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Introduction

Salmonella is one of the most frequently isolated foodborne pathogens. The genus members are recognized as a major cause of 
enteric fever and gastroenteritis. It was aiming at detection of Salmonella in some food samples (Row beef, row chicken, um fit fit, 
salad rocket and cucumber) collected from different markets in Khartoum state, Sudan. Ten food samples were collected from mar-
kets with poor hygiene and others with almost high hygiene. The conventional culture method for detection of Salmonella was used 
as well as PCR technique. DNA was extracted from Salmonella colonies and from the pre-enrichment culture. PCR was conducted us-
ing primers pair which amplify a 389-bp fragment within the conserved inv A gene sequence of salmonella spp. The results showed 
that 80% of food samples were positive when tested with conventional method. All meat samples tested (beef, chicken and um fit fit) 
were positive, while 50 % of the vegetables were positive (one cucumber and one rocket). However, the ten food samples (100%) 
were showed positive reaction in the biochemical test. the purity of the DNA was between 1.28 - 2.05, and the concentration ranged 
from 1.21 to 22.7 ng/µl. From the PCR conducted from Salmonella colonies, nine samples (90%) were positive by PCR, 50% of beef 
meat while other samples were all positive (100%). However, all samples were negative in PCR when the DNA extracted from the 
pre-enrichment culture.

Among the gram-negative rods that cause foodborne gastroen-
teritis, the most important are members of the genus Salmonella. 
All members of this genus of gram-negative enteric bacteria are 
considered to be human pathogens [1]. Salmonella is one of the 
most frequently isolated foodborne pathogens. It is a major world-
wide public health concern, accounting for 93.8 million foodborne 
illnesses and 155,000 deaths per year. To date, over 2500 Salmo-
nella serotypes have been identified and more than half of them 
belong to Salmonella enterica subsp. enterica, which accounts for 
the majority of Salmonella infections in humans [2]. The genus Sal-
monella is the leading cause of foodborne outbreaks and remains a 
major public health concern around the world [3].

The primary habitat of Salmonella spp. is the intestinal tract of 
animals such as birds, reptiles, farm animals, humans, and occa-
sionally insects. They may also be found in other parts of the body 
from time to time. As intestinal forms, the organisms are excreted in 
feces from which they may be transmitted by insects and other liv-
ing creatures to a large number of places. They may also be found in 
water, especially polluted water [1]. Many foods, particularly those 
of animal origin, have been recognized as vehicles for transmitting 
the organisms to humans and to the food processing and prepara-
tion environment. Eggs, poultry, meat, and meat products are the 
most common food vehicles of salmonellosis to humans [1].

The presence of Salmonellae in food that is ready to eat is con-
sidered significant regardless of the level of contamination [4]. The 
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routine detection of Salmonella in foods is therefore an important 
part of public health programs because the presence of Salmonella 
in food can cause health problems [5].

The current official U.S. Food and Drug Administration (FDA) 
Bacteriological Analytical Manual (BAM) cell-culturing methods in-
volving pre-enrichment, selective enrichment, plating on selective 
media, and subsequent biochemical and serological identification 
of suspected colonies are still widely used. However, the conven-
tional culture methods are time-consuming and labor intensive, 
resulting in lower throughput of samples tested by regulatory lab-
oratories. The DNA-based method which utilizes PCR technique is 
becoming more useful to detect food borne pathogens because of 
its accuracy and sensitivity.

Therefore, our study was aiming at detection of Salmonella in 
some food samples using conventional and molecular methods 
and comparing the results obtained by the two methods.

Materials and Methods
Five types of foods were used: beef, chicken, Omasum (locally 

known as um fit fit), cucumber and salad rocket. Two samples 
were obtained from each food type; one from public market with 
poor hygiene and the other from market of high hygiene. 

All samples were brought to the microbiology laboratory at the 
department of Botany and Agricultural Biotechnology, Faculty of 
Agriculture, University of Khartoum, Khartoum, Sudan. Then sam-
ples were labeled and subjected to analysis immediately using the 
following procedure. 

Conventional method culture-based method

Method of pre-enrichment and enrichment which is based 
on BSEN 12824, [6]; in this method 25g of beef sample (and 10g 
from other samples) was homogenized with 225ml of buffered 
peptone water (100 ml for other samples) and then divided into 
two aliquots. The first aliquot was subjected to be used in molecu-
lar method and the second aliquot was used to confirm the pres-
ence of Salmonella by standard cultural method and followed by 
biochemical confirmatory test. In the conventional method, each 
sample was homogenized and incubated at 37° C for 24h. Then, 1 
ml of each incubated sample was added to 10 ml of selenite cystine 
(SC) broth and the mixtures were incubated at 37°C for 20 - 24 h. 
A loopful of each sample from the previous step was used to streak 
two selective agar media (Salmonella-Shigella agar (SSA) and 

Bismuth sulphite agar. The plates were incubated at 37°C for 24h 
(SSA) and 48h (BSA). After that typical colonies were cultured on 
nutrient agar to be screened biochemically using triple sugar iron 
(TSI) agar test. TSI agar slopes were prepared and then inoculated 
with fresh cultures and incubated at 37°C for 24h. 

To confirm the presence of Salmonella by molecular method, 
broth cultures were prepared from typical colonies using nutrient 
broth and incubation at 37°C for 24h. 

Molecular method (DNA-based method)

The 24 h old broth cultures prepared in nutrient broth from 
Salmonella colonies were used to extract the DNA using the boil-
ing method as followed by [5]. Also, the aliquot that subjected to 
pre-enrichment culture was also used to extract the DNA using the 
same protocol. Five ml of the pre-enriched samples was transferred 
to 15ml Falcon tube and centrifuged for 15 min at 6.000 rpm to 
collect the bacterial cells. The supernatant was discarded care-
fully. The pellet was re-suspended in 500 µl of distilled water. The 
tube was centrifuged at 6.000 rpm for 15 min and the supernatant 
was discarded carefully. The pellet was re-suspended in 500 µl of 
distilled water by vortexing. The tube was incubated for 15 min at 
100°C in water bath and immediately chilled on ice or in freeze at 
4°C. The tube was centrifuged for 10 min at 6.000 rpm. The super-
natant was carefully transferred to a new tube and was kept in 4C 
to be used as the template DNA in the PCR. Agarose gel electropho-
resis was used to check the presence of the DNA in the extracts. 
Then the quality of the extracted DNA (purity and concentration) 
was checked using nanodrop spectrophotometer. 

PCR was done using the primers salm3 (5-GCTGCGCGCGAACG-
GCGAAG-3) and salm4 (5-TCCCGGCAGAGTTCCCATT-3) which am-
plify a 389–bp fragment within the conserved inv A gene sequence 
of Salmonella spp. [7]. A 25 microliter PCR mixture contained a 3µL 
of DNA template, 1.5µL of each primer (forward salm3 and reverse 
salm4), 0.3µL of taq polymerase, 2.5µL of dNTPs, 2.5µL of buffer, 
2µL of MgCl2 and a 11.7µL of water. 

Amplification of the DNA was performed using techne thermal 
cycler version. The PCR program included heat denaturation at 
95°C for 5 min followed by 35 cycles of: denaturation at 95°C for 
1:30 min, annealing at 62°C for 1 min and extension at 72°C for 
1:30 min. Then a final extension step at 72°C for 7 min. PCR product 
was verified using 1.2 % agarose gel.
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Results and Discussion
The results showed that out of 10 food samples, eight (80%) 

were positive when tested with conventional method. All meat 
samples tested (beef, chicken and umfitfit) were positive, while two 
samples (50 %) of the vegetables were positive (one cucumber and 
one rocket). as shown in table1 and figure 1. However, the ten food 
samples (100%) were showed positive reaction in the biochemical 
test. Typical strains of Salmonella produce an acid (yellow) butt 
and an alkaline (red) slope in TSI agar, with blackening due to hy-
drogen sulphide production. The purity of the DNA was between 
1.28 - 2.05, and the concentration ranged from 1.21 to 22.7 ng/µl. 
Nine samples (90%) were positive by PCR, 1/2 (50%) were beef 
meat while 2/2 (100%) were chicken meat and 2/2 (100%) were 
um fit fit meat and 2/2(100%) were cucumber vegetables and also 
2/2(100%) were salad rocket vegetables. As shown in table 1. 

B1 B2 Ch1 Ch2 Um1 Um2 C1 C2 R1 R2
BSA + + + + + + + - + -
SSA + + + + + + + + + +
TSI + + + + + + + + + +
PCR SSA - - - - - - - - - -
PCR BSA - + + + + + + + + +
PCR Pre-enrichment culture - - - - - - - - - -

Figure 1: Agrose Gel Electrophoresis of the representative PCR 
products amplified with invA primer

Lane1: DNA marker
Lane 2: Control +ve (389 pb)
Lane 3-13 PCR product
Lane 14: Conrol – ve.

Table 1: The results of conventional and molecular detection of Salmonella in the tested food samples.

BSA: Bismuth Sulphite Agar, SSA: Salmonella Shigella Agar, TSI: Triple Sugar Iron agar, NA: Nutrient Agar.

B: beef, Ch: chicken, Um: Umfitfit, C: Cucumber, R: Salad rocket, 1: Poor hygiene market, 2: low hygiene supermarket. 

The increased frequency of food-borne Salmonella has been 
causing recurring outbreaks, sometimes with fatal infections [5]. 
Consumption of uncooked fresh vegetables and fruit has occasion-
ally been reported to cause disease in humans. Fresh fruit and veg-
etables carry a surface flora of microorganisms. Washing, unless 
controlled, will distribute organisms particularly if the wash water 
is recirculated. Vegetables are frequently presented for sale in su-
permarkets in a washed, peeled or chopped state. These further 
manipulations often serve to spread surface organisms throughout 
the product and the juices released provide an improved environ-
ment for microbial growth. Also, salad and root crops may be con-
taminated with fecal pathogens following fertilization/irrigation 
with raw or partially treated sewage [4]. Also, Intensive rearing 

of livestock increases considerably the spread of organisms from 
animal to animal and, in slaughter and processing, from carcass to 
carcass. Animals may excrete Salmonellae or campylobacters with-
out showing symptoms. The prevalence of Salmonellae on raw red 
meats is variable and will differ depending on the type of meat ani-
mal and method of rearing (Roberts and Greenwood, 2003). Chick-
ens and other poultry are most often infected and a high proportion 
of retail carcasses may be contaminated [8,9]. In this study 10 food 
samples were tested for presence of Salmonella by two different 
methods, culture-based method and DNA-based method. The cul-
ture results showed that 80% of the total samples were positive; 
the contamination of meat samples (Beef, chicken and umfitfit) 
by Salmonella was 100%. While vegetables (cucumber and salad 
rocket) contamination was 50%. 
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The contamination by Salmonella detected by PCR using ge-
nomic DNA obtained by boiling method from contaminated food 
samples was 90% for meat samples, and 100% for vegetables.

The 12h pre-enrichment PCR procedure could offer a rapid and 
good diagnostic tool for the routine monitoring of detection of Sal-
monella in food samples compared to the conventional culturing 
method [5]. However, PCR is a very sensitive and accurate tech-
nique. The negative results obtained when conducting PCR from 
the pre-enrichment culture may be due to the very low numbers 
of Salmonella in food samples. Also, the boiling method used to ex-
tract the DNA did not give high concentration of the DNA. Using 
another extraction protocol may give accurate result.

Other studies have also reported that the use of a PCR assays 
was more sensitive than the culture method for detecting Salmo-
nella in food [10-14].

Conclusion
It could be concluded from this study; the 80% of the total sam-

ples from Beef, chicken and um fit fit are contaminated by Salmo-
nella, and 50% of the samples of cucumber and salad rocket were 
also infected by Salmonella, as well as it concluded that the using 
of PCR technique for Salmonella detection, is a very sensitive and 
accurate technique.
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