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ABSTRACT

This work aimed to investigate the effects of thermal
treatments and yeast extract addition on the composi-
tion of the microbial community of natural whey starters
for Grana Padano cheese. Different natural whey starter
samples were held at 4°C for 24 h (cooling treatment),
or at −20°C for 24 h (freezing treatment) to evaluate
the possibility of conservation, or at 54°C for 1 h (heat
treatment) to evaluate the effect of the temperature com-
monly used during curd cooking. Separately, another set
of samples was enriched with 0.3, 0.5, and 1.0% (wt/vol)
of yeast extract to study its effect on the growth of lactic
acid bacteria (LAB) in the starter. The new approach in
this study is the use of 2 culture-independent methods:
length heterogeneity (LH)-reverse transcription (RT)-
PCR and fluorescence microscopy. These techniques al-
lowed us to easily, quickly, and reproducibly assess met-
abolically active LAB in the control and treated samples.
The LH-RT-PCR technique distinguished microorgan-
isms based on natural variations in the length of 16S
rRNA amplified by RT-PCR, as analyzed by using an
automatic gene sequencer. Fluorescence microscopy
counts were performed by using a Live/Dead BacLight
bacterial viability kit. The repeatability of LH-RT-PCR
showed that this technique has great potential to reveal
changes in the microbial community of natural whey
starters for Grana Padano cheese. All species showed
low sensitivity to cold (4°C). However, after the freezing
(−20°C) and heating (54°C) treatments, different behav-
iors of the species were reported, with significant
changes in their viability and relative composition. Heat-
ing treatment during curd cooking profoundly affected
the viability and composition of the community that re-
mained in the cheese and that consequently modified the
microbial population. At the same time, this treatment
produced the selection of LAB in whey and could be
considered as the first step in natural whey starter pro-
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duction. Addition of yeast extract stimulated the growth
of Streptococcus thermophilus and Lactobacillus del-
brueckii ssp. lactis to the detriment of Lactobacillus
helveticus species. Because the yeast extract altered the
microflora balance, whey starter conservation at −20°C
and yeast extract addition cannot be suggested as tech-
nological innovations.
Key words: natural whey starter, Grana Padano
cheese, length heterogeneity-reverse transcription-poly-
merase chain reaction, fluorescence microscopy

INTRODUCTION

The natural whey starter used in the production of
Grana Padano cheese is a complex microbial association
of lactic acid bacteria (LAB), not only because of the
presence of various species, but also because of the large
number of biotypes (Giraffa et al., 1997). It is obtained
from the previous day’s cheese-making whey (named
sweet whey) incubated at a decreasing temperature, fa-
voring the growth of a large number of viable thermo-
philic LAB (Mucchetti and Neviani, 2006). Different
studies have been carried out to characterize the natural
whey microflora, which are mainly composed of homofer-
mentative thermophilic lactobacilli (e.g., Lactobacillus
helveticus, Lactobacillus delbrueckii ssp. lactis) and a
minor variable presence of heterofermentative lactoba-
cilli (Lactobacillus fermentum) and Streptococcus ther-
mophilus (Beresford et al., 2001; Mucchetti and Neviani,
2006). Understanding the dynamics of such communities
is very laborious and time-consuming. Moreover, the in-
ability to cultivate more than a small proportion of the
bacteria that can be visualized by direct count proce-
dures makes it difficult to obtain information on the
entire microbial community (Head et al., 1998; Marsh
1999). Thus, to study interactions among microorgan-
isms, it is important to study the ecosystem without
dissociating it. Culture-independent approaches, such
as those involving PCR, provide new insight by helping
to define the biodiversity of communities and permitting
the detection of viable, nonviable, and viable but noncul-
tivable populations.
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Various PCR-based molecular typing methods have
been developed for the analysis of populations, including
denaturing gradient gel electrophoresis, temperature
gradient gel electrophoresis, single-strand conformation
polymorphism, and temporal temperature gel electro-
phoresis, that provide a rapid, yet good representative
fingerprint of the microbial community structure with-
out cultivation (Coppola et al., 2001; Ercolini et al., 2002;
Duthoit et al., 2003; Hori et al., 2006). An increasing
number of new methodologies incorporate automatic se-
quencing systems for laser detection of fluorescently la-
beled DNA fragments. The most common are terminal-
restriction fragment length polymorphism (Marsh 1999;
Osborn et al., 2000; Sánchez et al., 2006) and length
heterogeneity-PCR (LH-PCR) analysis (Suzuki et al.,
1998). Length heterogeneity-PCR analysis distinguishes
different organisms based on natural variations in the
length of 16S ribosomal DNA sequences (Ritchie et al.,
2000). Fluorescent end-labeled PCR products are sepa-
rated by capillary electrophoresis and detected by laser-
induced fluorescence with an automated gene sequencer.
The subsequent analysis of the relative amounts of am-
plified sequences originating from different microorgan-
isms can then be made (Suzuki et al., 1998). Use of the
LH-PCR method has been more limited than terminal-
restriction fragment length polymorphism analysis in
studies on microbial diversity. To date, it has been used
to study microbial communities in aquatic environments
(Suzuki et al., 1998), soil (Ritchie et al., 2000), and maize
silage (Brusetti et al., 2006), and, in a few studies, on
food-associated ecosystems such as dairy (Lazzi et al.,
2004; Fornasari et al., 2006). Discriminating viable from
dead cells is of importance in the development of bacte-
rial detection methods. Recently, the effectiveness of the
fluorescence microscopy technique to evaluate microbial
viability was demonstrated in natural whey starter for
Grana Padano cheese (Gatti et al., 2006). This technique
allows the detection of microbial cells directly from their
environment without any previous isolation step. Micro-
bial cell viability is correlated with the physiological ac-
tivity of a cell (Breeuwer and Abee, 2000). A disadvan-
tage of DNA-based methods is that they do not distin-
guish between viable and nonviable cells. The DNA from
lysed cells can persist for a long time in the environment;
detection of RNA would help to determine the viability
of the microorganisms because RNA is degraded rapidly
upon cell death. Detection of 16S rRNA by reverse tran-
scription-PCR (RT-PCR) is considered to be a useful
indicator of viability (Bentsink et al., 2002; Wolffs et al.,
2005). Ritchie et al. (2000) demonstrated that the LH-
PCR technique was effective for measurement of the
microbial community composition of soil.

This work aimed to investigate the effects of technolog-
ical parameters on the microbial community of natural
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whey starter for Grana Padano cheese by using 2 cul-
ture-independent approaches directly on samples,
avoiding classical undirected microbiological techniques.
To test the reproducibility and suitability of the LH-
RT-PCR method for assessing the microbial community
structure in natural whey starters, we evaluated the
variability at RT-PCR amplification and electrophoresis
run levels.

A study of heating at cook temperature (+54°C) was
done to investigate the effect on the microbial community
during curd cooking as used in Grana Padano cheese
manufacture. Study of cooling (+4°C) and freezing
(−20°C) was performed to evaluate the possibility of con-
serving natural whey starter at low temperatures. Fur-
thermore, the effect of adding different amounts of yeast
extract to the sweet whey was evaluated with the aim
of studying the possibility of using a growth stimulator.

MATERIALS AND METHODS

Natural Whey Starter Treatments

Ten natural whey starter samples from different
Grana Padano dairies were analyzed. Immediately after
collection, samples were cooled at 4°C, maintained in ice
containers, and immediately after their arrival to the
laboratory, were aliquoted and analyzed.

The following treatments were applied to several natu-
ral whey starters: 1) 3 samples were held at 4°C for 24
h (cooling treatment), 2) 2 samples were held at −20°C for
24 h (freezing treatment), and 3) 2 samples, previously
brought to pH 6.4 with 10 M NaOH, were held at 54°C
for 1 h (heat treatment) in a water bath. Moreover, 3
samples of sweet whey (i.e., a part of the whey collected
from the vat immediately after curd extraction during
the cheese-making process) were enriched with 3 differ-
ent concentrations (0.3, 0.5, and 1%, wt/vol) of yeast
extract (Oxoid, Garbagnate Milanese, Italy) as a micro-
bial growth-stimulator factor. For natural whey starter
preparation, sweet whey enriched samples, and not en-
riched samples used as a control, were incubated at 45°C
until the acidity reached a value of 32°SH (Soxhlet-
Henkel degrees)/50 mL. All whey cultures were sub-
jected to viable cell counts by fluorescence microscopy
and RNA extraction. Frozen whey starters (24 h at
−20°C) were previously thawed at 37°C for 1 min.

Fluorescence Microscopy

Cell viability was estimated as indicated by Gatti et
al. (2006). Fluorescence microscopy counts were per-
formed by using a Leica DMSL fluorescent microscope
(Leica Microsystems, Wetzlar, Germany) provided with
a mercury vapor source (100 W) and a fluorescein isothio-
cyanate filter (Leica Microsystems). A Live/Dead Bac-
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Light bacterial viability kit (Molecular Probes, Eugene,
OR) was used (SYTO 9 and propidium iodide). Volumes
of 0.7 �L of SYTO 9 and 1 �L of propidium iodide were
added to 1 mL of second-diluted natural whey starter
that had previously been washed twice with sterilized
distilled water (7,000 × g for 4 min at 4°C). After 15 min
at 25°C, 10 �L of this suspension was placed in a Thoma
Glass chamber (Electron Microscopic Sciences, Hatfield,
PA). Results were expressed as percentages of viable
and nonviable cells.

Total RNA Extraction from Whey Starter

Assessment of the viable microbial populations of nat-
ural whey starters for Grana Padano cheese was carried
out by analysis of 16S rRNA. Microbial cells from whey
starters (1 mL) were harvested by centrifugation (at
7,000 × g for 10 min at 4°C), and pellets were washed
twice in 1 mL of TE buffer (0.01 M Tris-HCl, 0.001 M
EDTA, pH 7.5). Pellets were then resuspended in 100
�L of TES buffer [50 mM Tris, 1 mM EDTA, 20 g/L of
lysozyme, 6.7 % (wt/vol) sucrose, pH 8.0] and incubated
at 37°C for 30 min. Extraction of RNA was performed
as previously described (Fornasari et al., 2006). Pellets
were dried and dissolved in 60 �L of diethyl pyrocarbo-
nate-treated water. Digestion of contaminating DNA
was performed with 5 U of amplification grade DNase
I (Sigma Aldrich, Milan, Italy) under conditions given
by the supplier. The quantity and purity of RNA were
assessed by optical density at 260 and 280 nm. Purified
RNA extracts were diluted up to 100 ng/�L and stored
at −80°C until use.

LH-RT-PCR

Domain A of the variable region of the 16S rRNA gene
was reverse transcribed and amplified, and RT-PCR
products originating from different species were subse-
quently analyzed by an automatic gene sequencer.

RT-PCR Amplification. One-step RT-PCR was per-
formed with a Gene Amp EZ rTth RNA PCR Kit
(Applera, Italy). Primers 63F and 355R were used (Lazzi
et al., 2004), with the forward primer 5′ end labeled with
a phosphoramidine cyanine dye, Cy5. The reactions and
amplification conditions were as described by Fornasari
et al. (2006). Reverse transcription-PCR products were
stored at −20°C in the dark until use (usually less than
1 wk). Concentrations were estimated after electrophore-
sis in an agarose gel stained with ethidium bromide
and compared with GeneRuler 100 bp DNA Ladder Plus
(MBI Fermentas, M-Medical, Cornaredo, Italy) ac-
cording to the manufacturer’s instructions.

LH-RT-PCR Analysis. Reaction mixtures containing
12.5 ng of RT-PCR products, 40 �L of deionized for-
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mamide (Beckman Coulter, Cassina de Pecchi, Italy),
and 0.5 �L of CEQ DNA Size standard Kit 400 (Beckman
Coulter) labeled with CEQ WellRED fluorescent dye,
were prepared according to the manufacturer’s instruc-
tions. The sample mixtures were separated by capillary
electrophoresis on a CEQ 2000 DNA analysis system
(Beckman Coulter) with Fragment Analysis 8000 soft-
ware (Beckman Coulter). Runs were performed under
denaturing conditions. The fragment analysis software
converted fluorescence data into electropherograms; the
peaks represented fragments of different sizes and the
areas under the peaks were the relative proportions of
the fragments. Fragment lengths (base pairs) were esti-
mated by using the size standard and local Southern
methods. The unknown peaks above 3,000 relative fluo-
rescence units were considered for the analysis.

Repeatability of LH-RT-PCR

To test the reproducibility and suitability of the LH-
RT-PCR method for the microbial community structure
in natural whey starters, we evaluated the variability
present in 2 steps of the LH-RT-PCR analysis, the PCR
amplification and fragment analysis levels. The analysis
compared the LH-PCR results at each level in triplicate
samples. In the former case, it was compared with the
LH-RT-PCR results obtained from 3 separate RT-PCR
amplification experiments of the one total RNA ex-
tracted. In the latter case, it was compared with the LH-
RT-PCR results obtained from 3 different electrophore-
sis runs from a single RT-PCR amplification product.
The reproducibility at each level of analysis was evalu-
ated by comparing coefficients of variation (CV) of the
relative peak areas corresponding to each species pres-
ent in whey starter. These allowed us to recognize the
degree of variability of these 2 levels and to compare
this with the natural variability present in the natural
whey starter samples.

RESULTS AND DISCUSSION

Repeatability of LH-RT-PCR

The lengths of domain A of the species considered in
this study were established by reference to the LH-PCR
database obtained by Lazzi et al. (2004), who investi-
gated the LH-PCR DNA profiles of the most representa-
tive LAB species usually present in natural whey start-
ers. Conversely, the LH-RT-PCR amplicons originating
from total RNA were compared, allowing the assessment
of the metabolically active microbial population of natu-
ral whey starter cultures. According to the published
LH-PCR database (Lazzi et al., 2004; Fornasari et al.,
2006), the presence of S. thermophilus, L. delbrueckii
ssp. lactis, and L. helveticus species has been revealed



SANTARELLI ET AL.886

Table 1. Comparison of variability at reverse transcription-PCR (RT-PCR) amplification and electrophoresis
run levels, representing length heterogeneity-RT-PCR results in 3 replicates at each level

Triplicate amplification1 Triplicate electrophoresis runs2

Species Mean SD % CV Mean SD % CV

Streptococcus thermophilus3 0.08 0.033 42.0 0.11 0.010 8.6
Lactobacillus delbrueckii ssp. lactis4 0.29 0.034 11.5 0.31 0.058 18.6
Lactobacillus helveticus5 0.63 0.005 0.8 0.57 0.068 11.8

1Mean of relative peak area in triplicate RT-PCR amplifications from the same sample.
2Mean of relative peak area in triplicate runs from the same sample.
3Fragment length 319 ± 1 (bp).
4Fragment length 331 ± 1 (bp).
5Fragment length 334 ± 1 (bp).

by fragments of 320 ± 1, 330 ± 1, and 334 ± 1 bp, respec-
tively. Two fragments of 342 ± 1 and 345 ± 1 bp revealed
the presence of Lactobacillus fermentum species. In
agreement with Cocconcelli et al. (1997), Lazzi et al.
(2004), and Fornasari et al. (2006), we found that the
microbial composition of natural whey starters showed
a constant presence of dominant species corresponding
to L. helveticus and L. delbrueckii ssp. lactis, and minor
species corresponding to S. thermophilus and L. fer-
mentum.

One of the concerns of the PCR-based methods is the
introduction of bias by PCR (Suzuki et al., 1998). Ritchie
et al. (2000) determined which step in the LH-PCR proce-
dure resulted in the greatest variability. In this work,
the repeatability test was carried out by comparing the
percentage CV of the relative peak areas of the RT-PCR
amplicons at each level of analysis (Table 1). As reported
by Suzuki et al. (1998), the relative proportion of each
component of the population can then be measured. The
relative peak areas were calculated as the ratio between
an individual peak area and the total peak area (sum of
the areas of all peaks). The greatest amount of variability
among species was at the RT-PCR amplification level
(CV range of 0.8 to 42%), and in particular, less abundant
components exhibited greater CV values. Moreover, the
electrophoresis runs showed similar variability among
species (CV range of 8.6 to 18.6%) and the variability was
not correlated with relative abundance. Lactobacillus
helveticus and L. delbrueckii ssp. lactis appeared to be
more reproducible than S. thermophilus. In agreement
with Fisher and Triplett (1999), fragment relative abun-
dance appeared to be the most reproducible for those
peaks that contributed the greatest amount to total fluo-
rescence. For this reason, any conclusion regarding the
relative abundance of less abundant components should
be made carefully.

Comparison of Different Whey Starters

All whey starter samples showed the presence of L.
helveticus, L. delbrueckii ssp. lactis, and S. thermophilus,
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but only 4 samples showed the presence of L. fermentum.
These results agreed with those of other authors who
found the composition of the culture to be dominated by
L. helveticus, with a minor presence of L. delbrueckii
ssp. lactis and S. thermophilus and the nondominant
bacterial population of L. fermentum (Beresford et al.,
2001). The relative abundances of the viable microbial
populations from 10 different natural whey starters for
Grana Padano cheese and their viabilities are illustrated
in Figure 1.

The variability of the 3 species at each level of analysis
was smaller than the variability observed in the 10 whey
starters analyzed (Table 2). For this reason, the LH-RT-
PCR technique can be considered an effective tool for
assessing the composition of the viable microbial commu-
nity in natural whey starters for Grana Padano cheese.

None of the whey starter samples analyzed showed
great diversity in its composition, and all were consti-
tuted from 3 or 4 species. However, the percentage of
each species in each sample was different. Figure 1A
shows the relative abundance of the metabolically active
species calculated as previously described. The main spe-
cies was L. helveticus, which ranged between 60 and
80% in all the whey starters studied. Greater variability
was found in L. delbrueckii ssp. lactis species (between
10 and 42%) and S. thermophilus (between 1 and 20%).

Figure 1B shows the percentages of viable and nonvia-
ble populations, yielding variable but highly viable frac-
tion values (between 73 and 99%) as expected. This re-
sult agrees with the natural whey starter characteristic
of being composed mainly of viable bacterial populations,
except for one sample, G, which showed similar viable
and nonviable fractions.

Assessment of Natural Whey Starter Treatments

Knowledge of the effects of different thermal stresses
on the equilibrium of the natural whey starter microflora
is an important feature. It permits an understanding of
the interaction among different species during storage
at different temperatures and during curd cooking.
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Figure 1. Comparison of natural whey starters from different Grana Padano cheese dairies. The x-axis represents the whey samples (A
to L). Panel A) Length heterogeneity-reverse transcription-PCR results: the y-axis represents the percentages of the relative peak areas
corresponding to Lactobacillus helveticus (gray), Lactobacillus delbrueckii ssp. lactis (white), Streptococcus thermophilus (dark gray), and
Lactobacillus fermentum (black). Panel B) Fluorescence microscopy counts: the y-axis represents the percentages of viable (white) and
nonviable (dark gray) populations.

Cooling and Freezing Treatment. Results of this
study showed that cooling for 24 h (4°C) did not consider-
ably affect the percentage of the species L. delbrueckii
ssp. lactis, whereas L. helveticus and S. thermophilus
showed decreased and increased percentage values, re-
spectively. Nevertheless, such variations were within
the range of variability found in both control and cooled
whey samples (3 repetition), as shown in the standard
deviation bars in Figure 2. Percentage of viable cells in
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the samples cooled for 24 h (4°C) was lower and less
variable than that evaluated in fresh ones.

In agreement with Kim and Dunn (1997), whey start-
ers subjected to freezing temperatures showed a drastic
decrease in cell viability. The freezing treatment at
−20°C was found to damage the viability of cells, causing
a decrease in the mean percentage values from 83%
(more variable) in fresh samples to 33% (less variable)
in frozen whey samples, respectively (Figure 3). In com-
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Table 2. Amount of variability in 10 whey starters analyzed

Values of relative peak area

Species Mean1 SD % CV

Streptococcus thermophilus2 0.093 0.050 54.9
Lactobacillus delbrueckii ssp. lactis3 0.23 0.096 41.6
Lactobacillus helveticus4 0.68 0.077 11.4

1Mean value of relative peak areas from 10 whey starter controls
analyzed.

2Fragment length 319 ± 1 (bp).
3Fragment length 331 ± 1 (bp).
4Fragment length 334 ± 1 (bp).

paring the composition of the fresh control and frozen
whey samples, a different behavior of the population was
found. There was a relative decrease in L. delbrueckii
ssp. lactis species and a relative increase in the L. helveti-
cus population in frozen wheys. Streptococcus ther-
mophilus species did not show great variations (Figure
2). The frozen tolerance of L. helveticus found in this
study agrees with the report of Gómez Zavaglia et al.
(2000), who, through a study of fatty acid composition
and freeze-thaw resistance, concluded that L. helveticus
species, with a low concentration of unsaturated fatty
acids (42 to 49%) and high fatty acid C19 cyclopropane
(cyc19:0) levels, were associated with an increase in
freeze-thaw resistance. In contrast with L. delbrueckii
ssp. lactis, which has a high content of unsaturated fatty

Figure 2. Comparison of whey starter treatments. The y-axis represents the relative peak area of the species from fresh whey starters
(dark gray) and whey starters subjected to different thermal stresses: 24 h at 4°C (white), 24 h at −20°C (gray), and 1 h at 54°C (black).
Error bars indicate standard deviation from 3 (4°C) or 2 (−20 and 54°C) experiments.
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acids (66 to 70%), the resistance decreased with the in-
crease in fatty acid C19 cyclopropane (cyc19:0) concentra-
tions. In addition, Kim and Dunn (1997) demonstrated
that a cold shock at −20°C for 24 h induced the activation
of adaptive cold shock response through the csp gene,
increasing the viability of L. helveticus. This gene was
confirmed to be low temperature-induced in both L.
helveticus (Kim and Dunn, 1997) and S. thermophilus
species (Wouters et al., 1999; Varcamonti et al., 2006).
Moreover, Varcamonti et al. (2006) suggested that the
heat shock gene clpL of S. thermophilus was induced by
both heat and cold shock.

Heating Treatment. Heating at 54°C for 1 h allowed
us to simulate the effect of curd cooking on thermophilic
LAB in the natural whey starter population used in
Grana Padano cheese technology. For this reason, before
heating, the samples were brought to pH 6.4, the typical
pH value of the curd in the vat (Mucchetti and Neviani,
2006). Natural whey starter was obtained from the sweet
whey collected after curd cooking and incubated at a
decreasing temperature. All natural whey starters are
subjected to this treatment in their preparation. In
agreement with a recent exhaustive study by Sheehan
et al. (2007), after the heating treatment, the cell viabil-
ity and the relative species composition were modified
as expected. The ratio of viable to nonviable populations
was inverted from 83:17 in control samples to 20:80 in
heated samples (54°C for 1 h; Figure 3). Species showed
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different responses to heat; the most tolerant was the
L. delbrueckii ssp. lactis species (Figure 2). As expected,
this treatment completely changed the cell viability by
reducing the number of viable cells, and interestingly, it
also modified the proportions of microbial species, which
will remain either in the curd or in the collected sweet
whey incubated at a decreasing temperature to obtain
the following day’s whey starter.

Cook temperature may cause changes not only in the
curd, which will be converted into cheese in the subse-
quent step of the cheese-making process (Sheehan et al.,
2007), but also in the sweet whey used for Grana Padano
cheese production, which is subsequently incubated at
a decreasing temperature to reach an acidity ranging
from 28 to 32°SH/50 mL for natural whey starter prepa-
ration (Mucchetti and Neviani 2006). Studies on heat
tolerance carried out on L. delbrueckii ssp. bulgaricus
indicated that variants with higher heat resistance could
be selected (Gouesbet et al., 2002). The authors demon-
strated that enhanced viability, observed after 10 min
at 65°C, resulted from the overexpression of heat shock
proteins. Results of this study showed that, in spite of a
reduction in total cell viability, L. delbrueckii ssp. lactis,
which is phylogenetically related to L. delbrueckii ssp.
bulgaricus, showed a higher heat tolerance than the
others. Guerzoni et al. (2001) showed that after a heating
treatment at 54°C, the increase in unsaturated fatty
acids in the cell membrane was a general response of L.
helveticus when exposed to superoptimal temperatures,
and in combination with other stresses. Nevertheless,
as shown in this study, such resistance did not seem
high enough to maintain L. helveticus in balance with
the other species.

Growth-Stimulator Factor Assessment. The main
role of natural whey starter is to produce acid at a consis-
tently fast rate through the manufacturing period each
and every day. To reach this goal, the cells should be
numerous, viable, and able to replicate in the vat milk.
Nowadays, natural whey starter preparation is still tra-
ditional and empirical. The possibility of improving bac-
terial growth could shorten and standardize preparation
time and increase cell viability. In this study, we evalu-
ated the effect of adding different concentrations of yeast
extract to the sweet whey to investigate the possibility
of using it as a microbial growth stimulator.

The addition of 0.3% (wt/vol) and 0.5% (wt/vol) yeast
extracts did not greatly change the total rate of viable
and nonviable cells in the starter (Figure 4). A negative
effect was caused by 1.0% addition. In this concentration,
yeast extract increased the growth capacity of S. ther-
mophilus and L. delbrueckii ssp. lactis at the expense
of the L. helveticus species. The highest concentration
of the product caused a complete imbalance of the whey
starter composition, improving the growth of both S.
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Figure 4. Length heterogeneity-reverse transcription-PCR elec-
tropherograms showing the profile obtained by analyzing the lactic
acid bacteria population of Grana Padano whey starters traditionally
prepared and enriched with 3 different concentrations (0.3, 0.5, and
1%, wt/vol) of yeast extract as a microbial growth-stimulator factor:
Streptococcus thermophilus (1), Lactobacillus delbrueckii ssp. lactis
(2), Lactobacillus helveticus (3). The pie chart represents the percent-
ages of total viable (gray) and nonviable (white) populations.
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thermophilus and L. delbrueckii ssp. lactis species. Con-
sequently, L. helveticus became the minor viable species,
so that the composition profile of the resulting whey was
completely different for all the whey starters analyzed.
This result could be due to the different nutritional re-
quirements of the species present in natural whey start-
ers. Lactobacillus helveticus seemed to be the most
adapted to this particular environment because it has
the greatest capability to use whey as a complete me-
dium. Conversely, the other species favored by yeast
extract were increased considerably. Moreover, the total
viability of the culture at the end of incubation was
reduced, presumably because of the minor acid resis-
tance of the new dominant species (S. thermophilus and
L. delbrueckii ssp. lactis vs. L. helveticus; van de Guchte
et al., 2002).

CONCLUSIONS

Length heterogeneity-RT-PCR and fluorescence mi-
croscopy techniques can be considered suitable tools to
assess variations in viable microbial populations in food
ecosystems, such as the natural whey starters for Grana
Padano cheese. These new techniques allowed us to eas-
ily, quickly, and reproducibly assess metabolically active
LAB and enabled a direct analysis from the sample,
avoiding time-consuming classical undirected microbio-
logical techniques. Nevertheless, this new approach re-
quires expensive equipment and is technically de-
manding.

Results of this study confirmed the microbiological
composition of natural whey starters and the amount of
variability caused by selective pressure attributable to
heating during cheese making. The species present in
whey starter showed different behaviors in response to
low (freezing) temperature (−20°C); such variability
highlights the fact that this treatment cannot be useful
in preserving the microbial community balance. Because
of different nutritional requirements, addition of yeast
extract to sweet whey, as a growth-stimulator factor,
altered the microbial balance, favoring S. thermophilus
growth. Our results support the view that modification
of the composition of sweet whey nitrogen compounds
could also affect the microbial composition of the re-
sulting natural whey starter. These technological inno-
vations, which are not considered in the Grana Padano
Production Disciplinary, modify the relative proportion
of each species and its viability in the culture. Such
variations could have a direct influence on the technolog-
ical effectiveness of the natural whey starter, and conse-
quently on the peculiarity of the cheese.
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