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Almeida, 4200-072 Porto, Portugal
*Author for correspondence (Fax: +351 225090351; E-mail: paula@esb.ucp.pt)

Key words: drying, Lactobacillus sakei, solutes accumulation, viability

Abstract

Spray-dried cells of Lactobacillus sakei CTC 494 survived ca. 60% longer in the spray dried state when cells
were grown in the presence of 20 g sucrose l)1 or 12.5 g monosodium glutamate l)1. No significant dif-
ferences were observed in viability during storage in the freeze dried state with the addition of these
compounds to the growth medium, nor in survival during a heat treatment (55 �C). Both sucrose and
glutamate in the growth medium suppressed intracellular accumulation of total amino acids and changed
the overall pattern of the individual amino acids. Glutamate in the growth medium enhanced intracellular
glutamate by ca. 38%.

Introduction

Lactobacillus sakei occurs naturally on meat, meat
products and fish products. L. sakei CTC 494 is a
potential probiotic strain because of its high
degree of adhesion to chicken intestinal epithelial
cells, antagonistic activity against some food-
borne pathogens, including L. monocytogenes, and
its capacity to decrease biogenic amine accumula-
tion during sausage fermentation (Hugas et al.
1995).

Bulk production of L. sakei, ready to use as an
inoculum in food fermentations, would therefore
be very useful. For industrial use, lactic acid bac-
teria (LAB) are often preserved in a frozen or dried
state; the latter preparations having lower trans-
port and storage costs (Gardiner et al. 2000).
Considering the cost of producing large quantities
of dried starters and the costs involved in their

transport and storage, spray drying is more effec-
tive than other drying methods. A disadvantage of
drying is the loss of viability/activity during sub-
sequent storage, especially when cultures are kept
at room temperature (Carvalho et al. 2004). Var-
ious agents are therefore usually added to the
growth or drying media in order to minimize these
effects. The choice of an appropriate growth
medium is therefore of fundamental importance to
increase the survival of organisms during and after
drying (Welsh 2000, Silva et al. 2004) as compat-
ible solutes are probably accumulated intracellu-
larly (Linders et al. 1997).

Sucrose and monosodium glutamate (MSG)
have a positive effect during storage of various
dried LAB (Carvalho et al. 2002, Silva et al. 2004).
The degree of protection during storage afforded
by a given additive, however, was demonstrated to
be species- and strain-dependent. The aim of the
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present study was to investigate the effect of
sucrose and MSG added to the growth medium on
the survival of L. sakei CTC 494 during heating,
drying and subsequent storage in the dried state.
To seek any underlying mechanisms of cell pro-
tection during heating, drying or storage in the
dried state, the intracellular amino acid contents of
cells grown in the presence of sucrose and gluta-
mate were compared with that of control cells
grown in MRS.

Materials and methods

Organism and media

Lactobacillus sakei CTC 494 was supplied by Dr
Marta Hugas (Spain). It was grown in De Man,
Rogosa, Sharpe (MRS) broth at 37 �C for 24 h
and then inoculated (1% v/v) into MRS broth,
and MRS broth with either 20 g sucrose l)1 or
12.5 g monosodium glutamate (MSG) l-1. These
cultures were incubated at 37 �C for 24 h and cells
harvested by centrifugation at 7000 · g for 15 min
(4 �C).

Preparation of extracts for HPLC analysis

Harvested cells were washed 3 times by centrifu-
gation with phosphate buffer (0.1 MM, pH 7). Wet
cell pellets (ca. 4–8 g) were extracted as described
by Silva et al. (2004). Extracts were analysed by
HPLC, using a C18 column and a scanning fluo-
rescence detector. Identification and quantification
of amino acids was performed according to
Souffleros et al. (1998).

Stress treatments

Wet cell pellets were re-suspended to the original
volume in 11% (w/v) reconstituted skim-milk
powder.

Heating

One ml of cell suspensions was transferred to
49 ml of sterilized Ringer’s solution at 55 �C and
maintained at this temperature for 20 min. At
regular intervals, samples were taken and imme-
diately diluted in sterile Ringer’s solution at room
temperature.

Spray drying

Cell suspensions were spray dried as previously
reported by Silva et al. (2004). The powder was
stored in air at 20 �C.

Freeze drying

Cell suspensions (15 ml) were desiccated under
vacuum (50 mTorr for 48 h) in a freeze-drier
according to Carvalho et al. (2004). Dried cells
were stored at room temperature in air at 20 �C.

Enumeration of survivors

Survivors before and at appropriate intervals
during heating and storage (dried samples were
resuspended to the original volume with sterile
Ringer solution and allowed to rehydrate for
2 min with vigorous shaking), were enumerated by
the drop count technique on MRS agar incubated
aerobically at 37 �C for 24 h.

Statistical analyses

Each experiment was repeated twice. Viable counts
on MRS agar were converted to log c.f.u. ml)1.
Statistical analyses of survival during heating and
during storage in the dried state were performed
by the ANOVA methodology using as indepen-
dent variable the heating or storage time. Differ-
ences were considered significant at p < 0.05. The
error bars in Figures 1 and 2 indicate the mean
standard deviations for the data points.

Results and discussion

Survival of dried L. sakei during storage was
greater following freeze-drying rather than spray-
drying (Figure 1). Similar results were demon-
strated by Wang et al. (2004). This was attributed
to the higher water content or higher water activity
(aW) of the dried product; organisms are more
sensitive to environmental stresses at high aW
(Karel 1975).

The effects of sucrose or MSG in the growth
medium of L. sakei vary according to the stress
being imposed. There were no significant differ-
ences ( p < 0.05) between the thermotolerances
(Figure 2) and survival of both drying processes



(Figure 1) by cells grown in the three different
media. Extended cellular survival during storage
of the spray-dried but not of the freeze-dried cells
(ca. double for MRS-grown cells; ca. 40% for
supplemented MRS-grown cells; Figure 1) was
observed following growth in the presence of these
compounds. Any protective effect conferred by
these compounds during the drying processes may

have been masked by the protective effect of milk
components (Teixeira et al. 1994, Carvalho et al.
2003).

During drying processes, cells are subjected to
low aW conditions. Accumulation of compatible
solutes would therefore be expected to enhance
survival during those processes. As microorgan-
isms are unlikely to be able to accumulate com-
patible solutes during the short drying period,
these solutes should be accumulated before drying,
i.e. during the growth phase. In addition to os-
motic stress, during spray-drying cells are exposed
to stressful temperatures. Accumulation of com-
patible solutes has been shown to be associated
with increased thermotolerance of various organ-
isms (Welsh 2000).

A higher concentration of glutamate in L. sakei
was found when MSG was present in the growth
medium (Table 1), contributing substantially to
the overall amino acid/solute pool. However,
accumulation of many of the other amino acids
was heavily suppressed (data not shown), e.g. no
glutamine was detected, alanine was suppressed to
ca. 9%, valine to ca. 14% and aspartic acid to ca.
25% of the values found in control cells (grown in
MRS). Glutamate has already been shown to be
accumulated by osmotically stressed L. plantarum
(Kets & Bont 1997), in agreement with the general
observations that glutamate levels are markedly
increased as part of the osmo-adaptive response.
Glutamate is probably a counterion for K+

to balance the intracellular charge accumulated by
bacteria under osmotic stress (Kets et al. 1997).

Cells grown in MRS supplemented with
sucrose, showed a similar pattern of intracellular
amino acids to those in control cells, except that
serine and methionine levels were enhanced by ca.
50%, glutamine levels by ca. 80%, no arginine was
detected, and lower levels of glutamate and
aspartate were found (ca. 40–50% lower than in
control cells; data not shown). Sucrose as an
osmolyte accumulated by stressed bacteria is
advantageous in that as a non-reducing sugar, it
does not undergo Maillard reactions with the
amino groups of proteins (Page-Sharp et al. 1999).
Sucrose accumulated by Lactobacillus bulgaricus
resulted in significantly enhanced survival during
heating and during storage of dried cells (Silva
et al. 2004).

The mechanisms responsible for cellular inac-
tivation and protection during drying and storage

Fig. 1. Effect of the presence of sucrose and MSG in the
growth medium on the survival of Lactobacillus sakei CTC 494
during storage in (a) the spray-dried state and in (b) the freeze-
dried state. The error bars indicate the mean standard devia-
tions for the data points (BSD, before spray drying; BFD, be-
fore freeze drying). MRS supplemented with 20 g sucrose l)1,
j; MRS, d, MRS supplemented with 12.5 g MSG l)1, h.

Fig. 2. Effect of the presence of sucrose and monosodium
glutamate in the growth medium on the survival of Lactoba-
cillus sakei CTC 494 during heating in sterile Ringer’s solution
at 55 �C. The error bars indicate the mean standard deviations
for the data points. MRS supplemented with 20 g sucrose l)1,
j; MRS, d, MRS supplemented with 12.5 g monosodium
glutamate l)1 h.



are complex and still not understood. However,
selection of an appropriate growth medium on a
case-by-case basis is essential to maximize survival
of the organisms during drying/storage.
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Table 1. Effect of growth media on the intracellular amino acid pools in Lactobacillus sakei CTC 494.

Growth media

MRS MRSSa MRSMb

Total amino acid concentration (mg g)1 wet cells) 300 ± 13.2 252 ± 2.6 138 ± 6.1

Glutamate concentration (mg g)1 wet cells) 40 ± 1.2 27 ± 0.6 55 ± 1

aMRS supplemented with 20 g sucrose l)1.
bMRS supplemented with 12.5 g monosodium glutamate l)1.


