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Abdgract

The objective of this study wasto monitor Salmonella and Listeria monocytogenes contamination of leafy green vegetables produced in urban and
periurban agricultural fieldswith natural water irrigation. A total of 164 samples comprising of different leafy green vegetables (8 basils, 15 dills, 20
garden cresses, 16 kales, 12 lettuces, 19 mints, 19 parsleys, 18 purslanes, 1 radish, 20 rockets, 14 scallions and 2 spinaches) were randomly collected
from nearby agricultura fieldsinthe closevicinity of Ankara Stream over an 8-month period between April 2007 and November 2007. Sampleswere
examined for Salmonella and L. monocytogenes using 1SO methods with immunomagnetic separation (IMS) and then polymerase chain reaction
(PCR). No Salmonella and L. monocytogenes was detected from the 25-g radi sh, spinach and scallion samplestested. However, 23 samples (1 basil,
2dills, 1 garden cress, 1 kale, 2 lettuces, 4 mints, 3 parsleys, 5 purslanes and 4 rockets) were positive for Salmonella and 14 samples (3 basils, 1 dill,
1garden cress, 2 kales, 1 lettuce, 1 mint, 2 pardeys, 1 purslane and 2 rockets) were positive for L. monocytogenes. Overall, important contamination
of leafy green vegetables by Salmonella and L. monocytogenes was observed. Therefore, this study will draw attention to the production of freshly
consumed leafy green vegetablesand so will aid in the devel opment of control measuresfor these pathogens before harvesting and will highlight the
importance of their intake which may cause acommunicable disease and so pose a serious threat to both environment and human health.

Key words: Contamination, detection, immunomagnetic separation (IMS), leafy green vegetable, Listeria monocytogenes, polymerase chain reaction

(PCR), Salmonella.

Introduction

Although there has been an increase in the consumption of leafy
green vegetables within the past decade because of public
awareness of the benefits of healthy nutrition, recent outbreaks
of salmonellosis and listeriosis which have been traced to the
consumption of contaminated leafy green vegetables, raised a
growing public concern toward the safety of freshly consumed
leafy green vegetables and gave consumers a cause of
apprehension of being infected by Salmonella and Listeria® 51",

Salmonellae are generally associated with food products of
animal origin like eggs, poultry and beef but |eafy green vegetables
have been catching up with them asamajor source of Salmonella
dueto the recent outbreaks®. Likewisethe most recent outbreaks
of listeriosis have been traced back to contaminated poultry and
meat products as well as contaminated fresh vegetables since
Listeria monocytogenesiswidely distributed in nature 6. A recent
outbreak of Salmonella enterica subsp. enterica serovar
Senftenberg (S. Senftenberg) in the United Kingdom has been
linked to the consumption of contaminated basil 2. The outbreaks
of S Aberdeen, S. Saint Paul and S. Stanley in 2005 and S.
Hvittingfossin 2007 in Finland wereall related to the consumption
of contaminated spinach imported from Thailand °. The outbreak
involving 57 S. Typhimurium DT104 infections occurred in the
United Kingdom and Finland in 2005, was associated with iceberg
lettuceimported from Spain, after wastewater wasused to irrigate
thecrop ®. Theoutbreak of S. Thompson infectionsin Norway in
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2004 reflected alargeinternational (Sweden-Denmark-Slovenia)
outbreak caused by rocketsimported from Italy 22. The outbreak
of S Newport in England and Northern Ireland in 2004 wasrel ated
to the consumption of contaminated lettuce 2. In 2000, therewas
an outbreak involving 361 S Typhimurium infections that was
linked to contaminated | ettuce *°. The consumption of biologically
grown vegetables was found as the source of a small L.
monocytogenes outbreak, which infected 9 newborns with their
mothersand 2 other adultsin Austriain 19862,

Besides, theseleafy green vegetabl e-associated Salmonella and
Listeria outbreaks, other vegetables have also been found
contaminated with Salmondllaand L. monocytogenes. Contaminated
Romatomatoeswerefound asthe source of themulti-state outbreak
of S Braenderup diarrheainfections, occurredin 18 statesof USA
and in Canada during the summer 2004 *°. In 2002 and 2005,
tomatoes grown on the eastern shore of Virginia (USA) which
were contaminated with S. Newport, caused illnessesin 510 patients
in 26 statesand in at least 72 patientsin 16 states, respectively 4.
L. monocytogenes wasisolated from 2 samples among atotal of
402 vegetable samplesin South Korea”.

Although there are many potential sources of Salmonella and
L. monocytogenes contamination of leafy green vegetablesin the
field such as manure usage asfertilizer, contaminated irrigation
water is considered as the major source of contamination ©. The
risk of contamination by irrigation water is increased in recent
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years as untreated natural water sources like streams and rivers,
which are nearby the agricultural fields, are commonly used for
theirrigation of leafy green vegetables, like in Ankara, Turkey.
Ankara Stream has also been continuously contaminated with
faecal material and other inputs such as sewage in each passing
day sinceit runs by big residential locations and by areas where
industrial establishments are also present.

Salmonella infections can lead to septicaemia and sometimes
death 2. Nevertheless, L. monocytogenesinfectionsrangefroma
mild flu-likeillnessto a severe septicaemiaand meningitiswitha
high fatality rate, particularly in pregnant women, newborns, the
elderly and the immunocompromised people 8. People in recent
years have becomeinfected by freshly consuming contaminated
leafy green vegetables. Therefore, the objective of thisstudy was
to evaluate the prevalence of Salmonellaand L. monocytogenes
on leafy green vegetables grown around Ankara, Turkey, and to
emphasize the importance of maintaining the safety of freshly
consumed |eafy green vegetables.

Materialsand M ethods

Collection of leafy green vegetable samples: All leafy green
vegetable sampleswere collected from various nearby agricultural
fields in the close vicinity of Ankara Stream, over an 8-month
period between April 2007 and November 2007 (Table 1). All
samples, which weredirectly collected from the soil, were brought
on ice to our food microbiology laboratory and analyses were
initiated after the soil was removed from the samples by shaking,
within 3 h of samplecoallection.

| solation of Salmonellaand L. monocytogenes. Unlessotherwise
stated, all mediawere obtained from Merck KGaA (Darmstadit,
Germany). Isolation of Salmonella and L. monocytogenes was
individually carried out by 1SO 6579:2002 and | SO 11290-1:1998
methods, respectively, with immunomagnetic separation (IMS).
Twenty-five g subsamples of each |eafy green vegetable sample
wereweighed and transferred into two separate sterile Stomacher
bags, one containing 225 ml of buffered peptonewater (BPW) for
Salmonella analysisand the other containing 225 ml of Half Fraser
broth for L. monocytogenes analysisand were homogenized for 1
min at maximum speed in a Stomacher® 400 (Seeward, Norfolk,
UK), followed by incubation at 37°C for 24 h for Salmonella
analysis and at 30°C for 24 h. L. monocytogenes analysis. One
millilitre portions of each aliquot of pre-enriched samplewerethen
subjected to IMS, where 20 pl Dynabeads® anti-Salmonellaand
20 ul Dynabeads® anti-Listeria (Dynal, Oslo, Norway) were

separately incubated with 1 ml of these aliquots at room

temperaturefor 10 minwith continuousmixing (Dyna MX3; Dynd,
Odlo, Norway) so that the specific antibodies coated onto the
beadswould bind thetarget bacteria. The bead-bacteriacomplexes
were subsequently separated using a magnetic particle

concentrator (Dyna MPC-M®; Dynal, Od o, Norway). Afterwards,
1 ml of washing buffer (0.15 M NaCl, 0.01 M sodium phosphate
buffer [pH 7.4], 0.05% Tween 20) was added to wash the complexes
and the steps of separation were repeated threetimesfor removing
food debris and other microorganisms. Then, 100 pl of washing
buffer was added to resuspend the beads again. Next, resuspended
anti-Salmonellabead-bacteriacomplexesweretransferred into 10
ml of Rappaport-Vassiliadis (RV'S) brothsand incubated at 42°C
for 24 h. Finaly, the24 h RV S cultures (100 ul) were stresked onto
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Xylose Lysine Deoxycholate (XL D) agar and Rambach® agar and
the plates were cultivated at 37°C for 18-24 h for Salmonella
analysis and resuspended anti-Listeria bead-bacteria complexes
were streaked onto Oxford agar, Palcam agar, and chromogenic
Listeriaagar (OCLA) (Oxoid, Hampshire, UK) and the plateswere
cultivated at 30°C for 48 h for L. monocytogenes analysis. When
present, at least two or more typical coloniesweretransferred to
Tryptone Soy (TS) agar slants, followed by DNA isolation for the
generic identification of Salmonella and L. monocytogenes.

Confirmation of Salmonella and L. monocytogenes: |solates
giving typical resultsby | SO methodswere further confirmed by
PCR. In PCR unless otherwise stated, all molecular reagentswere
obtained from Roche Diagnostics, Mannheim, Germany. For PCR,
DNA of al presumptive isolates was extracted using the high
pure PCR template preparation (HPPTP) kit in accordance with
manufacturer recommendations. Five ul of lysozyme solution (10
mg/ml lysozymein 10 mM Tris-HCI [pH 8.0]) wasadded to each
200-pl resuspended bead-bacteria suspension and this

suspension wasthen incubated at 37°C for 15 min. Next, 200 ul of
binding buffer (6 M guanidine-HCI, 10mM urea, 10mM Tris-HCI,
20% [v/v] Triton X-100, pH 4.4) and 40 p of proteinase K were
added and this suspension was incubated at 70°C for 10 min.

After mixing with 100 pl of isopropanol, each suspension was
applied to the combined filter-collection tube. Following

centrifugation at 8000 x g for 1 min (Mikro 200 Hettich, Tuttlingen,
Germany), thefilter waswashed oncewith 500-p inhibitor removal
buffer (5M guanidine-HCI, 20 mM Tris-HCI, pH 6.6) and twice
with 500-ul wash buffer (20 mM NaCl, 2mM Tris-HCI, pH 7.5).
Final DNA extract wasel uted in 200-ul pre-warmed (70°C) elution
buffer (L0mM Tris, pH 8.5) and was centrifuged at 8000 x g for 1
min. The resulting solution was the template DNA and was
subjected to PCR.

Salmonella-specific primers[139: (5-GTGAAATTATCG CCA
CGTTCGGGCAA-3)and141: (5-TCATCG CACCGT CAA
AGG AAC C-3')] 2¢ were directed to invA gene and L.
monocytogenes-specific primers[inlA-1: (5-ACTATCTAGTAA
CACGATTAGTGA-3) andinlA-2: (5 -CAAATT TGT TAAAAT
CCCAAGTGG-3)] 8 weredirectedtoinl A gene. A total reaction
volumeof 50 pl for each PCR reaction contained, 1.5 pl aliquot of
DNA, 1XPCR buffer, 0.5 uM of each primer (MWG Biotech,
Ebersberg, Germany), 200 uM of eachdNTP, 2mM of MgCl,, and
0.025 U/ul FastStart Tag DNA polymerase. Amplificationswere
carried out using a Primus 96 thermocycler (MWG Biotech,
Ebersberg, Germany). Initial denaturation wasat 95°C for 3 min,
followed by 35 cyclesof denaturation at 95°C for 45 s, annealing
at 52°Cfor 45sand extensonat 72°Cfor 60 s, withafind extension
at 72°C for 7 min. Electrophoresis of amplification productswas
on 1.5% agarose gel containing 1 mg/ml ethidium bromidewitha
100-base pair GeneRuler™ DNA ladder plus (ready-to-use,
Fermentas, Vilnius, Lithuania) asmolecular weight marker, in TBE
buffer (10.8gTris-base, 5.5gboricacid, 4ml 0.5M EDTA [pH 8.0]
inllitreof ditilled water) at 165V for 60 minand visuaised at 302
nmunder UV illumination at InGeniusgel visudisationand analysis
system (Syngene, Cambridge, UK). The purified DNA from S.
Enteritidis (ATCC 13076) and L. monocytogenes (1462) (provided
from University of Veterinary Medicine-Ingtitutefor Milk Hygiene
and Milk Technology, Austria) were used as positive controls,
while ultra pure water and a Salmonella and L. monocytogenes-
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free spinach sample were used as negative controls. Positive and
negative controls were included in each run. The Salmonella-
specific band, which is a positive result, was indicated by a
fluorescent band at the 284 base-pair level. The L. monocytogenes-
specific band, which is a positive result, was indicated by a
fluorescent band at the 250 base-pair level.

Resultsand Discussion

A total of 164 |eafy green vegetable sampleswere collected from
various nearby agricultural fieldsin the close vicinity of Ankara
Stream from April 2007 to November 2007. Twelvetypesof leafy
green vegetable samples were collected, including basils, dills,
garden cresses, kales, |ettuces, mints, parsleys, purslanes, radish,
rockets, scallions and spinachs. Table 1 specifies the number of
samples of each type and indicates the collection |ocations of the
agricultural fields. Some types of leafy green vegetables could
not be collected from every agricultural field since they had not
been found in those fields, such asbasil in thefields of Yenikent
(Local 2) and Cubuk (Local 5), radishin the fields of Yenikent,
Ivedik (Local 3), Sincan (Local 4) and Cubuk, and spinachinthe
fieldsof Eryaman (Local 1), Ivedik and Cubuk.

The presence of Salmonella and L. monocytogenesin thetested
sampleswere presented in Figs 1 and 2, respectively. InFig. 1, the
agarosegd analysisof amplified DNAsobtained from Salmonella-
contaminated 25-g leafy green vegetable sasmplesand in Fig. 2,
the agarose gel analysis of amplified DNAs obtained from L.
monocytogenes-contaminated 25-g leafy green vegetable samples,
were shown. As seen in both figures, the obtained molecular

7 8 9 10 11 12 13 14 15 16

500 bp
—

— _— T T T ——
284 bp

17 18 19 20 21 22 23 24 25 26 27 28 29 30

500 bp
—

’846_’ — e — e e ——— = ——
2 P

Figure 1. Electrophoresis of PCR products on 1.5% agarose gel stained
with ethidium bromide: 100-bp molecular weight marker (lanes 1 and
17); amplification product from DNA of Salmonella Enteritidis (ATCC
13076) as positive control (lanes 2 and 18); sterile ultra pure water as
negative control (lanes 3 and 19); amplication product from basil samples
(lane 24); amplication product from dill samples (lanes 14 and 23);

amplication product from garden cress samples (lane 13); amplication
product from kale samples (lane 16); amplication product from lettuce
samples (lanes 10 and 29); amplication product from mint samples (lanes
7,9, 15 and 21); amplication product from parsley samples (lanes 4, 6
and 26); amplication product from purslane samples (lanes 5, 8, 11, 25
and 27); amplication product from rocket samples (lanes 12, 20, 22 and
28); Salmonella-free spinach sample as internal amplification control

(IAC) (lane 30).
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weightsfor the PCR products amplified from Salmonella Enteritidis
(ATCC 13076) and Listeria monocytogenes (1462) pure cultures
were 284 bp and 250 bp, respectively (lanes 2 and 18 in both

figures), and suspected i solateswere confirmed either Salmonella
positive or L. monocytogenes positive. In the same figures, as
might have been expected, no amplificationswere obtained inthe
presence of ultrapurewater inlanes3and 19. Likewiseinlane 30
inFig.1andinlane2linFig. 2, Salmonellaand L. monocytogenes-
free spinach sample was observed as negative regarding when
these Salmonella-specific and L. monocytogenes-specific primer
pairswere used. Mercanoglu and Griffiths2 checked the specificity
of the 139 and 141 primersto several Salmonellastrainsand strains
belonging to other common foodborne bacterial genera and

reported no cross-reactivity with the strains other than Salmonella.
The specificity of the inlA-1 and inlA-2 primers used for L.

monocytogenes had also previously been demonstrated by

Galllardetal. .

In other words, SO methodswith IMSand PCR for theisolation
and confirmation of Salmonella and L. monocytogenes were
performed on 164 |eafy green vegetable samples, of which 23 (1 of
the8basils, 2 of the 15 dills, 1 of the 20 garden cresses, 1 of the 16
kales, 2 of the 12 | ettuces, 4 of the 19 mints, 3 of the 19 pardeys, 5
of the 18 purslanes and 4 of the 20 rockets) were Salmonella
positiveand of which 14 (3 of the8 basils, 1 of the 15 dills, 1 of the
20 garden cresses, 2 of the 16 kales, 1 of the 12 | ettuces, 1 of the 19
mints, 2 of the 19 pardleys, 1 of the 18 purdlanes and 2 of the 20
rockets) were L. monocytogenes positivewhileall of the 1 radish,
14 scallion and 2 spinach sampleswerefound as both Salmonella

7 8 9 10 11 12 13 14 15 16

17 18 19 20 21

Figure 2. Electrophoresis of PCR products on 1.5% agarose gel stained
with ethidium bromide: 100-bp molecular weight marker (lanes 1 and
17); amplification product from DNA of Listeria monocytogenes (1462)
as positive control (lanes 2 and 18); sterile ultra pure water as negative
control (lanes 3 and 19); amplication product from basil samples(lane7,
12 and 15); amplication product from dill sample (lanes 20); amplication
product from garden cress sample (lane 9); amplication product from
kale samples (lanes 11 and 13); amplication product from | ettuce sample
(lane 14); amplication product from mint sample (lane 4); amplication
product from parsley samples (lanes 8 and 10); amplication product
from purdlane sampl e (lane 16); amplication product from rocket samples
(lanes 5 and 6); Listeria monocytogenes-free spinach sample asinternal
amplification control (IAC) (lane21).
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Table 2. Number of |eafy green vegetable samples positive and negative for

Table 1. Number and collection location of leafy green vegetable samples.

N
<
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Salmonella and Listeria monocytogenes, with sample no(s) of
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14/164

*a/N: number of Salmonella contaminated-leafy green vegetable sample(s)/total number of leafy green vegetable sample(s).
*b/N: number of Listeria monocytogenes contaminated-leafy green vegetable sample(s)/total number of leafy green vegetable

sample(s).

and L. monocytogenes negative (Table 2).

Inthisstudy, information on the prevalence of contamination of
Salmonella (14%) and L. monocytogenes (8.5%) on leafy green
vegetables grown around Ankara, Turkey, was provided. These
results showed that leafy green vegetables grown around Ankara
have more contamination percentage of Salmonella and L.
monocytogenesthan thetested raw vegetablesin Catalonia, Spain
(0.74% Salmonella, 1.48% L. monocytogenes) 3, and the tested
leafy salad samplesin Sao Paulo, Brazil (3% Salmonella, 0.6%L.
monocytogenes) 1°. Moreover, Lin et al. 2 did not find any
Salmonella spp. in vegetable samples examined and Abadias et
al. t did not find any L. monocytogenes in whole and fresh-cut
vegetable sampl es, except | ettuce and mixed sal ads. However, the
prevalence of these pathogens reported here were lower than
thosereported for variousfresh vegetablesin different countries.
Thunberg et al. 3 brought out that Salmonella spp. are often
isolated from fresh vegetabl es, including most commonly lettuce,
sprouts, spinach and tomatoes. Levels of Salmonella between
35 and 20% have been reported in Zambiaand Malaysia® . L.
monocytogenes has been found at levels above 10% 1828,

The prevalence of L. monocytogenesin this study were found
ashighinlettuce samples(8.3%) in accordance with the results of
published data, which reported prevalences of L. monocytogenes
inlettuce of 2.5% ®and of 3.4% *. Also, Abadiaset al. ! showed
theprevalence of Salmonellaas 3.4%in lettuce samples examined.
On the other hand, the prevalence of L. monocytogenes was not
found as high as in garden cress samples (5.0%) in accordance
with the prevalence of 18% 3. Moreover, in this study, neither
Salmonella nor L. monocytogenes were found in both spinach
and in radish samples whereas Pingulkar et al. % exhibited the
presence of L. monocytogenesin 2 out of 4 spinach samplesand
Heisick et al. 18 isolated L. monocytogenes from radishes which
showed significant amount (30.3%) of contamination.

In spite of thisvariable prevalence of these pathogens on leafy
green vegetabl es, these products become a matter of concern as
a potential source of Salmonella and L. monocytogenes and a
potential risk to public health from a food safety perspective.
Ankara Stream has been continuously contaminated in each
passing day, by receiving thewater discharge of variousindustria
plantsin which advanced treatment of wastewater is compl etely
lacking and therefore the wastewater after treatment isbeing used
in nearby agricultural areas by local farmers. The pathogens
identified in this study can cause mild to severe communicable
diseasesand probably thelocal farmersand thelocal people may
not aware of these risksassociated with eating contaminated | eafy
green vegetables.

Conclusions
Theresultsshow that |eafy green vegetablesgrown around Ankara
are vehicles for pathogens such as Salmonella and L.
monocytogenes and constitute potential health risks. Thefindings
fromthisstudy indicatethat thereisaneed for advanced treatment
of surface water before its usage in agricultural areas around
Ankaraor impermissible of agricultural use of this contaminated
surfacewater, likein several countries, to minimize or counter the
risk. Themost of all, itisimportant to educatethelocal farmerson
therisk involved in the usage of this contaminated surface water
for irrigation of agricultural areas around Ankara and the local
peopleon therisk involved eating these contaminated vegetables.
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Thisstudy also highlighted likely problem of agricultural areasin
other countries.
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