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ABSTRACT
Salmonella serves as the causative agent to foodbome disease. The main factor for the contamination of
these fresh produce is the use of manure as fertilizer, contaminated water supplies and the poor sanitation
practice by hawkers in handling and processing the fruits leads to the contamination of fresh juices with
Salmonella. The objective of this study is to determine the occurrence and quantification of Salmonella spp.
and Salmonella typhimurium in fruit juices by utilizing Most Probable Number (MPN) in combination with
Polymerase Chain Reaction (PCR).The fruit juice samples used in the analysis were apple juice, orange
juice, watermelon juice, honeydew juice and guava juice. Most Probable Number (MPN) method was used
for enumeration while specific Polymerase Chain Reaction (PCR) assay was performed targeting for the
virulence gene, jliC gene with expected size of 559 bp to determine Salmonella typhimurium in the fruit
juices. Of these 50 samples of different fruit juices tested (n=50), only 3 samples (30%) of apple juice and 2
samples (20%) of watermelon juice present with Salmonella. 50% out of the 2 samples of watermelon juice
showed 4.5 x 103 CFUlml. It was observed that all of the fruit juice samples showed estimated microbial
load of Salmonella spp. as I 100 MPN/g. Negative result from Polymerase Chain Reaction assay showed
that the sample did not possess the targeted gene, jliC gene, which further suggests the presence of other
Salmonella serovars. However, immediate action must also be taken to monitor the quality of the fresh fruit
juices by establishing a suitable control measures. This is vital to prevent any future pathogenic outbreak
diseases.
Keywords: Salmonella spp., Salmonella typhimurium, fruit juices, Most Probable Number Method,
Polymerase Chain Reaction

ABSTRAK
Salmonella menjadi ajen yang menyebabkan transmisi penyakit. Faktor utama kontaminasi buah segar
adalah disebabkan oleh penggunaan bahan sisa sebagai baja, pencemaran air dan amalan sanitasi yang
rendah oleh penjaja dalam menangani dan menproses buah membawa kepada kontaminasi jus segar dengan
Salmonella. Objektif projek ini adalah untuk mengesan kehadiran dan kuantifikasi Salmonella spp. dan
Salmonella tvphimurium dalam jus buah-buahan dengan menggunakan kaedah Most Probable Number
(MPN) dengan kombinasi Polymerase Chain Reaction (PCR). Sampel jus buah-buahan yang digunakan
dalam analisis ini adalah jus epal,jus oren,jus tembikai,jus tembikai susu danjus jambu batll.
Kaedah Most Probable Number (MPN) digunakan untuk menjumlahkan kehadiran mikroorganisma
manakala Polymerase Chain Reaction digunakan un/uk mensasarkan gen jliC dengan anggaran saiz 559 bp
bagi pengesanan Salmonella typhimurium di dalam jus buah-buahan /ersebut. Dalam 50 sampel jus buah
buahan yang dianalisikan, hanya 3 sampel (30%) daripada jus epal dan 2 sampel (20%) daripada jus
tembikai hadir dengan Salmonella. 50% daripada 2 sampeljus /embikai menunjukkan 4.5 x 103 CFU / mi.
Se/bin itu, semua sampel jus buah-buahan menunjukkan anggaran mikrob Salmonella spp. sebagai 1100
MPN / g. Hasil eksperimen yang negatif dari Polymerase Chain Reaction menunjukkan tiada sampel yang
memiliki gen jliC yang disasarkan, menandakan kemungkinan kehadiran serotip Salmonella yang lain.
Bagaimanapun, tindakan mestijuga diambil bagi memantau kualitijus buah segar. Hal ini demikian kerana
ini penting untuk menghalang wabak-wabak patogenik yang menyumbang kepada penyakit.
Kala Kunci: Salmonella spp., Salmonella tvphimurium, Jus Buah-buahan, Most Probable Number Method,

Polymerase Chain Reaction
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CHAPTER 1
INTRODUCTION

1.1 Background
All over the world, people consume fruits as one of their main dishes due to their high
nutrition values. Fresh fruit is an important component in human diet and it is beneficial in
human health because fruits are rich in vitamins, minerals and fibres. According to the
Department of Health and Ageing (2005), the recommended daily serving of fruits is
around two to five servings in accordance to different groups of ages. As consumption
level of fruits increase, there is also a significant change in lifestyle. People replace fruits
to be their main food and there is an increase in minimally-processed foods that are ready
to-eat. However, fruits can serve as potential vehicles for transmission of pathogenic
microorganisms (Nillian et aI., 2011). The disease threat is exacerbated when these fruits
are eaten raw (Nillian et al., 2011). With the rise in these ready-to-eat foods, attention has
been drawn towards the foodbome disease associated with fresh fruits especially
salmonellosis.

Salmonella can cause a widespread range of diseases called salmonellosis. Every

year, there are approximately 42,000 cases of salmonellosis occurring in the United States
(CDC, 2012). Among these, it is estimated that approximately 400 persons die each year
due to acute salmonellosis (CDC, 2012). Salmonella enteritidis and Salmonella
typhimurium have been revealed as the most causative agents towards salmonellosis

(European Commission, 2003). According to the Illinois Department of Public Health
(2009), humans are usually infected by Salmonella through the contamination by animal
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feces, wastewater as well as fecal-oral route. The symptoms of salmonellosis are diarrhea,
fever, and abdominal cramp for 12 to 72 hours after infection (CDC, 2012).

Recently, the Centers for Disease Control and Prevention (CDC, 2013) revealed
that there is a multi state outbreak of Salmonella heidelberg that affected a total of 124
individuals in Washington and Oregon. They indicated that the consumption of chicken is
most likely the source of this outbreak. In Wisconsin, it was reported that Salmonella
typhimurium was found in ground beef. Additionally, the Centers for Disease Control and

Prevention in 2012 again had divulged that around 120 persons from 15 different states
have been infected with food borne disease associated with the outbreak of Salmonella
braenderup strain. CDC also revealed that this food borne disease is caused by

contaminated mangoes from Agricola Daniella, a Mexico-based supplier. Apart from that,
CDC also reported that the outbreak of Salmonella typhimurium and Salmonella newport
in contaminated cantaloupe had affected a total of 270 individuals. They stated that
cantaloupe, with its textured outer shell; present the high chance to harbour soil that brings
along the adverse Salmonella. The common similarity between these outbreaks is that the
meats and fruits are undercooked and eaten nearly raw (CDC, 2012).

The occurrence of the food borne disease is due to the cross contamination of the
fruits with the soil, animal or insects. The soil may have been contaminated with the
uncomposted manure and later the use of wastewater and manure as the main fertilizer for
the planting of fruits contributes to the adaptation of pathogenic microorganisms onto the
fruits. In addition, improper and unhygienic technique in harvesting, handling and
processing fruits are the main contributor towards the disease. This is especially true
because when the external part of the fruit is contaminated, cutting an unwashed fruits with
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a knife may also have spread the contamination into the flesh. In addition to this, handling
the flesh after handling the outer surface of an unwashed fruits can also contribute to the
foodbome disease.

There is lack of data on Salmonella spp. and Salmonella typhimurium in fruit juice
especially in Malaysia as only one similar study had been carried out by Diana et al. in
year 2012, examined for the prevalence of Salmonella spp., Salmonella typhi and
Salmonella typhimurium in fruit juices. This study will be the first of such study in

Sarawak (East Malaysia). The research consisted of enumeration of Salmonella spp. and
Salmonella typhimurium by using the Most Probable Method (MPN) and detection of the

target organism, Salmonella typhimurium by utilizing Polymerase Chain Reaction (PCR).
The MPN method was used to estimate the concentration of the viable microorganisms in
the sample whereas the PCR assay was performed to amplify the targeted DNA sequences
as it is necessary to have enough starting template for sequencing and targeting for the jliC
gene. In addition, standard plate count was performed to determine the colony forming
units (CFUs). The concentration of bacteria in the original culture was calculated based on
the assumption that each of the colonies has risen from one single bacterium. In order to
better understand the occurrence of Salmonella spp. and Salmonella typhimurium, the
study area was focused on the fruit juices from hawker stalls at Kuching and Kota
Samarahan, Sarawak.

1.2 Objectives

The objectives ofthis project are:
1. To investigate the occurrence of Salmonella spp. and Salmonella typhimurium in
different type of fruit juices.
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2. To enumerate Salmonella spp. and Salmonella typhimurium in variety of fruit
juices by using MPN method and Standard Plate Count.
3. To detect Salmonella typhimurium in the fruit juices samples by using Polymerase
Chain Reaction (PCR) assay targeting for fliC gene.

4
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CHAPTER 2
LITERATURE REVIEW

2.1 History
The genus Salmonella was named after Daniel Elmer Salmon (Hannover, 2009).
Salmon is an American veterinary pathologist and bacteriologist. However, Theobald
Smith is the one who discover the Salmonella. Both of them discover this bacterium when
they were investigating the common hog for cholera. Salmon was the one who isolated
Salmonella choleraesuis in 1884 from the porcine intestine (Su et al., 2007). From their

research, they found that Salmonella was one of the causative agents of cholera. However,
during the first 2 decades of the 20th century, identification of Salmonella serovars was
proposed through the Kauffman-White scheme (Gonzalez, 2010).

2.2 Ta'Xonomy and Serotype Nomenclature
The genus of Salmonella can be divided into two types, namely the Salmonella
bongori and Salmonella enterica (Lappe, 2009). Lappe (2009) revealed that Salmonella
enterica can be further divided into six subspecies which are subspecies I entericae,

subspecie II salamae, subspecies nla arizonae, subspecies Illb diarizonae , subspecies IV
houtenae, and subspecies VI indica. Apart from that, Salmonella bongori was originalJy

indicated as Salmonella enteric subspecies V. These six subspecies can be differentiated
according to the biochemical and genomic characteristics (Gonzalez, 2010). According to
Lappe (2009), Salmonella enterica subspecies I is presented in wann and cold blooded
animals whereas the other subspecies are associated with only cold-blooded animals.
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2.3 The Feature of Salmonella
According to Hannover (2009), the genus Salmonella, within the family
Enterobacteriaceae, is a morphologically and biochemically homogenous group of
facultatively anaerobic, non-spore forming, oxidase-negative, catalase-positive Gram
negative rod-shaped bacteria; the rods are typically 0.7-1.5 x 2-5/-lm in size, although long
filaments may be formed. Gonzalez (2010) further revealed that the Salmonella can grow
at the temperature ranges from 8 °C to 45°C but can survive in between pH 4 to 9.
However, Salmonella is unable to grow when water activities is below 0.94.

2.4 The Habitat of Salmonella
The habitat of Salmonellae is the gastrointestinal tract of mammals, birds and
reptiles (Lotfy et al., 2011). Lotfy et al. (2011) stated that animals which carry Salmonella
include swine, pets, rodents and cattle. Apart from that, Salmonella are also disseminated
in the natural environment such as water and soil (Todar, 2012). Water and soil are
affected because of human and animal excretion that carried Salmonella. Salmonella spp.
may also be found in the aquatic environment through the flow of fecal which eventually
contaminate the river and sea (Lotfy et al., 2011). Thus, freshwater fishes also possess a
high risk towards salmonellosis (Lotfy et al., 2011). Although Salmonella spp. unable to
multiply themselves once they are excreted from digestive tracts into natural environment,
however, they possess ability to survive from several weeks in water and several years in
soil (Todar, 2012). These taken into consideration of the favorable conditions of
temperature, humidity and pH (To dar, 2012). Besides that, Salmonella can also be found in
contaminated foods which contribute to the primary source for human infections.
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2.5 Pathogenicity of Salmonella
Clements et al. (2001) stated that, in order to cause diseases, a pathogen or microbe
must acquire special properties known as virulence factors. These virulence factors
function to colonize; to survive under the host defenses and also to allow for multiplication
inside the host cells. Pathogenicity of Salmonella started from the ingestion of Salmonella
bacteria and then travel through the digestive system and finally into the small intestine
(Tam, 2008). Clements et al. (2001) divulged that at the initial stage, the Salmonella will
start multiplying and invade the intestinal epithelial cell. Once the cell barrier has been

penetrated, Salmonella will spread over the lymphatic system and thus enter the blood
vessel. Salmonella will then generate an inflammation on the intestinal walls of small
intestine and thus leads to gastroenteritidis (Tam, 2008).

Symptoms of Salmonella

infection are headache, fever, diarrhea, nausea, vomiting and abdominal cramp (U. S. Food
and Drug Administration, 2010). The symptoms usually start 12 to 72 hours after the
ingestion and infection of Salmonella and it usually last for 4 to 7 days depending on the
level of severity of the infection. Infants, the elderly and immune-compromised group are
generally more susceptible to salmonellosis.

2.6 Foodborne Outbreaks of Salmonellosis
Salmonellosis is a type of foodbome disease caused by the Salmonella bacterium.
Among the Salmonella species, Salmonella typhimurium and Salmonella enteritidis are the
most common to cause salmonellosis. Salmonellosis can occur when an individual
accidently consume food that is contaminated with Salmonella. According to Su et al.
(2007), Salmonella affects approximately 1.4 million cases each year in the United States,
resulting in 116,000 hospitalizations and 600 deaths. Food contamination happened
usUally due to the improper handling and processing of the food. In 2005, a foodbome
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outbreak due to contamination of Salmonella in eggs was reported (Curtis, 2007).
Additionally, there was an outbreak of Salmonella enteritidis associated with ice cream in
1994 in USA (Curtis, 2007). According to the Center for Disease Control and Prevention
(201 2), there was a multi state outbreak of Salmonella typhimurium and Salmonella
newport infections linked to cantaloupe in year 2012. In the same year, there was also a
multistate outbreak of Salmonella braenderup infections associated with mangoes.
Recently, the Centers for Disease Control and Prevention (CDC, 2013) revealed that there
is a multistate outbreak of Salmonella heidelberg that affected a total of 124 individuals in
Washington and Oregon. They indicated that the consumption of chicken was the most
likely source of outbreak. In Wisconsin, it was reported that Salmonella typhimurium was
found in ground beef. All the outbreaks reported above caused mild to severe illness such
as fatality to human and thus, prevention is needed to prevent the infection from typhoidal
Salmonella and non-typhoidal Salmonella especially Salmonella typhi and Salmonella
typhimurium.

2.7 Studies on Salmonella spp. and Salmonella typhimurium in Fruit Juices
In 20 12, Diana et al. (2012) performed a study on the presence of Salmonella spp.,
Salmonella typhi and Salmonella typhimurium in fruit juices at West Malaysia. Fruit
samples such as orange juice, apple juice, watermelon juice, starfruit juice and carrot juice
were examined for the presence of Salmonella spp., Salmonella typhi and Salmonella
typhimurium. The results showed that the occurrence of Salmonella spp. in fruit juices
were 34% whereas that of Salmonella typhimurium was 10%. The prevalence of
Salmonella spp. was highest in carrot juice while Salmonella typhimurium was highest in
app!e juice. Diana et al. (2012) stated that the level of ascorbic acid in the fruit juices was
the main factor that affected the pH needed for growth of the Salmonella. Typical pH for
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carrot juice is 6.5 whereas that of apple juice is 3.8. Diana el al. (2012) also revealed that
higher level of ascorbic acid in the fruit juices can act as an inhibitory effect on the
microorganism. The level of ascorbic acid for carrot and apple juice is 7.4 and 6
respectively and is among the lowest as compared to other fruit juices. Carrot juice was
found to include a high amount of carotenoids but a low amount of ascorbic acids (Cortez
el al., 2005). Thus, lower ascorbic acid contents contributed to the prevalence of carrot

juice to Salmonella spp. and Salmonella typhi. Besides that, low pH value in apple juice
and low level of ascorbic acid brought to the highest prevalence in Salmonella
typhimurium (Diana el al., 2012). Lastly, Diana el al. (2012) concluded that Salmonella
typhi survives better in higher pH condition as in carrot juice. In addition, Salmonella
typhimurium preferred lower ascorbic acid condition as in apple juice.

Another study was done in Mexico by Castillo el al. (2006) to detect the presence
of Salmonella and Shigella in freshly squeezed orange juice and related samples. It was
found that Salmonella enlerica serotypes such as agona, typhimurium and analum that is
normally found in orange juice were also being isolated from orange surfaces and wiping
cloths. The findings indicated that these materials contribute as vital vehicle of
transmission of pathogens. According to Castillo el al. (2006), juice extraction from fresh
oranges can result in cross-contamination especially if proper sanitation is not carried out
or the raw oranges had been contaminated. Pathogens such as E. coli 0157:H7,
Cryplosporium parvum and different serovars of Salmonella had been reported for

foodbome outbreaks in unpasteurized orange juices. Castillo el al. (2006) concluded that
strict hygiene is important to prevent any juice contamination that brings along infection

and raw fruits are recommended to undergo disinfection to reduce the pathogens.
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2.8 Most Probable Number Method (MPN)
The Most Probable Number Method (MPN) is a vital tool for researchers especially
microbiologist to study and examine bacterial number (Sutton, 2010). The dilution method
in MPN is perfonned to estimate the overall densities of microorganisms in a liquid
sample (Cochran, 2008). Sutton (2010) pointed that MPN acquires ten-fold dilution to
perfonn replicate for the samples in order to estimate the concentration and growth of
microorganisms in the broth. The basic concept is that there can be three tubes, five tubes
or ten tubes for each dilution in a series (United States Department of Agriculture, 2008).
The sample in the initial tube will be inoculated 1 ml each towards the next tube to
complete the dilution. If there is growth of microorganisms in the nutrient broth, the
solution will tum turbid. However, when the solution does not tum turbid, this indicates
some sampling error in doing the dilution (Sutton, 2010). According to the United States
Department of Agriculture (2008), the dilution works as the tubes with the higher dilutions
should comprised of fewer positive culture tubes. Based on the turbidity and the gas
fonnation in the tubes, results can be obtained from the MPN table. Higher MPN number
(from turbidity) indicated higher number of Salmonella species. [n Malaysia, MPN method
has been utilized and applied on various studies for the quantification of food borne
pathogens such as Listeria monocytogenes, E. coli, Staphylococcus aureus, Bacillus

cereus, Bacillus thuringiensis and Salmonella spp. in variety of food samples
(Jeyaletchumi el al., 2010; Diana et al., 2012; Sandra et al., 2012; Suguna et al., 2012).

2.9 Polymerase Chain Reaction (peR) Assay
Polymerase Chain Reaction (PCR) is a biological technique that plays an important
rol~

in amplifying millions of copies of a specific DNA sequence in a specific period of

timet. The PCR use a ready-to-use solution containing of Taq DNA polymerase, dNTPs,
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MgOh, PCR buffer, specific primers and the extracted DNA. Similar to other specific PCR
method, each cycle of PCR needs to undergo steps such as template denaturation, primer
annealing and primer extension. First of all, the denaturation process require the target
DNA to be heated to 94°C for 2 minutes so as to separate the double-stranded DNA to
become single-stranded DNA. Next, the temperature is lowered down to 60 °C so as to
allow the oligonucleotide primer to anneal onto the denatured target DNA for the DNA
polymerase to work. The annealing process is carried out for approximately 20 to 60
seconds. Furthermore, the temperature is again raised up to 70°C where it is optimum for
the DNA polymerase to synthesis a new DNA strand. The DNA strand is extended for
around 1 to 2 minutes and the cycle begins afterward with the rise of temperature to 94 DC.
Polymerase Chain Reaction assay has been widely used to target for the virulence gene
such as .fliC and invA gene indicate the presence of Salmonella species and their serovars
(Nillian et al., 2011; Diana et ai, 2012).
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CHAPTER 3
MATERIALS AND METHODS

3.1 Methods
3.1.1 Sample Preparation
Ten samples of each apple juice, orange juice, watermelon juice, guava juice and
honeydew juice were analyzed (Table 1). All samples were freshly prepared and purchased
from hawker stalls as well as restaurants in Kuching and Kota Samarahan, Sarawak. The
samples were placed into an icebox to maintain the freshness of the fruit juice and
transported to the laboratory for further analysis.

Table I. Fruit types and the number of fruit juices examined for the occurrence and concentration of
Salmonella spp. and Salmonella typhimurium.

Types of Samples

Scientific Name

Number of Samples

Apple

Malus domestica

10

Orange

Citrus sinensis

10

Watermelon

Citrullus lanatus

10

Guava

Psidium

10

Honeydew

Cucumis melD

10

Total

50

12

3.1.2 Sample Processing and Pre-enrichment
Ten ml of the samples were pipetted and added into the 90 mt of the buffered
peptone water (MERCK, Germany) in a flask to enhance the growth of Salmonella
(Malomy and Helmuth, 2003). Then, the mixtures were vigorously stirred to homogenize
them. After that, the pre-enriched samples were incubated for 8 to 20 hours at 37 DC.

3.1.3 Most Probable Number (MPN) Method
The pre-enriched samples were subjected to the MPN procedure to test for the
presence of viable microorganisms. The samples were prepared with 1O-fold dilution
series and 1 ml of each of the dilution was isolated into a three-tube culture broth (Sutton,
2010). After that, the tubes were incubated for 24 hours at 37 DC. After incubation, the
turbid tubes were chosen for DNA extraction.

3.1.4 Standard Plate Count
Standard plate count was carried out as described by Reynolds et al. (2005) with
minor modification. First of all, the initial dilution was made by transferring 1 ml of
enrichment sample into 9 ml of sterile saline blank with the practice of aseptic technique.
The dilution was then vortexed to create a uniform distribution of the bacteria.
Immediately after that, another 1 ml was then transferred to second 9 ml sterile saline
blank. The process was repeated to produce higher dilutions. Next, the diluted sample in
each of the serial dilution was aseptically streaked on the xylose lysine deoxycholate
(XLO) (MERCK, Germany) agar or Salmonella chromogenic agar base (OXOID LTD).

The agar plates were then incubated at 37 DC for 24 hours. At the end of the incubation
period, Petri dishes containing between 30 and 300 of Salmonella spp. colonies were
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selected and counted. The colony forming units of the bacteria were calculated by using
the fonnu1a as below:

~.
.
Co Iony lormmg umts

Colony count (CFUs) on agar plate
Total dilution of tube xVolume plated

= ----:;.-----'-----'----"'----'~
(Reynolds, 2005)

3.1.5 DNA Extraction
DNA extraction was performed as described by Diana et al. (2012). DNA
extraction was carried out from the turbid tubes from Most Probable Number using the

boil cell method. First of all, the turbid tubes were introduced to centrifugation at 12, 000
rpm for 3 minutes. After centrifugation, the supernatant was discarded. The cell pellet was
suspended in 200 JlI of sterile distilled water and vortexed. The cell suspension was boiled
and immediately cooled down at -20°C for 10 minutes interval for each boiling and
cooling. Later, the cell suspension was subjected to centrifugation again at 12,000 rpm for
3 minutes. The supernatant (containing the DNA) was transferred into a new
microcentrifuge tube and stored in freezer at -20°C for further use.

3.1.6 Polymerase Chain Reaction (PCR) Assay
PCR was used to detect the occurrence of Salmonella typhimurium. PCR was
carried out as described by Jamshidi et al. (2009) and Soumet et al. (1999). FlilS-F and

Tym-R primers were used specific for Salmonella typhimurium with jliC gene (Table 2).
The PCR reactions were carried out with 25 JlI amplification mixture. The content of the
amplification mixture was as summarized in Table 3 (Soumet et al. , 1999).
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