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 ABSTRACT 

 In this work, we studied the growth, survival, and 
peptidolytic activity of Lactobacillus plantarum I91 in a 
hard-cheese model consisting of a sterile extract of Reg-
gianito cheese. To assess the influence of the primary 
starter and initial proteolysis level on these parameters, 
we prepared the extracts with cheeses that were pro-
duced using 2 different starter strains of Lactobacillus 
helveticus 138 or 209 (Lh138 or Lh209) at 3 ripening 
times: 3, 90, and 180 d. The experimental extracts were 
inoculated with Lb. plantarum I91; the control extracts 
were not inoculated and the blank extracts were heat-
treated to inactivate enzymes and were not inoculated. 
All extracts were incubated at 34°C for 21 d, and then 
the pH, microbiological counts, and proteolysis pro-
files were determined. The basal proteolysis profiles in 
the extracts of young cheeses made with either strain 
tested were similar, but many differences between the 
proteolysis profiles of the extracts of the Lh138 and 
Lh209 cheeses were found when riper cheeses were used. 
The pH values in the blank and control extracts did not 
change, and no microbial growth was detected. In con-
trast, the pH value in experimental extracts decreased, 
and this decrease was more pronounced in extracts 
obtained from either of the young cheeses and from 
the Lh209 cheese at any stage of ripening. Lactobacil-
lus plantarum I91 grew up to 8 log during the first 
days of incubation in all of the extracts, but then the 
number of viable cells decreased, the extent of which 
depended on the starter strain and the age of the cheese 
used for the extract. The decrease in the counts of Lb. 
plantarum I91 was observed mainly in the extracts in 
which the pH had diminished the most. In addition, 
the extracts that best supported the viability of Lb. 
plantarum I91 during incubation had the highest free 
amino acids content. The effect of Lb. plantarum I91 
on the proteolysis profile of the extracts was marginal. 
Significant changes in the content of free amino acids 

suggested that the catabolism of free amino acids by 
Lb. plantarum I91 prevailed in a weakly proteolyzed 
medium, whereas the release of amino acids due to pep-
tidolysis overcame their catabolism in a medium with 
high levels of free amino acids. Lactobacillus plantarum
I91 was able to use energy sources other than lactose to 
support its growth because equivalent numbers of cells 
were observed in extracts containing residual amounts 
of lactose and in lactose-depleted extracts. The con-
tribution of Lb. plantarum I91 to hard-cooked cheese 
peptidolysis was negligible compared with that of the 
starter strain; however, its ability to transform amino 
acids is a promising feature of this strain. 
 Key words:   Lactobacillus plantarum , sterile cheese 
extract , hard-cooked cheese , proteolysis 

 INTRODUCTION 

 The heterogeneity and dynamics of the nonstarter 
lactic acid bacteria (NSLAB) population depend on 
the availability of nutrients and the environmental con-
ditions of a cheese, which change during ripening (Lane 
et al., 1997; Williams et al., 2000; Beresford, 2003). For 
this reason, it has been proposed that those species or 
strains able to metabolize the nutrients that are avail-
able initially will predominate at the beginning of the 
ripening process. However, this population’s growth rate 
declines when these substrates are exhausted, and then 
the population of different species or strains capable of 
metabolizing the substrates that had been produced 
during ripening will increase (Fitzsimons et al., 2001; 
Williams et al., 2002; Beresford, 2003). In general, Lac-
tobacillus plantarum is the species typically found in 
cheese at the beginning of the ripening process, whereas 
Lactobacillus casei predominates in mature cheese, al-
though few studies have addressed this subject in detail 
(Litopoulou-Tzanetaki, 1990; Fitzsimons et al., 2001; 
Mangia et al., 2008). 

 The energy source for the growth and maintenance of 
viability of NSLAB in cheese has not been clearly eluci-
dated (Budinich et al., 2011; Moe et al., 2012). It is be-
lieved that NSLAB begin their growth in cheese at the 
expense of the residual lactose (Williams et al., 2000). 
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However, the amount of residual fermentable carbohy-
drates in cheese—mainly lactose and galactose—is very 
low, and other energy sources are necessarily involved 
in NSLAB growth and viability (Beresford, 2007). 
Many strains of NSLAB origin are able to catabolize 
or grow on nitrogen-containing compounds of medium 
and small size, although it is still matter of controversy 
whether they can use amino acids or oligopeptides as 
sources of energy (Tammam et al., 2000; Williams et 
al., 2000; Laht et al., 2002; Brandsma et al., 2012). In 
addition, the amount and identity of amino acids and 
di- and tripeptides in cheese changes during ripening 
and from one cheese type to another as a consequence 
of the evolution of proteolysis (Upadhyay et al., 2004).

Early studies reported that autolytic starters were fa-
vorable for the growth of NSLAB because their cellular 
contents could provide the NSLAB with carbohydrates 
(Thomas, 1987), and their intracellular enzymes in-
creased the pool of peptides and amino acids (Kiernan 
et al., 2000; Hannon et al., 2003; Kenny et al., 2006). 
However, similar levels of NSLAB have been reported 
in cheeses manufactured with lytic and non-lytic start-
ers (Lane et al., 1997; Hynes et al., 2001). A more 
recent study proposed that highly proteolytic primary 
starters, rather than autolytic starters, stimulate the 
growth and peptidolytic activity of mesophilic lactoba-
cilli. However, this synergic effect depends of the genus, 
species, and strain of the lactic acid bacteria chosen as 
the starter (Lane et al., 1997; Hynes et al., 2001; Di 
Cagno et al., 2003). Research that addressed the inter-
actions between the NSLAB and the primary starter 
almost exclusively concerned the mesophilic lactic acid 
bacteria (i.e., Lactococcus spp.). Little is known about 
the influence of thermophilic starters, such as Strep-
tococcus thermophilus and Lactobacillus helveticus, on 
the growth and biochemical activities of the NSLAB. 
However, these species are widely used worldwide as 
starter cultures to obtain valuable cheeses. In Argen-
tina, thermophilic lactic cultures are the main lactic 
cultures; to produce Reggianito cheese, a natural whey 
starter culture containing Lactobacillus helveticus, or 
commercially available strains of the same species, is 
applied (Reinheimer et al., 1995, 1996; Hynes et al., 
2003; Vélez et al., 2010). Overall, Lb. helveticus is a 
strongly proteolytic species compared with other lac-
tic acid bacteria, but this ability varies highly both 
in intensity and specificity from one strain to another 
(Oberg et al., 2002; Jensen et al., 2009). Cheeses pro-
duced with different strains of Lb. helveticus can show 
very different extents and profiles of proteolysis, char-
acterized by different proportions of middle-sized and 
small peptides as well as the individual free amino acids 
(Chopard et al., 2001; Hynes et al., 2003; Hannon et 
al., 2007).

The performance of individual strains of lactic acid 
bacteria on cheesemaking and ripening both as starter 
and adjunct cultures is usually assessed by cheesemak-
ing trials, which are both time-consuming and expen-
sive. Some biochemical events, such as those resulting 
from pairing starter and adjunct cultures, may be 
masked by a highly complex background of milk com-
pounds and their many metabolites. To cope with these 
difficulties, cheese models have been proposed, such as 
cheese slurries, Ch-easy, miniature cheeses, and soluble 
extracts (Farkye et al., 1995; Smit et al., 1995; Shakeel-
Ur-Rehman et al., 1998; Hynes et al., 2000; Crow et al., 
2001; Hynes et al., 2004; Budinich et al., 2011). Cheese 
models are simplified, reproducible and reliable eco-
systems that require shorter times for preparation and 
ripening than do standard cheesemaking trials; they 
also allow the production of more replicates. In a previ-
ous study, we showed that an aqueous cheese extract 
was appropriate to model the ripening of hard-cooked 
cheese in short periods of time (Milesi et al., 2011). The 
objective of the present work was to assess the influence 
of the primary starter strain and the age of the cheese 
made with it on the growth, survival, and peptidolytic 
activity of Lb. plantarum I91, in a model prepared from 
a filter-sterilized soluble extract of a hard cheese type: 
Reggianito.

MATERIALS AND METHODS

Cultures

Lactobacillus helveticus 138 and 209 (Lh138 and 
Lh209) were obtained from the collection of the In-
stituto de Lactología Industrial (INLAIN, Santa Fe, 
Argentina). They were isolated from natural whey 
cultures from 2 different dairy plants and showed differ-
ent proteolytic activities in vitro and in cheesemaking 
experiments (Quiberoni et al., 1998; Candioti et al., 
2002).

Lactobacillus plantarum I91 was obtained from the 
NSLAB collection of INLAIN; it was isolated from a 
good-quality 2-mo-old Tybo Argentino cheese produced 
in an industrial environment (Ugarte et al., 2006). The 
influence of this strain on the ripening and sensory 
characteristics of soft, semi-hard, and Cheddar cheeses 
was previously investigated using miniature models 
(Milesi et al., 2008) and at pilot-plant scale (Milesi et 
al., 2009).

Stock cultures of all of the strains were maintained 
frozen at −80°C in de Man, Rogosa, and Sharpe 
(MRS) broth (Laboratorios Britania, Buenos Aires, 
Argentina) supplemented with 15% (vol/vol) glycerol 
as a cryoprotective agent. Before use, the strains were 
grown overnight twice in MRS broth.
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Cheesemaking and Preparation of Extracts

Manufacturing the Reggianito cheeses and preparing 
the soluble extracts was performed according to Milesi 
et al. (2011). Briefly, Reggianito cheeses were manufac-
tured using single cultures of Lactobacillus helveticus 
Lh138 or Lh209 incubated in sterile whey to obtain 
starter cultures, as previously described by Candioti et 
al. (2002). Two 4-kg cheeses were obtained from each 
batch, which were ripened at 12°C and 80% relative 
humidity.

Soluble extracts were prepared from these 2 cheeses 
at different stages of ripening: at d 3 after manufacture 
(young cheese, y), after ripening for 90 d (medium-
ripened cheese, m), and after manufacture for 180 d 
(fully ripened cheese, f). Before preparing the extracts, 
the pH (Bradley et al., 1993), DM content (oven drying 
at 102 ± 1°C; IDF, 1982), protein content (Kjeldahl 
method; IDF, 1993), and lactose concentration (HPLC 
according to Bouzas et al., 1991) in all of the cheeses 
were determined.

To prepare the extracts, cheese and water (1:1) were 
mixed using a blender, and then the mix was centri-
fuged (20 min at 3,000 × g). The aqueous phase was 
recovered, filtered through paper (Whatman no. 42) 
and then through a glass wool disposable prefilter (Mil-
lipore Industria e Comercio Ltda, Sao Paulo, Brazil). 
The salt content and pH were adjusted to the target 
values of 5.0% and 5.20, respectively, to approximate 
the composition of the aqueous phase of Reggianito 
cheese. The extracts were sterilized by filtration 
through membranes with 0.45-μm diameter pores (Mil-
lipore Industria e Comercio Ltda).

Inoculation and Incubation of Extracts

The sterile extracts (50 mL) were placed in sterile 
bottles. For each type of Reggianito cheese (Lh209 or 
Lh138 starters), 3 soluble extracts were prepared: a 
control that was not inoculated (CON), an experimen-
tal that was inoculated with Lb. plantarum I91 (EXP), 
and a blank that remained uninoculated and in which 
the enzymes were inactivated by heating it for 30 min 
at 70°C in a water bath (BL). Lactobacillus plantarum 
I91 was inoculated to achieve an initial level of 5 × 10 4 
cfu/mL. All of the extracts were prepared in duplicate, 
aliquoted into a series of sterile tubes, and incubated at 
34°C for 21 d.

Sampling and Analysis

One tube of each extract was removed from the in-
cubator at 0, 3, 7, 14, and 21 d. The pH value and the 
number of microbes were determined at each sampling 

time. The sterility of the CON and BL extracts was 
assessed by plating samples on aerobic plate count agar 
plates and incubating them at 37°C for 48 h (Ugarte 
et al., 2006). The Lb. plantarum I91 population in the 
EXP extracts was enumerated by counting the colonies 
on MRS agar plates (Laboratorios Britania) after incu-
bating the plates at 34°C for 48 h under microaerophilic 
conditions (Milesi et al., 2010).

To determine the course of proteolysis, the peptide 
and free amino acid profiles were determined through-
out the incubation of the extracts. The peptide profiles 
were obtained using reversed-phase HPLC according to 
Hynes et al. (2003) at 0, 3, 7, 14, and 21 d of incuba-
tion. The individual free amino acids were quantified 
using a precolumn derivatization method (AccQ-Tag; 
Waters Corp., Milford, MA), as described by Bergamini 
(2007) in samples from 0, 3, 7 and 14 d of incubation 
because preliminary assays had shown little change in 
the free amino acids (FAA) content after 14 d. The 
total FAA content (TFAA) was calculated as the sum 
of the individual quantities of FAA.

Statistics

The mean values of the individual and total contents 
of FAA and the pH of all extracts, as well as average 
levels of lactobacilli in EXP extracts, were compared 
using a one-way ANOVA. The mean values were 
grouped according to the results of the least significant 
difference test. Statistical analysis was performed using 
SPSS 10.0 software (SPSS Inc., Chicago, IL).

RESULTS

Cheese Composition and Evolution of pH

The composition and pH of the cheeses made with 
Lh209 or Lh138 were similar at each ripening point; the 
moisture content, protein content, and lactose concen-
tration comprised between 36.1 to 37.4%, 28.7 to 29.4%, 
and 0.03 to 0.05% in the young cheeses, respectively. 
In the 90- and 180-d-old cheeses, the moisture content 
was somewhat lower (35.0 to 36.8%), which is typical 
for cheeses ripened without wrapping, and the protein 
content was concomitantly increased. Lactose was not 
detected in the cheeses ripened for 90 and 180 d. The 
pH of the cheeses increased slightly during ripening, 
from 5.15 to 5.30.

The initial pH was the same in all of the extracts 
because it was adjusted before inoculation with the 
lactobacilli. The target value was 5.20 and the actual 
pH of all of the extracts was 5.25 ± 0.01. During incu-
bation, the pH remained constant in all of the BL and 
CON extracts prepared from the y, m, and f Reggianito 
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cheeses made with Lh209 or Lh138 starters (data not 
shown). In contrast, a decrease in pH was observed in 
all of the EXP extracts from the start of incubation to 
7 d; afterward, the pH remained constant until the end 
of incubation (Figure 1).

In all of the extracts of the Lh209 cheeses, the evo-
lution of pH was very similar: a pronounced decrease 
of approximately 0.4 units occurred between 0 and 3 
d, followed by a further decrease between 3 and 7 d. 
The final pH values of the Lh209 cheese extracts were 
between 4.78 and 4.82; the highest values were found in 
the f extracts and the lowest, in y extracts.

In the extracts from the Lh138 cheeses, the pattern 
was different: an initial decrease of 0.3 units occurred 
between 0 and 3 d of incubation, and then the pH re-
mained constant until d 21. The smallest decrease in 
pH was found in the m and f extracts of the Lh138 
cheese; their pH between 3 and 21 d of incubation 
was significantly (P ≤ 0.05) higher (approximately 0.1 
units) than the pH of all of the other EXP extracts 
(the y extract of the Lh138 cheese and the y, m, and f 
extracts of the Lh209 cheese).

These results may be related to the residual concen-
tration of carbohydrates (lactose and galactose) of the 
cheeses used for the extract preparations, which varied 
with the time of ripening. The greatest acidification was 
found in the y extracts, prepared with cheeses that had 
0.04 ± 0.01% lactose, whereas the levels of this carbohy-
drate were undetectable in the cheeses that had ripened 
for 90 and 180 d, which were used for preparation of the 
m and f extracts, respectively. The differences between 
extracts from cheeses made with different starter cul-
tures were not due to their lactose content because it 
was similar in both the Lh209 and Lh138 cheeses of the 
same age. However, in the cheeses manufactured with 
Lb. helveticus as a starter, the galactose moiety of lac-
tose is hydrolyzed due to this species’ ability to ferment 

this sugar (Hickey et al., 1986; Di Cagno and Gobbetti, 
2011). Consequently, it is likely that the profile of galac-
tose during Reggianito cheese ripening is similar to that 
of lactose (i.e., a higher concentration of galactose may 
be present in the young cheeses, but its concentration 
would decrease with increasing ripening time).

Microbiological Counts

No microbial growth occurred in the BL or CON 
extracts during incubation. This result confirms the 
efficacy of filtration through 0.45-μm membranes as 
a sterilization method and is in agreement with the 
constant pH observed during incubation.

The counts of Lb. plantarum I91 in the EXP extracts 
are shown in Figure 2. The initial level was 4.5 log cfu/
mL in all of the extracts. Then, the number of lactoba-
cilli increased, reaching levels of 8.2 and 8.6 log cycles 
in the extracts of the Lh209 and Lh138 cheeses, respec-
tively. No differences were found in the maximal level 
of lactobacilli in the extracts obtained from cheeses of 
different ages (P ≥ 0.05), but the age of the cheese 
affected the decrease in viability that followed, between 
3 and 21 d of incubation. In this way, the Lb. plantarum 
I91 counts decreased the most in the y extracts, which 
were those that underwent the greatest decrease in pH. 
The counts of Lb. plantarum I91 decreased to ca. 5 log 
at 14 d of incubation in both Lh209 and Lh138 cheese y 
extracts; this level remained constant in the extracts of 
the Lh209 cheeses, whereas it showed a further decrease 
(to ca. 3 log) in the y extract of the Lh138 cheese. The 
evolution of Lb. plantarum I91 population was rather 
similar in both of the m and f extracts, but the final 
level at 21 d of incubation was significantly higher in 
the extracts of the Lh138-ripened cheeses than in those 
of the Lh209-ripened cheeses (6 log vs. 5 log, respec-
tively). The final lactobacilli level was ca. 5 log in all 

Figure 1. Evolution of pH during incubation in experimental extracts of young (y), medium-ripened (m), and fully ripened (f) Reggianito 
cheeses made with Lactobacillus helveticus 138 (Lh138; solid lines) or Lb. helveticus 209 (Lh209; dashed lines) and inoculated with Lactobacillus 
plantarum I91.
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of the extracts of the Lh209 cheese, regardless the age 
of cheese. In contrast, the Lb. plantarum I91 counts in 
the extracts of the Lh138 cheeses at 21 d of incubation 
were significantly different: the m and f extracts had ca. 
3 log higher lactobacilli counts than did the y extract.

FAA

The TFAA value did not change in BL extracts dur-
ing incubation, whereas the TFAA increased in the 
EXP and CON extracts during incubation. The extent 
of the TFAA increase varied according to the aging 
time and the primary starter strain of the cheeses used 
for extract preparation.

The initial levels of the TFAA were higher in the 
extracts of cheeses that had ripened longer because of 
the evolution in proteolysis that occurs during ripening 
(Figures 3A and B). At the start of incubation, the y 
extracts of the Lh209 and Lh138 cheeses had similar lev-
els of TFAA (Figure 3). When the cheese age increased, 
the initial proteolysis in the extracts differed according 
to the Lb. helveticus strain used as a starter for cheese-
making: the TFAA contents of the m and f extracts of 
the Lh138 cheese were significantly higher than those 
of the Lh209 cheese (Figures 3A and B; P ≤ 0.05). As 
for the influence of Lb. plantarum I91, in general, no 
significant differences were observed between the TFAA 
increases in the CON and EXP extracts during incuba-
tion, although slight variation was observed. For Lh138 
extracts, the TFAA content of the EXP and CON 
extracts were very similar throughout the incubation. 
For the Lh209 cheese extracts, the EXP extracts always 
exhibited a lower TFAA level than those of the CON 
extracts, but significant differences were found only in 
the y extracts at 14 d of incubation (P ≤ 0.05).

The differences in the concentration of each FAA in 
the EXP extracts and their respective CON at 7 and 
14 d were quantified as percentages (Figure 4). In the 
y extracts (Figure 4A), the levels of all of the FAA 
generally decreased in the EXP extracts in relation to 
CON extracts, with a few exceptions. In addition, the 
differences were slightly higher for the Lh209 extracts. 
An opposite trend was found for the Lh138 and Lh209 
m extracts: most of the FAA increased in Lh138 cheese 
extracts containing Lb. plantarum I91 in relation to the 
respective CON, whereas most of the FAA decreased 
in the Lh209 extracts containing Lb. plantarum I91 
(Figure 4B). Finally, the evolution of FAA profile in 
the f extracts was very similar to that of the m extracts 
(Figure 4C).

Peptide Profiles

The soluble peptide profiles of the BL extracts did 
not change during incubation, with the exception of an 
increase of the peak areas in the chromatogram zone 
between 65 to 75 min (data not shown). In contrast, 
the peptide profiles of the y, m, and f CON and EXP 
extracts showed evident changes during incubation 
(Figures 5 and 6). In general, the profiles evolved dur-
ing incubation toward an increase in the number/area 
of peaks in the initial zone of the chromatogram (be-
tween 0 to 30 min, approximately), and a concomitant 
decrease in the number/area of peaks in the middle and 
the end part of the profile (between 30 to 95 min, ap-
proximately). The peptide profiles in the y extracts of 
the Lh138 and Lh209 cheeses were similar; they evolved 
toward completely different patterns as ripening and 
incubation progressed (i.e., in the m and f extracts; 
Figures 5 and 6).

Figure 2. Evolution of Lactobacillus plantarum I91 population size in experimental extracts obtained from young (y), medium-ripened (m), 
and fully ripened (f) Reggianito cheeses made with Lactobacillus helveticus 138 (Lh138; solid lines) or Lb. helveticus 209 (Lh209; dashed lines).
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The effect of Lb. plantarum I91 on the peptide pro-
files was marginal: very few differences were found 
between the peptide profiles of the CON and EXP 
extracts, for both the Lh138 (Figure 5) and the Lh209 
(Figure 6) cheeses. When differences between the pep-
tide profiles of the extracts incubated with and without 
Lb. plantarum I91 were found, they occurred in the y 
extracts rather than in the m and f extracts. The main 
differences among the peptide profiles of the different 
extracts were found between 5 and 10 min, at approxi-
mately 24 min, at approximately 40 min, and between 
65 and 75 min.

DISCUSSION

Although the NSLAB can metabolize a great variety 
of substrates in cheeses, residual lactose has been re-
ported to be necessary for the growth of the NSLAB at 

the beginning of ripening (Williams et al., 2000; Beres-
ford, 2003). However, the growth and maintenance of 
a high level of NSLAB after several weeks of ripening, 
when the lactose is exhausted, demonstrates that this 
compound is not the only energy source (Fox et al., 
1998; Banks and Williams, 2004).

In our study, the growth of Lb. plantarum I91 was 
quite similar in the extracts obtained from cheeses 
of different ages, which contained different levels of 
lactose, from 0.04% to undetectable levels (≤0.01%). 
Similarly, Díaz-Muñiz and Steele (2006) observed that 
Lb. casei ATCC334 reached almost 109 cfu/mL in a 
Cheddar cheese extract after 200 h of incubation (ca. 
8 d) in the presence of both excess (52 mM total hex-
ose) and limiting carbohydrate (2.6 mM total hexose). 
Similarly, Shakeel-Ur-Rehman et al. (2004) suggested 
that no lactose is needed for the growth of NSLAB in 
Cheddar cheese because they obtained similar lactoba-

Figure 3. Total free amino acids (TFAA) in control (CON; extracts that were not inoculated) and experimental (EXP; extracts inoculated 
with Lactobacillus plantarum I91) cheese extracts during incubation. (A) Extracts obtained from young (y), medium-ripened (m), and fully 
ripened (f) Reggianito cheeses manufactured using Lactobacillus helveticus 138 as the primary starter; (B) extracts obtained from y, m, and f 
Reggianito cheeses manufactured using Lb. helveticus 209 as the primary starter.
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Figure 4. Percentage differences between the levels of free amino acids (FAA) in the experimental extracts inoculated with Lactobacillus 
plantarum I91 in relation to their respective control extracts at 7 and 14 d of incubation. (A) Extracts of young (y) Reggianito cheeses, (B) 
extracts of medium-ripened (m) Reggianito cheeses (90 d), (C) extracts of fully ripened (f) Reggianito cheeses (180 d). Lh138 = Lactobacillus 
helveticus 138; Lh209 = Lb. helveticus 209.
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cilli counts in cheeses with different levels of lactose, 
although the minimal concentration of lactose obtained 
by these authors in young Cheddar cheeses may have 
been sufficient to initiate NSLAB growth. In contrast 
to these results, Budinich et al. (2011) observed that 
the ability of a Cheddar cheese extract to support the 
growth of Lb. paracasei ATCC334 decreased as the rip-
ening time of the Cheddar cheese used to prepare the 
medium increased: the differences between those results 
and ours may be due to the diverse nutrients available 
in the cheese extracts, the time of incubation, and dif-
ferences in species and strains. Additionally, Hussain 

et al. (2009) showed that the population of Lb. casei 
GCRL163 increased during incubation in a tryptone-
based defined medium containing 0.2 or 1% of lactose, 
but they did not detect any growth in a medium lacking 
lactose. The survival of Lb. casei GCRL163, however, 
was better in the lactose-deficient medium.

However, several strains of different lactic acid bac-
teria that can use amino acids and small peptides as 
energy sources under sugar starvation conditions have 
been reported (Ganesan et al., 2007; Skeie et al., 2008; 
Brandsma et al., 2012; Sinz and Schwab, 2012). Ac-
cording to our results, although the maximal level of 

Figure 5. Peptide profiles determined by reversed-phase HPLC of control (A, C, and E) and experimental (B, D, and F) extracts during 
incubation (0, 3, 7, 14, and 21 d). Extracts were obtained from young (y; A and B), medium-ripened (m; C and D), and fully ripened (f; E and F) 
Reggianito cheeses manufactured using Lactobacillus helveticus 138 (Lh138) as the primary starter. Control: extracts that were not inoculated; 
experimental: extracts that were inoculated with Lactobacillus plantarum I91.
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lactobacilli was equal in all extracts, viability of Lb. 
plantarum I91 was best maintained in the Lh138 cheese 
m and f extracts, which contained at least twice as 
much TFAA as the Lh209 m and f extracts, and no 
lactose.

In extracts of the young cheeses of both the Lh209 
and Lh138 types, the viability of Lb. plantarum I91 
correlated with the environmentally unfavorable condi-
tions, mainly the pH decrease and, probably, the in-

crease in inhibitor compounds, such as lactate, as well 
as the depletion of energy sources such as lactose and 
others (Kieronczyk et al., 2001; Hussain et al., 2009). 
Similarly, Hussain et al. (2009) observed a detrimental 
effect of lactate on the viability of Lb. casei GCRL163 
during prolonged exposure (30 d in a chemically de-
fined medium at 30°C). The differences in the pH and 
cell viability values for the Lh138- and Lh209-ripened 
cheese extracts (m and f extracts), in which the lactose 

Figure 6. Peptide profiles obtained by reversed-phase HPLC of control (A, C, and E) and experimental (B, D, and F) extracts during incu-
bation (0, 3, 7, 14, and 21 d). Extracts were obtained from young (y; A and B), medium-ripened (m; C and D), and fully ripened (f; E and F) 
Reggianito cheeses manufactured using Lactobacillus helveticus 209 (Lh209) as the primary starter. Control: extracts that were not inoculated; 
experimental: extracts that were inoculated with Lactobacillus plantarum I91. 
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concentration was below the detection limit, may be 
due to different residual galactose contents in the 2 
types of cheeses; however, we did not determine the 
galactose content of the extracts.

The amino acid content at a given time of incubation 
is the result of the balance between their release in 
the peptidolysis and their catabolism, as well due to 
other chemical reactions involving FAA. In the CON 
extracts, catabolism of amino acids was not possible 
because there were no viable cells, only proteolytic and 
peptidolytic enzymes: residual coagulant, plasmin, and, 
more importantly—because it differed from Lh209 to 
Lh138 cheeses—enzymes released from the cells of the 
starter strain of Lb. helveticus. In both CON extracts, 
the TFAA release showed a positive slope during in-
cubation, but the TFAA release was much greater in 
Lh138 than in Lh209 cheese extracts, as shown in Fig-
ures 3A and B, respectively. The peptide profiles of the 
CON extracts were correlated with the FAA release in 
Lh138 cheese extracts; a decrease in the number and 
areas of peaks during ripening and with increased incu-
bation time was observed, concomitant with increased 
peptide hydrolysis and FAA release. In the Lh209 ex-
tracts, an increase in the number and areas of the peaks 
was observed with the increasing ripening of the cheese 
used for the extracts or the incubation time, or both. 
These observations suggest that the Lh209 cheeses and 
extracts were in a prior state of proteolysis compared 
with the Lh138 cheeses and extracts of the same rip-
ening status or incubation period, which is consistent 
with the results reported by Milesi et al. (2011).

The very different initial proteolysis profiles of the 
extracts did not significantly influence the proteolytic 
and peptidolytic activity of Lb. plantarum I91 because 
only marginal changes were detected in the EXP ex-
tracts compared with the CON extracts. Although Lb. 
plantarum I91 grew, acidified the medium and remained 
viable during incubation in all of the extracts, few 
changes in peptide production were attributable to its 
activity, and those were mostly in young (y) extracts.

In this hard-cheese model, the small contribution of 
Lb. plantarum I91 to peptidolysis indicates that the 
influence of the NSLAB and their enzymes may be 
secondary compared with that of all the other pro-
teolytic agents present in this type of cheese. Gatti 
et al. (1999) reported that the enzymatic pattern of 
mature Italian cheese is determined by the type of 
starter used in cheesemaking, which is consistent with 
the differences between the extracts observed in our 
study. It is possible that the proteolytic activity due 
to the peptidases released by the starter cultures of 
Lb. helveticus masked the peptidolytic activity of Lb. 
plantarum I91. In this way, a high concentration of dif-
ferent peptidases was found in cheeses manufactured 

with thermophilic lactobacilli, such as Grana Padano 
and Parmigiano-Reggiano, or with a starter composed 
of Strep. thermophilus and thermophilic lactobacilli, 
such as Sbrinz, Swiss Gruyere, Pecorino Romano, and 
Provolone. The levels of peptidase activities in these 
cheeses were the highest in comparison with those of 
other cheeses, which contained only mesophilic starters 
and had a shorter ripening period (Gatti et al., 1999).

We also proposed that plasmin activity most likely 
had an influence on production and hydrolysis of hy-
drophobic peptides in the extracts. Heat-treated BL 
extracts showed increased areas for the peaks of the 
zone of 65 to 75 min, which are likely caused by heat-
resistant indigenous protease of milk, plasmin (Kelly 
and O’Donnell, 1998). Hydrophobic peaks were much 
lower in EXP y extracts compared with CON y ex-
tracts, likely because the low pH inhibited plasmin 
activity (Bastian and Brown, 1996).

Several mesophilic lactobacilli strains have shown an 
influence on proteolysis in hard cheeses, but in these 
cases, the primary starter was composed of lactococci 
strains and the cheese model was Cheddar, which is 
cooked to a lower maximum scald than Reggianito 
cheese (Lane and Fox, 1996; Lynch et al., 1996, 1997). 
However, Lb. plantarum I91 had a significant influence 
on the production of soluble peptides and the increase 
in FAA in Cremoso, Cheddar, and Pategrás cheeses 
(Milesi et al., 2008, 2009). In those research studies, the 
starter cultures consisted of Strep. thermophilus strains 
for the Cremoso and Pategrás cheeses and Lactococ-
cus lactis strains for the Cheddar cheese. The present 
model offered a much more complex background for Lb. 
plantarum I91 so that its influence on peptidolysis was 
not significant.

Finally, regarding the individual and total FAA 
contents, some changes due to the inoculation of Lb. 
plantarum I91 in the extracts were detected. The effect 
of medium composition on the metabolic activity of 
lactic acid bacteria has been demonstrated by several 
authors. In this sense, the high availability of FAA and 
small peptides led to a lower production of proteolytic 
enzymes by Lc. lactis and some strains of lactobacilli, 
but this regulation has been shown to be strain depen-
dent (Meijer et al., 1996; Hebert et al., 2000; Savijoki 
et al., 2006). In our work, the neat balance of FAA in 
the extracts at each sampling point during incubation 
indicates that catabolism of FAA of Lb. plantarum I91 
prevailed in a medium containing low levels of FAA, 
such as all of the Lh209 extracts and the Lh138 y ex-
tract, whereas the release of amino acids by Lb. plan-
tarum I91 largely overcame the effects of catabolism in 
a medium with high levels of amino acids, such as the 
Lh138 extracts. Liu et al. (2003) have demonstrated a 
variable ability between different strains of Lb. plan-
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tarum to metabolize or produce specific amino acids. 
With regard to the capability of the Lb. plantarum 91 
for metabolize amino acids, we have found aminotrans-
ferase activity toward Asp and branched and aromatic 
amino acids (results not published).

CONCLUSIONS

In the present study, we found that Lb. plantarum 
I91, an NSLAB strain, grew to similar levels in hard-
cheese extracts regardless of differences in their lactose 
concentration, FAA content, and available peptides. 
The differences in the composition of the extracts were 
caused by the Lb. helveticus starter strain of the 2 
cheeses and their ripening periods. Lactobacillus plan-
tarum I91 was able to use energy sources other than 
lactose to reach an equivalent maximal population size 
in all of the extracts at 3 d of incubation. Further sur-
vival of Lb. plantarum I91 up to 21 d of incubation was 
significantly higher in extracts with the highest levels 
of FAA and peptides and the lowest acidification rates. 
Lactobacillus plantarum I91 did not affect the quanti-
ties of peptidolytic product or the differential peptide 
production according to the initial proteolysis profile of 
the extract, indicating that the effect of the NSLAB on 
proteolysis in hard-cooked cheeses may be secondary. 
The influence of the strain of Lb. helveticus used as a 
starter culture on Lb. plantarum I91 metabolism was 
mainly exerted on FAA release/catabolism.
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