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Abstract - The aim of this work was to detect the best conditions to preserve by freezing potentially probiotic strains of Lactobacillus
rhamnosus isolated from food. Four strains isolated from Parmigiano Reggiano cheese, the commercial strain Lactobacillus GG and the
type strain ATCC 7469T were used in the present study. Two different pre-incubation times (5 and 24 h), three protective media (Skim
milk, Skim milk plus glucose and MRS plus glycerol) and two storage temperatures (-20 and -80 °C) were used for a preservation
period of 90 days. A sensible loss of survival of the strains was detected and the acidifying activity decreased depending on the dif-
ferent factors analysed. Moreover, plate counts performed in MRS plus bile salts evidenced that a considerable percentage of cells suf-
fers damages deriving from cold. This study showed that the growth phase of the cells plays an important role for the resistance to

the storage by freezing. Finally, Skim milk had the best protective action, showing the highest activity at -80 °C.
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INTRODUCTION

Lactic acid bacteria are involved in many technological
processes regarding fermented foods. The low viability of
micro-organisms ascertained in many commercial prepara-
tions have led researchers to study new methods for their
preservation, so that the highest number of strains results
alive at the moment of their use as starter cultures.
Actually, freezing represents an easy and not very costly
tool for the starter preservation (Coppola et al., 1996) and
especially the dairy industry frequently makes use of frozen
starters because of the possibility of their direct use in fer-
menter or in vat, without risks of contamination (Gilliland
and Speck, 1974; Monnet et al., 2003).

Nowadays, selection criteria of strains for their use as
starters in the production of fermented foods also include
the ability to survive stress factors, such as low storage
temperatures, preserving their biochemical and technolog-
ical characteristics (Van De Guchte et al., 2002).

Over the past years, particular attention was paid to
bacterial cell damages deriving from the freezing-thawing,
including a lethal effect, an inhibition of the growth and a
reduction or loss of a metabolic activity (sublethal effect)
(Fernandez Murga et al., 2000). As a result, a frozen starter
could consist of viable cells (active after freezing-thawing
process), damaged cells (alive but characterised by a
reduction or a loss of a particular activity) and dead cells
(Smittle et al., 1972; Gilliland and Lara, 1988).
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Gram-positive bacteria react to the freezing in different
manners but differences can also be appreciated among
strains belonging to the same species (Gibson et al., 1965;
Smittle et al., 1972; Leach and Sandine, 1976; Thunnell et
al., 1984). Moreover, the same strain could display a dif-
ferent cold-shock response depending on its physiological
state or on the composition of the preservation medium
(Smittle et al., 1972; Smittle et al., 1974; Golberg and
Eschar, 1977; Klaenhammer and Kleeman, 1981; Wright
and Klaenhammeret, 1983; Johnson et al., 1984).

Many studies focusing on the ascertainment of effects
deriving from preservation temperatures established the
lowest storage temperature, the highest cell survival.
Moreover, the mortality of the cells increases with the cryo-
preservation time (Gibson et al., 1965; Smittle et al.,
1972) while the cooling rate plays a fundamental role in the
definition of possible damages deriving from cold (Mazur,
1977; Tomas et al., 2004).

However the bacterial resistance to freezing tempera-
tures is strictly correlated to the medium composition used
for the cryo-preservation: different substances, such as
Skim milk (de Antoni et al., 1989; Foschino et al., 1996;
Kim and Dunn., 1997), glycerol (Accolas and Auclair, 1967;
Smittle et al., 1972; Font de Valdéz et al., 1983; Fonseca
et al.,, 2000) and sugars (Stadhouders et al., 1971;
Chavarri et al., 1988) play protective roles; on the other
hand, low pH values and high saline concentrations exert
negative effects on the cells (Van De Guchte et al., 2002).

Nowadays these themes are more and more important
because of the utilisation in the food industry of starters
containing probiotic micro-organisms preserved by freeze-
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drying or by freezing. These starter cultures have to be
strictly investigated for possible changes in physiological
and biochemical features due to the freezing and the frozen
storage.

The present study aimed to ascertain the freezing effect
on Lactobacillus rhamnosus strains isolated from
Parmigiano Reggiano cheese at the end of the ripening and
selected on the basis of probiotic features, such as the
antibiotic susceptibility, the ability to produce antimicrobial
substances, and the capability to survive at low pH and in
presence of bile salts (Coppola et al., 1996, 2005; Succi et
al., 2005). The reason for focusing on Lactobacillus rham-
nosus species is tied to many studies, in which their occur-
rence during cheese ripening (Zago et al., 2007) or their
probiotic characteristics are reported (Goldin et al., 1992;
Saxelin et al., 1993; Millar et al., 1993; Salminen et al.,
1996; Korpela et al., 1997; Majamaa and Isolauri, 1997,
Saxelin, 1997).

MATERIALS AND METHODS

Bacterial strains. Four Lactobacillus rhamnosus strains
(CT1, GT1/1, 0T1/3 and VT1/1) from the DISTAAM collection
(University of Molise), isolated from Parmigiano Reggiano
cheese and selected on the basis of their potentially probiot-
ic features (Coppola et al., 1997, 2000, 2005; Succi et al.,
2005), L. rhamnosus GG, isolated from a pharmaceutical
preparation (Valio LTD, Helsinki, Finland), and L. rhamnosus
type strain ATCC 74697 were used in the present study.
Strains were maintained in tubes of MRS agar (5 g/L,
Oxoid, Milan, Italy) at 4 °C and propagated twice in MRS
broth (Oxoid, Milan, Italy) for 16 h at 37 °C before the use.

Preservation conditions. Each strain from overnight cul-
tures was 1% inoculated into 3 tubes containing 20 mL of
MRS broth. After incubation for 5 h at 37 °C (IT5), cells
were harvested by centrifugation at 9000 rpm for 10 min
and washed twice in Ringer’s solution. Pellet from the 3
tubes was suspended into 3 tubes containing respectively
20 mL of Skim milk (Oxoid) or MRS broth plus 20% glyc-
erol (v/v) (Sigma-Aldrich, Milan, Italy) or Skim milk plus
0.5% glucose (v/v) (Sigma-Aldrich). Before the use, glyc-
erol was sterilised by autoclaving at 121 °C for 15 min
while glucose was sterilised by filtration using 0.20 mm fil-
ters (Schleicher and Shuell, Germany).

After a drastic agitation on vortex aliquots of 2 mL from
the homogenised suspensions for each medium were trans-
ferred in cryogenic vials. Therefore, for each strain at IT5,
were obtained ten vials for each preservation medium: five
were stored at -20 °C and other five at -80 °C.

An identical procedure was adopted on the same strains
incubated for 24 h at 37 °C (IT24) instead of IT5.

Experiments were replicated three times for each strain.

Survival during freezing and frozen storage. The sur-
vival of the assayed strains was determined in MRS agar
(15 g/L) before storage and 1, 30, 60 and 90 d after stor-
age at -20 and -80 °C in the substrates described above.
For this purpose, cryogenic vials were thawed at room tem-
perature and the subsequent microbial counts were per-
formed in MRS agar plates incubated at 37 °C for 48-72 h.
Each experiment was replicated three times for each strain
and results were expressed (as the mean of measure-

ments) in terms of mortality.

The occurrence of damages to the cells during the stor-
age was evaluated by plate counts in MRS agar supple-
mented with 1% bile salts (Oxoid) as described above.
Plates were incubated at 37 °C for 7 d. Microbial counts
were reported as ratio between values registered at each
observation time and values detected before freezing in
MRS agar added of 1% bile salts. Values were reported as
percentages of cells unable to grow in the presence of bile
salts at time zero. Each experiment was replicated three
times for each strain and results were expressed (as the
mean of measurements) in terms of mortality.

Evaluation of the acidifying ability. Lactobacillus rham-
nosus strains were evaluated for their acidifying activity
before storage and after 1, 30, 60 and 90 days of storage
at -20 or -80 °C in the different media. Acidfying ability
was evaluated after incubation at 37 °C for 24 h in MRS
broth (pH 6.2) and in MRS broth plus 1% bile salts (1%
inoculum) using a pH-meter (Crison). The results were
expressed in terms of ApH (difference between the initial
value of non-inoculated medium and final values after acid-
ification). Each experiment was replicated three times for
each strain and results were expressed as the mean of
measurements and standard error.

RESULTS AND DISCUSSION

Survival freezing and frozen storage

Results illustrated in the Fig. 1 highlighted a strain-specific
behaviour. Generally, L. rhamnosus type strain ATCC 74697
showed the highest mortality independently by the differ-
ent conditions of storage, while the lowest one was evi-
denced by strain GT1/1.

In particular, after one day, the strain ATCC 7469 had
the lowest mortality in Skim milk or in Skim milk plus glu-
cose after IT24 and preservation at -80 °C. On the other
hand, the storage in MRS plus glycerol at -20 °C, 1T24,
produced the highest mortality, more than 90% starting
from the 30t d until the end of the storage.

The strain GG showed the lowest mortality for IT5 and
preservation in Skim milk at -80 °C; the highest rate was
observed for IT24 and storage in Skim milk plus glucose at
-20 °C.

Until the 60t d, the strain CT1 had the lowest mortali-
ty for IT5 and storage in Skim milk at -80 °C, whereas after
60 d the lowest rate was registered for IT24 and storage at
-80 °C in Skim milk. During the entire storage, the highest
mortality was reached in MRS plus glycerol at -20 °C and
1T24 for the entire storage.

The strain GT1/1 had the lowest mortality for IT5 and
storage in Skim milk at -80 °C. After 1 d and between 60
and 90 d of storage, the highest rate was evidenced in
Skim milk plus glucose, IT5 and storage at -20 °C, where-
as during the period 1-30 d, it was observed for IT24 and
preservation in Skim milk plus glucose at -80 °C.

Until the 30th d, the strain OT1/3 showed the lowest
mortality for IT24 and storage in Skim milk plus glucose at
-80 °C; after 60 d, the lowest value was observed in Skim
milk at -80 °C for IT24. Finally, at 90 d the lowest rates
were observed in Skim milk at -80 °C, for both IT5 and
IT24. The highest mortality was always registered for IT5
and storage in MRS plus glycerol at -20 °C.
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FIG. 1 - Mortality (% of died cells at time t / counts ascertained before freezing) of Lactobacillus rhamnosus strains stored in Skim
milk (A), Skim milk plus glucose (B) or MRS plus glycerol (C), at -20 °C (X) or -80 °C (Y) after growth for 5 h (5) or 24 h

(24) at 37 °C (mean of triplicate results).
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During the entire storage, the strain VT1/1 showed the
lowest mortality in Skim milk plus glucose stored at -80 °C
after IT5. The highest mortalities were instead evidenced in
MRS plus glycerol after IT24 and storage at -20 or -80 °C.

Figure 2 illustrates the mortalities during the storage,
expressed in terms of mean of values for all the strains, in
order to highlight common traits between the assayed
strains. Counts were also performed in MRS in the presence
of Bile salts to ascertain possible cold induced injuries to
the permeability of cell membrane, as previously reported
(Succi et al., 2005).

After freezing (counts carried out at 1 d of storage) it
was possible to ascertain in MRS mortalities between 26
and 56%. In particular, the lowest one was observed after
IT5 and subsequent storage at -80 °C in Skim milk or in
Skim milk plus glucose (26 and 27% respectively); the
highest mortality at this time was found out at -20 °C in
MRS plus glycerol after IT5 (56%).

During the subsequent 60 d of storage, a moderate
mortality was ascertained, whereas after 90 d the percent-
age of survivors was very low. Specifically, at 30 d values
resulted between 41 and 66%: the lowest rate was
obtained in Skim milk stored at -80 °C after IT5; the high-
est one was detected in MRS plus glycerol stored at -20 °C
after IT5. At 60 d of storage, a similar behaviour was
noticed: the lowest mortality (45%) was ascertained in
Skim milk stored at -80 °C after IT5, whereas the highest
one (77%) was found out in MRS plus glycerol stored at
-20 °C after IT5. At the end of the storage (90 d), the mor-
tality resulted very high for all the experimental conditions,
with values between 84 and 97%. Lowest values were
ascertained in Skim milk stored at -80 °C after IT5 (84%)
or IT24 (85%).

The results evidenced that storage temperatures, as
well as the different media adopted, were able to influence
the survival of L. rhamnosus strains. In particular, the low-
est mortalities were always ascertained for cells stored at
-80 °C in Skim milk or in Skim milk plus glucose, after IT5.
Highest values were ascertained in MRS plus glycerol
stored at -20 °C after IT5.

The finding that the lowest temperature (-80 °C) is able
to guarantee the highest survival is in agreement with
Tomas et al. (2004). Fonseca et al. (2001) showed in their
work, performed on two lactic acid bacteria utilised in the
production of starter culture, Streptococcus thermophilus
and Lactobacillus delbrueckii ssp. bulgaricus, the higher the
freezing rate and the lower the storage temperature, the
better the bacterial resistance to freezing and frozen stor-
age. In another work (Fonseca et al., 2006), they also
demonstrated that a very high cooling rate was able to
increase cells viability, but only a low storage temperature
(-80 °C) preserved this state. In contrast, low cooling rates
would be preferred if a high storage temperature (-20 °C)
was employed.

As for the media assayed in our study, Skim milk
seemed to guarantee protective features higher than those
ensured by Skim milk plus glucose or by MRS plus glycerol.
In a study performed on Lactobacillus delbrueckii ssp. bul-
garicus, Panoff et al. (2000) demonstrated the possibility to
induce phenotypic cryoadaptation by adaptive pretreat-
ment with osmotica known as cryoprotective chemicals,
such as lactose, trehalose, and sucrose. They found that
cells treated with glycerol became more sensitive to freez-
ing and thawing, whereas the other cryoprotectants tested

in their study increased the survival rate. In this experi-
ment, the possible mechanism of cryoresistance, enhanced
by pretreatment with sugars, may be a partial dehydration
of the cells.

Finally, the lowest mortalities were always ascertained
for cells in the exponential growth phase (5 h of incubation
before freezing), even if this datum appears in contrast
with other reports, showing a higher bacterial resistance
when the culture is stopped in the stationary phase
(Brashears and Gilliland, 1995; Fonseca et al., 2001).

In order to ascertain the effective number of viable and
not damaged cells at different days of freezing, microbial
counts were also performed in the presence of bile salts
(Fig. 2).

Counts performed until the 30t d of storage resulted
very similar to those performed without bile salts, general-
ly demonstrating low injuries during this period. However,
after 60 d, values found out resulted sensibly higher than
those ascertained without bile salts. In particular, the low-
est injury was ascertained in Skim milk stored at -20 °C
after IT24 (55%) whereas the highest rates were pointed
out after IT24 and storage at -80 °C in Skim milk plus glu-
cose (82%) or in MRS plus glycerol (89%). Finally, at 90 d
of storage mortalities with or without bile salts were very
similar again, with percentages of mortality ranging from
84 to 99%.

Generally, the injury detected in Skim milk was lower
than that detected in Skim milk plus glucose and the latest
one was lower than in MRS plus glycerol.

Preservation of the acidifying ability

Values reported in Fig. 3 highlighted a moderate decrease
of the acidifying ability during the storage period. In par-
ticular, the lowest loss of this activity was detected in Skim
milk, the highest one in MRS plus glycerol.

Considering the acidifying activity evaluated in the
presence of bile salts, it is interesting to note the sensible
loss of the activity in each evaluated case, probably due to
the presence of cold-stressed cells. Moreover, the addition
of bile salts to the standard medium well highlighted the
different protective action of media adopted in this study.
In fact, after 90 d of storage, the loss of the acidifying abil-
ity was lower in Skim milk or in Skim milk plus glucose than
that ascertained in MRS plus glycerol.

CONCLUSIONS

Starter cultures to be employed in the food industry are
generally available in frozen or freeze-dried form.
Normally, are “ready to use” cultures and their survival to
the storage, as well as the preservation of their features
(e.g. acidifying ability), is of great importance in order to
guarantee the success of final products. Moreover, nowa-
days the market offers a great number of probiotic prepa-
rations, in which probiotic micro-organisms are added to
the “traditional starter”. Considering that the health bene-
fits of these products are due to the presence of “healthy
bacteria”, it is particularly important to assay the survival
of these micro-organisms in order to guarantee a high
number of viable and non-stressed cells at the moment of
their use.

The present work illustrated some important results
regarding the preservation by freezing of potentially probi-
otic Lactobacillus rhamnosus strains. In particular, data
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FIG. 2 - Mortality (% of died cells at time t / counts ascertained before freezing) of Lactobacillus rhamnosus strains evaluated in MRS
or in MRS plus 1% bile salts during the storage in Skim milk (@), Skim milk plus glucose (CI) or MRS plus glycerol (&), at
-20 °C (X) or -80 °C (Y) after growth for 5 h (5) or 24 h (24) at 37 °C (mean of triplicate results obtained on 6 different
strains).
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FIG. 3 - Acidifying ability in MRS broth or in MRS broth plus 1% bile salts (measured as pH lowering after 24 h) of 6 Lactobacillus
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obtained made possible to detect a strain-specific response
to the different conditions adopted in this study that demon-
strate the importance to test each strain before the use as
starter culture. However it was possible to highlight some
common factors to preserve the assayed strains. In fact,
between the adopted media, Skim milk showed the highest
protective action and, amongst freezing temperatures, the
lowest one (-80 °C) seemed to be the best. Moreover, the
ITS instead of 24 generally gave a better survival.

The storage time also demonstrated to be of great
importance. In fact, the highest rates of mortality were
ascertained after one (probably due to the freezing) and 90
d of storage, whereas similar counts were generally detect-
ed at 30 and 60 d. Finally, the highest damages appeared
after 60 d of storage and the stress resulted particular evi-
dent in MRS plus glycerol.
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