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ABSTRACT

In most of the novel and traditional methods used in the exammination of food samples for
Salmonella, pre-enrichment of samples is used as a means of increasing the sensitivity and
reliability. However, the influence of pre-enrichment of sample on some of those methods has not,
been studied. Furthermore, the effect of the conditions of the sample on the sensitivity of some of
those methods are also not been studied. The aim of this research was to study the influence of
pre-enrichment and the conditions of the samples on the detection sensitivity of one novel method
Fluorescent im-situ  Hybridization (FISH) and one traditional culture techniques
(XLT-4 agar plates). To study the influence of enrichment, 60 pork sausage samples collected from
20 different food outlets were examined for Salmonella contamination by both methods with and
without pre-enrichment. To study the effect of the conditions of food, cellected samples were spiked
with 107 efu mL™ Salmonella enterica culture and examined with and without pre-enrichment.
Detection sensitivity of both methods was higher in pre-enriched fresh samples as well as spiked
samples. FISH method was found to be more sensitive and less affected by the conditions of food,
compared to culture method.

Key words: Salmonella, fluorescent in-situ hybridization (FISH), pre-enrichment, plate count
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INTRODUCTION

Salmonella is a major food and water borne pathogenic bacterium which causes intestinal
infection, accompanied by fever, abdominal cramps and diarrhea which 1s commonly known as
salmonellosis (Fadel and Ismail, 2009; Jongerius-Gortemaker et al., 2002). They are Gram
negative, motile, facultative anaerobic bacteria which can be contaminated with food as
consequence of many pre-harvest, harvest and post harvest factors. Contaminated egg, meat and
poultry products are the main sources of Salmonella infections (Seidavi ef al., 2008; Nowalk ef al.,
2007, Wang et al., 1996). Contamination of sea foods and drinking water by Salmonella is also a
major public health concern (Nguendo-Yongsi, 2011; Shabarinath et al., 2007).

Rapid and reliable detection of viable Salmonelle in food samples is important for the
prevention from disease as well as the cost of storage and transportation of infected products
{(Selvan et al., 2007; Vieira-Pinto et al., 2008). In this context, methods based in nucleic acid
detection may play an important role (Malkawi and Gharaibeh, 2004). However, the majority of
the rapid genetic assays and even traditional techniques, used to detect specific pathogens in foods
require an enrichment step, which increases the analytical time (Olsen et al., 1995). Although
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sample enrichment limits the assay speed, it provides benefits such as, the inerease of cell number
in to detectable level, the dilution of the detection inhibitors, the differentiation of viable and
non-viable cells and the elimination of stressed or injured cells due to food processing
{Moreno et al., 2001:; Piknova et al., 2002),

Culture in XL.'T-4 agar, a Salmonella specific culture medium, is traditionally used in the
detection of Salmonella from food samples. Fluorescence In Situ Hybridization (FISH) using rENA
probes has proved to be a promising tool for detection of microorganism in food (Kreolini et al., 2003;
Fang et «l., 2003; Moreno et al., 2001; Regnault ef al., 2002). In both these methods sample
pre-enrichment. 18 an essential step. However, effect of sample pre-enrichment on the results of
these methods and the effect of different conditions of foods have not been studied. In this study,
novel detection method, fluorescent in stiu hybridization, was comparatively studied with
conventional culture based detection for its sensitivity in detection of Salmonella from raw and
spiked food samples in fresh and pre-enriched conditions.

MATERIALS AND METHODS

Bacterial cultures: Salmonella enterica obtained from BIOTECH, NASTDA, Thailand was
cultured using nutrient agar broth for 4h at 36°C to mid-exponential growth phase and serially
diluted (107'-107"" in sterile distilled water for enumeration. Bacteria were enumerated using
xylose lysine tergitol-4 (XLT-4) agar plates at 37°C overnight and bacterial concentration was
estimated by calculating the average number of colonies on plates containing 30 to 300 colonies.
Then a bacterial dilution contained 107cfu mL™ was prepared using the same mid-exponential
phase bacterial culture.

Sample collection and preparation: A total number of 60 pork sausage samples were obtained
from 20 different food outlets and two 25 g sub-samples were taken from each sample and grinded.
One grinded sub-sample taken from a sample was used to inoculate 225 mL of nutrient broth and
mixed by stomacher and divided in to two containing approximately 125 mL in each. Then one of
those broths was used to enumerate Salmonella on XLT-4 agar plates and to detect by fluorescent.
tn-situ hybridization (FISH). The other broth was used to enrich at 37°C for 12 h and performed
the same tests. The other sub-sample was spiked with 5 mL of 10" Salmonella enterica culture and
then inoculated into 225 mL of nutrient broth and mixed by stomacher. The inoculated broth was
divided in to two as above and performed the same tests as above,

Culturing in XLT4 agar: Prepared samples were serially diluted (107-107'% in sterile distilled
water and enumerated in Salmonella specific culture medium, XLLT4 agar, as describe by Fratamico
(2003). Plates were incubated at 37°C over night and plates with red colonies were considered as
positive for Salmonella and others as negative.

Detection by Fluorescent in-situ Hybridization (FISH): 1 mL of each prepared sample was
centrifuged at 12500 rpm for 3 min and bacterial pellets were obtained. The bacterial pellets were
then fixed with three volumes of 4% paraformaldehyde (whv) solution in PBS for 1 h at 4°C. Fixed
cells were then washed twice with 1 mL of 1XPBS by centrifugation at 12500 rpm for 3 min. Pellets
were re-suspended in one volume of PBS and equal volume of ice cold 98% ethanol was added and
stored at -20°C. The fixed bacterial samples were used for hybridization with flucrescent probe.
Fight well teflon slides were used as hybridization support, 3 pli of each fixed cell sample were
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spread in wells and oven dried in 37°C for 10 min. Then cells were dehydrated by successive
passages through 50, 80 and 98% (v/v) ethanol for 2 min in each solution and slides were air dried
in room temperature in vertical position. After air drying 10 pli of hybridization buffer
(0.9 M NaCl, 20 mM Tris-HC1, pH 7.2, 0.1% SDS) containing 5 ng uL™' of the Sal3 Probe,
F-AATCACTTCACCTACGTG-3" 1abeled with FITC at 5 end were added to each well. Then slides
were incubated for 2 h at 46°C in humid chamber. After incubation slides were washed by buffer
solution (0.9 M NaCl, 20 mM Tris-HCI, pH 7.2, 0.1% SDS) at 46°C for 15 nmin, rinsed two times with
autoclaved ddH,O and air dried at room temperature in the vertical position in a dark place and
3 pLi of antifade reagent were added per well and sealed with a cover slip. Finally, slhides were
examined by oil immersion fluorescent microscopy and photographs were taken.

RESULTS AND DISCUSSION

A comparative analysis between the culture method and the FISH method, for the detection
of Salmonella, was performed for 60 naturally contaminated and spiked pork sausage samples in
fresh and pre-enrich conditions. Formation of read colonies in XL.T4 agar (Fig. 1) for culture method
and fluorescent microscopic visualization of cells hybridized with Sla3 probe (Fig. 2) for FISH
technique were used as indicators to identify positive samples for Salmonella contamination.

From fresh samples, Culture method identified 2 samples as contaminated by Salmonella while
FISH identified 4 samples. Enrichment step increased these numbers up to 7 for culture method
and 12 for FISH methoed (Table 1). As per these results, the detection sensitivity of culture method
was lower than the FISH method. As previously described by Flowers ef al. (1987), Bottar ef al.
(1995) and Fang et al. (2003), reasons for higher number of positive results by hybridization
methods compared to culture method could be, detection of dead or viable but not culturable cells
by hybridization method or detection of other bacteria rather than Salmonelle by those methods.
However, the possibility of the detection of dead cells by FISH technique 1s very low since TRNA in
dead cells are rapidly degrade. Since Sal3 probe has been used in number of studies and proven
its ability to detect Salmonella from mixed bacterial population, there is no possibility to detect other
bacteria rather than Salmonella by Sal3 probe. However, by hybridization methods, there is a
possibility for the detection of viable but non-culturable cells that exhibit a metabolic activity level

Fig. 1. Salmonella colonies on X1, T4 agar plate
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Fig. 2: Fluorescent microscopic view of Salmonella cells hybridized with Sal3 probe

Table 1: Detection of Salmonella from naturally contaminated and spiked pork sausage by culture and FISH methods

FISH technique

Naturally contaminated samples Spiked samples

Fresh samples Pre-enriched samples Fresh samples Pre-enriched samples
Culture method +) (-) Total +) (-) Total (+) ) Total (G2 (-) Total
+) 2 - 2 7 - 7 55 - 55 60 - 50
) 2 56 58 5 48 53 3 2 5
Tatal 4 56 60 12 48 60 58 2 60 60 - 60

(+): Salmonella detected, (-): Salmonella not. detected

with a sufficient number of ribosomes detectable by hybridization with Sal3 probe but that are not
viable enough to express their ability to multiply during the culture procedure as explained by
Vieira-Pinto et al. (2008). The other reason for these results could be, physical and chemical
properties of pork sausage (salt concentration, preservative concentration, pH ete.) which could
stress Salmonella cells so that they are unable to form colonies in culture plates but exhibit a
metabolic activity level with a sufficient number of ribosomes detectable by FISH method. However,
the increase of sensitivity of both method by pre-enrichment indicated the inability of both method
to detect some of the naturally contaminate samples with low number of bacterial cells,

The results were further confirmed by the analysis of pork sausage samples spiked with
Salmonella culture (Table 1). Five samples were identified as negative for Salmonella by culture
technique, although they were spiked with Salmonella culture, from fresh samples. This may be
due to chemical and physical properties of the food as explained above. Two negative results
obtained by FISH test for spiked fresh samples may be due to deficient microscopic visualization
{fluorescent background) or because a small number or insufficient accessibility of the target
molecules 1s present as explained by Amann et al. (1995),

In this experiment, higher positive results were observed for both methods for both raw and
spiked samples after enrichment indicating the ability of pre-enrichment to increase the detection
sensitivity. Reason for these results may be small number or injured or inactive micreorganisms
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present in food samples as explained by Niederhauser et al. (1992) and Fang ef al. (2003). Due to
this reason, false negative results could be obtained by both culture and hybridization methods for
raw samples. Hence, pre-enrichment before testing food for microbial contamination is important.
However, on the other hand, extensive enrichment could cause the degradation of rRNA target
which leads to false negative results. So, further research should be carried out to find the best
enrichment period for each test method.

CONCLUSION

Pre-enrichment step found to be effective to increase the detection sensitivity of both methods
tested in this study. FISH technique shown high detection sensitivity compared to culture based
method and was minimally affected by chemical and physical properties of the food. Henee, in
conclusion, FISH method is recommended over culture based methed for the detection of
Salmonella from food samples with an enrichment step.
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