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Abstract 25 

This study evaluated the microbial diversity and community structure of three 26 

different kefir grains collected in different regions of Brazil, by combining two culture-27 

independent methods: PCR-DGGE and barcode pyrosequencing. The DGGE analysis 28 

showed that the dominant bacterial populations in all three grains were similar and 29 

composed of two Lactobacillus species: Lactobacillus kefiranofaciens and 30 

Lactobacillus kefiri. The yeast community was dominated by Saccharomyces 31 

cerevisiae, which was present in all three samples. A total of 14,314 partial 16S rDNA 32 

sequence reads were obtained from the three grains by pyrosequencing. Sequence 33 

analysis grouped the reads into three phyla, of which Firmicutes was the most abundant. 34 

Members of the genus Lactobacillus were predominant operational taxonomic units 35 

(OTUs) in all samples, comprising up to 96% of the sequences. At low levels, OTUs 36 

belonging to other lactic-acid bacteria species and members of different phyla were also 37 

found. Two of the grains showed identical DGGE profiles and a similar number of 38 

OTUs, while the third sample showed the highest diversity by both techniques. The 39 

pyrosequencing approach allowed the identification of bacteria that were present in low 40 

numbers and are rarely associated with the microbial community of this complex 41 

ecosystem. 42 

43 
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1 Introduction 44 

Kefir is a viscous, acidic, and mildly alcoholic milk beverage produced by 45 

fermentation of milk with a kefir grain as the starter culture (FAO/WHO, 2003). 46 

Thought to be native to the Caucasus and Middle East regions, production and 47 

consumption of kefir has now spread throughout the world, led by a long history of 48 

beneficial health effects (Farnworth, 2005). Kefir grains are cauliflower-like florets of 49 

white to yellowish-white color, composed of an inert polysaccharide/protein matrix in 50 

which a relatively stable and specific microbial community composed of different lactic 51 

acid bacteria (LAB), acetic acid bacteria (AAB) and yeast species coexists in a complex 52 

symbiotic relationship (Farnworth, 2005). Kefir grains are supposed to have developed 53 

spontaneously in milk stored in animal-based containers made from skins, intestines or 54 

bladders. Kefir grains may have arisen independently at different locations, giving rise 55 

to grain-specific microbial populations, which produce beverages with distinctive 56 

sensory properties (Rea et al., 1996). Therefore, analysis of different kefir grains is of 57 

key importance to characterize the microbes of the grain ecosystem and to correlate the 58 

populations with sensory profiles. 59 

The microbial diversity of kefir has traditionally been assessed by culture methods, 60 

by which different LAB species have been identified. A wide variety of Lactobacillus 61 

species have been isolated from both the beverage and the grains, including 62 

Lactobacillus kefiri, Lactobacillus kefiranofaciens, Lactobacillus kefirgranum, and 63 

Lactobacillus parakefiri, which constitute dominant populations (Rea et al., 1996; Kuo 64 

and Lin, 1999; Garrote et al., 2001; Simova et al., 2002). Often reported are 65 

Lactococcus lactis subsp. lactis and Lactococcus lactis subsp. cremoris, which are 66 

thought to be loosely associated with the grains and responsible for acidification. Both 67 

culturing and culture-independent techniques have identified Lc. lactis as dominant in 68 
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the fermented product (Simova et al., 2002; Chen et al., 2008; Dobson et al., 2011). 69 

Leuconostoc and other Lactobacillus species have been isolated in low numbers 70 

(Simova et al., 2003; Mainville et al., 2006). AAB have received less attention, although 71 

they are presumed to be essential in both the microbial consortium and the organoleptic 72 

characteristics of the final product (Rea et al., 1996). Among the yeasts, Kluyveromyces 73 

marxianus, Torulaspora delbrueckii, Saccharomyces cerevisiae, Candida kefir, 74 

Saccharomyces unisporus, Pichia fermentans and Yarrowia lipolytica have all been 75 

detected (Simova et al., 2002; Wang et al., 2008). 76 

Culturing methods have proved to be unreliable for a complete microbial 77 

characterization of different ecosystems, including those of food fermentation (Giraffa 78 

and Neviani, 2001; Jany and Barbier, 2008). Some culture-independent microbial 79 

techniques, such as denaturing gradient gel electrophoresis (DGGE) (Wang et al., 2006; 80 

Chen et al., 2008) and construction and analysis of libraries of conserved genes such as 81 

the 16S rRNA gene (Ninane et al., 2007), have been applied to the microbial study of 82 

kefir grains. By means of these techniques, most cultured species have been detected, 83 

together with previously undetected microorganisms. However, in spite of this 84 

extensive knowledge, the inventory of the microbial species associated with the kefir 85 

grains is thought to be far from complete. 86 

Pyrosequencing, an automated high-throughput parallel sequencing technique, 87 

which involves the synthesis of single-stranded deoxyribonucleic acid and the detection 88 

of the light generated by the pyrophosphate released through a coupled reaction with 89 

luciferase (Margulies et al., 2005), has recently begun to be applied to the study of food 90 

fermentation (Humblot and Guyot, 2009; Roh et al., 2010; Jung et al., 2011). This 91 

technique enables a rapid and accurate analysis of nucleotide sequences, which can be 92 

used to analyze the population structure, gene content, and metabolic potential of the 93 
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microbial communities in an ecosystem. Pyrosequencing has recently been applied to 94 

study the diversity and dynamics of the bacterial populations of an Irish kefir grain and 95 

its corresponding fermented product (Dobson et al., 2011). 96 

This study characterized the microbial diversity of three different kefir grains 97 

collected in different regions of Brazil, by two culture-independent microbial methods: 98 

PCR-DGGE and barcode pyrosequencing. Here we report on the catalog of the 99 

microbial species identified by these two techniques, and compare them to those 100 

reported in the literature. 101 

2 Material and Methods 102 

2.1 Kefir grain samples  103 

The three kefir grains utilized in this study were collected from different cities in 104 

southeastern Brazil (AR, Niterói, Rio de Janeiro; AV, Viçosa, Minas Gerais; and AD, 105 

Lavras, Minas Gerais). Grains were activated in sterile reconstituted skim milk (10% 106 

w/v) at 25ºC for 24 h, filtered to remove the clotted milk, and rinsed with sterile water. 107 

This activation step was repeated three times. 108 

2.2 Isolation of total microbial DNA 109 

For microbial genomic DNA extraction, activated kefir grains were homogenized in 110 

2% sodium citrate, and 2 ml of each homogenate was centrifuged for 10 min at 10,000 111 

g. Total DNA from the pellets was extracted and purified using a FastDNA Spin kit 112 

(QBIOgene, Carlsbad, CA, USA) according to the manufacturer’s instructions. The 113 

DNA obtained was quantified using a Qubit flourometer apparatus (Invitrogen 114 

Detection Technologies, Eugene, OR, USA). 115 

2.3 DGGE analysis of kefir grains 116 

2.3.1 PCR amplification of 16S and 26S rDNA sequences 117 



6 

 

Genomic DNA was used as a template in PCR amplifications of the V3 region of 118 

the bacterial 16S rRNA gene, using the universal primers F357-GC (5’–119 

TACGGGAGGCAGCAG–3’ and R518 (5’–ATTACCGCGGCTGCTGG–3’), as 120 

reported by Muyzer et al. (1993). Group-specific primers for the detection of LAB were 121 

also used. These were the primer pair Lac1 (5’–AGCAGTAGGGAATCTTCCA–3’) 122 

and Lac2-GC (5’–GATTYCACCGCTACACATG–3’) to detect members of the genera 123 

Lactobacillus, Pediococcus, Leuconostoc and Weissella (Walter et al., 2001), and 124 

primers Lac3 (5’–AGCAGTAGGGAATCTTCGG–3’) and Lac2-GC to detect members 125 

of the genera Lactococcus, Streptococcus, Enterococcus, Tetragenococcus and 126 

Vagococcus (Endo and Okada, 2005). The D1 domain of the 26S rRNA gene of fungi 127 

was amplified using the primers NL1-GC (5’–128 

GCCATATCAATAAGCGGAGGAAAG–3’) and LS2 (5’–129 

ATTCCCAAACAACTCGACTC–3’), as reported by Cocolin et al. (2002). All GC 130 

primers contained a 39 bp GC clamp sequence at their 5’ end to prevent complete 131 

denaturation of amplicons. PCR was performed in 50 µl reaction volumes using a Taq-132 

DNA polymerase master mix (Ampliqon, Skovlunde, Denmark) with 100 ng of each 133 

DNA sample as a template and 0.2 mM of each primer. 134 

2.3.2 Electrophoretic conditions and identification of bands 135 

DGGE was performed by using a DCode apparatus (Bio-Rad, Richmond, CA, 136 

USA) at 60°C and employing 8% polyacrylamide gels with a denaturing range of 40-137 

60% for total bacteria, 40-50% for group-specific LAB and 30-50% for fungi. 138 

Electrophoresis was performed at 75 V for 16 h and 130 V for 4.5 h for bacterial and 139 

fungal amplifications, respectively. Bands were visualized under UV light after staining 140 

with ethidium bromide (0.5 µg ml
-1

) and photographed.  141 
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In addition, all bands in the gels were identified by sequencing. For this purpose, 142 

bands were excised from the acrylamide gels and DNA was eluted overnight in 50 µl of 143 

sterile water at 4ºC. The DNA was re-amplified with the same primer pair without the 144 

GC-clamp, and sequenced by cycle extension in an ABI 373 DNA sequencer (Applied 145 

Biosystems, Foster City, CA, USA). The identity of the sequences was determined by 146 

the BLASTN algorithm in the GenBank database 147 

(http://www.ncbi.nlm.nih.gov/BLAST/). 148 

2.4 Pyrosequencing analysis of kefir grains 149 

2.4.1 Primers and 16S rRNA gene amplification conditions 150 

Two universal primers, Y1 (5’–TGGCTCAGGACGAACGCTGGCGGC–3’) 151 

(position 20-43 on 16S rRNA gene, Escherichia coli numbering) and Y2 (5’–152 

CCTACTGCTGCCTCCCGTAGGAGT–3’) (positions 361-338) (Young et al., 1991), 153 

were used to amplify by PCR a 348-bp stretch of DNA embracing the V1 and V2 154 

variable regions of the prokaryotic 16S rDNA. 454-adaptors were included in both 155 

forward (5’–CGTATCGCCTCCCTCGCGCCATCAG–3’) and reverse (5’–156 

CTATGCGCCTTGCCAGCCCGCTCAG–3’) primers, followed by a 10-bp sample-157 

specific barcode sequence. 158 

Amplifications were carried out as described above, using the following PCR 159 

conditions: 95°C for 5 min, 25 cycles of 94°C for 30 s, 52°C for 40 s and 72°C for 30 s, 160 

and a final extension step at 72°C for 10 min.  161 

Amplicons were purified through GenElute
TM

 PCR Clean-Up columns (Sigma-162 

Aldrich, St. Louis, MO, USA), and DNA concentration and quality was measured using 163 

an Epoch micro-volume spectrophotometer system (BioTek Instruments, Winooski, VT, 164 

USA). Equal amounts of the three samples were pooled, for a total amount of 100 ng. 165 

Pooled DNA was subsequently amplified in PCR-mixture-oil emulsions and sequenced 166 

http://www.ncbi.nlm.nih.gov/BLAST/
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in different lanes of a PicoTiterPlate on a 454 Genome Sequencer 20 system (Roche, 167 

Basel, Switzerland). The sequences obtained were uploaded and are available at the 168 

NCBI Sequence Read Archive (SRA) under accession numbers SRA045648.2, 169 

SRR340042.2, SRR340043.1 and SRR340041.1. 170 

2.4.2 Sequence treatment and bioinformatics analysis 171 

Raw sequences were processed through the Ribosomal Database Project (RDP) 172 

pyrosequencing pipeline (http://wildpigeon.cme.msu.edu/pyro/index.jsp). Sequences 173 

were excluded from the analysis if they had low quality, if the read length was less than 174 

300 bp, or if one of the primer sequences was missing. The high-quality partial 16S 175 

rDNA sequences were submitted to the RDP-II classifier using an 80% confidence 176 

threshold, to obtain the taxonomic assignment and the relative abundance of the 177 

different bacterial groups, as reported elsewhere (Wang et al., 2007). Multiple sequence 178 

alignments for each sample were made by the Aligner tool in the RDP website (with the 179 

default parameters). These alignments served as inputs for MOTHUR v. 1.14.0 software 180 

(Schloss et al., 2009) to construct the distance matrix and for clustering the sequences 181 

into operational taxonomic units (OTUs). The clusters were constructed at a 3% 182 

dissimilarity cutoff and served as OTUs for generating predictive rarefaction models 183 

and for making calculations with the richness indices Ace and Chao1 (Chao and Bunge, 184 

2002) and the Shannon diversity index (Shannon and Weaver, 1949). The MOTHUR 185 

program was also used to perform the Fast UniFrac test, which was used to compare the 186 

phylogenetic structure of the libraries, and to generate the Venn diagrams. A neighbor-187 

joining tree was constructed with representative sequences of each OTU selected by 188 

MOTHUR. These sequences were compared against the RDP database by using the 189 

Seqmatch option to select for the nearest neighbors. All sequences were then aligned 190 

using MEGA 5.0 sofware (Tamura et al., 2011) and the Jukes-Cantor model. The 191 

http://wildpigeon.cme.msu.edu/pyro/index.jsp
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equivalent sequence of the archaea Halococcus saccharolyticus (AB004876) was used 192 

as an outgroup to root the tree. 193 

3 Results 194 

3.1 PCR-DGGE analysis of bacterial and yeast communities 195 

PCR-DGGE analyses of 16S and 26S rRNA genes with universal primers were 196 

conducted to obtain an overview of the community structure of the dominant bacterial 197 

and fungal populations of the Brazilian kefir grains. Fingerprints of the microbial 198 

communities were rather simple, as they contained one to five different bands (Fig. 1, 199 

panels A through D). Most bands were shared among all three kefir samples. Individual 200 

bands of both bacterial and fungal populations were sequenced and identified by 201 

sequence comparison, and all of them showed 99-100% similarity with sequences in the 202 

GenBank database. The species profile of the total bacteria as amplified with universal 203 

primers was composed of up to five bands, but corresponded to only three different 204 

species (Fig. 1, panel A). Bands corresponding to Lb. kefiranofaciens (bands 1, 2 and 5) 205 

and to Lb. kefiri (band 4) were found in all samples. An additional band present in 206 

sample AV (band 3) was identified as Lc. lactis. The same three species were also found 207 

by using the group-specific primers for lactobacilli and lactococci (Figure 1, panels C 208 

and D, respectively). The DGGE fingerprints of the yeast community were also narrow 209 

and similar in the three kefir grains. A high-intensity band was present in all kefir 210 

samples and was identified as S. cerevisiae (band 6, Fig. 1 panel B), while a low-211 

intensity band corresponding to Kazachstania unispora was revealed in kefir grain AD 212 

(band 7, Fig. 1 panel B). 213 

3.2 Bacterial composition and community structure determined by pyrosequencing 214 

A total of 25,127 raw reads were obtained by pyrosequencing analysis, including 215 

5,172 reads from sample AD, 4,651 from sample AR and 15,304 from sample AV. Of 216 
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these, a total of 14,314 corresponded to high-quality partial 16S rDNA sequences longer 217 

than 300 bp of samples AD (2,641 reads), AR (2,690 reads), and AV (8,983 reads). A 218 

comparative analysis was performed to assess whether the exclusion of low-quality 219 

fragments could influence the results. Comparison of the graphs and indexes of the 220 

classifier tool showed similar results, with no loss or difference in the proportion of 221 

phyla, families or genera (data not shown). Therefore, because much information could 222 

be obtained from the longer reads, all subsequent analyses were done with the selected, 223 

long reads. 224 

Diversity richness, coverage, and evenness estimates calculated for each data set 225 

are presented in Table 1. Rarefaction curves showed similar patterns for all samples 226 

(Fig. 2), and suggested that the bacterial community was well represented, as they 227 

became flatter while the number of sequences analyzed increased. Additionally, when 228 

re-sampling analyses were performed, normalizing by sample size to that of the smallest 229 

one, the rarefaction curves proved to be saturated (Fig. 2 panel B). Moreover, the 230 

coverage at the 97% similarity level was above 0.99 for each of the kefir grains. 231 

According to Figure 2 and the OTU richness estimated by ACE and Chao 1 indexes at 232 

the 97% similarity level (Table 1), sample AV had higher species richness than the 233 

other two grains. Considering the microbial diversity estimated by the Shannon index at 234 

the 97% similarity level gave a similar result. Indeed, 14, 18, and 46 OTUs were 235 

associated with kefir samples AR, AD, and AV, respectively (Table 1).  236 

The Unifrac test was used to compare the bacterial communities based on their 237 

phylogenetic information. This analysis also revealed that sample AV was significantly 238 

different from AD and AR (p < 0.01), when the relative proportion of sequences from 239 

each community was considered (Weighted Unifrac algorithm).  240 
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To evaluate the distribution of OTUs between the different kefir grains, a Venn 241 

diagram was constructed (Fig. 3). The diagram showed that 11 OTUs, embracing 95.8% 242 

of the sequences, were common to all three grains. Furthermore, despite the higher 243 

number of specific OTUs in the AV sample (24 OTUs), the occurrence of these grain-244 

specific sequences (3.86%) was much lower than those shared by all samples (95.8%). 245 

Similarly, specific OTUs of the other two samples were represented by a low percentage 246 

of sequences. 247 

The bacterial sequence reads were grouped into three different phyla: Firmicutes, 248 

Actinobacteria, and Proteobacteria. Of these, Firmicutes was the most abundant 249 

phylum, and was dominated by members of the class Bacilli belonging to the order 250 

Lactobacillales. Three families were found among the sequences belonging to this 251 

order: Leuconostocaceae, Streptococcaceae, and Lactobacillaceae. The family 252 

Lactobacillaceae was predominant in all three grains, and was represented by only one 253 

genus, Lactobacillus, which comprised 99.7, 93.9, and 99.6% of the reads for grains 254 

AR, AV, and AD, respectively (Fig. 4). In the family Streptococcaceae, the genus 255 

Streptococcus comprised only 0.01% and 0.04% of all sequences identified in grains 256 

AV and AD, respectively, whereas the genus Lactococcus was detected only in kefir 257 

grain AV (4.87% of the reads). At low levels, the genus Leuconostoc also occurred in 258 

samples AV (0.12%) and AD (0.23%). Few sequences were assigned to the phylum 259 

Proteobacteria, which comprised 0.3% of the total assigned sequences for grain AR, 260 

1% for AV and 0.04% for AD. The sequences of this phylum belonged to the genus 261 

Acetobacter in sample AR (0.26%) and AD (0.04%), and to the genus Pseudomonas 262 

(0.99%) in sample AV. Phylum Actinobacteria was represented by reads belonging to 263 

the genus Solirubrobacter in grain AR (0.04%) and the genus Bifidobacterium in grain 264 

AV (0.02%). 265 
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Because of the low diversity found, unique representative sequences from each 266 

OTU were selected and used to construct a phylogenetic tree (Fig. 5). The different 267 

sequences were manually compared against the RDP database and further aligned with 268 

up to three of their nearest sequences in the database. The majority of the OTUs 269 

represented close phylogenetic lineages of Lactobacillus spp. commonly reported in 270 

kefir grains. These alignments and manual investigations further allowed the 271 

classification of the reads in a number of Lactobacillus species and subspecies, 272 

including among others Lb. kefiranofaciens subsp. kefirgranum, Lb. kefiri, Lb. 273 

parabuchneri, Lb. parakefiri, Lb. amilovorus, Lb. crispatus, Lb. buchneri, and Lb. 274 

kefiranofaciens subsp. kefiranofaciens. Sequences identified as Lc. lactis subsp. 275 

cremoris were revealed in kefir sample AV. 276 

4 Discussion 277 

The microbial diversity of kefir grains from different origins has been repeatedly 278 

analyzed by both culturing (Simova et al., 2002; Witthuhn et al., 2005; Mainville et al., 279 

2006; Chen et al., 2008; Wang et al., 2008; Miguel et al., 2010) and culture-independent 280 

techniques (Garbers et al., 2004; Wang et al., 2006; Ninane et al., 2007; Chen et al., 281 

2008; Wang et al., 2008; Miguel et al., 2010; Dobson et al., 2010). In this study, two 282 

independent techniques were used to evaluate the microbial diversity and community 283 

structure of three different kefir grains from different locations in Brazil. Dominant 284 

populations were tracked with the PCR-DGGE technique, while the next-generation 285 

sequencing technology allowed a more complete view of the overall community 286 

composition. 287 

As in previous studies (Garbers et al., 2004; Chen et al., 2008; Jianzhong et al., 288 

2009; Miguel et al., 2010), bacterial PCR-DGGE profiles were shown to be composed 289 

of a small number of bands. These corresponded to several Lactobacillus species that 290 
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have always been reported as prevalent, although the species dominating the grains 291 

seems to vary. Lb. kefiranofaciens (Chen et al., 2008; Jianzhong et al., 2009), Lb. kefiri 292 

(Miguel et al., 2010), and Lb. casei (Jianzhong et al., 2009) have all been described as 293 

accounting for the more intense DGGE bands. A small number of DGGE bands in the 294 

yeast profile has also been reported for many other kefir grains (Garbers et al., 2004; 295 

Wang et al., 2008; Jianzhong et al., 2009). The dominant yeasts belonged to a short list 296 

of species: Saccharomyces spp., Kluyveromyces lactis, Kazachtania spp., and Candida 297 

spp. (Garbers et al., 2004; Wang et al., 2008; Jianzhong et al., 2009). From the DGGE 298 

results, we concluded that the Brazilian kefir grains examined here were dominated by 299 

Lb. kefiranofaciens, followed by Lb. kefiri. These two bacterial species have also been 300 

reported as dominant by culturing in different kefir grains (Mainville et al., 2006; Chen 301 

et al., 2008; Miguel et al., 2010). S. cerevisiae was the main species among the yeasts. 302 

This and other related species have also been identified as a majority by culturing 303 

(Simova et al., 2002; Latorre-García et al., 2007). 304 

Nowadays, pyrosequencing is becoming the state-of-the-art technique for the 305 

analysis of microbial populations from different ecosystems. It has been applied to 306 

study several types of food fermentation (Humblot and Guyot, 2009; Roh et al., 2010; 307 

Jung et al., 2011), including a single report of kefir in which the kefir grain and its 308 

fermented milk were analyzed by this technique (Dobson et al., 2011). The 309 

pyrosequencing analysis of the three Brazilian kefir grains revealed that the phylum 310 

Firmicutes was highly dominant, comprising more than 99% of the total sequences. 311 

This phylum is composed by a group of low-GC-content Gram-positive bacteria, which 312 

includes LAB. Firmicutes was also dominant in the study of Irish Kefir milk, which 313 

analyzed both the interior and exterior of the grain (Dobson et al., 2011). These authors 314 

also showed that all other phyla that they detected (Actinobacteria, Proteobacteria, and 315 
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Bacteriodetes) were minor components of the overall kefir community in the interior 316 

part of the Irish kefir grain. Within the phylum Proteobacteria, Pseudomonas spp. was 317 

identified in the grain AV, which has been suggested to be an environmental 318 

contamination (Dobson et al., 2011). The genus Acetobacter (Proteobacteria subgroup) 319 

was found in only two of the Brazilian grains (AR and AD). Although AAB have often 320 

been mentioned (Rea et al., 1996; Garrote et al., 2001; Miguel et al., 2010) as one of the 321 

main components that comprise the bacterial population of kefir grains, AAB have been 322 

detected only occasionally (Garbers et al., 2004; Chen et al., 2008; Jianzhong et al., 323 

2009; Miguel et al., 2010; Dobson et al., 2011). 324 

Phylogenetic and manual analysis showed that Lb. kefiranofaciens subsp. 325 

kefirgranum was dominant among the reads. Reads assigned to Lb. kefiri ranked second, 326 

although much lower than the number of those of Lb. kefiranofaciens. These results 327 

completely agree with those obtained by the DGGE technique. The presence of reads 328 

belonging to Lc. lactis subsp. cremoris in kefir sample AV further validates the DGGE 329 

results. In general, the two techniques were consistent with respect to detection of the 330 

predominant bacteria. However, some microorganisms identified by pyrosequencing 331 

were not detected by DGGE analysis, probably because they were part of minority 332 

populations in the grains. This limitation of the PCR-DGGE method was previously 333 

noted by Ercolini (2004), who reported that minor bacterial groups in complex 334 

communities may not be represented in the DGGE profiles. As seen in this study, the 335 

use of pyrosequencing can allow the detection of rare microorganisms that are not part 336 

of the dominant community. 337 

As expected, the number of OTUs was lower than those found in other complex 338 

ecosystems such as soil (Teixeira et al., 2010) and the human gastrointestinal tract 339 

(Turnbaugh et al., 2009). The bacterial simplicity of the kefir grains is further revealed 340 
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by the Venn diagrams, where a few, highly prevalent species are shared by all grains, 341 

together with a small number of minor bacteria that are specific for each grain. As 342 

already discussed, traditional culturing and molecular techniques indicated that a few 343 

specific microbial genera and species may be constantly present in the kefir grain, 344 

whereas others may or may not occur (Simova et al., 2002; Witthuhn et al., 2005; 345 

Mainville et al., 2006; Wang et al., 2006; Ninane et al., 2007; Chen et al., 2008; Wang 346 

et al., 2008; Miguel et al., 2010; Dobson et al., 2011). Furthermore, as Farnworth and 347 

Mainville (2008) have recently noted, the list of bacteria and yeasts of kefir grains 348 

should not vary significantly from one part of the world to another if good care, similar 349 

growth conditions, and proper sanitary conditions are maintained. However, these small 350 

microbial differences may produce distinctive, grain-specific sensory profiles (Pintado 351 

et al., 1996; Rea et al., 1996; Simova et al., 2002). 352 

5 Conclusions 353 

Two culture-independent methods were used to evaluate the microbial diversity of 354 

three Brazilian kefir grains: PCR-DGGE and pyrosequencing. Both techniques showed 355 

that Lb. kefiranofaciens was dominant, while DGGE showed that S. cerevisiae 356 

constituted the main eukaryotic microorganism. The pyrosequencing analysis also 357 

allowed the identification of minor bacterial components. For a complete description of 358 

the microbial communities of the kefir grains, a pyrosequencing approach using specific 359 

primers for eukaryotic and archaea organisms should also be performed. 360 
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Table 1 - Estimated OTU richness, sample coverage and diversity index of 16S rDNA libraries of kefir grain samples.  

 

Library NS OTUs
a 

Estimated OTU richness Shannon
b 

ESC
c 

ACE Chao1 

AD 2641 18 42.24 (28.17; 75.78) 54.00 (28.27; 144.19) 0.49 (0.45; 0.53) 0.99 

AR 2690 14 38.57 (23.67; 76.40) 24.50 (16.03; 68.19) 0.33 (0.29; 0.37) 0.99 

AV 8983 46 148.02 (109.96; 208.74) 82.14 (58.65; 149.23) 0.70 (0.67; 0.72) 0.99 

Total 14314      

Abbreviations: ESC, estimated sample coverage; NS, number of sequences for each library; OTU, operational taxonomic unit. 
a 
Calculated by MOTHUR at the 3% distance level. 

b 
Shannon diversity index calculated using MOTHUR (3% distance). 

c 
ESC: Cx= 1 – (Nx/n), where Nx is the number of unique sequences and n is the total number of sequences. 

Values in brackets are 95% confidence intervals as calculated by MOTHUR. 
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Figure legends 1 

Fig. 1. DGGE profiles of the microbial community from three Brazilian kefir grains 2 

(samples AR, AD and AV). Panel A: DGGE profile of the eubacterial 16S rRNA gene 3 

obtained with universal primers (1) Lactobacillus kefiranofaciens; (2) Lactobacillus 4 

kefiranofaciens; (3) Lactococcus lactis; (4) Lactobacillus kefiri; (5) Lactobacillus 5 

kefiranofaciens. Panel B: DGGE profile of the eukaryotic domain D1 of 26S rRNA 6 

gene (6) Saccharomyces cerevisiae; (7) Kazachstania unispora. Panel C: DGGE profile 7 

of 16S rRNA gene obtained with specific primers for the lactobacilli group (8) 8 

Lactobacillus kefiranofaciens; (9) Lactobacillus kefiri. Panel D: DGGE profile of 16S 9 

rRNA gene obtained with specific primers for the lactococcus group (10) Lactococcus 10 

lactis. 11 

 12 

Fig. 2. Rarefaction curves of partial sequences of the bacterial 16S rRNA gene from 13 

Brazilian kefir grains (AD, AR and AV) at a 97% similarity level (A) and rarefaction 14 

curves normalized with respect to sample size (B). 15 

 16 

Fig. 3. Venn diagram showing specific and common OTUs in Brazilian kefir grains 17 

AD, AR and AV, and the percentage of occurrence of the total sequences (in 18 

parentheses). 19 

 20 

Fig. 4. Relative abundances at family level, based on the classification of partial 16S 21 

rDNA sequences of bacteria from Brazilian kefir grains AD, AR and AV, using RDP-22 

Classifier. 23 

 24 

Fig. 5. Bacterial phylogenetic tree showing representative reads from the 25 

pyrosequencing analysis. The neighbor-joining tree was constructed with a 26 

representative sequence of each OTU selected by the MOTHUR program. Numbers at 27 

the nodes indicate bootstrap values (expressed as a percentage of 1000 replications). 28 

Values in brackets represent the number of sequences found for each OTU. Symbols 29 

and colors represent the sample group that contributed each OTU. 30 
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