
ARTICLE IN PRESS
FOOD
MICROBIOLOGY
0740-0020/$ - see

doi:10.1016/j.fm

�Correspondi

E-mail addre
Food Microbiology 22 (2005) 469–473

www.elsevier.com/locate/fm
Short communication

Effects of acidic broth and juices on the growth and survival of
verotoxin-producing Escherichia coli (VTEC)

P.M. Molina, M.E. Sanz, P.M. A. Lucchesi, N.L. Padola, A.E. Parma�

Laboratorio de Inmunoquı́mica y Biotecnologı́a, Faculdad Ciencias Veterinarias, UNICEN, Pinto 399 (7000) Tandil, Argentina

Received 1 June 2004; received in revised form 13 September 2004; accepted 8 October 2004
Abstract

Five verotoxin-producing non-O157:H7 Escherichia coli (VTEC) isolates (serotypes O26:H11, O91:H21, O111:H-, O145:H-,

O174:H21) from hamburger and cattle, one O157:H7 clinical strain (human) and one O157:H7 strain isolated from cattle, were

evaluated for their ability to grow in acidic broth. Luria Bertani (LB) broth supplemented with acetic or citric acid and adjusted to

several pH values, were inoculated with stationary phase cultures of each strain, to determine the minimum pH for growth. This

parameter depended upon the bacterial strain and the type and concentration of the organic acid used. The O91:H21 strain grew

better in broth supplemented with 0.1M acetic acid (pH 5.5) than both O157:H7 strains. Acetic acid exerted a greater antibacterial

effect than citric acid at the same concentration and pH. Three strains (serotypes O91:H21, O111:H- and the O157:H7 clinical

isolate) were incubated in apple cider vinegar, capsicum pickle brine and apple juice. All strains survived foro10min in apple cider

vinegar (0.8M acetic acid) and o1 h in brine (0.4M acetic acid). When exposed to apple juices, these serotypes displayed different

behavior indicating that the O157:H7 strain had the lowest acidic resistance. We consider these findings useful for food

manufacturers before designing a HACCP plan for acidic products.

r 2004 Published by Elsevier Ltd.
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1. Introduction

Verotoxin-producing Escherichia coli (VTEC) is
considered to be a common cause of haemorrhagic
colitis (HC), haemolytic-uraemic syndrome (HUS) and
thrombotic thrombocytopenic purpura in human (Na-
taro and Kaper, 1998). Several non-O157 VTEC have
been isolated from cattle and beef products in Argentina
(Padola et al., 2002, 2003; Parma et al., 2000).
Organisms belonging to those serotypes have been
involved in HUS outbreaks elsewhere. Acidic foods
have been implicated in outbreaks of disease caused by
of E. coli O157:H7 (Morgan et al., 1993; Uljas and
Ingham, 1999; Zhao et al., 1993). The ability of
O157:H7 strains to survive in acidic conditions has been
front matter r 2004 Published by Elsevier Ltd.
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studied extensively (Conner and Kotrola, 1995; Leyer
et al., 1995; Miller and Kaspar, 1994; Reinders et al.,
2001), but there are few reports about the tolerance to
organic acids in foods by other VTEC serotypes
(Benjamin and Datta, 1995; McKellar and Knight,
1999). Thus, there is a need for information on the risks
to consumers from foodborne hazards related to non-
O157:H7 VTEC (Duffy, 1999). Therefore, the tolerance
to acetic and citric acids by several VTEC strains and
the survival in vinegar, capsicum pickle brine and apple
juice were examined.
2. Methods

2.1. Bacterial strains and growth conditions

The verotoxin-producing E. coli used in this study had
been isolated from: grazing cattle (serotypes O26:H11
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Table 1

Serotypes and virulence genes of VTEC strains used in this study

Serotype Origin stx1 stx2 eae saa ehxA (Mp)

O26:H11 Grazing cattle � + + � +

O111:H- Grazing cattle + � + � +

O91:H21 Ground beef � + � + +

O145:H- Grain-fed cattle � + + � +

O157:H7b Grain-fed cattle � + + � +

O157:H7h HUS � + + � +

O174:H21 Ground beef � + � � �

saa gene: codifies for Saa protein, involved to alternative adherence to the enterocyte; ehxA gene (megaplasmid coded): corresponds to an

enterohaemorrhagic enterohaemolysin.

Table 2

Undissociated concentration of organic acids vs. pH values

pH Acetic acid Citric acid

0.05M 0.10M 0.50M 0.05M

3.5 0.0476 0.0952 0.4761 0.0142

4.0 0.0432 0.0863 0.4316 0.0056

4.5 0.0333 0.0666 0.3331 0.0019

5.0 0.0193 0.0387 0.1934 0.0006

5.5 0.0083 0.0166 0.0832 0.0002

6.0 0.0030 0.0059 0.0297 0.0001

6.5 0.0010 0.0020 0.0098 0.0000

Data in italics indicate concentrations of undissociated acid which

allowed the most strains to grow.
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and O111:H-), grain-fed cattle (serotypes O145:H- and
O157:H7b), ground beef (serotypes O91:H21 and
O174:H21) and human clinical samples (serotype
O157:H7h) (Padola et al., 2003; Parma et al., 2000).
Their virulence genotype, determined by PCR (Parma
et al., 2000), is indicated in Table 1. Inocula were
prepared by growing bacteria for 16–18 h at 37 1C in
Luria Bertani (LB) broth pH 7 (stationary phase).

2.2. Growth/no-growth limit

Acetic (Merck Quı́mica) or citric acid (Mallinckrodt
Chemical Works, New York, USA) was added to LB
broth to reach a final concentrations of 0.05, 0.10 and
0.50M for acetic acid, or 0.05M for citric acid. The pH
was then adjusted to 3.0, 3.5, 4.0, 4.5, 5.0, 5.5, 6.0, 6.5 or
7.0 with 1M HCl (Carlo Erba, Buenos Aires, Argentina)
or 1M NaOH (Carlo Erba). LB broth pH 7.0 served as a
growth control. Broth of each pH/organic acid con-
centration was inoculated with each strain in stationary
phase to provide an initial cell density of approximately
107ml�1. Immediately 200 ml each suspension was
aliquoted into 6 wells of a 96-well tissue culture plate.
The plates were incubated without shaking at 37 1C for
72 h, and examined daily for turbidity up to 72 h.
Results were scored as (++) when either 6 or 5 out 6
wells showed turbidity for each strain/pH combination;
(+�) for 2, 3 or 4 out 6 wells, and (��) for 0 or 1 out
6 wells.

Concentrations of undissociated forms of the organic
acids at each pH were calculated using the Henderson–
Hasselbach equation (Table 2).

2.3. Survival in apple cider vinegar, pickle brine and apple

juice

Apple cider vinegar, capsicum pickle and pasteurized
apple juice, were purchased from a local supermarket.
For vinegar, pickle brine, apple juice brand A and apple
juice brand B, the pH values at 37 1C were 2.7, 3.2, 3.2
and 3.6, respectively. According to the indications of the
manufacturers, the juices did not contain microbial
growth inhibitors. Vinegar, brine and juices were
initially tested for the presence of bacteria by plating
1ml of each onto LB agar.

Three representative VTEC strains were selected for
this experiment, based upon their HCl resistance in a
previous study (Molina et al., 2003). Overnight cultures
of serotypes O91:H21, O111:H- and the O157:H7h were
each 50-fold diluted in 25ml of filter sterilized vinegar,
brine or juice, previously transferred aseptically to
Erlenmeyers and incubated at 37 1C with gentle shaking.
Samples were taken periodically, diluted appropriately
with saline, plated on LB-agar and incubated for 24 h
at 37 1C.
2.4. Identity confirmation of isolates using RAPD

analysis

Micro-organisms were subtyped to confirm the
originality of the isolate by Random Amplified Poly-
morphic DNA Analysis technique was described pre-
viously Padola et al. (2002). Samples were taken from
cultures at the end of incubation and stored frozen for
later analysis to discard any contamination.
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3. Results and discussion

3.1. Growth/no-growth limit

The growth/no-growth threshold was determined for
each serotype under each culture condition (Table 3).
When the abilities to grow in acidic broth of the non-
O157:H7 VTEC serotypes were compared with the
corresponding to two O157:H7 VTEC strains, at both
pH 5.5–0.1M and pH 6.5–0.5M of acetic acid, E. coli

O91:H21 exhibited a better aptitude to grow than both
O157:H7 strains. In contrast, the O111:H- strain showed
the greatest sensitivity under any test condition. The
growth of bacteria depended on not only the VTEC
strain, the broth pH and the concentration of the
organic acid, but also on the type of acidulant used.
Citric acid showed a lower effectiveness than acetic acid
at the same concentration and pH. Acetic acid 0.05M
inhibited the growth of O111:H-, O157:H7h and
O145:H- at pH 5.0, and of O111:H- at pH 5.5, while
citric acid was not able to do that at the same
conditions, probably because its lower lipophylicity
(Ray, 2001).

By only considering undissociated acetic acid con-
centrations, most of the strains showed some ability
to grow below approximately 0.01M undissociated
acid (Tables 2 and 3); while generally the strains
tested did not grow at concentrations higher than
0.01M of undissociated acid, independently from the
pH. Consequently, antibacterial activity is signifi-
cantly related to the undissociated acid molecule
concentration.
Table 3

Growth limits of VTEC strains under acidic conditions. Data are the result

Growth of VTEC strains under acidic conditions

pH 4.5 5.0 5.5

Molar 0.05 0.10 0.50 0.05 0.10 0.50 0.05

Acetic acid

O26:H11 �� �� �� �+ �� �� ++

O91:H21 �� �� �� �+ �� �� ++

O111:H� �� �� �� �� �� �� ��

O145:H� �� �� �� �� �� �� ++

O157:H7h �� �� �� �� �� �� ++

O157:H7b �� �� �� �+ �� �� ++

O174:H21 �� �� �� �+ �� �� ++

Citric acid

O26:H11 �� N/D N/D �+ N/D N/D ++

O91:H21 �� N/D N/D ++ N/D N/D ++

O111:H- �� N/D N/D �� N/D N/D ++

O157:H7h �� N/D N/D ++ N/D N/D ++

O157:H7b �� N/D N/D �+ N/D N/D ++

O174:H21 �� N/D N/D ++ N/D N/D ++

Results were scored as (++) when either 6 or 5 out 6 experiment showed

experiments, and (��) for 0 or 1 out 6 experiments. N/D: non-determined.
When the abilities of undissociated acetic acid and
citric acid to inhibit bacterial growth were compared,
citric acid appears to be more effective than acetic acid.
An undissociated concentration of 0.0019M of citric acid
is adequate to inhibit the growth of the strains tested
(Table 2); however a higher concentration (0.0193M) of
undissociated acetic acid is necessary to achieve a similar
effect. This fact indicates that citric acid probably acts
by a different antibacterial mechanism (Ray, 2001).
Interesting changes in membrane composition and
fluidity, verotoxin secretion and acid stress adaptation
to citric, lactic and acetic acids, were recently studied in
O157:H7 E. coli by Yuk and Marshall (2003).

3.2. Viability in apple cider vinegar, vinegar pickle brine

and apple juice

None of the serotypes tested were able to survive after
10min exposure to apple cider vinegar and no viable cell
was found after 1-h incubation in vinegar pickle brine
(results not shown). When the resistance of O91:H21,
O111:H- and O157:H7h VTEC serotypes to the acidic
environment of apple juice were compared, O157:H7h
showed the lowest resistance after 9 h exposure at pH 3.2
(Po0:05) (Fig. 1). No microbial growth was detected in
controls, without inoculation.

3.3. Random amplified polymorphic DNA (RAPD)

analysis

Bacteria at the end of each experiment gave identical
RAPD profiles as the corresponding original strains.
of six independent experiments; non-inoculated wells served as control

6.0 6.5

0.10 0.50 0.05 0.10 0.50 0.05 0.10 0.50

++ �� ++ ++ �� ++ ++ �+

++ �� ++ ++ �� ++ ++ ++

�� �� ++ �+ �� ++ ++ �+

�� �� ++ �+ �� ++ ++ �+

�� �� ++ ++ �� ++ ++ �+

�� �� ++ ++ �� ++ ++ �+

�� �� ++ �+ �� ++ ++ �+

N/D N/D ++ N/D N/D ++ N/D N/D

N/D N/D ++ N/D N/D ++ N/D N/D

N/D N/D ++ N/D N/D ++ N/D N/D

N/D N/D ++ N/D N/D ++ N/D N/D

N/D N/D ++ N/D N/D ++ N/D N/D

N/D N/D ++ N/D N/D ++ N/D N/D

turbidity for each strain/pH combination; (+�) for 2, 3 or 4 out 6
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Fig. 1. Survival (logCFUml�1 h) of VTEC (m, O91:H21; E, O111:H-

and ’, O157:H7) in apple juices at pH 3.2 (A) and 3.6 (B). The points

are the means of at least three independent experiments. Data were

statistically analysed by using the General Lineal Models of Statistical

Analysis Systems procedures (SAS Institute Inc., 1989). The least

significant difference test was used to determine significant differences

(Po0:05) between serotypes.
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This verifies that no cross-contamination occurred
throughout the experiments.
4. Conclusion

These experiments demonstrate that other than
O157:H7 VTEC serotypes develop diverse stress resis-
tance when challenged by acidic environment, although
previous researchers mention the extreme acid resistance
of E. coli O157:H7 (Diez González and Russell, 1999).
Under several acidic conditions, VTEC O91:H21 strain
showed a stress resistance higher than the two O157:H7
strains tested, normally used as the target organism for
HACCP regulation. This fact and the isolation of
non-O157:H7 serotypes from HUS outbreaks should
be considered in future models of predictive microbiol-
ogy as well as in food manufacture and hygiene
regulation.
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