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Abstract – The effects of sorbitol and monosodium glutamate upon survival during storage of
freeze-dried Lactobacillus bulgaricus, Lactobacillus plantarum, Lactobacillus rhamnosus,
Enterococcus durans and Enterococcus faecalis were examined. There were no significant
differences in survival during freeze-drying after addition of sorbitol or monosodium glutamate.
However, these compounds were found to increase the stability of most strains during long-term
storage. Various survival patterns were observed among the strains considered. However, for most
of them, both compounds were proven effective in maintaining high degrees of viability over long
periods of storage.
Starter culture / preservation / additive / processing / viability
Résumé – Effet protecteur du sorbitol et du glutamate monosodique pendant le stockage de
bactéries lactiques lyophilisées. Les effets du sorbitol et du glutamate monosodique sur la survie
des souches lyophilisées de Lactobacillus bulgaricus, Lactobacillus plantarum, Lactobacillus
rhamnosus, Enterococcus durans et Enterococcus faecalis pendant le stockage ont été étudiés. On
n’a pas trouvé de différences significatives pendant la lyophilisation, après l’addition de sorbitol ou
de glutamate monosodique. Cependant, l’addition de ces composés a augmenté la stabilité de la
plupart des souches pendant le stockage prolongé. Différents profils de survie ont été observés
parmi les souches considérées ; toutefois, pour la plupart des souches les deux composés étaient
efficaces dans le maintien de degrés élevés de viabilité pendant de longues périodes de stockage.
Levain / conservation / additif / traitement / viabilité

1. INTRODUCTION
Lactic acid bacteria (LAB) play crucial
roles in the production of fermented food

products, including dairy, vegetable, meat
and wine [11]. Dried preparations have
advantages of long-term preservation and
convenience in handling, storage, marketing
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and consumption. The industrial exploitation of LAB as starter and/or probiotic
cultures relies heavily on the ability to concentrate and preserve them, so as to guarantee long-term delivery of viable and
functional cultures [21]. Maximum survival of LAB starters during drying and
subsequent storage is of vital importance
technologically and economically [23].
Freeze-drying is often used in the preservation of LAB starter cultures, yet there
are a few drawbacks associated therewith.
Damage to biological systems resulting
from freeze-drying can be attributed
mainly to changes in the physical state of
membrane lipids and changes in the structure of sensitive proteins [15]. Consequently, a number of studies have examined
the potential role of additives in suspensions of microorganisms, such as sugars,
polyols, amino acids, peptides and proteins, in their survival throughout freezing
and drying [1, 7, 8, 14–17, 24]. However,
even if survival is observed during freezing
and/or drying, viability may be lost afterwards during the storage process, which
thus hampers the final goal of those preservation technologies. Protective additives
have an important role in the conservation
of viability. A good protectant should provide cryoprotection of cells during freezedrying, be easily dried, and provide a good
matrix to allow stability and ease of rehydration [4]. Sorbitol and monosodium
glutamate (MSG) have been reported as efficient protectants [1, 11, 17, 22]. An increase
in residual activity and viability during
drying following the addition of sorbitol to
the drying medium has been previously
reported for various organisms [1, 17].
Although the mechanism of protecting living cells by polyols is not fully understood,
three hypotheses have been proposed so far
that may be involved in cell protection
[24]: (i) maintenance of turgor, resulting
from the accumulation of mannitol at low
water activity [13]; (ii) stabilisation of the
structures of membrane lipids and proteins
at low water activity [15, 25]; and (iii) prevention of oxidative damage by scavenging

of free reactive oxygen radicals [15]. The
stabilisation of protein structures by reactions between the amino groups of the protectant and the carboxyl groups of the
microorganism proteins, and the ability to
retain greater amounts of residual moisture
were put forward as tentative explanations
of the protection by MSG during freezedrying [9].
The major objective of this study was
thus to shed further light on the effects of
sorbitol and monosodium glutamate upon
survival during storage, following freezedrying of selected species of LAB.

2. MATERIALS AND METHODS
2.1. Bacterial strains
Lactobacillus delbrueckii ssp. bulgaricus,
Lactobacillus plantarum and Lactobacillus rhamnosus were obtained from the
culture collection held at Escola Superior
de Biotecnologia; Enterococcus durans
(two strains: ED1 and ED2) and Enterococcus faecalis (six strains: EF1, EF2,
EF3, EF4, EF5 and EF6) were previously
isolated from Portuguese hard cheeses, and
duly characterised following DurluOzkaya et al. [6]. The original reference
cultures were maintained in cryogenic
storage on glass beads at –80 ºC. Working
cultures were maintained as slopes on de
Man-Rogosa-Sharp agar [5], (MRSa)
(LAB M, Bury, UK) for Lactobacillus
spp., and M17 agar (M17a) (Merck, Frankfurt, Germany) for Enterococcus spp.
Slopes were stored at 4 ºC and subcultured
every month.
2.2. Culture preparation
Starting from the slopes, Lactobacillus
spp. were inoculated in MRS broth and
Enterococcus spp. in M17 broth, and incubated at 37 ºC for 24 h. These cultures
were then inoculated at 1% (v/v) in a second broth, which was again incubated at
37 ºC for 24 h. Cells were harvested in the
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stationary phase of growth by centrifugation at 7000 g for 10 min, and washed twice
with sterile Ringer’s solution (LAB M).
Washed cells were then resuspended in
sterile skim milk containing 11% (w/v)
solids (LAB M), and skim milk containing
selected concentrations of the compounds
to be tested: 12.5 g·L–1 sorbitol (Sigma, St.
Louis, MO, USA) and 12.5 g·L–1 monosodium glutamate (MSG) (Sigma). Cellular
suspensions were maintained for 1 h at
room temperature prior to freezing (–80 ºC
for 24 h), in order to allow for equilibration
between the cells and the compound
added. The experiments were repeated
twice.
2.3. Freeze-drying and storage
Samples of 20 mL were desiccated
under vacuum (50 mtorr for 48 h) in a
freeze-drier (Martin Christ, Osterad am
Harz, Germany), at room temperature
(20 ºC); the condenser was cooled at –55 ºC.
Dried cells were stored in closed containers at 20 ºC in air, and maintained in the
darkness.
2.4. Enumeration of survivors
Freeze-dried samples were periodically
picked up at random during storage, and
were rehydrated to the original volume
using sterile deionised water. Suitable
dilutions in Ringer’s solution were then
plated on MRSa for Lactobacillus spp. and
M17a in the case of Enterococcus spp.,
using the drop count technique [18]: three
drops (20 mL each) of the suitable dilution
were placed on each of three separate
plates. Plates were examined after incubation at 37 ºC for 48 h.
2.5. Statistical analysis
The means of three replicated viable
counts for each of two replicated experiments, after freeze-drying and at regular
time intervals during storage, were subject
to analysis of variance (ANOVA) using the
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statistical program R [12]. Statistical differences were considered at a 0.05 level of
significance. Multiple comparison of treatment means was done using a 95% confidence interval based on Tukey’s honestly
significant difference (HSD); subsequently,
error bars using these HSD values were
plotted along with mean values using the
Trellis display [3].
3. RESULTS
The addition of sorbitol or MSG did not
affect the viability of the bacterial suspensions before freezing for any strain (data
not shown). Comparative data pertaining
to the influence of sorbitol and MSG, added
to the medium, on the viability of several
species of LAB during freeze-drying and
subsequent storage are displayed in Table I
and Figure 1, respectively. A full threefactor analysis of variance, considering
replication of freeze-drying (experimental
replication), added compound and storage
time, was carried out for each microorganism. Table II shows the typical results of
an ANOVA table, specifically for E. faecalis 1. For all LAB tested, the experimental
replication and its two-way interactions
with the other two factors were not significant. However, the main effects of added
compound and storage time, along with
their two-way interactions were statistically significant (P < 0.05). In order to
compare the differences between mean
values of survival at any specific point during storage, multiple comparison of means
was done based on Tukey’s HSD. Due to
the statistical significance of the 2-way
interactions between added compound and
storage time, multiple comparisons should
be conducted using their individual treatment means and not their factor level
means [19].
All five species experienced decreases
in viability during dehydration, but Enterococcus spp. were observed to be more
resistant than Lactobacillus spp. during
storage. Comparing the lower and upper
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Table I. Survival (in log (CFU·mL–1)) of lactic acid bacteria during freeze-drying in the presence
of skim milk (control), skim milk with 12.5 g·L–1 sorbitol and skim milk with 12.5 g·L–1 MSG.
Each value represents the mean of 3 replicates from 2 freeze-drying experiments (6 values in all);
error bars are Tukey’s HSD based on 95% confidence intervals of treatment means.
Before freeze-drying

After freeze-drying

Control
Species

Control

Sorbitol

MSG

Strain Lower Mean Upper Lower Mean Upper Lower Mean Upper Lower Mean Upper

L. plantarum

8.75

9.05

9.35

8.13

8.43

8.73

7.95

8.25

8.55

8.32

8.62

8.92

L. rhamnosus

8.60

8.89

9.18

7.97

8.26

8.55

8.10

8.39

8.68

8.02

8.31

8.60

L. bulgaricus

8.10

8.33

8.56

6.81

7.04

7.27

6.95

7.18

7.41

6.78

7.08

7.31

ED 1

7.91

8.31

8.71

7.64

8.04

8.44

7.71

8.11

8.51

7.74

8.14

8.54

ED 2

8.19

8.59

8.99

7.22

7.62

8.02

7.56

7.96

8.36

7.51

7.91

8.31

EF 1

8.09

8.43

8.77

7.65

7.99

8.33

7.77

8.11

8.45

7.75

8.09

8.43

EF 2

8.67

9.01

9.35

7.68

8.02

8.36

7.80

8.14

8.48

7.77

8.11

8.45

EF 3

8.18

8.54

8.90

7.73

8.09

8.45

7.90

8.26

8.62

7.82

8.18

8.54

EF 4

8.28

8.59

8.90

7.87

8.18

8.49

7.82

8.13

8.44

8.10

8.41

8.72

EF 5

8.00

8.38

8.76

7.71

8.09

8.47

7.62

8.00

8.38

7.70

8.08

8.46

EF 6

8.32

8.65

8.98

7.61

7.94

8.27

7.66

7.99

8.32

7.81

8.14

8.47

E. durans

E. faecalis

Table II. ANOVA table of the effects of sorbitol and MSG on survival during freeze-drying, and
subsequent storage of E. faecalis 1.
Source of variation
Experimental replication (ER)
Storage time (ST)
Added compound (AC)
ER ´ ST
ER ´ AC
ST ´ AC
ER ´ ST ´ AC
Residuals
* P < 0.0001.

Sum of
squares
0.025
49.302
0.224
0.082
0.016
4.791
0.125
1.074

limits of mean error for survival during
freeze-drying after addition of sorbitol and
MSG, we can see that there are no significant differences in their survival relative to
the control (Tab. I). However, Figure 1
indicates that addition of sorbitol and MSG
to the drying medium significantly increased
survival of most strains during storage.
Lactobacillus bulgaricus and L. rhamnosus
strains exhibited significantly higher survival degrees during storage when the pro-

Degrees of
freedom
2
9
2
18
4
18
36
90

Mean squares
0.012
5.478
0.112
0.005
0.004
0.266
0.003
0.012

F-ratio
1.044
459.111*
9.394*
0.383
0.336
22.308*
0.209

tective agent was sorbitol; conversely, there
were no significant differences between
addition of sorbitol or MSG in the case of
L. plantarum.
At the end of the storage period tested
(8 months), the degree of survival of the
strains E. faecalis EF1 and E. durans ED2
was not dependent on the protective agent
used. However, between 3 and 6 months of
storage, sorbitol was effective in protecting
ED2 cells from loss of viability. Enterococcus
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Figure 1. Survival (in log (CFU·mL–1)) of lactic acid bacteria during storage, following freezedrying in the presence of: (¡) skim milk, (n) skim milk with 12.5 g.L-1 sorbitol and (l) skim milk
with 12.5 g·L–1 MSG. Each value represents the mean of 3 replicates from 2 freeze-drying
experiments (6 values in all); error bars are Tukey’s HSD based on 95% confidence intervals of
treatment means (0.30 for L. plantarum; 0.29 for L. rhamnosus; 0.23 for L. bulgaricus; 0.40 for
E. durans; 0.31–0.38 for E. faecalis).

durans strain ED1 and E. faecalis strains
EF2, EF5 and EF6 exhibited a significantly
higher survival degree during storage
when sorbitol or MSG had been added to
the skim milk medium; for those four
strains, there were no significant differences between these two protectants. Sorb-

itol was proven to be the best protective
agent for E. faecalis strain EF3 during
storage, whereas strain EF4 survived significantly better in the absence of sorbitol.
It can also be concluded from Figure 1
that survival throughout storage was
strongly dependent on the bacterium being
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tested. Therefore, the degree of protection
during storage afforded by a given additive
is species- and strain-dependent.
4. DISCUSSION
Freeze-drying has long been considered
as a suitable dehydration process for bacteria, aimed at achieving a solid and stable
final formulation. The choice of an appropriate drying medium is thus very important in the case of LAB, in order to increase
their survival rates during dehydration
itself and subsequent storage. Skim milk
powder has been selected as drying medium
because it creates a porous structure in the
freeze-dried product that makes rehydration easier; it is also believed that proteins
in milk provide a protective coating for the
cells [1]. Supplementing skim milk with
protective agents may enhance the intrinsic
effect of protection during storage to different degrees, depending on the compound added. The ability of a compound to
preserve the viability of cells during periods of desiccation has been associated
either with the presence of an amino group,
a secondary alcohol group, or both [8].
Our experimental results demonstrated
that sorbitol has a strong protective effect
upon the survival of L. bulgaricus,
L. plantarum, L. rhamnosus, E. faecalis and
E. durans during storage, even though no
significant differences were observed in
terms of viability of cells during freezedrying in the presence or absence of sorbitol. Similar results were obtained by Fonseca
et al. [7], who have shown that there is no
effect of glycerol during freezing of Streptococcus thermophilus, although a positive
effect was observed during frozen storage.
Substantial increases in residual activity
and viability after drying, following addition of sorbitol to the drying medium, have
been reported [1, 17] for various organisms, although there is not a general
consensus [8]. Damage to biological systems derived from freeze-drying has
been attributed to two primary causes:

(i) changes in the physical state of the
membrane lipids, and (ii) changes in the
structure of sensitive proteins in the cell
[15]. The mechanisms underlying sorbitol
protection of dried cells would thus be: (i)
prevention of damage to the membrane via
interaction therewith [16], and prevention
of lipid oxidation owing to its anti-oxidant
properties [17]; (ii) stabilisation of protein
structure, and hence preservation of functionality associated with the formation of
sorbitol-protein complexes [25]; and (iii)
maintenance of turgor, owing to the accumulation of said additive [24].
The ability of MSG to protect distinct
microorganisms during cryopreservation
and freeze-drying has previously been
described [9, 11, 22]. Abadias et al. [1]
claimed that MSG, when used alone, was
very effective in preserving Candida sake
cells during lyophilisation; however, combination of MSG with skim milk destroyed
that favourable effect. Our results show
that the majority of the LAB tested experience, after freeze-drying in the presence of
MSG, increased survival during storage.
The stabilisation of their protein structure
via reactions between the amino group of
the protectant and the carboxyl groups of
the microorganism proteins, and the ability
to retain greater amounts of residual moisture have been pointed out [8] as explanations that account for protection by MSG
during freeze-drying.
The data presented in this paper demonstrate that different species and strains may
exhibit distinct behaviours during storage
in the dried state. Possible reasons for such
a realisation are somewhat puzzling; it was
suggested [20] that gene transfer between
strains may lead to differences in phenotype between various Lactococcus lactis
strains. Previous work claimed an effect of
bacterial cell size on survival during freezing
and freeze-drying [2, 7]; according to
Fonseca et al. [7], the higher the surface
area of the cell, the higher the membrane
damage due to extracellular ice crystal formation during freezing. This could provide
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a possible explanation for the results presented, since it was observed that the survival of the various species was related to
their size: enterococci (small spherical
cells) were more resistant during storage in
the dried state than lactobacilli (larger
rods). Furthermore, enterococci have been
recognised for their notable resistance to
adverse environmental conditions [10].
The mechanisms underlying damage
and protection by freezing, drying and
storage are indeed complex, and not fully
understood to date. Although this work
does not allow final conclusions on the
mode of action of sorbitol and MSG to be
drawn, evidence is presented that suitable
selection of the composition of the drying
medium is essential to afford protection
during storage afterwards. It should also
be emphasised that the influence of each
protective agent on the survival of each
LAB strain in the dried state should be
determined on a case-to-case basis; however, sorbitol and MSG may in general be
considered effective in protecting freezedried LAB during storage.
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