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Abstract

Over the last decades, leafy greens were involved in numerous Sal/monella outbreaks. In order
to control plant contamination, it is necessary to understand pathogen behaviour both on plant
and in soil of producing fields. The objectives of this study were to monitor the growth and
survival of Salmonella Typhimurium on lettuce leaves (uncut and shredded) stored at 4 and
22°C for up to 14 days and in soil (manure—amended and sterile) stored at 5 and 25°C for
42 days. Lettuce samples were inoculated with 1.5x10° CFU g of the microorganism and
enumerated following storage for 0, 2, 6, 10, 14 days when held at 4°C and after 0, 2, 3 and 7
days when held at 22°C. Soil samples were inoculated with 5x107 CFU g of S. Typhimurium
and enumerated after storage at 5 and 25°C atdays 0, 7, 14,21, 28, 35 and 42.The results showed
that at the end of 4°C storage, populations of S. Typhimurium on uncut and shredded lettuce
declined approximately one log CFU g'!, however, at 22°C populations of the microorganism
increased approximately 2 and 3 log CFU g'! on uncut and shredded lettuce, respectively within
3 days. In addition, S. Typhimurium counts were found to be significantly higher on shredded
than uncut lettuce stored at 22°C. In soil, population density of S. Typhimurium was found to
decrease over time. The greatest and fastest decline in level of microorganism was recorded in
manure-amended soil within 21 days of storage at 25°C, meanwhile, in sterile soil stored at 5°C
the pathogen showed the lowest decrease and remained detectable up to end of examination (42
days). Significantly higher levels and survival of S. Typhimurium were detected in sterile soil

than manure-amended soil and at 5°C than 25°C storage.
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Introduction

The incidence of foodborne infection caused
by bacterial pathogens continues to be a problem
both in developing and industrialized countries
(Lampel et al., 2000). These infections usually lead
to economic losses and health problems particularly
in the young, older and immuno-compromised
peoples (Bailey, 1998). Salmonella is among the
most commonly isolated pathogens associated with
foodborne infections and its outbreaks were frequent
in many countries like Korea (20.7%), Japan (14.2%)
(Lee et al., 2001) and USA (Sivapalasingam et al.,
2004). Outbreaks of salmonellosis however caused
by numerous Salmonella serovars but Salmonella
serovar Typhimurium and Salmonella serovar
Enteritidis are the most frequently isolated serovars
from foodborne outbreaks throughout the world
(Tsen, 2002; Lim et al., 2003).

Over the last three decades, there is an increase in
numbers of Sa/monella outbreaks due to consumption
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of contaminated fresh produce particularly lettuce
(Ercolani, 1976), celery (Burnett and Beuchat, 2000)
and parsley (CDC,2000). In addition, since these leafy
green produces and their mixed salads are ready to
eat food products usually eaten raw or mildly treated,
so their contamination is of great health concern
and their ingestion poses a serious salmonellosis
risk. In the USA, eight lettuce-associated outbreaks
were reported with foodborne pathogens including
Salmonella from 1973 through 1997 (Sivapalasingam
et al., 2004), whereas, in England and Wales, the
national outbreak of multi-resistant S. Typhimurium
was associated with consumption of lettuce (Horby
et al.,2003).

Contamination of lettuce and other leafy green
produces may occurred either during growth on
farm through the use of contaminated soil, manure
compost and irrigation water (Islam et al., 2004) or
during harvest, transport and further processing and
handling (Sanchez et al., 2012). Once contamination
of lettuce with Salmonella takes place, Salmonella
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cells adhered to each other and /or to the surface
and embedded in a matrix of exopolymers forming
biofilm (Costerton et al., 1999). Due to the protection
afforded to cells enclosed within this biofilm,
Salmonella could survive and resist treatments
and sanitizers (Lapidot et al., 2006). Even more,
Salmonella may grow and reach high populations
in such leafy green vegetables depending on storage
condition (Sant’Ana et al, 2012). Temperature
during transportation and storage of lettuce and leafy
vegetable appeared to be the main factor influencing
the survival and growth of Salmonella (Vandamm
et al., 2013; Sant’ Ana et al., 2014) together with
condition of the leafy greens whether cut or uncut
(Vandamm et al., 2013) damaged or healthy produce
(Ansingkar and Kulkarni, 2013).

Soil is an environmental habitat in which
Salmonella could persist. This particularly occurs
when fresh manure from asymptomatic animal
or improperly composted manure is spread on
agricultural land (Pell, 1997). Many Salmonella
outbreaks have been found associated with fruits
and vegetables from soil with contaminated manure
(CDC, 1991; CDC, 1999; Van Beneden, 1999).
Furthermore, pathogens applied directly to plants
were found to survive for shorter period of time than
those applied to soil (Jones, 1986). In several studies,
survival of Salmonella species in soil has been
investigated and prolonged durations of persistence
ranging from 5 weeks (Jensen et al., 2006) up to 231
days (Islam et al., 2004) was reported. Numerous
factors were found to influence the survivability
of Salmonella species in soil and among them the
incubation temperature (Guan and Holley, 2003;
Garcia et al., 2010), manure presence, competition
with native soil microorganisms and protozoan
predation (Garcia et al., 2010) were more important.

The present study was undertaken to investigate
the survival and growth behaviour of Salmonella
enterica serovar Typhimurium inoculated on uncut
and shredded lettuce at 4 and 22°C for up to 14 days.
Also, to investigate the survival and persistence of
S. Typhimurium inoculated into sterile and manure-
amended soil from leafy green producing fields at 5
and 25°C for 42 days.

Material and Methods

Bacterial strain and inoculum preparation
Salmonella Typhimurium strain resistant to
tetracycline and nalidixic acid and originally isolated
from lettuce was used in this study (Identified
serologically and with PCR in Animal Health
Research Institute, Dokki, Giza, Egypt). This strain
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was cultured on Tryptic soy agar plates containing
25 pg/ml tetracycline and 30 pg/ml nalidixic acid
(Sigma- Aldrich) overnight at 37°C preceding the
experiments. The obtained colonies were harvested
into sterile distilled water and matched with standard
McFarland 1.0 and adjusted till the same density
(about 3x10® CFU ml!). From the original suspension,
serial dilutions in sterile distilled water were made.

Lettuce samples

Fresh lettuce heads were purchased from a
local vegetable market in Zagazig city, Egypt. The
outermost leaves of the lettuce heads were aseptically
removed and the next 2 layers of leaves were
detached and used for the experiment. The specimens
of lettuce were examined bacteriologically and those
exhibited absence of Salmonella species and no
CFU of tetracycline/nalidixic acid resistant bacteria
were used in this experiment. All lettuces were kept
at 2-5°C from the time of purchase to initiation of
experiments.

Soil samples

Soil samples were collected from leafy green
producing fields in Zankalon village about 5 km from
Zagazig city, Egypt. Top soil samples were collected
on 2 occasions, before and after application of cattle
manure fertilizer (2-3 kg/m?) by using sterile spoon
and sub-samples were taken from scattered locations
within a 10 m? area and mixed thoroughly to form one
pooled sample. The collected samples were packed
separately in sterile plastic bags and stored frozen
at -20°C. The soil samples were bacteriologically
investigated and those found negative for both
Salmonella species and tetracycline/nalidixic acid
resistance bacteria were chosen for the experiment.
Samples  preparation and Salmonella
inoculation

species

Lettuce

The selected lettuce leaves were washed three
times with deionized water to remove soil and dust,
and then were dried. The lettuce leave samples were
divided into 2 parts, the first was left uncut, while the
second part was shredded into 10-15 mm pieces with
a sterile knife. Six replicates of uncut lettuce leaves
(each of 100 gm) were spot inoculated, each with 5
ml of 3x10” CFU ml! of prepared S. Typhimurium to
achieveafinallevel of approximately 1.5x10° CFU g\,
The inoculated lettuce was then left to dry at ambient
temperature for 1 hour in a laminar flow biosafety
cabinet and packed in polyethylene plastic press-to-
seal snack bags. Another six replicates of shredded
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lettuce (each of 100 gm) were placed individually
in sterile beakers and each was inoculated with 5 ml
of 3x107 CFU m! of S. Typhimurium suspension to
achieve the final level of 1.5x10° CFU g! of lettuce.
Then they left to dry and packed in ten gram amounts
in sterile polyethylene plastic press-to-seal snack
bags. After packing three replicates from each of the
inoculated uncut and shredded lettuce were stored
at 4+£2°C, meanwhile, the other replicates of uncut
and shredded lettuce were stored at 22+2°C. Un-
inoculated lettuce samples (uncut and shredded)
were used as control.

Soil

In lab, the soil samples collected before
application of cattle manure fertilizer were sterilized
by autoclaving at 121°C for 15 minutes and then
placed in 100 gm divisions (sterile soil) in sterile
glass bottles with airtight glass stoppers, however,
the soil samples amended with cattle manure
(manure—amended soil) were placed directly into
their sterile glass containers. Six replicates from
each soil scenarios were inoculated separately in
their containers, each with 20 ml of 3x10% CFU
ml' of prepared S. Typhimurium suspension with
good mixing to produce 5x107 CFU g of soil. After
inoculation, half of replicates from each soil scenarios
(triplicate of sterile soil and triplicate of manure—
amended soil) were incubated at 5£2°C, meanwhile
the other half of replicates were incubated at 25+2°C.
Un-inoculated soils of the two different soil scenarios
were used as control.

Enumeration of Salmonella Typhimurium

S. Typhimurium population on inoculated lettuce
and soil samples at different storage temperatures
were enumerated on the following days. Lettuce
samples incubated at 4+2°C were enumerated at
days 0, 2, 6, 10 and 14, lettuce samples incubated
at 22+2°C were enumerated at days 0, 2, 3 and 7,
whereas soil samples incubated at 5+2°C and at
2542°C were enumerated at days 0, 7, 14, 21, 28, 35
and 42 post inoculation. At each sampling point, 10
gm of inoculated lettuce or soil were removed from
the storage containers and added to 90 ml of 0.1%
peptone water and homogenized in a stomacher for
one minute to make a 10-fold dilution. Then serial
dilutions of each sample were made in a 0.1%
peptone water and surface plated (0.1 ml) in duplicate
onto selective and non-selective media containing
tetracycline (25 pg/ml) and nalidixic acid (30 pg/
ml). Xylose lysine deoxychlate agar (XLD, Oxoid
CMO04698) was used as a selective media and Tryptic
soy agar (TSA, Merk, Germany) was used as a non-

selective media (Vandamm ef a/., 2013). Inoculated
plates were incubated at 37°C for 24 hours and the
suspected colonies of the pathogen were counted.
Three presumptive colonies were cultivated on Triple
sugar iron agar (TSI, Oxoid CM0277B) at 37°C for
24 hours and confirmed biochemically (Koneman et
al., 1992).

Statistical analysis

Statistical analysis was performed using the
Statistical Package for Social Sciences version 21.0
(SPSS for Windows 21.0, Inc., Chicago, IL, USA).
All S. Typhimurium counts were converted to the
base — 10 logarithm of the number of colony forming
units per gram of both lettuce and soil samples (log
CFU g').The significance of mean differences in
terms of log CFU g' between uncut & shredded
lettuce and between manure soil & sterile groups
were tested using independent sample T-test. Results
were expressed as Mean + standard errors (SE). The
value of P < 0.05 was used to indicate statistical
significance.

Results

Survival and growth of S. Typhimurium on uncut and
shredded lettuce

Uncut and shredded lettuce inoculated with
1.5x10°CFU g of S. Typhimurium were monitored
for changes in population of such pathogen during
storage at 4 and 22°C for up to 14 days. Investigation
of inoculated lettuce was terminated when lettuce
tissues began to liquefy and off odour appears. At
4°C, populations of S. Typhimurium on uncut and
shredded lettuce declined approximately one log
throughout the 14 days storage (Table 1). On uncut
lettuce leaves, S. Typhimurium populations declined
from 6.22 to 5.16 log CFU g!, whereas, on shredded
lettuce, population of such pathogen declined from
6.28 to 5.31 log CFU g!'. On contrast, at 22°C
populations of S. Typhimurium inoculated onto uncut
and shredded lettuce increased approximately 2 and
3 log CFU g'!, respectively within three days, where
on uncut lettuce, the count of microorganism raised
from 6.25 to 8.24 log CFU g and on shredded lettuce
raised from 6.33 to 9.27 log CFU g''. In addition, S.
Typhimurium counts were found to be significantly
higher (P < 0.05) on shredded than uncut lettuce at
22°C storage.

Survival and growth of S. Typhimurium in manure-
amended and sterile soil

Manure-amended and sterile soils inoculated with
5x107 CFU g of S. Typhimurium were followed up
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Table 1: Survival and growth of Sa/monella Typhimurium in uncut and shredded lettuce

CFUgh

Item 4°C (days)

22°C (days)

0 2 6

14 0 2 3 7

Uncut lettuce

Shredded lettuce

6.28+022° 5.75+0.15° 5.59+0.16°

6.2240.17° 5.6040.18° 5.43+0.17° 5.3240.15" 5.1640.20° 6.2540.12° 7.7440.24° §244023° ND

d

5.43+0.18% 5.3140.16° 6.33+0.17° 8.69+0.14® 0.27+0.14® ND?¢

* Mean values of replicate samples (n = 3)

b¢ Means within the same column carrying these subscripts are significantly different at P < 0.05

4 Not performed because of lettuce deterioration.

for variations in population of this organism during
storage at 5 and 25°C for up to 42 days. At 5°C storage,
S. Typhimurium population in manure-amended
soil declined from 7.60 to 2.32 log CFU g within
35 days and was not detected after that, whereas in
sterile soil, population of microorganism decreased
from 7.72 t0 2.67 log CFU g! within 42 days and was
detectable up to the end of investigation period (Table
2). However at 25°C, the level of S. Typhimurium
in manure—amended soil was decreased from 7.74
to 2.75 log CFU g! within the first 21 days and not
detected latter, whereas in sterile soil, such pathogen
population declined from 7.85 to 2.43 log CFU
g' within 35 days before becoming undetectable.
Significant higher levels and survival (P < 0.05) for
S. Typhimurium were detected in sterile soil than
manure —amended soil and at 5°C than 25°C storage.

Discussion

Monitoring growth and survival of S.
Typhimurium on uncut and shredded lettuce stored
at 4 and 22°C for up to 14 days revealed that S.
Typhimurium population on both uncut and shredded
lettuce decreased approximately 1 log CFU g' when
stored at 4°C for 14 days, meanwhile 2 and 3 log CFU
g increase in population of such microorganism were
recorded on uncut and shredded lettuce respectively
within 3 days of storage at 22°C. Moreover,
significantly higher log counts of S. Typhimurium
were detected during investigation on shredded than
uncut lettuce stored at 22°C. Similar findings were
previously recorded in Florida, USA (Vandamm et
al.,2013). The authors found that Sa/monella species
populations inoculated into fresh-cut and uncut
celery declined by 0.5-1 log CFU g over 7 days
when stored at 4°C, while at 22°C, population of such
pathogen increased by 2 logs with majority of growth
during first 17 hours, even more, populations on cut
surfaces were significantly higher than those on uncut
surfaces. In Taiwan, population of S. Typhimurium
inoculated into shredded iceberg lettuce declined 1

log CFU g! at 4°C over 14 days storage, however at
22°C the population increased 3 logs within 3 days
(Chang and Fang, 2007). Survival and persistence of
S. Typhimurium were also detected in tomato leaves,
where populations of this pathogen decreased during
the first two weeks after inoculation but remained
unchanged at about 10* CFU g in the third week
(Gu et al., 2011). The persistence and viability of S.
Typhimurium on uncut and shredded lettuce at 4 and
22°C in this study imposed a potential health risk to
consumers and ensure the previous reports of lettuce
incrimination in human outbreaks of salmonellosis
(Stafford et al., 2002; Horby et al., 2003). On the
other hand the higher log counts of S. Typhimurium
recorded in the present study on shredded than uncut
lettuce may postulated to easy internalization and more
available nutrients on shredded lettuce. In a previous
study (Brandl and Amundson, 2008), exudates and
nitrogen content of leaf surface contribute to shaping
of bacterial communities of lettuce. Furthermore, in
India S. Typhimurium count was found to be higher
on phytopathogen damaged produce than healthy
produce (Ansingkar and Kulkarni, 2013).

In many previous studies, the influence of factors
like temperature, manure addition or protozoan
predation on the survival of Salmonella species
in environmental samples was shown to be most
important (Arrus et al., 2006; Garcia et al., 2010). In
our study, significant differences in S. Typhimurium
survival in manure—amended and sterile soil at 5 and
25°C were detected by plate counting technique. The
greatest and fastest decline in S. Typhimurium levels
was recorded in manure—amended soil within 21 days
of storage at 25°C and the pathogen was not detected
latter, meanwhile, S. Typhimurium inoculated into
sterile soil and stored at 5°C showed the lowest
decrease and remained within detectable limit up to
the end of investigation (42 days). These results are
in agreement with those of Garcia et al. (2010) who
determined better S. Typhimurium survival in soil at
5 than at 25°C and in non amended than in manure-
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Table 2: Survival and persistence of Salmonella Typhimurium in manure-amended and sterile soil

-la

CFU g
Item 5°C (days) 25°C (days)
0 7 14 21 28 35 42 0 7 14 21 28 35 42

760+ 659+ 551+ 3.58+  2.65+ 232+ . 774%  470% 3.80x 2.75% B
Manure-amended soil » ND b

0.11 0.18° 0.20° 0.16° 0.11° 0.15° 0.23 0.19° 0.18° 026°

772+ 697+ 687+ 591+ 391+ 283+ 267+ 7.85+ 5.84+ 482+ 3.87+ 281+ 2.43+ B
Sterile soil b b b b b b b b b b

0.13 0.12 0.17 0.11 0.16 0.10 0.13 0.15 0.24 0.14 0.22 0.16 0.11

2 Mean values of replicate samples (n = 3)

b¢ Means within the same column carrying these subscripts are significantly different at P < 0.05

4 Not detected

amended soil. Semenov et al. (2007) showed that
S. Typhimurium cells inoculated into cow manure
decreased faster at 23°C than at 7°C and similar
results were reported by Holley et al. (2006). Islam et
al. (2004) found that survival of S. Typhimurium was
least in soil containing dairy cattle manure compost.
Furthermore, the recorded lower S. Typhimurium
survival in manure—amended than in sterile soil,
both at 5 and 25°C in this study might be attributed
to the high nutrient availability due to manure
addition and subsequent increase in the activity of
native soil microbial community (Jiang ef al., 2002),
increasing the general competition between bacteria
and leading to decrease in the survival of introduced
S. Typhimurium pathogen (Franz et al., 2005). In
addition, evolution in protozoan level in manure-
amended soil might contribute to the faster decrease
in S. Typhimurium colony forming unit, since
predation by protozoa is another factor affecting
bacterial survival in soil (Recobet et al., 1992). In
Denmark, after inoculation of S. Typhimurium into
manure-amended soil at 5 and 15°C, blooms in
number of protozoa occurred within 24 days, while
in soil without manure, the highest level of protozoa
was not observed until end of the assay at 42 days
and a significant negative correlation was found
between abundance of protozoa and S. Typhimurium
plate counting results (Garcia et al., 2010).

The prolonged survival and viability of S.
Typhimurium cells in soil recorded in this study and
other previous studies (Jones, 1986; Islam et al., 2004)
is of great concern from public and zoonotic point of
view and pose an infection risk. Several studies have
revealed that pathogens applied directly to plants
survive for shorter periods of time than those applied
to soil (Jones, 1986), even more when contaminated
manures are applied to soil, there is higher risk for
contamination of roots of vegetables with Salmonella
species for several months (Islam er al., 2004).
In addition, the pathogen could move through the

soil matrix, both vertically and horizontally and
reaching surface or underground water. If this water
is subsequently used for irrigation of produce for
livestock consumption, there will be implications
on food safety. Factors that influence the horizontal
movement of pathogens across soil comprise soil
type, rainfall, temperature, soil water content, soil
pH, density of microorganism and transportation
through plant roots (Mawdsley et al., 1995). Factors
influencing the vertical movement of pathogens
through soil include the proximity of pollutant
source, agricultural practice, weather, amount and
intensity of rainfall and season of application (Pike
and Carrington, 1986).

Conclusion

Overall, results of this study clarified that
populations of S. Typhimurium on lettuce were slightly
reduced butremained survive at4°C, however, at 22°C,
the microorganism grew and its count was elevated.
In addition, counts of S. Typhimurium were found to
be significantly higher on shredded than uncut lettuce
at 22°C. The results suggested the need for effective
mitigation strategies for the microorganism on lettuce.
Strict control of temperature during transportation,
storage and consumption appeared to be essential to
reduce human cases of salmonellosis from lettuce
consumption. On the other aspect, monitoring the
survival of the microorganism in soil revealed better
S. Typhimurium survival in soil at 5 than 25°C and in
sterile than manure-amended soil. Thus temperature
and manure addition are among the important factors
influencing the survival of S. Typhimurium in soil.
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