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Abstract
To assess the risk of contracting a waterborne disease from mineral water and to implement control systems in the mineral water
industry, knowledge of the factors aecting the survival and multiplication of non-indigenous bacteria is needed. The survival of
Escherichia coli, Salmonella typhimurium, Staphylococcus aureus and Yersinia enterocolitica inoculated into a Portuguese bottled
mineral water was investigated under dierent conditions: light and dark, dierent recovery media, presence or absence of autochthonous ¯ora and dierent ages of water, based on their culturability. For all the pathogenic bacteria higher survival was obtained
under dark conditions of storage and when enumeration was performed on non-selective media. Survival of E. coli, Y. enterocolitica
and S. typhimurium was longer in fresh water than in old water; results obtained with S. aureus were not conclusive. Survival of
E. coli, Y. enterocolitica and S. typhimurium was lower in non-sterile mineral water while the survival of S. aureus was lower in
sterilized mineral water. Ó 2001 Elsevier Science Ltd. All rights reserved.

1. Introduction
The microbiological quality of bottled mineral water
is of great interest as many consumers use it as an alternative to mains water and consider it to be better and
safer. Within the EU, the marketing of natural waters is
governed by a Council Directive (Anonymous, 1980).
According to this Directive, any treatment likely to
change the viable colony count of the mineral water is
not allolwed.
In addition to indigenous bacteria (autochthonous),
considered to have no risk to public health, bottled
mineral water may contain pathogenic contaminants.
The most likely sources of contamination are equipment, bottles and caps, exposure to air and contact with
humans during the bottling process (Warburton, Peterkin, Weiss, & Johnston, 1986; Geldreich, 1989; Warburton & Dodds, 1992; De®ves, Guyard, Oularc, Mary,
& Hornez, 1999) and contamination by the consumer.
The occurrence of contamination will vary within
countries and water industries. In some countries, for
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instance, it is allowed to have bottles of 5 l of water
which may increase the probability of contamination
because bottles will stay opened for an extended time.
The only welldocumented outbreak associated with
bottled water occurred in Portugal in 1974 (Blake, Rosenberg, Florencia, Costa, & Gangarosa, 1977) with
Vibrio cholerae. Besides this outbreak, no other studies
were able to identify any microbiological risk from
drinking bottled waters but also none were able to show
them to be free from such risk. Indeed, zero risk is not
possible to exist.
The contaminant bacteria survive poorly in bottled
water and may become physiologically injured with
aquatic exposure because they are not well adapted to
the chemical and physical conditions in water. In spite of
unfavorable conditions, pathogens can remain viable in
water and cause various gastric illnesses after being ingested (Hurst, 1977; McFeters, LeChevallier, Singh, &
Kippin, 1986; Barcina, Lebaron, & Vives-Rego, 1997).
Information about survival/growth capacity of
pathogenic bacteria in various waters stored under different conditions is crucial for the evaluation of possible
risks and implementation of control systems such as
hazard analysis and critical control point (HACCP) and
to assist mineral water ®rms to supply safe products. It
is also necessary to advice consumers about correct

handling of bottled water. Concern about the use of
Escherichia coli as an ecient indicator has been expressed since it was found that pathogenic bacteria such
as Salmonella typhimurium persisted for at least 70 days
in still mineral water while E. coli died after about 42
days (Hunter, 1993).
The current studies were designed to determine the
ability of selected pathogens to survive in; a Portuguese
bottled mineral water under light and dark conditions;
with dierent ages after bottling; in the presence and
absence of the autochthonous ¯ora; and when using
dierent recovery media (selective and non-selective).
2. Materials and methods
2.1. Water samples
The mineral water used was collected at a still mineral
water bottling plant in Portugal. PET bottles (0.33 l)
containing natural mineral water and sterilized glass
bottles (Schott; 100 ml) containing ®ltered (0:2 lm pore
size Nuclepore ®lters) and heated (60°C; 20 min) mineral
water (sterile water) were used (Colbourne, Trew, &
Dennis, 1988; Moreira, Agostinho, Vasconcellos
Morais, & da Costa, 1994).
The microbiological quality control of all mineral
water was realized at the bottling plant; none of the
pathogens used on this experiment was found in the
mineral water.
2.2. Pathogenic bacteria
2.2.1. Bacterial strains and growth conditions
S. typhimurium 7738/32, Yersinia enterocolitica Ger
0:3 P-NS+ and E. coli NCTC 9001 were obtained from
Leatherhead Food Research Association at Leatherhead, UK. Staphylococcus aureus NCTC 08532 was
supplied by Centro de Qualidade of Escola Superior de
Biotecnologia, Porto, Portugal.
A loop of all strains was inoculated into 20 ml of
Tryptic Soy Broth (Lab M) and incubated at 37°C for
S. aureus, S. typhimurium and E. coli and at 21°C for
Y. enterocolitica, for 24 h. They were transferred to fresh
TSB (20 ml) at a ®nal concentration of 1% (v/v) and
incubated as previously. Each culture was harvested by
centrifugation (3000  g for 10 min) at ambient temperature, the supernatant ¯uid discarded, and the pellets
resuspended in 20 ml of sterile mineral water. This
washing procedure was repeated three times with sterile
mineral water before inoculation into mineral water in
PET and glass bottles.
2.2.2. Experimental conditions
One ml of the ®nal cell suspension was inoculated
into PET bottles containing 0.33 l of natural mineral

water as supplied by the mineral water company and
300 ll into sterilized glass bottles (Schott, Dural; Germany) containing 100 ml of sterile mineral water and
shaken vigorously to mix.
To study the eect of visible light on the survival of
all pathogens, some inoculated bottles were stored under
ambient light conditions while others were wrapped in
aluminum foil to exclude light.
The eect of the autochthonous ¯ora of the mineral
water, on the survival of all the pathogens, was studied
by comparing survival in the natural and sterilized
mineral water. During earlier studies with Y. enterocolitica it was found that colonies of the pathogen were
dicult to distinguish from those of the autochthonous
¯ora on TSA and CIN. Therefore ®ltered and heated
mineral water was used for the experiments with dierent recovery media.
Mineral water was also used immediately after bottling and approximately six months after bottling to
study the in¯uence of the age of water and levels of
autochthonous organisms on the survival of the pathogens.
To look for an indication of injury selective and nonselective media were used. All the pathogens were enumerated on the non-selective medium Tryptic Soy Agar
(Lab M; Bury, UK), colonies of the inoculated bacteria
being readily distinguished from those of the autochthonous ¯ora. The selective media used were Yersinia
Selective Agar (CIN; Lab M) for Y. enterocolitica, xylose lysine decarboxylase (XLD) agar (XLD) (Lab M)
and brilliant green agar (BGA) (Lab M) for S. typhimurium, violet red bile glucose agar (VRBGA) (Lab
M) for E. coli and mannitol salt agar (MSA) (Lab M)
and Baird-Parker agar (BPA) (Lab M) for S. aureus.
E. coli was also enumerated on eosin methylene blue
agar (EMB) (Lab M) (dierential medium). Plates were
incubated at 37°C for 24 h, except Y. enterocolitica
plates which were incubated at 21°C. Plates inoculated
with S. aureus were incubated for 24 and 48 h.
All bottles and glass ¯asks were stored at 21°C.
2.2.3. Enumeration of survivors
Bottles were sampled (1 ml) one minute after the
addition and mixing of the test strains and at regular
intervals (following mixing by shaking) during storage.
Decimal dilutions of the inoculated waters were made in
maximum recovery diluent (9 ml) (Lab M) and 100 ll
samples were plated on the appropriate medium by the
spread plate method.
Bacterial numbers were determined by counting the
number of typical colonies on plates with 30±300 colonies.
Data presented are mean values obtained from three
independent experiments. The error bars on the ®gures
indicate the mean standard deviations for the data
points.

2.3. Autochthonous bacteria
Decimal dilutions of the autochthonous ¯ora present
in natural (non-inoculated) mineral water in PET bottles
were also made in maximum recovery diluent and 100 ll
samples were plated on R2A agar (Difco; USA) by the
spread plate method.
Duplicate plates with 30±300 colonies were counted
after 5 days of incubation at 37°C and after 21 days of
incubation at 22°C under aerobic conditions, as suggested by Reasoner and Geldreich (1985) for the accurate study of the autochthonous ¯ora since these
microorganisms grow slowly.
2.4. Statistical analysis
Statistical analysis was done with the ANOVA
methodology using StatviewTM package (Abacus Concepts, Berkeley, CA) using as independent variable the
starvation time. Bacterial counts were converted to log10
CFU per ml.

3. Results and discussion
High numbers of pathogens were used to obtain a
survival/death curve over several logs without need for
MPN or other laborious and, in some cases, with low
reproducibility technique.
The viable counts of the bacteria decreased under
both light and dark conditions, but the decrease depended on the microorganism and the conditions in
which they were stored. The survival of the pathogens
and of the autochthonous bacteria in mineral water was
signi®cantly higher (P < 0:0001) under dark conditions
(Figs. 1 and 2, respectively). S. typhimurium presented
the highest survival, followed by E. coli, Y. enterocolitica
and S. aureus. These results support the earlier observation that both the UV and visible components of
sunlight are lethal to bacteria. In fact, a range of potential phototoxic species are known to be produced

Fig. 1. In¯uence of light on the survival of the pathogens. Light:
S. typhimurium (s) E. coli (}), Y. enterocolitica (M), S. aureus (); Dark:
S. typhimurium (d) E. coli (r), Y. enterocolitica (N), S. aureus (j).

Fig. 2. Enumeration of the autochthonous ¯ora stored under light
and dark conditions. Light: 22°C ; 37°C (s); Dark: 22°C j;
37°C (d).

photochemically in natural waters, including peroxides,
superoxide, hydroxyl radicals and singlet oxygen (Arana, Muela, Iriberri, Egea, & Barcina, 1992; DaviesColley, Bell, & Donnison, 1994; MacGregor et al.,
1998). Since phototoxicity was correlated with illumination intensity (Gourmelon, Cillard, & Pommepuy,
1994), all the following experiments were performed
under dark conditions in order to avoid the possible
interference of dierent intensities of light.
The bacteriological quality of bottled mineral water is
determined, among other tests, by examining the presence/absence of indicator bacteria for faecal pollution
such as E. coli. Indicators should be present in higher
numbers than the pathogens and be more resistant to
the aquatic environment, otherwise the absence of an
indicator could not assure the absence of an enteric
pathogen. Results showed that in this particular water,
S. typhimurium presented the longest survival in both
light and dark conditions, which may have serious implications for public health control analysis, since the
absence of E. coli, used as an indicator organism, may
not be proof that there is no contamination with S. typhimurium.
The pathogenic microorganisms were signi®cantly
better recovered on non-selective media than on their
respective selective media P < 0:0001 (Fig. 3)(a) and
(b). These results support the earlier observation that
one of the characteristics of injured microbes is loss of
resistance to selective agents (Hurst, 1977; Barcina et al.,
1997). The selective media probably have in their composition one or more ingredients to which starved cells
of these pathogens are more sensitive, e.g. salt and sodium desoxycholate (Ray & Johnson, 1984). A selection
of colonies on TSA, typical of the inoculated pathogens,
were con®rmed by AP120NE (bioMerieux; Marcy
l'Etoile, France) and Staphytec Plus (Oxoid; Hempshire); small colonies typical of the autochthonous ¯ora,
were ignored in the counts on TSA. Some authors have
already shown that injured pathogens retain their ability
to cause disease, therefore being capable of infecting
humans if ingested in mineral water (Singh, Yeager, &

Fig. 5. Survival of pathogens in sterile and non-sterile mineral water.
Sterile: S. typhimurium (s), E. coli (M), Y. enterocolitica (), S. aureus
(}); Non-sterile: S. typhimurium (d), E. coli (N), Y. enterocolitica (j),
S. aureus (r).

Fig. 3. Enumeration of dierent pathogens on selective and non-selective media. (a) S. typhimurium on TSA (d), BGA (s) and XLD (N);
E. coli on TSA (s), EMB () and VRBGA (r). (b) S. aureus on TSA
(d), BP (s) and MSA (j) and Y. enterocolitica on TSA (N) and CIN
(M).

McFeters, 1986; Singh & McFeters, 1987; Walsh &
Bissonnette, 1987).
The age of water had dierent eects on the survival
of the pathogens studied. The older the water the lower
was the survival of S. typhimurium, E. coli and Y. enterocolitica (Fig. 4). Dierent and inconclusive results
were obtained with S. aureus (data not shown). S. aureus
survived better in the presence of the autochthonous
¯ora, whereas S. typhimurium, E. coli and Y. enterocolitica were negatively in¯uenced by their presence (Fig. 5).

Fig. 4. In¯uence of the age of water on the survival of the pathogens.
Fresh water: S. typhimurium (s), E. coli (M) and Y. enterocolitica ();
Old water: S. typhimurium (d), E.coli (N), Y. enterocolitica (j).

The autochthonous bacteria of mineral water have
previously been reported to have an inhibitory eect on
the survival of some indicator and pathogenic microorganisms (Ducluzeau, Nicolas, Galpin, & Raibaud,
1984; Lim & Flint, 1989; Lucas & Ducluzeau, 1990;
Korhonen & Martikainen, 1991; Moreira, 1994; Kerr,
Fitzgerald, Sheridan, McDowell, & Blair, 1999). In the
present study the autochthonous organisms had a negative eect on the survival of S. typhimurium, E. coli and
Y. enterocolitica and a positive eect on the survival of
S. aureus.
The eect of the autochthonous ¯ora on the pathogens survival could be an explanation for the dierent
survival obtained in sterile and non-sterile, fresh and old
mineral water. As was reported previously (SchmidtLorenz, 1976; Gonzalez, Gutierrez, & Grande, 1987;
Bischofberger, Cha, Schmitt, Konig, & Schmidt-Lorenz,
1990), in the ®rst few days after bottling the number of
autochthonous bacteria is relatively low (10 cfu=ml),
increasing after approximatley three days of storage (to
105 ±106 cfu=ml), but remaining almost constant for the
remainder of the storage period. Thus, in fresh water we
have a low number of indigenous bacteria and consequently low quantities of any inhibitory substance that
might be synthesized as a direct controlling action on
the invader (Kersters et al., 1996), and also lower competition for the severely restricted nutrients (Lim &
Flint, 1989; Korhonen & Martikainen, 1991). When the
water was sterile, stable conditions were maintained
during the rest of the experiment. Heating the water
after ®ltration was necessary in order to obtain sterile
water, since without that step, sterilisation could not be
achieved due to the existence of autochthonous bacteria
that could pass through 0:2 lm pore size membrane
®lters (Jones, Chamberlain, & Adams, 1999).
There was no signi®cant dierence between the recovery of the autochthonous ¯ora from the uninoculated and from the inoculated water, which indicates
that the presence of the pathogen had no apparent eect
on the autochthonous ¯ora (data not shown).

4. Conclusion
This study demonstrates that, in general, the inoculated indicator and pathogenic bacteria show a progressive decrease in culturability in bottled mineral
water, this decrease being accentuated in the presence of
light. Depending on the microorganism being studied,
the autochthonous ¯ora generally had a negative eect
on survival of pathogens. Pathogenic bacteria apparently become injured in mineral water which makes their
accurate detection or enumeration unreliable on selective media. Given the serious consequences of falsenegative data in managing food safety, these results
suggest that detailed research in the development of ef®cient methods for the recovery and analysis of important bacterial species is needed.
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