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  ABSTRACT 

  The nonstarter lactic acid bacteria (NSLAB) consti-
tute an important microbial group found during cheese 
ripening and they are thought to be fundamental to 
the quality of cheese. Rapid and accurate diagnostic 
tests for NSLAB are important for cheese quality con-
trol and in understanding the cheese ripening process. 
Here, we present a novel rapid approach for strain-level 
characterization through combined 16S rRNA gene and 
repetitive sequence-based high-resolution melt analysis 
(HRM). The approach was demonstrated through the 
characterization of 94 isolates from Norvegia, a Gouda-
type cheese. The HRM profiles of the V1 and V3 vari-
able regions of the 16S rRNA gene of the isolates were 
compared with the HRM profiles of 13 reference strains. 
The HRM profile comparison of the V1 and V3 regions 
of the 16S rRNA gene allowed discrimination of isolates 
and reference strains. Among the cheese isolates, Lac-
tobacillus casei/paracasei (62 isolates) and Lactobacil-
lus plantarum/Lactobacillus pentosus (27 isolates) were 
the dominant species, whereas Lactobacillus curvatus/
Lactobacillus sakei were found occasionally (5 isolates). 
The HRM profiling of repetitive sequence-based PCR 
using the (GTG)5 primer was developed for strain-level 
characterization. The clustering analysis of the HRM 
profiles showed high discriminatory power, similar to 
that of cluster analysis based on the gel method. In 
conclusion, the HRM approach in this study may be 
applied as a fast, accurate, and reproducible method 
for characterization of the NSLAB microflora in cheese 
and may be applicable to other microbial environments 
following selective plate culturing. 
  Key words:    high-resolution melt analysis ,  nonstarter 
lactic acid bacteria ,  repetitive sequence-based PCR , 
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  INTRODUCTION 

  The lactic acid bacteria (LAB) constitute a group of 
gram-positive bacteria with fermentative metabolism. 
Lactic acid is the major metabolic product produced 
during the fermentation of carbohydrates. Of this group, 
the nonstarter LAB (NSLAB) have been studied for 
their importance in cheese manufacturing. The NSLAB 
tend to dominate the microbiota in the later stages of 
cheese ripening, where they may reach log 6 to 7 cfu/g, 
and they may contribute positively to cheese flavor 
(Fox et al., 1998; Ardö, 2006; Settanni and Moschetti, 
2010). The NSLAB are not part of the starter culture 
and they may come from the milk or from environmen-
tal contamination during cheese manufacturing. The 
most common NSLAB group is mesophilic lactobacilli, 
although Pediococcus and Enterococcus spp. may also 
be found. Several species of mesophilic lactobacilli are 
isolated from cheese and, of these, Lactobacillus casei/
paracasei, Lactobacillus plantarum, and Lactobacillus 
curvatus are the most common species found in Ched-
dar and Dutch-type cheese made from pasteurized or 
microfiltered milk (Jordan and Cogan, 1993; Beresford 
et al., 2001; Østlie et al., 2004, 2005). 

  Characterization of Lactobacillus isolates in cheese 
by phenotypic and biochemical methods is laborious, 
time consuming, and often inaccurate. In contrast, 
molecular methods are more rapid, reliable, and repro-
ducible and have greater sensitivity. Sequence-based 
methods are more repeatable compared with gel-based 
methods (Foxman et al., 2005). High-resolution melt 
analysis (HRM) is a recently developed post-PCR 
technique used to study DNA melting kinetics. With 
strict control of the temperature increase (sensitivity 
up to 0.01°C/s), fluorescence decrease of a saturated 
double-stranded DNA binding dye is monitored. The 
melting temperature (Tm) and curve shape are influ-
enced by amplicon length, sequence, and GC content of 
the double strand, allowing comparison and discrimina-
tion of samples (Price et al., 2007; Reed et al., 2007; 
Patel, 2009). 

  Variable regions of the 16S ribosomal RNA gene 
are used for identification of species and fingerprint-
ing analysis of communities by different methods as 
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denaturing gradient gel electrophoresis (DGGE) and 
temperature gradient gel electrophoresis (TGGE), due 
to their variability between closely related species and 
subspecies. The 16S rRNA V1 and V3 regions have 
been successfully utilized to discriminate LAB found 
in different food environments (Ercolini et al., 2001; 
Ercolini, 2004; Lorbeg et al., 2009).

Among the different typing methods, amplification 
of repetitive sequence-based PCR (rep-PCR) has 
been used to differentiate LAB at the species, subspe-
cies, and potential strain level. The use of the (GTG)5 
primer has been shown to be the most discriminatory 
primer providing a complex pattern compared with 
other primers (Gevers et al., 2001; Adiguzel et al., 2009; 
Singh et al., 2009).

The aim of this study was the strain-level charac-
terization of NSLAB isolates from Norvegia cheese 
through comparison of the traditional methods (16S 
sequencing and rep-PCR) and HRM analysis. The 
HRM was based on the profiling analysis of the V1 and 
V3 regions of the 16S rRNA gene and fingerprinting 
analysis by rep-PCR.

MATERIALS AND METHODS

Bacteria Strains and Cultivation

At the research organization SINTEF (www. 
SINTEF.com), bacteria isolates (86) were picked from 
agar plates incubated with cheese slurries from cheese 
made at 4 dairies in Norway. Sampling of the cheese 
was done by the dairy company TINE SA Research 
Center (Stavanger, Norway). The bacteria were plated 
on de Man, Rogosa, and Sharpe agar (MRS; Difco 
Laboratories, Detroit, MI) incubated at 30°C for 3 to 4 

d. Lactic acid bacterial colonies were purified by succes-
sive subculturing on MRS agar, giving 94 pure cheese 
isolates. Strains used as reference and their origin are 
shown in Table 1. Reference strains and pure cheese iso-
lates (94) were stored at −80°C in broth supplemented 
with 15% (vol/vol) glycerol; MRS (Difco) was used for 
Lactobacillus and Leuconostoc and M17 (Merck, Darm-
stadt, Germany) for Lactococcus. Working isolates and 
reference strains were prepared from frozen cultures by 
1 to 2 consecutive transfers of the Lactobacillus and 
Leuconostoc in MRS broth (Difco) and Lactococcus in 
M17 (Merck) and incubated overnight at 30°C.

16S rRNA Gene Sequencing of Cheese Isolates

The universal primers 11F (5 -TAACACATG-
CAAGTCGAACG-3 ) and 5R (5 -GGTTACCTTGT-
TACGACTT-3 ) (Escherichia coli positions 50–70 and 
1492–1510, respectively) were used for amplification of 
a 1,460-bp DNA fragment of the 16S rRNA gene. The 
PCR was accomplished using DyNazyme II DNA poly-
merase (Finnzymes, Vantaa, Finland). Thermocycling 
conditions were as follows: 2 min at 94°C, followed by 
30 cycles of 30 s at 94°C, 30 s at 56°C, and 1.5 min at 
72°C, followed by 10 min at 72°C. The PCR fragments 
were purified using the NucleoSpin extract II PCR 
clean-up kit (Macherey-Nagel GmbH & Co. KG, Düren, 
Germany) according to the procedure recommended by 
the manufacturer. Automated DNA sequencing was 
provided by GATC Biotech AG (Konstanz, Germany) 
using the universal primers 11F and 5R. Sequences 
were edited using BioEdit software (Ibis Biosciences, 
Carlsbad, CA) and were compared in GenBank using 
the BLAST algorithm (http://www.ncbi.nlm.nih.gov/
blast/).

Table 1. Lactic acid bacteria strains used as reference for high-resolution melt analysis and repetitive sequence-based PCR fingerprinting 

Strain1 Source of reference strain2 Origin

Lactobacillus casei ATCC 393T DSMZ  
Lactobacillus paracasei ssp. paracasei ATCC 25302T DSMZ  
Lactobacillus curvatus ATCC 25601T DSMZ  
Lactobacillus plantarum ATCC 14917T DSMZ  
Lactobacillus plantarum INF15D Laboratory collection Cheese
Lactobacillus rhamnosus GG   
Leuconostoc mesenteroides ssp. mesenteroides INF10171 Laboratory collection Cheese
Lactobacillus sakei LMGT3352 LMGT  
Lactobacillus pentosus LMGT2369 LMGT  
Lactobacillus helveticus INF1001 Laboratory collection Cheese
Lactobacillus fermentum INF10031 Laboratory collection Cheese
Lactococcus lactis ssp. lactis INF1005 Laboratory collection Cheese
Lactococcus lactis ssp. cremoris Ar1 Laboratory collection Fermented milk
1The first 5 strains listed were used as reference strains for fingerprinting analysis; T = type strain.
2DSMZ = Deutsche Sammlung von Mikroorganismen und Zellkulturen (Braunschweig, Germany); LMGT = Laboratory of Microbial Gene 
Technology, Norwegian University of Life Science (Norway).
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HRM Analysis of Variable Regions

Total DNA was extracted from 1.5 mL of overnight 
grown bacteria in MRS (Lactobacillus, Leuconostoc) or 
M17 (Lactococcus) medium at 30°C by GelElute Bacte-
rial Genomic DNA kit (Sigma-Aldrich, St. Louis, MO) 
according to the manufacturer’s instructions. The V3 
and V1 regions of the 16s rRNA gene were amplified 
using the primer pairs PRBA338f-PRUN518r (Øvreås 
et al., 1997) and P1V1-P2V1 (Klijn et al., 1991), re-
spectively. The PCR and HRM were performed in a 
96-multiwell LightCycler 480 Real-Time instrument 
(Roche, Mannheim, Germany). The PCR mixture con-
tained 1× LightCycler 480 HRM MasterMix, (Roche), 
a final concentration of 0.4 μM of each primer (Invitro-
gen Ltd., Paisley, UK), a final concentration of 2 mM 
MgCl2, and 10 ng of total DNA. The PCR amplifica-
tion was conducted as follows: 1 cycle of denaturation 
at 95°C for 5 min, 30 cycles consisting of denaturation 
at 95°C for 30 s, annealing at 53°C (for the V3 region) 
and at 52°C (for the V1 region) for 30 s, and elon-
gation at 72°C for 1 min. The HRM was performed 
from 65 to 95°C with an increase of 0.01°C/s and 50 
measurements per 1°C. The melting peak of the PCR 
product was used to check amplification and primer-
dimer formation. The maximum of the first derivative 
of the PCR melting peak was used to identify the Tm 
of the PCR amplicons. The gene scanning analysis of 
the HRM profiles was performed by LightCycler 480 
software version 1.5 (Roche). The amplified product of 
Lb. casei ATCC393, Lb. paracasei ATCC25302, Lb. cur-
vatus ATCC25601, Lb. plantarum ATCC14917, and Lb. 
plantarum INF15D were checked on a 1.5% (wt/vol) 
agarose gel stained with 0.5 mg/L ethidium bromide 
and visualized under UV light (Gel Doc 1000, Bio-Rad, 
Hercules, CA). Reproducibility of the Tm value was de-
termined by performing triplicate runs of the reference 
strains listed in Table 2.

Fingerprinting Methods

All cheese isolates (94) and 5 of the selected refer-
ence strains (Table 1) were subjected to rep-PCR with 
a single oligonucleotide primer, (GTG)5 (5 -GTGGTG-
GTGGTGGTG-3 ; Versalovic et al., 1994). A 96-mul-
tiwell LightCycler 480 Real-Time instrument (Roche) 
was used for amplification. The PCR mixture con-
tained 1× LightCycler 480 HRM MasterMix (Roche), 
2 μmol of (GTG)5 primer (Invitrogen), 2 mM MgCl2, 
and 10 ng of DNA in a final volume of 20 μL. The 
PCR was performed as follows: initial denaturation at 
95°C for 7 min, 30 cycles consisting of denaturation 
at 95°C for 30 s, annealing at 40°C for 1 min, and 
elongation at 72°C for 3 min. The HRM analysis was 
performed as described above. The 5 reference strains 
were analyzed in duplicate for 10 independent runs 
to check the repeatability of the HRM profile using 
the same extracted DNA. Five microliters of the PCR 
product was loaded on a 1.5% (wt/vol) agarose gel (15 
× 25 cm), and the gel was run for 4.5 h at 50 V in Tris-
acetate-EDTA buffer. Gels were stained with 0.5 mg/L 
ethidium bromide in MilliQ water (Millipore, Billerica, 
MA) for 30 min and visualized under UV light (Gel 
Doc 1000, Bio-Rad).

Statistical Analysis

The HRM data were cluster analyzed using R statisti-
cal software (version 2.12.1, R Development Core Team; 
http://www.r-project.org). The rep-PCR HRM profile 
data was subjected to alignment using temperature, 
scaled to 0–100, and smoothed by a locally weighted 
scatterplot smoother (LOWESS); first-derivative spec-
tra were calculated for every spectrum. Gelcompare II 
v6.5 (Applied Maths, Sint-Martens-Latem, Belgium) 
was used for gel analysis, and rep-PCR patterns were 
clustered by Pearson correlation.

Table 2. Reference strains and melting temperature (Tm; mean ± SD) of the amplified PCR product from the 
V1 and V3 regions of the 16S rRNA gene 

Reference strain

Tm (°C)

V1 V3

Lactobacillus casei ATCC 393 84.65 ± 0.04 86.83 ± 0.04
Lactobacillus paracasei ssp. paracasei ATCC 25302 84.55 ± 0.04 86.73 ± 0.03
Lactobacillus curvatus ATCC 25601 82.41 ± 0.06 84.37 ± 0.03
Lactobacillus plantarum ATCC 14917 81.77 ± 0.03 83.86 ± 0.04
Lactobacillus rhamnosus GG 81.30 ± 0.05 86.73 ± 0.03
Leuconostoc mesenteroides ssp. mesenteroides INF 10171 84.87 ± 0.04 85.01 ± 0.04
Lactobacillus sakei LMGT 3352 82.63 ± 0.03 84.35 ± 0.05
Lactobacillus pentosus LMGT 2369 81.81 ± 0.09 83.97 ± 0.05
Lactobacillus helveticus INF1001 86.19 ± 0.07 84.71 ± 0.02
Lactobacillus fermentum INF 10031 82.05 ± 0.05 84.65 ± 0.07
Lactococcus lactis ssp. lactis INF 1005 84.34 ± 0.03 85.64 ± 0.03
Lactococcus lactis ssp. cremoris Ar1 82.90 ± 0.08 85.65 ± 0.03
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RESULTS

Characterization of Variable Regions by HRM  
and 16S rRNA Gene Sequencing

The discriminatory power of the V1 and V3 regions of 
the 16 S rRNA gene was tested for Lc. lactis ssp. lactis, 
Lc. lactis ssp. cremoris, Leuconostoc mesenteroides, and 
different Lactobacillus species used as reference strains. 
The HRM profiles of the amplified PCR product from 
the V1 region were useful in separation of Lc. lactis ssp. 
lactis and Lc. lactis ssp. cremoris and for separation of 
the closely related species Lb. casei/paracasei from Lb. 
rhamnosus (Table 2). The melting temperature of the 
V1 region of Lc. lactis ssp. cremoris and Lc. lactis ssp. 
lactis showed a clear Tm difference of 1.4°C between 
these subspecies. The difference between Tm of the V1 
region of Lb. rhamnosus and Lb. casei/paracasei was 
3.5°C. The V1 region generally showed a lower Tm than 
the V3 region because of the length of the amplicon. 
The analysis of the HRM profiles for the amplified 
PCR product from the V3 region was more discrimina-
tory compared with that from the V1 region for the 
characterization of the Lactobacillus species tested.

The Tm of the HRM peaks of the V1 and V3 regions 
showed very low standard deviations for the 3 replicates 
(Table 2), and the HRM profiles were characteristic for 
each of the reference strains (data not shown). The aga-
rose gel showed single bands corresponding to lengths of 
130 and 200 bp for the V1 and V3 regions, respectively. 
The discrimination at species level by HRM analysis 
of the V3 region in combination with the V1 region 
was almost completely achieved. However, some species 
closely related according to 16S rRNA gene sequences 
were not separated using the HRM approach, such as 
Lb. casei from Lb. paracasei, Lb. curvatus from Lb. sakei, 
and Lb. plantarum from Lb. pentosus, as shown by the 
sequence-based analysis of the V1 and V3 regions of the 
reference strains (Figure 1).

Of the 94 isolates, 62 were identified as Lb. casei/
paracasei, 27 as Lb. plantarum/Lb. pentosus, and 5 as 
Lb. curvatus/Lb. sakei by 16S rRNA gene sequencing. 
Comparison of the HRM profiles of the isolates with 
the HRM profiles of the reference strains for the V3 re-
gion showed 3 different groups of peaks (Figure 2), and 
their Tm corresponded to the selected representative 
reference strains (Lb. casei ATCC393, Lb. plantarum 
ATCC14917, and Lb. curvatus ATCC25601) included 

Figure 1. Phylogenetic tree of the reference strains obtained with sequence of the variable regions V1 (A) and V3 (B) of the 16S rRNA gene. 
The distance unit is shown below the tree and the numbers at the branches indicate the bootstrap confidence value. Color version available in 
the online PDF.
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in the analysis. In this particular analysis, the Tm of the 
V3 region of the 3 different species was lower compared 
with the Tm of the particular runs in Table 2; however, 
the comparison of the HRM profiles of the isolates and 
the selected reference strains allowed the discrimina-
tion.

Fingerprinting Analysis: HRM Method Validation  
and Characterization of the Cheese Isolates

To evaluate the repeatability of the HRM method 
for the rep-PCR–HRM fingerprinting analysis, 10 in-
dependent amplifications of Lb. casei ATCC393, Lb. 
paracasei ATCC25302, Lb. plantarum ATCC14917, 
Lb. curvatus ATCC 25601, and Lb. plantarum INF15D 
were performed by the use of the (GTG)5 primer. All 
HRM profiles of the 5 selected reference strains were 
clearly grouped by cluster analysis with more than 97% 
similarity for Lb. casei ATCC393 and Lb. plantarum 
INF15D and more than 98% for the 3 other strains 
(Figure 3).

The rep-PCR fingerprinting analysis was performed 
for all 94 isolates and the 5 selected representative refer-
ence strains by both a gel-based method and HRM pro-
file analysis. The (GTG)5 primer band pattern showed 
from 7 to 20 PCR products on the gel, and the HRM 
profile showed from 2 to 6 peaks and different curve 
shapes. All Lb. plantarum cheese isolates showed high 
similarity and were clustered by both methods (Figure 

4, cluster I), whereas 7 and 2 clusters of Lb. casei/
paracasei and Lb. curvatus, respectively, were identified 
by rep-PCR gels. The composition of isolates in the 
clusters obtained by the rep-PCR gels and the HRM 
profiles showed the same results for the Lb. curvatus 
isolates, whereas 55 out of 64 Lb. casei/paracasei isolates 
(including the ATCC strains) were similarly clustered 
by the 2 methods (Figure 5). Figure 4 shows the cluster 
dendrogram from the rep-PCR gel cluster analysis and 
the respective HRM profiles for all clusters. Two cheese 
isolates and the 3 selected reference strains (Lb. casei 
ATCC393, Lb. paracasei ATCC25302, and Lb. planta-
rum ATCC14917) were clustered as single clusters by 
both methods.

DISCUSSION

In this study, we characterized the NSLAB micro-
flora from Norvegia cheese by an HRM approach com-
bining analysis of the 16S rRNA gene and rep-PCR. 
By comparing HRM profiles of the variable regions of 
the 16S rRNA gene, the cheese isolates and selected 
representative reference strains of Norvegia cheese were 
discriminated. The V1 and V3 regions were chosen in 
this study and the combination of both profile analy-
ses resulted in better characterization of the reference 
strains. Interestingly, characterization at subspecies 
level of Lc. lactis ssp. lactis and Lc. lactis ssp. cremoris 
was possible even though their V1 regions differ only by 

Figure 2. Melting peaks of the variable V3 region of the 16S rRNA gene for all 94 cheese isolates and the 3 corresponding reference strains 
(Lactobacillus casei ATCC393, Lactobacillus plantarum ATCC14917, and Lactobacillus curvatus ATCC25601). Color version available in the 
online PDF.
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9 or 10 bp (Ward et al., 1998). By HRM analysis, it was 
possible to identify the different V1 melting peaks of 
Lc. lactis ssp. lactis and Lc. lactis ssp. cremoris. The Tm 
of the V1 region showed a difference of 1.4°C between 
the 2 subspecies, whereas the Tm of the V3 regions 
was similar between the subspecies. Lactobacillus casei, 
Lb. paracasei, and Lb. rhamnosus (all belonging to the 
Lb. casei group) had similar Tm and melting peaks in 
the V3 region; however, Lb. rhamnosus showed a 3.5°C 
difference in Tm in the V1 region compared with Lb. 
casei and Lb. paracasei. Kao et al. (2007) showed, by 
the HRM approach, that it was possible to separate Lb. 
casei/paracasei from Lb. rhamnosus based on the 16S 
rRNA sequence by the use of species-specific primers. 
In the present study, universal primers were used to 
amplify the V1 region, and the correct characterization 
of these species was shown. By HRM profile compari-
son, it was not possible to separate Lb. casei from Lb. 
paracasei. Taxonomic classification of Lb. casei and 
Lb. paracasei is still controversial and a final decision 
regarding reclassification of these species has not been 
made (Singh et al., 2009). Because of the high similar-
ity of the 16S rRNA genes, the Lb. curvatus and Lb. 
plantarum reference strains could not be separated from 
Lb. sakei and Lb. pentosus, respectively. By molecular 
methods, such as random amplification of polymorphic 
DNA or recA gene sequencing, species of Lb. curvatus 
and Lb. plantarum can be successfully distinguished 
from their closely related species (Berthier and Ehrlich, 
1999; Ghotbi et al., 2011).

The results shown in this study are similar to other 
studies based on DGGE, where the same variable regions 
are used to identify LAB by separation in a denatur-
ing gel (Ercolini et al., 2001; Ercolini, 2004; Florez and 
Mayo, 2006). All 3 species or groups from the Norvegia 
cheese isolates used in this study were correctly sepa-
rated into 3 groups (Lb. casei/paracasei, Lb. curvatus/
sakei, and Lb. plantarum/pentosus) by HRM analysis 
of the V3 region and by 16S rRNA gene sequencing. 
The isolation and characterization of these species in 
cheese is in accordance with other studies showing the 
predominance of Lb. casei/paracasei, Lb. plantarum, 
and Lb. curvatus in Cheddar and Gouda-type cheese 
made from pasteurized and microfiltered milk (Jordan 
and Cogan, 1993; Østlie et al., 2004, 2005).

Although the HRM analysis is precise and repro-
ducible, the use of known reference strains of specific 
species is required for the characterization of unknown 
isolates. However, sequencing will still be required to 
correctly identify unknown isolates that do not match 
the HRM profiles of known reference strains in the da-
tabase of the laboratory.

A more in-depth characterization of the cheese iso-
lates was achieved by a combined 16S rRNA–HRM 
analysis and rep-PCR analysis by HRM. To evaluate 
the repeatability of the rep-PCR–HRM fingerprinting 
analysis runs with the (GTG)5 primer, 10 independent 
runs of 5 reference strains were performed. The results 
showed high similarity between the different runs, with 
more than 97% similarity for Lb. casei ATCC393 and 

Figure 3. Cluster dendrogram of the 10 independent high-resolution melt runs of the reference strains of Lactobacillus used in the fingerprint 
analysis.
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Figure 4. Cluster dendrogram obtained from gel-based repetitive sequence-based PCR (rep-PCR; left) and high-resolution melt (HRM) 
profiles (right) of the different clusters obtained by gene scanning of HRM-rep-PCR of Lactobacillus strains. Clusters are identified by Roman 
numerals. Color version available in the online PDF.
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Lb. plantarum INF15D, and more than 98% similarity 
for the other reference strains. The similarity is prob-
ably due to the high temperature control performed by 
the instrument and the reproducibility of the rep-PCR 
method with the (GTG)5 primer. Foxman et al. (2005) 
described the relative repeatability and reproducibility 
of rep-PCR based on gel analysis as medium to low. 
However, in this study, almost the same clusters were 
found for the cheese isolates by both HRM and gel-
based rep-PCR analysis. Cluster I (Figure 4) contained 
all the Lb. plantarum cheese isolates that showed the 
same fingerprint patterns and profiles. The Lb. plan-
tarum isolates were isolated from 2 dairies located in 
different geographical regions in Norway. Lactobacillus 
plantarum is known to be one of the few species able 
to survive in cheese for a long time during ripening and 
this species often becomes the abundant NSLAB to-
gether with Lb. casei/paracasei (Fox et al., 1998; Fitzsi-
mons et al., 1999; Antonsson et al., 2003; Østlie et al., 
2004). Many phylogroup clusters of Lb. casei/paracasei 
were found, indicating high variability within Norvegia 
cheese. The 5 Lb. curvatus isolates were isolated from 2 
different dairies and rep-PCR analysis by gel and HRM 

showed separation in 2 clusters according to the origin 
of the isolates (Figure 4, clusters II and III).

In conclusion, HRM is a promising technique that 
has been applied rarely in food microbiology. To our 
knowledge, no previous work has characterized NSLAB 
from cheese by combining 16S rRNA gene and rep-PCR 
analysis by HRM. Our results illustrate a simple PCR 
approach for characterization of the NSLAB microflora 
in cheese. The use of selective agar plating and sub-
culturing to purity may allow the application of this 
method to other environments, such as other dairy 
products and fermented food. Furthermore, the number 
of isolates used in this study suggests that HRM may 
be used as a rapid, high-throughput screening method. 
A limitation of the HRM is the inability to discriminate 
species with high homology to the 16S gene sequence 
because HRM is a sequence-based method. Further-
more, sequencing is still required for samples with melt-
ing profiles different from the reference strains included 
in the analysis. However, HRM is a rapid (20 min), 
single-step, post-PCR technique without any PCR 
product handling and without the need for hazardous 
chemicals.

Figure 5. Comparison of clusters identified by the high-resolution melt (HRM) profiles and gel-based repetitive sequence-based PCR (Rep-
PCR). Clusters are identified by Roman numerals. Lb. = Lactobacillus.
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