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Environment of Free Ranging and Broiler Chicken 
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ABSTRACT 

Salmonella spp. can cause foodborne diseases and can be commonly isolated from poultry environment and 

animals such as chicken, cow, pig and duck. This study was conducted to isolate and characterize Salmonella 

spp. in broiler and free ranging chicken. Four different types of sample were collected such as soil, drinking 

water, faeces and feed sample. A total of 40 samples were collected from a chicken farm and free ranging 

chickens and their environment. Twenty samples were collected aseptically from chicken farm. Salmonella 

spp. was isolated from the samples. The highest CFU count was found in soil sample collected from broiler 

chicken farm. On the other hand, water sample had the highest CFU count in the samples collected from free 

ranging chickens’ farm environment. Three biochemical tests and gram staining were conducted to identify 

Salmonella spp. Antibiotic susceptibility test were done using disc diffusion method (Kirby & Bauer’s 

method). Tetracycline (30µg), nalidixic acid (30 µg), gentamicin (10 µg), kanamycin(10µg) , 

erythromycin(15µg) and peniciline (10 U) were used for antibiotic susceptibility tests. All the isolated were 

found to be resistant to tetracycline, penicillin and erythromycin. 75% isolates were resistant to kanamycin. 

62.5 % isolates was found to be resistant against gentamicin, 60% isolates were sensitive to nalidixic acid. 

PCR based analysis was conducted to identify Salmonella typhimurium by targeting gene (fliC). Ten of the 

isolates were positive towards fliC gene of Salmonella typhimurium, indicated risk to human and animal.  

Keywords: Antibiotic resistance, Salmonella spp., Salmonellosis, Chicken, Salmonella typhimurium. 

ABSTRAK 

Salmonella spp. menyebabkan penyakit bawaan makanan dan biasa diasingkan daripada persekitaran dan 

haiwan seperti ayam, lembu, babi dan itik. Kakajian ini dijalkan untuk mengasingkan dan mencirikan 

Salmonella spp. dalam daging ayam dan ayam yang berkeliaran. Sebanyak 40 sampel telah dikumpulkan dari 

ladang ayam dan ayam yang berkeliaran danpersekitaran mereka. Salmonella spp. telah diasingkan daripada 

sampel. Kiraan CFU tertinggi telah ditemui dalam sampel tanah yang diambil dari persekitaran ladang ayam 

yang berkeliaran ini. Tiga ujian biokimia dan gram pewarnaan telah dijalkan untuk mengenal pasti 

Salmonella spp. Ujian kerentanan antibiotik telah dijalankan dengan menggunakan kaedah cakera resapan 

(Kaedah Kirdy &Bauer). Tetracycline (30µg), asid nalidixic (30µg), gentamycin (10µg), kanamycin (10µg), 

erythromycin (15µg) dan penicilin (1U) telah digunakan untuk ujian kerentanan antibiotik. Semua pecilan 

didapati tahan kepada tetracycline, penisilin dan erythomycin. 75% nalidixic pencilan adalah tahan terhadap 

kanamycin, 62.5% pencilan tidak tahan terhadap gentamicin. 60% pencilan sensitif kepada asid dan PCR 

analisis dijalankan untuk mengenal pasti Salmonella typhimurium bersasarkan fliC gen. Sepuluh pencilan 

didapati positif kepada fliC gen dalam Salmonella typhimurium. Ini menunjukkan risiko kepada manusia dan 

haiwan. 

Kata kunci: Rintangan antibiotic, Salmonella spp., Salmonellosis, Ayam, Salmonella typhimurium 
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1.0 INTRODUCTION:  

                Salmonella spp. is pathogenic to both humans and animals. Various kinds of 

diseases are caused by Salmonella such as enteric fever, salmonellosis, gastroenteritis and 

bacteremia (Akond et al., 2012). One of the major bacteria by which food borne infections 

infect human is Salmonella. Nearly 1.4 million illnesses, 15,000 hospitalized and 500 

deaths takes place every year in the United State because of food borne Salmonella. 

Besides these, one strain of Salmonella which is Salmonella typhi is responsible for 

typhoid fever. Worldwide typhoid fever is an important health issue and per year 

approximately 12 to 33 million health cases are occurring because of Salmonella spp. 

(Begum et al., 2010).   

            In the late 1980’s, infection associated with Salmonella spread out for the first time. 

It was spreading through contaminated eggs (Curtello et al., 2013). In poultry or farm area, 

the presence of Salmonella spp. is ubiquity. The number of infection in human can be 

reduced if the number of Salmonella can be decreased from animals and their environment, 

such as chicken. For example, in Denmark, animal feeds are treated to destroy Salmonella 

before feeding animals. As a result, there was significant reduction of salmonellosis 

(Curtello et al., 2013). Salmonellosis infect human mostly through consuming 

contaminated eggs, poultry etc. In human, most of the time food borne diseases occurs 

because of having contaminated poultry and poultry products. However, most of the time 

Salmonella are isolated from poultry and poultry products than any other kind of animal 

food products (Akond et al., 2012). Salmonella serovars are very common in poultry area. 

For example, S. enterica is one of the serovars of Salmonella that is present in chickens. 

Now a day, S .kentucky also can be found in chicken. On the other hand, S. typhimurium is 

one of the most common serovars identified in poultry and this serovar causes infections in 

human (Foley et al., 2011).  
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          Antibiotics are used in boiler chicken feed to prevent or to treat diseases. It is also 

used to promote growth. But over use of antibiotic can cause antibiotic resistant bacteria 

and it can be transferred to human through chicken and from farm environment. In farm 

animal production, lack of careful controls in using antimicrobials cause to raise 

pathogenic microbes (Akond et al., 2012). Antibiotics are often used to prevent Salmonella 

in poultry. If one chicken becomes infected in Salmonella, other chickens around it can be 

infected within 2 to 10 days. Hence, a poultry producer suffers a lot if Salmonella infects 

any chicken in the farm (Jarquin et al., 2009). Globally, antibiotic resistance is a matter of 

concern now, as because incidents regarding antibiotic resistant bacteria is increasing day 

by day. However, animals seem to be a potential source of many resistant bacteria. 

(Abactcha et al., 2011). 

            In the United States of America, it has been calculated that around 64 million – 114 

million dollar loss is taking place per year (Jarquin et al., 2009). It is hard to control the 

infections caused by Salmonella as there is a lot of sources that can act as a medium of 

infection. However, these bacteria can spread through chickens and from environment as 

farm environment and poultry animals are the major source of Salmonella spp. (Curtello et 

al., 2013). The rate of fatality is higher in the patients those who becomes infected by 

antibiotic resistant Salmonella spp. and they need more medication and hospitalization for 

longer time than those patients who gets infected by antibiotic susceptible Salmonella spp. 

(Skov et al., 2007). 
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This study was conducted for several factors. Firstly, a few data has been published 

regarding of isolation and characterization of Salmonella spp. from free ranging chicken 

and broiler chicken farm in Kuching, Sarawak. Secondly, worldwide Salmonella spp. is 

serious health and economic issue. Lastly, there is an increase of antibiotic resistant 

Salmonella spp. in several countries (Skov et al., 2007). 

The objectives of this study were to: 

1. Isolate and detect Salmonella spp. from free ranging and broiler chickens’ feed and 

environment. 

2. Identify Salmonella typhimurium by targeting fliC gene using PCR  

3. Determine the resistance of Salmonella spp. towards different kind of antibiotics. 
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2.0 LITERATURE REVIEW 

2.1 Salmonella spp. 

             For humans and vertebrates, Salmonella spp. is pathogenic. It causes food borne 

diseases as well as salmonellosis and it can be spread through infected humans and 

animals’ feaces. On the other hand, re-infection can be takes place by consuming food and 

water that contains Salmonellae (Al-Bahry, 2007). According to Begum et al. (2010), there 

are more than 2700 serotypes under the genus Salmonella that can be found from various 

sources and responsible for human illness. Salmonella is a gram negative flagellated rod 

shaped bacterium which can grow in facultative anaerobic condition. The size of this 

bacterium is about 2.3x 0.4-0.6 µm (Pui et al., 2011). Food products from animals contain 

Salmonella and it is a major source of infection and that can be transmitted to human. 

However, S. typhi and S. paratyphi are different from other species because for them the 

only natural host is human. In biochemical tests, except from S. typhi other species 

produces gas and acid from carbohydrates (Sleigh & Timbury, 1994, p. 83).  

           According to Pui et al. (2011), under various environmental situations, Salmonella 

can multiply. They are non-fastidious bacteria. In the presence of sodium chloride they can 

grow if the amount is 0.4 to 4% but normally they do not require sodium chloride for their 

growth. Salmonella can grow if the temperature is low as 2 to 4◦C or high as 54◦C, but the 

optimum temperature for them is 35 to 37◦C. Salmonella are very sensitive towards high 

temperature like 70◦C or above. For them the optimum pH is between 6.5 and 7.5. 

Salmonella can be classified epidemiologically mainly based on the host preferences. The 

first group is the host-restricted serotypes, such as S. Typhi which infects only human and 

causes typhoid fever. Second one is host-adapted serotypes and although they are involve 

with only one host species but can also causes disease in other hosts, such as S. Pollorum 
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in avian. The last group includes the remaining serotypes, for example: Salmonella 

Enteritidis, Salmonella Typhimurium etc. On the other hand, Kauffmann white scheme 

classifies Salmonella corresponding to their three antigenic determinants and they are: H 

antigens, somatic O antigens and virulence (Vi) capsular K antigens. Most of the times, 

human infections are causing by around 99% Salmonella strains which are belong to 

Salmonella enterica subspecies enterica. Every year 16 million cases come out regarding 

typhoid fever and 13 billion cases related to gastroenteritis and 3 million deaths occur 

because of Salmonella .Typhoid fever is caused by Salmonella Typhi. Consumption of 

infected food or water contaminated with human waste is responsible for this disease. 

Recently, from some endemic areas especially Southeast Asia, India, Pakistan and Middle 

East antibiotic resistant strains have been isolated. Worldwide the number of nontyphodial 

salmonellosis has increased but in developed countries the numbers of typhoid cases are 

low. In developing countries, around 5 to 30% mortality cases occurs because of typhoid 

fever.  

            Various types of diseases are caused by the members of the species Salmonella 

enterica in both animal hosts and human. Host ranges in Salmonella are diverse. Some of 

them can infect large range of animal and plant host; on the other hand some of them are 

host specific. Every year there is cases related to human nontyphoid salmonellosis which 

causes 400 death in the United States. Due to poor sanitary conditions the death rate is 

higher in third world countries (Arrach et al., 2008). According to Abdullahi (2010), 

“Salmonella can be isolated from blood, stool, urine, bone marrow, duodenal aspirates and 

rose spots. From blood, the organisms can usually be detected in 75-90% of patients during 

the first ten days of infection, and in about 30% of patients during the third week”. 
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2.2 Antibiotic resistant bacteria  

             Generally, bacteria have some genetic capability of transmitting and acquiring 

resistance towards drugs which are used as therapeutic agents. It is a fact of concern, 

because in the hospitals there are a number of patients their immune system cannot fight 

against those kinds of bacteria as they are resistance to antibiotics which is used to treat 

them. As a result, mortality rate is increasing. The cases of microbial resistance are rising 

and which antimicrobial drug should be used in future is still uncertain (Nascimento et al., 

2000). In recent times, the occurrence of antibiotic resistant bacteria is increasing and 

worldwide it is an important issue. Many resistant bacteria are transmitting through 

animals. Recently, in some research it is been showed that, exchange of pathogenic 

bacteria can occur between human and animals if there is any close connection between 

them. Antibiotic resistant genes also can transfer to human by animals (Abatcha et al., 

2014). According to Akond et al. (2012), the presence of multi drug resistant Salmonella is 

very familiar in different parts of the countries. Some reports showed that in Bangladesh, 

antibiotic resistant Salmonella isolates are ubiquitous.  

In Denmark, the presence of antimicrobial resistance Salmonella spp. in food animals is 

low. 30% of all poultry, 10% of all pork and 50% of all beef in Denmark is imported. 

Imported meat is a source of drug-resistant Salmonella app. that can infect human when it 

is consumed (Skov et al., 2007). It is stated by Begum et al. (2010), that worldwide the 

strains of Salmonella is a great matter of concern. In human and animals often use of 

antimicrobials showed the emergence of multi drug-resistant strains of Salmonella 

enterica. There is a suggestion that there might be a connection between the antibiotics 

used in agriculture and the drug-resistant strains in human. It is stated by Ibiene (2011) that 

on the percentage of survival from infection, the invention of antimicrobial agents had a 

great effect. 
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2.3 Salmonellosis 

           According to Nagappa et al. (2007), “Salmonellosis is a direct occupational 

anthropozoonotic disease of great economic and public health concern”. Consumption of 

food that contains Salmonella causes salmonellosis.  Poultry products, meat products, eggs 

and egg products are considered as a source of infection. The symptoms of salmonellosis 

include diarrhoea, vomiting, fever, abdominal pain. After ingesting contaminated food, 

between 12-36 hours the symptoms of salmonellosis start occurring. The risk of 

salmonellosis is increasing because of absence of effective vaccines, people don’t wash 

their hand properly and high risk groups are not identified (Abdullahi, 2010).  A person 

who has a weak immune system can have severe sickness because of salmonella (Begum et 

al., 2010).  

            A total 192,703 human incidents with salmonellosis were reported in 2004 in the 

European Union (EU). On the other hand, in the United States, around 1.4 million cases 

were regarding salmonellosis (Forshell & Wierup, 2006). In 1994, in the USA, an outbreak 

of salmonellosis affected 224,000 persons due to consumption of contaminated ice cream 

(Shah et al., 2013). It is also a hyper endemic disease in India (Menghistu et al., 2011).  

Severe need of necessary equipments is required in India to maintain and prevent 

salmonellosis (Nagappa et al., 2007). The ministry of Health in Malaysia, reported for the 

year 1999 that; 8,640 cases of food poisoning occurred that year and among them 811 

(9.4%) was due to Salmonella infections (Thong et al., 2002).  

           Many scientists are performing researches worldwide to find out the significance of 

Salmonella typhimurium, salmonella typhi and salmonella paratyphi in the causation of 

salmonellosis (Abdullahi, 2010). According to Akond et al. (2012), studies showed that the 

presence of salmonella spp. in poultry feed are higher, Such as the surface of an egg can be 

contaminated with Salmonella because of the unhygienic condition of farm. In addition, 
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during laying egg the egg can be contaminated with the faeces. Evidences showed that 

salmonella can be found commonly in raw feeding materials, animal feedstuffs and poultry 

feed. Careless and unhygienic handling process can cause contamination with salmonella 

spp. of poultry sources. Table 1 shows the outbreak of salmonellosis including the source 

and number of cases in different countries from 2005-2010. 

 

Table 1: Outbreaks of Salmonellosis 

Year Country Source No of cases 

2010 United states Black pepper and 

red pepper 

272 

2010 United states Frozen mamey fruit 

pulp 

9 

2010 United states Shell eggs 2752 

2009 United states Alfalfa sprouts 235 

2008 United states Cereal from Malt-O-

Meal 

28 

2007 United states Dry pet food 62 

2006 United states Peanut butter >288 

2005 Australlia Mixed salad 85 

2005 England Kebab 195 

2005 

2005 

The Netherlands 

Malaysia 

Imported raw beef 

Stall food 

165 

171 

    

Source: Pui et al., 2011 
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2.4 Farm environment of chicken 

           Human depend a lot on poultry products as a source of food. Salmonellosis occurs 

in human through consumption of contaminated foods like poultry, eggs, chicken. 

Salmonella spp. can be easily found in poultry and farm area. Hence, the main source of 

infection in human comes from poultry and livestock (curtello et al, 2008). Poultry 

products and farm environment consist of Salmonella spp. Hence, most often Salmonella 

spp. is isolated from animal food products (Akond et al., 2012). Consumers and regulators 

are anxious about the presence of Salmonella spp. in farm environment. Infection in 

chicken is a major public health problem (Curtello et al., 2013). One contaminated egg 

with Salmonella can affect other eggs and chicks during hatching in the poultry farm. As a 

result, contamination by Salmonella in chicks or eggs can affect the profits of producer 

(Chowdhuri et al., 2011).  

          Chicken meat, eggs are very popular in Malaysia. Poultry industries are playing 

important role to fulfil public demands (Nor Faiza et al., 2013). It is mentioned by Begum 

et al. (2010), in Bangladesh; various types of diseases and infections of poultry associate 

with the bacteria of the genus Salmonella. In some developing countries, feeds have been 

the reason behind the infection of poultry with multi-drug resistant non typhoid 

Salmonella. In domestic poultry, Salmonella serovars for example Salmoenlla enteritidis 

and Salmonella typhimuruim are responsible for parathyroid infections (Begum et al., 

2010). 
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3.0 MATERIALS AND METHODOLOGY 

3.1 Materials 

The list of materials is listed in Appendix 1.  

3.2 Methodology 

3.2.1 Sample collection 

 Faeces, soil, drinking water and feed samples were collected from a broiler chicken farm 

and free ranging chickens’ environment in Kuching, Sarawak to analyse the presence of 

Salmonella spp. A total 40 samples were collected from the chicken farm and free ranging 

area for studying. Among them 20 samples were from free ranging chickens’ feed and 

environment. Samples were collected from a house in Kampung Melaban and another 20 

samples were from broiler chicken farm near UNIMAS. After collecting the samples, all 

the samples were labelled properly and were placed inside insulated box with ice to 

maintain temperature between 4˚C- 6˚C (Akond et al., 2012). The samples were taken 

immediately to the microbiology laboratory of Universiti Malaysia Sarawak for further                      

analysis.  
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All the samples were collected aseptically. Samples were kept inside sterile stomacher bag 

and sterile spoon was used to collect faeces, feed and soil sample. Sterile cup was used to 

collect drinking water from free ranging chickens; environment. Sterile stomacher bag was 

used to collect drinking water of broiler chickens’. Figure 1 shows collection of soil 

sample from broiler chickens’ farm. 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

Figure 1: Soil sample collection from broiler 

chicken farm 
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Corn is used as feed for the free ranging chickens’. The drinking water the chicken’s drink 

is not clean and unhygienic. Figure 2 shows the feed of free ranging chickens’ and Figure 3 

shows the source of drinking water of free ranging chicken in a house in Kampung 

melaban.  

                         

 

In broiler chicken farm, corn is given as a feed for them. A machine is used to provide feed 

to the chickens’ automatically as well as water for drinking. Figure 4 is about how the feed 

is kept in the farm of the chickens’. Figure 5 shows collection of water sample from the 

chicken farm.  

     

                 Figure 4: Broiler chickens’ feed         

Figure 2: Feed of free ranging 

chickens’ 

Figure 3: Free ranging chickens’ source 

of drinking water 

Figure 5: Collection of water sample 

from chicken farm 
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3.2.2 Isolation of Salmonella spp. 

Five gram of faeces, feed and soil sample and 5 ml of water sample were dissolved in 45 

ml of pre-enrichment broth (buffered peptone water 1%). Then the pre-enrichment broth 

was incubated for 24 hours at 37◦C. One ml of aliquot from the pre-enrichment broth was 

dissolved with 9ml of tetrathionate(BD) broth and incubated further at 37◦C for 24 hours. 

After the incubation 0.1 ml of solution was taken to XLD(Oxoid) agar for plating and 

incubated for 24-48 hours at 37◦C (Curtello et al., 2013). 

 

3.2.2.1 Preparation of XLD agar: 

Five hundred ml distilled water was autoclaved and then 26.5 g of XLD(Oxoid) agar was 

added and boiled until it boiled and dissolved into the distilled water. When the 

temperature was decreased, the agar was poured into Petri dishes for plating.  

 

3.2.3 Identification of Salmonella spp. 

Identification of Salmonella spp. was done by three biochemical tests and gram staining. 

Biochemical tests were KIA test, motility and citrate utilization test (Abdullahi, 2010).  

3.2.3.1 Citrate utilization test 

Citrate utilization test was done using simmon’s citrate agar(Oxoid). In bijoux bottle, 

simmon’s citrate slopes were prepared. After that, slopes were incubated at 37˚C 

aerobically for 48 hours after streaking organisms on the surface of agar slops. Salmonella 

is citrate positive. As a result, the agar slopes with Salmonella changed the colour to blue 

(Abdullahi, 2010).  
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3.2.3.2 Motility test 

Inoculating needle was used to inoculate organism in SIM(Oxoid) agar and then incubated 

24-48 hours at 37◦C. Appearance of black precipitate showed positive result (Shah et al., 

2013). 

3.2.3.3 KIA test 

Isolates were streaked and stabbed on KIA(Oxoid) agar and incubated for 24-48 hours at 

37◦C. Identification of presumptive Salmonella species was done based on the reaction of 

the isolates on KIA (Adagbada et al., 2014).  

3.2.3.4 Gram staining  

The method was followed according to Leboffe as cited in Shah et al., (2013) with minor 

changes. One loop full of microorganism was taken to glass slide and let it dry. After heat 

fixing of the microorganism, crystal violet was added as primary stain. After 1 minute it 

was washed off and gram iodine was added.  1 minute later it was washed with water and 

70% ethanol was used for decolourization. Safranin was added for 30 second and after the 

slide was taken to observe under microscope.  

3.2.4 Antibiotic susceptibility test 

Antibiotic susceptibility of Salmonella spp. was tested by disk diffusion method (Kirby & 

Bauer’s method). Six antibiotic discs were used. They were: Tetracycline (30µg), 

Kanamycin (30 µg), Gentamycin (10 µg), (Peniciline (10 µg), Erythromycin (15µg), 

Nalidixic acid (30µg). Mueller-Hinton agar was used for this method. The zone of 

inhibition growth was measured to detect the susceptibility or resistance of the bacteria 
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towards some antibiotics (Parry et al., 2010). Bacterial cultures were added into agar plate 

and after that discs with antibiotics was placed into agar plate (Tyerman et al., 2013). Then 

it was incubated at 37˚C for 24-48 hours. Resistance of antibiotics was measured as the 

diameter of the zone of inhibition around the discs. The bacteria had large ZOI when it was 

susceptible towards the antibiotic. On the other hand, the ZOI was small if the bacteria was 

resistant to the antibiotic (Tyerman et al., 2013).  

3.2.5 Identification by PCR  

3.2.5.1 DNA extraction:  

The process of DNA extraction has effect on PCR detection of pathogens. Although there 

are few methods for DNA extraction, but boiling method is easier and simple. To avoid 

contamination, it is necessary to do the DNA extraction process carefully and fast. Boiling 

method can be used to extract DNA from gram negative bacteria. In this study, boiling 

method is used to extract DNA from Salmonella, which is a gram negative bacterium.The 

amount of MgCl2, taq  polymerase, cycling temperature, amount of PCR buffer and DNA 

template all of this has an effect on the PCR reaction. Hence, the amount of the reagents 

should be right to get a good result. Mg2+ is a divalent ion, so it is required for taq DNA 

polymerase. However, too much of it can give wrong result. On the other hand, if the 

mixture of dNTP is too much then the Mg2+ will be chelated (Diana et al. 2012). 

DNA extraction process was done according to Apun et al. (2011) with minor changes. 

Isolates of Salmonella was cultured overnight in 5mL Luria-Bertani broth at 130 rpm with 

constant shaking for 24 hours. 1mL of broth suspentions were taken to centrifuge at 12,000 

rpm for 5 minutes to collect the pellets. 500µL of distilled water was taken and vortexed to 

resuspend the pellets and boiled for 10 minutes. After that, immediately the lysed cells 


