 2000a; Grgnnevik et al., 2011; Magalhaes et al.,
2011a,b). The exotic aroma and flavor of kefir, a re-
freshing feature, and slightly acidic taste are the result
of the coexistence of yeast and LAB in a symbiotic as-
sociation, and depend on the diversity of the microbiota
of each kefir grain (Giizel-Seydim et al., 2000a; Oner et
al., 2010; Magalhaes et al., 2011b; Leite et al., 2012).

Complex relationships between microbial com-
munities are observed in different foods, especially in
fermented foods, such as kefir (Garrote et al., 2010,
Plessas et al., 2011).The relationship between micro-
bial groups depends on biotic and abiotic factors and,
thus, is characteristic of each manufacturing process.
Although previous information exists regarding the
microbiological diversity of kefir grains from different
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origins (Chen et al., 2008; Zhou et al., 2009; da Cruz
Pedrozo Miguel et al., 2010; Leite et al., 2012) and of
the final product (kefir beverage; Simova et al., 2002;
Mainville et al., 2006; Magalhaes et al., 2010b) using
culture-dependent and -independent methods, few
studies have been published with regard to monitoring
of the microbial succession during milk fermentation by
the traditional kefir grain (Guzel-Seydim et al., 2005;
Magalhaes et al., 2011b), as well as during storage of
the final product (Irigoyen et al., 2005; Oner et al.,
2010).

The commercial product kefir is not available in
Brazil and, therefore, kefir grains are traditionally used
as starters in the production of homemade kefir for
personal consumption. Recently, some reports concern-
ing mainly the chemical characterization of a Brazilian
milk kefir have been described, although only during
the fermentation process (Magalhaes et al., 2011a,b),
not evaluating the product during storage. The aim
of this study was to evaluate the microbiological and
chemical changes that occur not only in the different
fermentation stages in kefir manufacturing but also
during storage. For this purpose, samples were analyzed
by traditional plating, isolation of microorganisms, and
direct DNA and RNA extraction, followed by amplifica-
tion [PCR and reverse-transcription PCR (RT-PCR)]
of bacterial 16S rRNA and yeast 26S rRNA genes
and denaturing gel gradient electrophoresis (DGGE)
analysis. Organic acid concentration, ethanol produc-
tion, and carbohydrate concentration at these different
stages were also determined. Additionally, strains of
LAB, AAB, and yeast were isolated and subsequently
identified by DNA sequencing.

MATERIALS AND METHODS
Kefir Grains

Brazilian kefir grains (which we named AR grain)
were obtained from a private household in Niterdi
(located in the state of Rio de Janeiro, Brazil) and
had been previously characterized microbiologically
by Leite et al. (2012). Grains were activated in sterile
reconstituted skim milk (10% wt/vol) at 25°C for 24
h, filtered to remove the clotted milk, and rinsed with
sterile water. The activation step was repeated 3 times
(Chen et al., 2008).

Kefir Production

The activated grains (30 g) were inoculated in com-
mercial UHT skim milk (1,000 mL) and statically
incubated at 25°C for 24 h. Samples (1 mL) of the
beverage were aseptically taken every 6 h. Triplicate
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fermentations were performed. After 24 h of fermenta-
tion, sieved kefir samples (1-mm sieve size) were stored
at 4 + 2°C and collected after 2, 7, 14, and 28 d of
refrigerated storage.

Microbiological Analyses

The enumeration of microorganisms from fermented
milk was carried out by plating serial dilutions in sodi-
um citrate (2%) on different culture media, in triplicate.
Lactic acid bacteria were enumerated on lactobacilli
de Man, Rogosa, and Sharpe (MRS) agar (Difco; BD
Diagnostics, Sparks, MD) and on M17 agar (Difco; BD
Diagnostics) supplemented with 0.5% glucose (Difco;
BD Diagnostics). Acetic acid bacteria were enumerated
on AAB medium (Carr and Passmore, 1979). All media
for bacterial enumeration were supplemented with 200
mg/kg of cycloheximide (Sigma-Aldrich, St. Louis, MO)
to inhibit yeast and fungi growth. Yeasts were enumer-
ated on yeast extract-glucose-chloramphenicol agar
(YGC; Difco; BD Diagnostics). Plates were incubated
at 30°C for 5 d for bacterial growth under anaerobic
conditions using a GasPak EZ anaerobic system (Difco;
BD Diagnostics) and for yeast growth under aerobic
conditions at 25°C for 5 d. After counting, means and
standard deviations were calculated.

To confirm the identity of the enumerated colonies,
some isolates were taken at random from the agar plates
for identification. Gram staining and catalase testing
were used to screen the isolate strains as belonging to
the LAB and AAB group and the samples were then
analyzed by molecular methods. All isolated strains
were stored in MRS broth with 20% glycerol at —80°C
until subsequent analyses.

Amplified Ribosomal DNA Restriction Analysis

Deoxyribonucleic acid template preparation from the
isolated pure bacteria or yeast cultures was performed
by the methods described by Randazzo et al. (2002)
and Del Aguila et al. (2003), respectively. Polymerase
chain reaction primers 27f (5'-AGAGTTTGATCCTG-
GCTCAG-3') and 1512r (5-CGGCTACCTTGTTAC-
GACT-3") were used to amplify the 16S rRNA gene
sequence, whereas primers ITS1 (5-TCCGTAGGT-
GAACCTGCGG-3) and ITS4 (5-TCCTCCGCT-
TATTGATATGC-3') were used to amplify internal
transcribed spacer (ITS) regions, as described by
Wang et al. (2006) and Naumova et al. (2005) for bac-
teria and fungi, respectively. Polymerase chain reaction
products were then separated by electrophoresis on
1% agarose gels. Amplicon bands were extracted and
purified using the Illustra GFX PCR DNA and Gel
Band Purification Kit (GE Healthcare Life Sciences,
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Uppsala, Sweden), according to the manufacturer’s
instructions. Ten microliters of purified amplicons
was digested with the following restriction enzymes:
FastDigest Haelll and Hhal for LAB, FastDigest Alul
and ScrF1 for AAB, and FastDigest Hhal and Ddel for
yeast, as recommended by the manufacturer (Fermen-
tas Inc., Glen Burnie, MD). Electrophoresis runs were
then conducted in agarose gels (1.5%) for 1 h and 45
min at 75 V. Gels were stained with GelRed (Biotium
Inc., Hayward, CA) diluted at 1:10,000 and visualized
under UV light (data not shown).

Representative profiles of each species observed in the
amplified ribosomal DNA restriction analysis were se-
lected for sequencing. The sequencing analysis of partial
16S rRNA gene and ITS region was accomplished with
a 3130 sequencer (Applied Biosystems Inc., Carlsbad,
CA) and subsequently used for identification to the spe-
cies level of the bacteria and yeast isolates. The identity
of the sequences was determined by using the BLASTN
algorithm at the GenBank database (http://blast.ncbi.
nlm.nih.gov/Blast.cgi?”PROGRAM=blastn&BLAST_
PROGRAMS=megaBlast&PAGE_TYPE=Blast
Search).

DNA and RNA Extraction of Kefir
Beverage and Kefir Grains

Kefir samples collected during fermentation and stor-
age were stored at —80°C. Grain samples (1 g) used as
inoculums were also collected and homogenized in 2%
sodium citrate. One milliliter of each homogenate and
1 mL of kefir samples were then centrifuged for 10 min
at 10,000 x g.

Genomic DNA was extracted and purified from the
pellets using the FastDNA Spin kit (Qbiogene Inc.,
Carlsbad, CA) according to the manufacturer’s instruc-
tions. Total RNA was extracted from the pellets in
screw-cap tubes containing 0.3 g of glass beads and
1 mL of TRIzol reagent (Invitrogen Corp., Carlsbad,
CA). Subsequently, two 40-s treatments at the maxi-
mum speed, with an interval of 1 min in an ice bath,
were performed in a FastPrep instrument (Bio 101 Inc.,
Vista, CA). Tubes were then centrifuged at 12,000 x g
for 10 min at 4°C, and 200 pL of chloroform was added
to supernatant. The tubes were centrifuged again at
12,000 x g for 10 min at 4°C and the aqueous phase was
precipitated with 1 mL of ice-cold absolute ethanol.

Ribonucleic acid was obtained after centrifugation at
14,000 x ¢ for 10 min at 4°C, where the pellets were
washed with 75% ethanol and dried at room tempera-
ture. Fifty microliters of sterile water was added, and
a 30-min period at 45°C was used to facilitate nucleic
acid solubilization. One microliter of DNase, RNase-free
(Roche Diagnostics Corp., Indianapolis, IN) was added
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to digest the DNA at 37°C for 1 h. The RNase solution
was checked for the presence of residual amounts of
DNA by performing PCR amplification. When posi-
tive signals were detected, the DNase treatment was
repeated until the remaining DNA was eliminated.

PCR and RT-PCR Protocol

Bacterial DNA was used as the template for ampli-
fications of the V3 region of the 16S rRNA gene using
the universal primers F338-GC (5-TACGGGAG-
GCAGCAG-3) and R518 (5-ATTACCGCGGCT-
GCTGG-3), as reported by Muyzer et al. (1993). The
amplification of the D1 domain of the 26S rRNA gene
of fungi was accomplished by using the primers NL1-
GC (5'-GCCATATCAATAAGCGGAGGAAAG-3)
and LS2 (5-ATTCCCAAACAACTCGACTC-3), as
reported by Cocolin et al. (2002). All GC primers con-
tained a 39-bp GC clamp sequence at their 5" end to
prevent the complete denaturation of amplicons.

Reverse-transcription PCR was performed using
the Ready-To-Go RT-PCR Beads kit (GE Healthcare
Life Sciences), in which 1 pg of total RNA was mixed
with 25 pmol of each primer (338f-518r for bacteria
and NL1-LS2 for yeasts), and the volume was brought
up to 50 pL with RNase-free (Invitrogen Corp.) sterile
water. The reaction mixtures were incubated at 42°C
for 20 min and after a 95°C incubation for 10 min, the
PCR conditions described by Muyzer et al. (1993) and
Cocolin et al. (2002) were carried out for bacteria and
yeast, respectively.

DGGE Analysis of Kefir

Denaturing gel gradient electrophoresis was performed
using a DCode apparatus (Bio-Rad Laboratories Inc.,
Hercules, CA) at 60°C and using 8% polyacrylamide
gels with a denaturing range of 30 to 55% for bacteria
and 30 to 50% for fungi in 1x Tris-acetate-EDTA buffer
at a constant voltage of 50 V for 10 min, followed by
150 V for 4 h and 30 min. After electrophoresis, the
gels were stained with SYBR Green nucleic acid gel
stain (1:10,000 dilution; Invitrogen Corp.) for 60 min
and the DGGE band patterns were visualized under
UV with the MiniBIS Pro gel imager (BioAmerica Inc.,
Miami, FL).

In addition, bands from the PCR-DGGE and RT-
PCR-DGGE gels were identified by nucleotide sequence
analyses. For this purpose, the bands were excised from
the acrylamide gels and processed by the Qiaex II DNA
extraction kit (Qiagen GmbH, Hilden, Germany) ac-
cording to the manufacturer’s recommendations. The
eluted DNA of each band was reamplified with the
same primer pair without the GC clamp. Agarose gel
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electrophoresis of the PCR products was performed
before purification and DNA was purified using the
Illustra GFX PCR DNA and Gel Band Purification
Kit (GE Healthcare Life Sciences) according to the
manufacturer’s instructions. Purified amplicons were
directly ligated into the pGEM-T Easy Vector System
(Promega Corp., Madison, WI) following the manufac-
turer’s instructions. The ligation products were trans-
formed into DHba FEscherichia coli competent cells.
Positive clones (white colonies) were grown in LB agar
containing ampicillin (100 pg/mL), isopropyl-3-D-1-
thiogalactopyranoside (IPTG; 0.5 mM), and 5-bromo-
4-chloro-3-indolyl-3-D-galactopyranoside (X-gal; 80 pg/
mL). Plasmids were extracted using a minipreparation
alkaline lyses method (Not et al., 2009). Sequencing of
the insert was performed using a Big Dye Terminator
system and an ABI 3730 automatic capillary sequencer
(Applied Biosystems Inc.). The identity of sequences
was determined by using the BLASTN algorithm at the
GenBank database.

HPLC Analysis

Extraction of organic acids, ethanol, and carbohy-
drates from the kefir beverage was carried out as de-
scribed by Gonzélez de Llano et al. (1996). Briefly, 25
mL of H,SO, (45 mmol/L) was added to 5 mL of the
kefir beverage and homogenized for 1 h in a rotatory
shaker (Incubator 430; Nova Etica, Sdo Paulo, Brazil)
at 250 rpm. The supernatant fluid was then separated
by centrifugation at 6,000 x ¢ and filtered through
0.45-pm filters (Millipore Corp., Billerica, MA).

Filtered samples were injected (50 pL) in triplicate
into an HPLC system (Shimadzu Corp., Tokyo, Japan)
equipped with an HPX-87H Aminex fermentation
monitoring column (150 x 7.8-mm i.d.) and protected
by a cation H® Micro-Guard cartridge (30 x 4.6-mm
i.d.; Bio-Rad Laboratories Inc.) maintained at 65°C.
Organic acids (lactic, acetic, citric, succinic, formic,
butyric, and propionic acids) were quantified by using
a diode array detector model SPD-M20A (Shimadzu
Corp.) monitoring the absorbance at 210 nm. Under
these selected chromatographic conditions, we obtained
the chromatogram of the standard mixture of all or-
ganic acids investigated in this study, shown in Figure
1. Carbohydrates and ethanol were quantified by using
a refractive index detector model RID-10A (Shimadzu
Corp.). The mobile phase (isocratic flow rate at 0.7
mL/min) used was 3 mM H,SO,. Chromatograms from
HPLC and compound quantification were obtained us-
ing the LC Solution software (Shimadzu Corp.). Stan-
dard curves based on peak area were calculated for the
individual organic acids, carbohydrates, and ethanol,
covering a broad range of concentrations, by compari-
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Figure 1. Chromatogram from HPLC of organic acid standards.
Peaks: 1 = citric acid, 2 = succinic acid, 3 = lactic acid, 4 = formic
acid, b = acetic acid, 6 = propionic acid, and 7 = butyric acid.

son with standard solutions. Standards (Sigma-Aldrich)
were prepared in deionized water filtered through 0.45-
pm filters (Millipore Corp.).

Statistical Analyses

One-way ANOVA with repeated measures was used
to identify differences between microbial enumerations,
organic acids, carbohydrates, and ethanol content over
the kefir beverages’ fermentation and storage periods.
When a significant F-value was found, additional post
hoc tests with the Tukey adjustment were performed.
Statistical significance was set at a 0.05 level of confi-
dence. All analyses were performed using a commer-
cially available statistical package (Statistica version
7.0; StatSoft Inc., Tulsa, OK).

Denaturing gel gradient electrophoresis patterns
were normalized, compared, and clustered using the
BioNumerics 6.5 software (Applied Maths NV, Sint-
Martens-Latem, Belgium). Bands were automatically
detected and matched, and further corrections were
applied manually. Dendrograms relating band pattern
similarities were automatically calculated with the Dice
coefficient and unweighted pair group method with
arithmetic mean (UPGMA).

RESULTS

Microbial Enumeration During Kefir
Beverage Fermentation and Storage

Conventional microorganism enumeration was carried
out during the 24-h milk fermentation (3% kefir grain)
at 25°C (Figure 2). Counts of presumptive LAB groups
(M17 agar) increased 4 log units at 12 h of fermentation
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Figure 2. Microbial enumeration (log;, cfu/mL) of presumptive
Lactobacillus spp. (O) and Lactococcus spp. (@) and presumptive ace-
tic acid bacteria (V) and yeast (V) in Brazilian kefir beverage over the
fermentation and storage periods (time 0 = after grain inoculation).
Data are the means of 3 runs of kefir beverage production; error bars
show the standard deviations. * indicates significant difference (P <
0.05).

(P < 0.05), whereas counts on MRS agar at this same
sampling point showed an increase of approximately
2 log units, reaching maximum values (10 log units)
within 18 h of fermentation. Presumptive AAB counts
also increased significantly at 12 h, reaching maximum
values (7.8 log units) at 24 h. Yeast counts increased
until 12 h, remaining constant at around 6 log units
over the fermentation period.

Microorganisms were also enumerated during kefir
storage at 4°C for 672 h (28 d; Figure 2). During this
period, yeast (approximately 6 log units) and LAB
group counts (approximately 10 log units) remained
constant until the end of the storage period, whereas
the count of presumptive AAB decreased to 7.2 log
units at 672 h of the storage period.

Identification of Microbial Isolates

To evaluate the diversity of the microbial isolates
from the different growth media, distinct colonies were
randomly selected at various stages within the fermen-
tation and storage periods; 92 isolates were randomly
selected from agar plates (M17, MRS, AAB, and YGC)
and grouped into representative profiles obtained after
amplified ribosomal DNA restriction analysis. Lactic
acid bacteria strains showed 3 different representative
profiles, whereas AAB and yeast strains showed only 1.
These isolates were identified by the sequence analysis
of partial 16S rRNA gene and ITS region as the fol-
lowing: Leuconostoc mesenteroides (29%), Lactococcus
lactis ssp. lactis (b%), Lactococcus lactis ssp. cremoris
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(45%), Acetobacter lovaniensis (10%), and Saccharo-
myces cerevisiae (11%), based on homology identity
(98-100%) searches at the GenBank database.

Microbial Community Structure

The microbial communities of Brazilian kefir were
evaluated by DGGE using primer pairs 338-518 and
NL1-LS2 for the amplification of bacterial and yeast
DNA and RNA sequences. Selected bands were excised
(Figures 3 and 4) and sequenced after reamplification,
followed by cloning and identification by sequence align-
ment according to the GenBank database (Table 1).

The cluster analysis for bacteria and yeast profiles al-
lowed the identification of 2 main clusters, corresponding
to the initial stages of fermentation and storage, with a
coefficient of similarity between them of approximately
69 and 60% for bacteria and yeast, respectively. The
DNA bacterial profiles from samples taken during the
initial periods of fermentation (0-18 h) were grouped in
one cluster (Figure 3A.1), with a coefficient of similar-
ity of 75%, whereas the second cluster (90% similarity)
comprised samples taken during the final fermentation
period (24 h) and those analyzed during 672 h storage
at 4°C. The UHT skim milk and grain kefir samples
were not grouped into these main clusters and showed
a coefficient of similarity of 46 and 59%, respectively.

The fingerprints of the yeast community (Figure
3A.2), at the initial fermentation periods (from 0 to 12
h) were shown to be identical and grouped in the same
cluster as kefir grains, sharing a coefficient of similarity
of 80%. The second main cluster was comprised of kefir
samples taken during the storage period (from 48 to
672 h) and at the end of the fermentation period (24 h),
exhibiting a coefficient of similarity of 72%. The UHT
skim milk showed only 32% of similarity with these 2
main clusters.

The DGGE profiles were similar when comparing
DNA and RNA amplicons (Figures 3 and 4) and, con-
sequently, the microorganisms identified after cloning
and sequencing of the DGGE bands were also similar
(Table 1). However, RNA band intensities were weaker
than the ones obtained from DNA amplification. Con-
cerning the RNA DGGE bacterial profiles (Figure 4),
Lactobacillus kefiranofaciens was the predominant mi-
croorganism in both stages (fermentation and storage)
and was identified by sequencing of bands i, j, k, and o
(Figure 4A). Lactobacillus parakefiri (Figure 4A, band
n) was identified in both the grain and kefir beverage
during fermentation and storage, whereas Lactobacillus
kefiri (Figure 4A, bands 1 and m) was detected in the
kefir grain, but not in the beverage.

Moreover, the yeast profile (Figure 4B) was much
simpler than the bacterial DGGE fingerprints, as the

Journal of Dairy Science Vol. 96 No. 7, 2013



4154

LEITE ETAL.

Figure 3. Polymerase chain reaction denaturing gel gradient electrophoresis (PCR-DGGE) profiles of the microbial community from milk,
kefir grain, and kefir samples taken during Brazilian kefir manufacture and storage periods. Panel A: dendrograms generated by unweighted
pair group method with arithmetic mean (UPGMA) clustering (Dice correlation coefficient) from bacteria DGGE (A.1) and yeast DGGE (A.2)
profiles. The scale bar indicates the percentage of similarity. Panel B: DGGE profiles of the PCR products obtained from the V3 region of the
16S rRNA gene for bacteria (B.1) and D1 region of the 26S rRNA gene for yeasts (B.2). Bands: a = Lactobacillus kefiranofaciens, b = Lb. kefi-
ranofaciens, ¢ = Lb. kefiranofaciens, d = Lactobacillus kefiri, e = Lactobacillus parakefiri, f = Lb. kefiranofaciens, and g and h = Saccharomyces

cerevisiae (yeasts).

yeast community presented only 2 bands, identified as
Saccharomyces cerevisiae (Figure 4B, bands p and q).
The UHT milk sample showed no amplification at the
RNA level targeting 16S and 26S rRNA genes.

HPLC Analysis of Metabolites During Kefir
Beverage Fermentation and Storage

When tracking the changes in carbohydrates, etha-
nol, and organic acids during fermentation and storage
(Table 2), it was demonstrated that lactose content
decreased after 12 h and remained low until 24 h of
fermentation (from 43.4 to 32.4 mg/mlL), whereas
during the storage period, a significant reduction only
occurred at 28 d, corresponding to 41% of the original
milk content. Galactose and glucose levels showed a
significant (P < 0.05) increase at 12 h of fermentation
(from 0.18 to 0.29 mg/mL and 0.46 to 0.70 mg/mL,
respectively). After fermentation for 24 h until 14 d of
storage, an increase was observed in galactose content
(from 0.76 to 0.97 mg/mL), whereas glucose content
remained constant throughout the fermentation period,
increasing at 2 d of storage (from 0.29 to 0.36 mg/mL).

During the fermentation and storage periods, pH
values (Table 2) progressively decreased (P < 0.05),
ranging from 6.55 to 4.31, as a consequence of organic
acid production. Lactic acid increased rapidly and sig-
nificantly (P < 0.05) over the 24-h fermentation period
to 7.38 mg/mL and increased to 9.54 mg/mL at the
final storage period (28 d). Acetic acid was also pro-
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duced at 12 h of the kefir fermentation process, reach-
ing maximum values of 0.93 and 1.16 mg/mL after 24-h
fermentation and storage periods, respectively (Table
2). Succinic and formic acids were not detected during
kefir fermentation.

Ethanol (Table 2) was produced after 18 h of fermen-
tation (0.14 mg/mL) until 24 h, when levels reached
0.32 mg/mL. During storage, ethanol concentrations
increased to 0.45 mg/ml, reaching maximum values
(1.36 mg/mL) at the d 28 of storage.

The citrate (Table 2) present in the original milk
decreased by more than 35% after 12 h of fermentation
(from 4.29 to 2.73 mg/mL), remaining constant until
the end of the storage period, whereas propionic and
butyric acids increased at 6 and 12 h of fermentation,
respectively. A significant increase in the production
of butyric acid during kefir fermentation (24 h) and
storage (2, 7, and 28 d) was observed, whereas propi-
onic acid increased at 12 h of fermentation (from 0.80
to 1.09 mg/mL), remaining constant throughout the
whole storage period, except for a significant decrease
(to 0.96 mg/mL; P < 0.05) at the d 28 of storage (Table
2).

DISCUSSION

Although kefir is a traditional beverage that has
been consumed for many years in several countries,
studies regarding the monitoring of chemical and mi-
crobiological changes during its fermentation process
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Figure 4. Polymerase chain reaction denaturing gel gradient electrophoresis (DGGE) DNA and reverse-transcription PCR-DGGE RNA pro-
files targeting the bacteria 16S rRNA gene (A) and yeast 26S rRNA gene (B) of kefir grain inoculum and samples of kefir beverage taken during
fermentation and storage. Bands: i = Lactobacillus kefiranofaciens, j = Lb. kefiranofaciens, k = Lb. kefiranofaciens, | = Lactobacillus kefiri, m
= Lb. kefiri, n = Lactobacillus parakefiri, o = Lb. kefiranofaciens, and p and q = Saccharomyces cerevisiae (yeasts).

are scarce. It is required so that the product may be
fully understood according to a scientific point of view.
Thus, a polyphasic approach, using culture-dependent
and culture-independent methods, was performed to
investigate the dynamics of the microbial populations
from a Brazilian kefir beverage sample.

In general, the results of traditional plating are in
accordance with previous studies (Guzel-Seydim et
al., 2005; Garcia Fontan et al., 2006; Magalhaes et al.,
2011b), which reported a great increase in the microbial
count during the first 24 h of kefir production. However,
in the present study, the values at 24 h of fermentation
were not similar to those published by other authors,
most likely due to the kefir production conditions
(Guzel-Seydim et al., 2005; Garcia Fontan et al., 2006;
Magalhaes et al., 2011b) and the particular behavior of
each grain. In the storage period, the results described
in the present study corroborated those reported by

Oner et al. (2010) for kefir produced from cow milk,
where the microorganism counts remained stable dur-
ing the first 15 d of storage. However, Irigoyen et al.
(2005) and Grgnnevik et al. (2011) reported a signifi-
cant decrease in the counts of presumptive lactobacilli
and lactococci throughout 4 wk of storage, whereas
yeast and AAB counts remained constant in the find-
ings described by Irigoyen et al. (2005). On the other
hand, Grennevik et al. (2011), showed a significant in-
crease in yeast counts from Norwegian commercial kefir
after 3 wk of storage. The microorganisms enumerated
in the studied kefir beverage are in agreement with the
specifications of FAO/WHO (2003), which recommend
that kefir beverages should contain at least 10" and
10" cfu/g as minimum total bacteria and yeast counts,
respectively, at the end of the storage period.

The analyses of bacteria and yeast communities by
DGGE fingerprints showed no significant changes in
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Table 1. Identification of microorganisms in Brazilian kefir based on a BLAST comparison in the GenBank
database (http://blast.ncbi.nlm.nih.gov/Blast.cgi) after cloning and sequencing of the selected bands from
PCR and reverse-transcription PCR denaturing gel gradient electrophoresis, using universal primers for
bacteria (16S rRNA gene) and yeasts (26S rRNA gene)

Band Closest sequence relative % Similarity GenBank accession no.
Bacteria
a Lactobacillus kefiranofaciens 100 CP002764.1/ AB372208.1
b Lb. kefiranofaciens 100 CP002764.1/AB372208.1
c Lb. kefiranofaciens 100 CP002764.1/AB372208.1
d Lactobacillus kefiri 99 AB429371.1/ FJ749410.1
e Lactobacillus parakefiri 99 AB370879.1/ NR_029039.1
f Lb. kefiranofaciens 100 CP002764.1/ AB372208.1
i Lb. kefiranofaciens 100 CP002764.1/ AB372208.1
j Lb. kefiranofaciens 100 CP002764.1/AB372208.1
k Lb. kefiranofaciens 100 CP002764.1/AB372208.1
1 Lb. kefiri 99 AB429371.1/ FJ749410.1
m Lb. kefiri 100 AB429371.1/ FJ749410.1
n Lb. parakefiri 100 AB370879.1/ NR_029039.1
o Lb. kefiranofaciens 100 CP002764.1/ AB372208.1
Yeasts
g Saccharomyces cerevisiae 99 EU441887.1/ BK006945.2
h S. cerevisiae 100 EU441887.1/ BK006945.2
P S. cerevisiae 100 EU441887.1/ BK006945.2
q S. cerevisiae 100 EU441887.1/ BK006945.2

the community structures during kefir fermentation or
storage, probably due to the existence of a dominant
microbial consortium, corroborating the data reported
by Magalhaes et al. (2010b) that monitored the fer-
mentation process of a sugary Brazilian kefir. For this
reason, the RT-PCR-DGGE analysis was performed
on certain sampling points, to evaluate the most pre-
dominant microorganisms in the active population at
different stages of kefir fermentation and storage.

Several studies have performed analyses on reverse-
transcribed RNA to reveal population viability within
the microbial community (Randazzo et al., 2002; Ran-
tsiou et al., 2008; Dolci et al., 2010; Falentin et al.,
2012), and some authors (Randazzo et al., 2002; Coco-
lin et al., 2004) have already been able to differentiate
the active components (rRNA derived) from the total
diversity (recombinant DNA derived) of the communi-
ty, by combining RT-PCR-DGGE and PCR-DGGE. In

Table 2. Chemical compounds quantified by HPLC analysis during kefir manufacture and storage of kefir beverage at 4°C'

Chemical Fermentation time (h) Storage time (d)
compound UHT
(mg/mL) milk 0 6 12 18 24 2 7 14 28
Lactose 48.40 46.30 45.80 43.40 38.00 32.40 31.10 30.50 30.30 28.40
(2.54) (1.47)™ (0.95)™  (0.28)" (1.01)° (0.79) (0.64)*  (0.11)*  (0.73)*  (1.22)°
Glucose 0.17 0.18 0.19 0.29 0.26 0.29 0.36 0.39 0.32 0.37
(0.01) (0.01)¢ (0.00) (0.01)™  (0.02)° (0.00)™ (0.01) (0.01) (0.01)™  (0.01)*
Galactose 0.45 0.46 0.48 0.70 0.58 0.76 0.82 0.90 0.97 0.89
(0.01)¢ (0.04)* (0.01)¢ (0.01)° (0.01)" (0.01)¢ (0.02)° (0.01)" (0.02)" (0.01)"
Lactic acid 0 0 1.82 5.09 5.80 7.38 8.04 8.368 8.48 9.54
(o) (o) (0.04)¢ (0.05)" (0.12)° (0.13)¢ (0.09)° (0.10)™  (0.34)" (0.14)*
Acetic acid 0 0 0 0.87 0.91 0.93 1.02 1.06 1.08 1.16
(0)f (0)f (0)f (0.01)° (0.02)%  (0.04) (0.01)° (0.02)>  (0.02)" (0.02)*
Butyric acid 0 0 0 0.16 0.16 0.22 0.30 0.43 0.46 0.63
(0)f (0)f (0)f (0.04)° (0.00)° (0.01)¢ (0.01)° (0.01)" (0.02)" (0.00)*
Propionic acid 0.42 0.44 0.80 1.09 1.11 1.13 1.13 1.09 1.09 0.96
(0.03)¢ (0.02) (0.03)° (0.02)* (0.01)* (0.02)* (0.01) (0.01) (0.02)" (0.02)"
Citric acid 4.29 4.18 4.05 2.73 3.03 2.68 2.90 2.70 2.78 2.89
Bibancl Qo Qur Gor O O C2 G2 S O
thano . . . . . . .
i s %)09 U U R O L (L )
(0.01) (0.01) (0.01)" (0.02)° (0.01)¢ (0.01)° (0.01)" (0.01)¢ (0.01)" (0.00)!
*Values within a row with different superscript letters are significantly different (P < 0.05), as determined by the Tukey test.

"Data represent means (SD in parentheses) based on 3 replicates of kefir samples.
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this study, the RT-PCR-DGGE analysis demonstrated
that all microorganisms were active during fermenta-
tion and storage, with the exception of Lb. kefiri, only
present in the kefir grain. It seems that Lb. kefiri was
present but not active in the kefir beverage, partici-
pating in the composition of the grain with the likely
function of balancing the microflora and ecology of the
grains. Meanwhile, Lb. kefiranofaciens was shown to be
the most predominant and active microorganism in the
kefir beverage, a result also reported by Magalhaes et
al. (2010Db).

Lactobacillus kefiranofaciens, Lb. parakefiri, and S.
cerevisiae were shown to be active microorganisms in
the studied Brazilian kefir beverage. Additionally, Lb.
lactis ssp. lactis, Lb. lactis ssp. cremoris, L. mesenteroi-
des, A. lovaniensis, and S. cerevisiae also make up the
cultivable microbiota. Several researchers have studied
the composition of the microbiota in kefir grain by
culture-dependent (Simova et al., 2002; Guzel-Seydim
et al., 2005; Witthuhn et al., 2005; da Cruz Pedrozo
Miguel et al., 2010) and -independent techniques (Chen
et al., 2008; Zhou et al., 2009; da Cruz Pedrozo Miguel
et al., 2010; Magalhaes et al., 2010b; Kesmen and
Kacmaz, 2011; Leite et al., 2012), but little is known
about microbiota of kefir beverage. Magalhaes et al.
(2011b) isolated a variety of Lactobacillus species in
appropriate culture media, as well as A. lovaniensis and
non-lactose- and lactose-fermenting yeast during the
fermentation of a Brazilian milk kefir sample. On the
other hand, the microorganisms found in this study by
the PCR-DGGE analysis were similar to those reported
by Magalhaes et al. (2010b) in a Brazilian kefir grain
and kefir manufactured with different dairy substrates
by culture-independent methods.

Comparing the results obtained in this study by both
culture-dependent and culture-independent methods,
we observed correlations for the yeast community,
whereas no correlation was found for the bacterial com-
munity. With regard to the yeast community, the plate
counts and identification of isolated strains correlated
well with the PCR-DGGE and RT-PCR-DGGE pro-
files. Predominant S. cerevisiae bands were obtained
in both DGGE fingerprints and isolated by the cultur-
ing method throughout the analyzed period. Reverse-
transcription PCR-DGGE profiles confirm the viability
and predominance of this non-lactose-fermenting yeast
in the community during the studied kefir beverage
fermentation and storage.

On the other hand, no specific DGGE signals for
Lactococcus spp., Leuconostoc spp., and AAB were
found at the DNA or RNA levels, whereas there was a
presumptive count for these microorganism groups and,
in fact, they were isolated during culture. Lactobacillus
kefiranofaciens was the dominant organism in the kefir
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samples by PCR-DGGE analysis, but was not isolated
on the selective media. This most likely occurred due
to the relatively small number of strains evaluated (92
total), which could not reveal an overview of the com-
munity, and (or) the culture media used in the study
was not suitable, as perhaps the lack of supplements
and nutrients necessary for the growth of these species
in the culture media may have influenced these results
(Kesmen and Kacmaz, 2011).

These results have already been noted by other au-
thors (Flérez and Mayo, 2006; Chen et al., 2008; Kes-
men and Kacmaz, 2011) using polyphasic approaches
in studies regarding food microbial ecology. Some possi-
bilities include, perhaps, the fact that the cell numbers
of some LAB species were lower than the detection
limit of PCR-DGGE (Cocolin et al., 2004) or species
from more abundant populations in the mixture might
give greater amounts of template DNA that compete
for primers during the amplification reaction, resulting
in the formation of PCR products only for the domi-
nant species (Prakitchaiwattana et al., 2004; Jany and
Barbier, 2008).

Moreover, we observed that some culture media were
not selective as previously discussed in other studies
(Randazzo et al., 2002; Witthuhn et al., 2005; Chen et
al., 2008). Those authors used strategies to adjust the
media or conditions for cultivation to favor the growth of
expected microorganisms. Without this, their presence
would be overlooked. Therefore, we agree that cultiva-
tion methods may over- or underestimate the microbial
diversity, not always being representative of this com-
plex ecosystem. Thus, the application of a polyphasic
approach, as performed in the present study, using
culture-dependent and culture-independent methods,
may be worthwhile to obtain a more accurate view of the
structure of the microbial community (Flérez and Mayo,
2006; Chen et al., 2008; Kesmen and Kacmaz, 2011).

Considering the chemical composition of the kefir
beverage, the lactose reduction was expected, because
lactose is readily hydrolyzed to glucose and galactose
by Lactococcus spp., Lactobacillus spp., and by some
strains of Kluyveromyces spp. (Gilizel-Seydim et al.,
2000a; Grgnnevik et al., 2011; Magalhaes et al., 2011a).
The most frequently isolated bacteria from kefir in pre-
vious reports, and also found in the present study, were
both homofermentative and heterofermentative bacte-
ria, such as Lactobacillus, Lactococcus, Leuconostoc, and
Acetobacter (Glizel-Seydim et al., 2000a; Grgnnevik et
al., 2011; Magalhaes et al., 2011b). Both pathways are
used by these bacteria and the fermentative process is
characterized by the accumulation of organic acids and
decreases in pH values.

Acetic acid is an intermediary in citrate metabolism.
It can be produced by the oxidation of ethanol and it is
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another end product of the heterofermentative lactose
metabolism (Paramithiotis et al., 2006; Grgnnevik et
al., 2011), formed probably by heterofermentative LAB
and AAB. Gonzilez de Llano et al. (1996) also found
butyric and propionic acids when evaluating the activ-
ity of Lactococcus spp. and Leuconostoc spp. cultures
in milk fermentation and attributed the increase in bu-
tyric and propionic acid concentrations to nonspecific
esterase activities by lactococcal strains.

Ethanol production increased during the fermenta-
tion and storage processes, and the values found were
lower than those quantified previously in a Brazilian
kefir beverage by HPLC (Magalhées et al., 2011a,b).
Ethanol production is typically derived from yeast
metabolism, such as from S. cerevisiae identified in
this study. However, heterofermentative bacteria such
as Lactobacillus kefiri and Leuconostoc spp. are also
capable of producing ethanol (Giizel-Seydim et al.,
2000a; Magalhaes et al., 2011a), as they show alcohol
dehydrogenase activity, which is an enzyme capable of
converting acetaldehyde to ethanol. Part of the ethanol
content may also be converted to acetic acid by hetero-
fermentative bacteria (Magalhées et al., 2010a), such
as bacteria belonging to the genus Acetobacter also
isolated in our study.

The produced organic acids contribute not only to
the flavor and aroma of fermented dairy products but
also to their preservation (Giizel-Seydim et al., 2000a;
Magalhées et al., 2011a). Moreover, the end products
of yeast fermentation, ethanol, and CO,, are critical
in producing the exotic refreshing flavor and yeasty
aroma of authentic kefir (Giizel-Seydim et al., 2000a,b).
Differences between the organic acid contents found in
the present study and other reports involving kefir fer-
mentation and storage (Giizel-Seydim, et al., 2000a,b;
Grgnnevik et al., 2011; Magalhaes et al., 2010b, 2011b)
might be due to the variations in the ratio of inoculated
kefir grains and the microorganism species present in
the different kefir grains (Giizel-Seydim et al., 2000a;
Irigoyen et al., 2005).

CONCLUSIONS

The bacterial community detected through the use
of the culture-dependent method were not the same
as those detected by the culture-independent method.
Therefore, these techniques should be combined to ob-
tain a more complete view of the microbial ecosystem
and the succession of their predominant populations
during the fermentation and storage processes of a
sample of kefir beverage. Denaturing gel gradient elec-
trophoresis analysis of microbial DNA and RNA was
important to confirm that the predominant microbial
community detected at the DNA level was metaboli-
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cally active during all production and storage stages
of the beverage, with the exception of Lb. kefiri. The
identification of microorganisms involved in these pro-
cesses, as well as their generated metabolites, mainly
acetic and lactic acids, exerts a strong influence in the
unique sensory characteristics of the end product. This
may serve as a basis for the future industrial produc-
tion of this beverage in Brazil.
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