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Summary

The aim of the study was to determine the effect of ultra-high hydrostatic pressure on the survival of
Chromohalobacter beijerinckii in samples of nutrient broth containing a 6% addition of NaCl and in samples of
cold-smoked salmon. Both types of samples were exposed to ultra-high hydrostatic pressure of 300 and 400 MPa
for 0, 5, 10 and 15 min. The number of Chromohalobacter beijerinckii was determined in all control samples
and samples subjected to high pressure. The total number of aerobic bacteria was additionally determined
in the samples of cold-smoked salmon intentionally inoculated with Chromohalobacter beijerinckii. It was
found that Chromohalobacter beijerinckii showed a clearly greater sensitivity to high hydrostatic pressure
in the nutrient broth (D-values: 300 MPa — 3.72 min; 400 MPa — 1.90 min) than it did in the samples of cold-
-smoked salmon (D-values: 300 MPa —5.83 min; 400 MPa — 3.08 min). The results concerning the total number
of aerobic bacteria show that Chromohalobacter beijerinckii is more susceptible to high pressure than the
accompanying microflora present in cold-smoked salmon. High pressure treatment at 400 MPa applied for
15 min caused a destruction of Chromohalobacter beijerinckii cells that was clearly visible under a scanning
electron microscope. Chromohalobacter beijerinckii belongs to bacteria that have average sensitivity to high

hydrostatic pressure.
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Studies on the role of halophilic bacteria in the
process of histidine decarboxylation in fish muscles
(15, 22) have been carried out at the Department of
Food Hygiene and Public Health, Faculty of Veterinary
Medicine, since 1991. As part of these studies, strains
of halophilic bacteria were isolated from salted her-
rings, and their ability to produce histamine by decar-
boxylation of histidine was proved under model con-
ditions according to the method described by Karnop
(12). Our own modification consisted of an increased
amount of NaCl added to the nutrient broth. It was
revealed that all bacteria isolated from herrings are able
to multiply and produce histamine in an environment
containing both 8% and 20% NaCl (2, 17, 18, 21). Out
of the isolated halophilic bacteria, one strain, marked as
strain 3b, had an exceptionally high ability to produce
histamine by decarboxylation of histidine (3, 21). Strain
3b was counted among the Pseudomonas beijerinckii

species, isolated for the first time from salted beans by
Hof'in 1935 (10). The reference strain of Pseudomonas
beijerinckii (type strain DSM 7218' = ATCC 19372"=
NCIMB 9041") and strain 3b were subjected to more
detailed investigations. The analysis of the 16S rRNA
gene sequences, phenotypic properties, and similarities
in the composition and profile of fatty acids pointed to
both strains (reference and 3b) belonging to the same
genus Chromohalobacter, family Halomonadaceae (1).
In view of the results obtained, it seemed appropriate
to reclassify Pseudomonas beijerinckii and recognize
it as Chromohalobacter beijerinckii (20).
Chromohalobacter beijerinckii strain 3b belongs to
the psychrophilic bacteria, which can grow at tempera-
tures between 5°C and 42°C (20) and with a NaCl con-
tent of 0.5% to 25.0%, and which tolerate a pH value
between 4.5 and 8.0. The presence of salt is a factor
that determines both the growth of that strain and its
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proteolytic (17) and lipolytic (19) activity, as well as
its ability to decarboxylate lysine, tyrosine, and histi-
dine (2, 20). During the growth of Chromohalobacter
beijerinckii in salted fish stored under cooling condi-
tions, the biogenic amines, especially histamine and
tyramine, as well as putrescine and cadaverine may
appear and accumulate (2, 3, 6, 18).

The properties of Chromohalobacter beijerinckii
attracted interest from researchers all over the world
(4,9, 21). Although strain 3b is not a pathogen, it can
be a microbiological risk factor during the storage of
salted fish, especially in fish rich in histidine, as dem-
onstrated in experimental studies (2, 4, 6, 9).

A modern and promising method for inactivating
pathogenic bacteria in food products, while preserving
their organoleptic properties, is high pressure pasteuri-
zation (5, 7, 8, 11, 13, 23-26).

The aims of the present study were to determine the
effect of ultra-high hydrostatic pressure on

— the survival of Chromohalobacter beijerinckii
under various environmental conditions, i.e. in samples
of an enriched nutrient broth containing 6% NaCl and
in cold-smoked salmon samples,

— the total number of aerobic bacteria in cold-
-smoked salmon samples,

— morphological changes in Chromohalobacter
beijerinckii cells.

Material and methods

Samples for pressure treatment were prepared from
a Chromohalobacter beijerinckii culture in an enriched
nutrient broth containing the addition of 6% NaCl and
incubated at 30°C for 72 h. Since the packaging of products
subjected to pressure treatment has to be tight as well as flex-
ible and resistant, 2 ml polypropylene microtest-tubes (by
Sarstedt) with a screw top and “o-ring” sealing were used.

The material used for the study comprised a 72 h culture
of Chromohalobacter beijerinckii in a nutrient broth with
6% NaCl and in cold-smoked salmon bought at a local store.

Ten-gram samples of salmon were inoculated witha 72 h
Chromohalobacter beijerinckii culture in nutrient broth with
6% NaCl at 30°C (inoculum ca 107/g) and hermetically
sealed in packages made of polyamide-polyethylene foil
(Multiseven 78 TOP, Wipak®) by means of a vacuum seal-
ing appliance Hencovac® 1000. The samples were exposed
to high-pressure treatment at the Institute of High Pressure
Physics, Polish Academy of Sciences, where a special stand
for food testing had been built: a high pressure food proces-
sor piston-cylinder type vessel with an inner diameter of
110 mm, working volume of 1.5 1, and a maximum pres-
sure of 700 MPa, equipped with an internal heat exchanger
and a thermocouple located in the middle of the vessel.
Hydrostatic pressure inside the chamber is measured indi-
rectly by means of a pressure gauge, a strain gauge pressure
transducer (KGT Kramer), and a Bourdon type manometer,
indicating the pressure under the piston rod. The pressure
and temperature sensors are linked to a Computer Data
Acquisition System (Memory Card MMC). This equip-
ment is capable of analysing the variation of temperature
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in relation to pressure. The pressure-transmitting medium
used is a mixture of distilled water and propylene glycol
(1:1). The working pressure (200, 300 and 400 MPa) was
generated in 15-20 s, and the release time was 15 s. The
variation in temperature in the high pressure vessel during
pressurisation is about 2°C.

The number of Chromohalobacter beijerinckii was deter-
mined in all the samples, both control and experimental.
Series of tenfold dilutions were prepared from specific
samples, and inoculations were then performed on plates
with nutrient agar with the addition of 6% NaCl. The plates
were incubated at 30°C for 72 h.

The total number of aerobic bacteria was also determined
in samples of smoked salmon intentionally inoculated with
Chromohalobacter beijerinckii. Tenfold dilutions were
made, and 0.5 ml of dilution was spread onto nutrient agar
(without the addition of NaCl). The plates were incubated
at 30°C for 72 h.

The experiment was repeated three times. The colonies on
the plates were counted, and the final result was presented as
the colony-forming units calculated per 1 g of muscle tissue.
The bacterial counts were transformed into logarithms and
analyzed statistically with the use of general linear models
provided by PASW Statistics 18 Edition 18.0.0.

The D-value (time in minutes necessary for a tenfold
reduction in the number of bacteria, i.e. one log unit) was
determined by the linear regression method.

From the control and pressurized bacterial cultures, 5 ul
samples were taken for examination under a scanning elec-
tron microscope. The samples were mounted onto a conduc-
tive table covered with a carbon band, dried for 3 h at 20°C,
and covered with a thin gold layer by a Vacuum Evapora-
tor JEE-4C, JEOL, Japan. The samples were observed by
means of a scanning electron microscope Quanta 200,
Czech Republic.

Results and discussion

The results presented in Fig. 1 indicate that the HP
treatment of the 72 h culture of Chromohalobacter
beijerinckii in the nutrient broth containing 6% NaCl
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Fig. 1. Effect of the pressure value and treatment time on the
number of Chromohalobacter beijerinckii 3b in nutrient broth
containing 6% NaCl
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Fig. 2. Effect of the pressure value and treatment time on the
number of Chromohalobacter beijerinckii 3b in smoked salmon

reduced the number of the microorganisms, and the
reduction increased with increasing pressure and treat-
ment time. A significant decrease in the number of
Chromohalobacter beijerinckii cells was observed in
samples subjected to a pressure of 300 MPa for 5 min
—reduction by 2.85 log. Prolonging treatment time to
10 and 15 min resulted in a reduction of 3.69 and 4.2
log, respectively. A significant reduction, by 6.37 log,
was observed after applying a pressure of 400 MPa for
5 min. No growth of Chromohalobacter beijerinckii
was observed after a pressure of 400 MPa had been
applied for 10 and 15 min.

Changes in the number of Chromohalobacter bei-
Jjerinckii in the samples of cold-smoked salmon are
presented in Fig. 2.

At a pressure of 300 MPa, reduction was the small-
est, amounting to 1.75 log after 5 min. Prolonging
the time to 10 and 15 min decreased the count of
Chromohalobacter beijerinckii in cold-smoked salmon
by 2.28 and 2.68 log, respectively. Treating the samples
with 400 MPa for 5, 10, and 15 min reduced the number
of the microorganisms by 3.64, 3.93, and 5.31 log,
respectively.

The results presented in Fig. 2 demonstrate that the
Chromohalobacter beijerinckii population in vacuum-
-packed smoked salmon was clearly more resistant
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Fig. 3. Effect of high-pressure treatment on the total plate
count in samples of smoked salmon inoculated with C. bei-
jerinckii 3b

to high hydrostatic pressure treatment than that in the
nutrient broth with 6% NaCl.

The results presented in Fig. 3 show that the total
number of living aerobic bacterial cells in the control
samples was 7.21 log cfu/g. After subjecting them to
300 MPa, the number of bacteria decreased slightly
with increased pressure time, by 1.11, 1.37, and 1.92
log, respectively. After applying a pressure of 400 MPa
for 5, 10, and 15 min, reductions of 1.87,1.77, and 2.72
log, respectively, were observed. A comparison of the
results in Fig. 2 and Fig. 3 indicates that the accom-
panying microflora present in cold-smoked salmon is
much more resistant to high hydrostatic pressure than
C. beijerinckii.

Linear regression equations describing relationships
between the number of bacteria and treatment time in
various experimental groups, as well as D-values cal-
culated from these equations, are presented in Tab. 1.

The time needed for a decimal reduction in the
number of Chromohalobacter beijerinckii in the
samples of smoked salmon treated with 300 MPa was
longer by 2.11 min than the D-value for the samples of
the nutrient broth containing 6% NaCl. In the samples
treated with 400 MPa, the difference in the D-value
was .18 min (Tab. 1). It may be explained by the
different chemical composition of the two kinds of

Tab. 1. D-values — time required for a decimal reduction in bacterial population

Chromohalobacter beijerinckii 3b in nutrient broth 300

with 6% NaCl

400
Chromohalobacter beijerinckii 3b in smoked 300
salmon 400
Total microbial count in smoked salmon 300

inoculated with Chromohalobacter beijerinckii 3b 400

-0.269
-0.526
-0.172
-0.325
-0.120
-0.161

3.72 2.86 5.31 -0.920
1.90 1.34 3.26 -0.860
5.83 4.52 8.18 -0.926
3.08 2.30 4.67 -0.901
8.33 6.75 10.86 -0.949
6.20 4.69 9.12 -0.910
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samples. According to the information on the label of
the cold-smoked salmon, the product contained 19.3 g
protein and 9.9 g fat for every 100 g of muscle tissue.
Protective effects of protein and fat on the survival of
bacteria in samples of food subjected to high pressure
were also observed in our previous studies (24).

The total number of aerobic bacteria in the samples
of smoked salmon subjected to high pressure treat-
ment decreased to a lesser degree than the number of
Chromohalobacter beijerinckii, but the extent of the
reduction observed was large enough to improve the
quality and microbial safety of fish and to prolong its
shelf-life.

Photographs taken under an electron microscope
(SEM) and presented in Fig. 4 and Fig. 5 show notice-
able differences in the shape of a control Chromohalo-
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Fig. 4. Control cell of Chromohalobacter beijerinckii

bacter beijerinckii cell and cells of this bacterium
subjected to a pressure of 400 MPa for 15 min. Such
pressure treatment caused inactivation of Chromohalo-
bacter beijerinckii, which is shown in Fig. 1. The lack

-

Fig. 5. Damages to Chromohalobacter beijerinckii cells caused
by high pressure (400 MPa, 15 min, 20°C)




368

of bacterial growth in the culture medium probably
resulted from the damage of the cell coat and surface
structure of the cell wall, which in practice could mean
the loss of the colony-forming ability (18). The mecha-
nism causing the death of microorganisms under high
pressure conditions has not yet been fully explained.
The differences in the sensitivity of microorganisms to
high pressure treatment are explained, among others,
by differences in the cell wall structure. At present, it
is known that under a pressure of more than 150-200
MPa, there may be some changes in the appearance
and shape of cells, loss of the integrity of the cell wall
and cell membranes, as well as changes in the protein
tertiary structure. Chromohalobacter beijerinckii
belongs to the extremely halophilic bacteria and does
not contain mureine in its cell wall (2, 3, 16), which
may affect its sensitivity to high pressure treatment.
The information presented contains introductory obser-
vations regarding morphological changes in the cells
of Chromohalobacter beijerinckii subjected to high
hydrostatic pressure.

To sum up the results of our study and the observa-
tions of other authors, we would like to emphasize that
ultra high hydrostatic pressure can be applied to food
not only to eliminate various pathogenic bacteria (5, 7,
8,12, 25, 26), but also bacteria like Chromohalobacter
beijerinckii, a non-pathogenic microorganism showing
a specific enzymatic activity, such as biogenic amines
production. The elimination or reduction of these bac-
teria in fish containing high levels of histidine seems
to be particularly important from the hygienic point of
view. The chemical composition of the environment
in which bacteria are subjected to high pressure treat-
ment may have a significant effect on the reduction
in the number of Chromohalobacter beijerinckii. The
high protein and fat content in fish may increase the
resistance of these bacteria to high pressure treatment.
Chromohalobacter beijerinckii belongs to bacteria with
average sensitivity to high hydrostatic pressure.
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