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ABSTRACT

Fresh vegetables are a frequent cause of foodborne disease outbreaks because they
often do not undergo heat treatment prior to consumption. Pathogenic Escheri-
chia coli strains are the major causative agents of produce-related outbreaks. In
this study, we investigated the efficiency of conventional E. coli selective medium,
MacConkey (MAC) agar, for the screening of fresh vegetable samples and evalu-
ated the discrimination ability of Levine’s eosin methylene blue (L-EMB) agar for
E. coli-like colonies obtained from MAC agar. A total of 120 samples of lettuces
(n = 60) and radish sprouts (n = 60) were analyzed. Among 17 (14.2%) MAC agar
plates containing putative E. coli colonies, only one plate was confirmed E. coli-
positive (positive predictive value = 5.9%). All 16 false-positive isolates were iden-
tified as Citrobacter braakii and formed E. coli-like colonies on L-EMB agar. These
results indicate that in order to reduce false-positive results in screening fresh veg-
etable samples, both MAC and L-EMB selective agars should be modified with the
aim of providing reliable differentiation between E. coli and C. braakii.

PRACTICAL APPLICATIONS

Although MacConkey (MAC) and Levine’s eosin methylene blue (L-EMB) agars
are not specific for the detection of pathogenic Escherichia coli, the media are rec-
ommended for the isolation of pathogenic E. coli (except E. coli O157:H7) in the
Food and Drug Administration Bacteriological Analytical Manual. This is due to
the fact that it is difficult to develop each pathogenic strains-specific selective
media as they were not classified by their biochemical characteristics. However, the
unexpected high prevalence of Citrobacter braakii in fresh vegetables observed in
this study indicates that the screening potential of these E. coli selective media
needs to be improved.

INTRODUCTION

In the Food and Drug Administration Bacteriological
Analytical Manual, MacConkey (MAC) agar and Levine’s
eosin methylene blue (L-EMB) agar are listed as selective
media for the isolation of pathogenic Escherichia coli,
except enterohemorrhagic E. coli serotype O157:H7
(Bacteriological Analytical Manual 2011). Originally, MAC
and L-EMB media were developed to detect not only E. coli

but also other lactose-fermenting gram-negative bacteria
(MacConkey 1905; Levine 1918). These bacteria produce
acids by fermenting lactose; under acidic condition, the
colonies are stained pink by neutral red in MAC agar and
dark purple by eosin Y and methylene blue in L-EMB agar.
E. coli is the most active lactose fermenter and is able to
generate highly acidic conditions. This characteristic feature
enables laboratory personnel to differentiate E. coli from
other lactose-fermenting bacteria growing on these media
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(Leininger et al. 2001). On MAC agar, E. coli forms brick red
colonies with hazy surrounding zones due to precipitation
of bile salts (Shuman and Silhavy 2003) and on L-EMB agar,
E. coli colonies acquire a characteristic green metallic sheen
due to the formation of an amide bond between eosin Y and
methylene blue under strong acidic conditions (Horvath
and Ropp 1974). However, previous studies have reported
that some strains of coliform bacilli, including Klebsiella,
Serratia, Enterobacter and Citrobacter spp. can produce
typical E. coli-like colonies on both MAC and L-EMB agars
(Venkateswaran et al. 1996; Leininger et al. 2001;
Bacteriological Analytical Manual 2002). Thus, these bacte-
ria at a high level may act as competing microflora and
could interfere with the isolation of E. coli using the selec-
tive media.

Fresh vegetables are a frequent cause of foodborne
disease outbreaks because they are often consumed raw
without prior thermal treatment. Pathogenic E. coli strains
are the major causative agents of produce-related outbreaks.
A recent foodborne outbreak caused by a pathogenic E. coli
variant O104:H4 in Germany was associated with sprouts
(Buchholz et al. 2011) underscoring the need of screening
for potentially pathogenic E. coli in fresh produce. In
general, the levels of coliform bacteria in fresh lettuce and
sprouts are high, reaching from 4 to 8 log cfu/g (Jo et al.
2011; Seow et al. 2012); such high prevalence may yield
many false-positive results in screening tests for E. coli using
MAC and L-EMB as selective media. However, there is very
little information regarding the screening efficiency of these
two E. coli selective agars in vegetable samples such as fresh
lettuce and sprouts and the growth of major competing
bacteria that can produce E. coli-like colonies.

Thus, in this study, we identified E. coli-competing
microflora on MAC agar during screening and isolation of
E. coli from fresh lettuce and sprouts, and evaluated the dis-
crimination ability of L-EMB agar for E. coli-like colonies
on MAC agar.

MATERIALS AND METHODS

A total of 120 fresh vegetable samples, including 60 lettuce
and 60 radish sprout items, were purchased from a super-
market in Seoul, South Korea, over 5-month period from

May to September 2014. All samples were delivered to the
laboratory within 30 min of purchase and immediately pre-
pared for analysis.

Each sample (25 g) was mixed with 225 mL buffered
peptone water (Oxoid, Hampshire, UK) and homogenized
for 1 min using a blender (Bagmixer, Interscience, St Nom,
France). The homogenates were incubated for 3 h at 37C to
revive bacteria and then left for another 21 h at 44C. After
the enrichment, a loopful of broth culture was streaked
onto MAC agar (Oxoid), followed by incubation at 37C for
24 h. Suspected colonies (brick red, nonmucoid, round-
shaped, surrounded with a hazy zone of precipitated bile)
were subcultured on tryptic soy agar (Oxoid) at 37C for
24 h, followed by final identification of the colonies using
the VITEK 2 GN kit (bioMérieux, Marcy 1’Etoile, France).
The predictive positive value (PPV) was calculated as the
ratio of VITEK2-positive E. coli plates to the total number
of MAC staining-positive plates.

To evaluate the discrimination ability of L-EMB agar, the
E. coli-like colonies from MAC agar were subcultured on
L-EMB agar (Oxoid) for 24 h at 37C and selected based on
the appearance of the green metallic sheen.

RESULTS AND DISCUSSION

Table 1 shows the efficiency of E. coli screening using MAC
agar as a selective medium. Among the 120 samples of fresh
vegetables analyzed in this study, the presence of typical
E. coli-like colonies on MAC agar was observed in 14.2%
(17 of 120 samples). Among the 17 plates of positively
stained colonies, one plate was confirmed as E. coli-positive
by the VITEK 2 test, whereas the colonies on the remaining
16 plates were identified as Citrobacter braakii. When
streaked onto L-EMB agar, all C. braakii isolates produced
typical E. coli-like colonies with the metallic green sheen.

Until recently, MAC and L-EMB agar have been widely
used as selective media for the screening of E. coli, including
non-O157:H7 pathogenic strains (Karim et al. 2013; Pinaka
et al. 2013; Selim et al. 2014). However, in this study, MAC
agar presented poor screening efficiency in E. coli selective
isolation from vegetable samples, as indicated by the low
PPV of 5.9%, which may have resulted from low prevalence
of E. coli in fresh vegetables (Choe et al. 2013; Ma et al.

TABLE 1. PREVALENCE OF FALSE-POSITIVE
ESCHERICHIA COLI ON MACCONKEY AGAR
USED FOR THE ISOLATION OF E. COLI FROM
FRESH VEGETABLES

Number of putative E. coli-positive
plates/number of tested vegetable samples (%)

Number of samples confirmed as†

PPV‡True-positive False-positive

17/120 (14.2) 1 16 5.9%

† The putative E. coli isolates were confirmed as E. coli (true-positive) or Citrobacter braakii (false-
positive) by the VITEK2 test.
‡ PPV (positive predictive value) was calculated as the percentage of true E. coli-positive plates by
the VITEK2 test to the number of putative E. coli-positive MacConkey agar plates.
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2014). The presence of E. coli in foods indicates fecal con-
tamination and the possibility of foodborne infection
(Santos et al. 2012). In addition, as fresh produce does not
undergo heat treatment prior to consumption (Rodríguez-
Caturla et al. 2012), i.e., contaminating microflora is not
inactivated, the level of E. coli in these foods is subject to
strict control: it should not exceed 102 cfu/g in the European
Union and 10 cfu/g in Korea (Santos et al. 2012; Korea Food
and Drug Administration 2013). These strict policies for
fresh produce may result in low prevalence of E. coli in fresh
vegetables, evident through recent studies; E. coli isolation
rates in fresh vegetables were reported at 6.3%, 4.0% and
2.3% in Spain, Portugal and South Korea, respectively
(Rodríguez et al. 2011; Campos et al. 2013; Kim et al. 2014).
L-EMB agar would have similar E. coli screening perfor-
mance to MAC agar in testing fresh vegetables because all
false MAC-positive isolates formed typical E. coli-like colo-
nies on L-EMB agar. These results indicate that the use of
these media for E. coli presumptive screening in fresh veg-
etables would require additional cost for further following
confirmation steps.

Interestingly, all false-positive isolates in this study were
identified as C. braakii which is known as an unusual gram-
negative bacterium (Carlini et al. 2005). E. coli and

C. braakii colonies formed on MAC and L-EMB agars were
almost identical, indicating that lactose-fermenting ability
of C. braakii isolates is similar to that of E. coli (Fig. 1). To
our knowledge, this is the first report on C. braakii strains
having the ability to produce typical E. coli-like colonies on
MAC and L-EMB agars, suggesting that this species could
complicate accurate E. coli detection in vegetables using
these two selective media.

Citrobacter spp., including C. braakii, are found in food
products such as meats, seafood and vegetables, as well as in
water and soil (Arens and Verbist 1997; Ananchaipattana
et al. 2012). Although some studies showed that C. braakii
could cause opportunistic infections, such as peritonitis and
sepsis (Gupta et al. 2003; Carlini et al. 2005); in general,
Citrobacter spp. are considered to have low virulence in the
gastrointestinal tract except for enterotoxigenic Citrobacter
freundii (Schmidt et al. 1993; Samonis et al. 2009). To the
best of our knowledge, no cases of food poisoning by
C. braakii have been reported, suggesting that this species
does not pose a significant danger regarding food safety and
should be distinguished from a potentially pathogenic
E. coli using efficient and reliable detection methodology.

In conclusion, MAC and L-EMB agars as E. coli selective
media should be improved to reduce false-positive results in

FIG. 1. IMAGES OF ESCHERICHIA COLI AND
CITROBACTER BRAAKII COLONIES ON
MACCONKEY AGAR (A AND B) AND LEVINE’S
EOSIN METHYLENE BLUE AGAR (C AND D)
AFTER 24-H INCUBATION AT 37C. (A AND C)
E. COLI ISOLATED FROM VEGETABLE SAMPLES
IN THIS STUDY; (B AND D) C. BRAAKII ISO-
LATED FROM VEGETABLE SAMPLES IN THIS
STUDY. THE COLONIES FORMED BY E. COLI
AND C. BRAAKII ON BOTH SELECTIVE MEDIA
LOOK ALMOST IDENTICAL
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screening food products, especially fresh vegetables that
contain high levels of different coliform bacilli with high
lactose fermentation activity. In this study, C. braakii was
the only identified species to form typical E. coli-like colo-
nies on MAC agar and also could not be differentiated in
L-EMB agar, indicating the need for further studies aimed
to improve the level of differentiation between E. coli and
C. braakii using conventional selective media to prevent the
increase of testing time and cost.
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