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ABSTRACT

This study was carried out to isolate, identify and characterize Enterobacteriaceae specifically from water 
samples in Saremas Plantation. Bacterial samples collected from Saremas Plantation were kept at a suitable 
condition until the bacteria are being brought to lab and process. The isolates were spread on selective nutrient 
agar and were screened for gram-negative, glucose-positive and oxidase-negative reaction. Forty four isolates 
were gram-negative and l isolate was gram positive. Twenty four isolates were coccus shape and 17 isolates 
were rod shape. Enterobacteriaceae is a family of rod shape, gram negative bacteria. Twenty five isolates that 
did not showed these Enterobacteriaceae characteristics were discarded. Seventeen isolates undergo different 
biochemical test such as methyl red test, indole test, Voges-Proskauer, citrate, motility, hydrogen sulphide gas 
production and urea utilization to differentiate the species. The bacteria identified and the results were compared 
to Bergey's Manual of Systematic Bacteriology. There are six genera identified from the family of 
Enterobacteriaceae. Pathogenic members of Enterobacteriaceae were identified such Yersinia, Morganella, 
Erwinia, Serratia and Citrobacter. Majority of the genus isolated was Yersinia with 35.29%. This is a concern 
as Saremas Plantation water flows could contaminate the water source of plantation and the housing areas of the 
plantation workers. The pathogenic strains found in the water samples can cause diseases to the animals and 
residents living nearby.

Keywords: Enterobacteriaceae, Saremas Plantation, biochemical test, Bergey's Manual of Systematic 
Bacteriology.

ABSTRAK

Kajian ini telah dijalankan untuk mengasingkan , mengenal pasti dan mencirikan Enterobacteriaceae 
khususnya daripada sampel air di Perladangan Saremas. Sampel bakteria akan diambil dari Perladangan 
Saremas dan disimpan pada keadaan yang sesuai sehingga bakteria dibawa ke makmal dan diproses. Pencilan 
telah merebak pada nutrien agar terpilih dan telah disaring untuk gram- negatif, , glukosa positif dan tindak 
balas oxidase -rregatif. Empat puluh empat pencilan ialah gram- negatif'dan I pencilan adalah gram positif. 
Dua puluh empat pencilan ialah bentuk koksid dan 17 pencilan ialah bentuk rod. Dua puluh lima pencilan yang 
tidak berciri Enterobacteriaceae telah dibuang. Tujuh belas pencilan menjalani ujian biokimia yang berbeza 

seperti nietil merah ujian, ujian indole, Vages - Proskauer, sitrat, motilitas, pengeluaran gas hidrogen sulfida 
dan penggunaan urea untuk mernbezakan spesies. Bakteria yang dikenalpasti dan keputusan yang didapati dan 
dibandingkan dengan Manual Bergey terhadap sistematik Bakteriologi. Terdapat enam genera yang dikenal 
pasti dari keluarga Enterobacteriaceae. Ahli patogenik Enterobacteriaceae telah dikenal pasti seperti Yersinia 

Morganella Ertivinia Serratia dan Citrobacter. Majoriti genus diasingkan adalah Yersinia dengan 35.29 %. 
bii adalah satu kebinrbangan kerana aliran air Perladangan Saremas boleh mencemarkan sumber air di ladang 
dan kawasan perumahan pekerja ladang dan mengakibatkan penyakit kepada haiwan dan penduduk di sana.

Kata kunci: Enterobacteriaceae, perladangan Saremas, ujian biokimia, Manual Bergey terhadap sistematik 
Bakteriologi.
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1.0 Introduction

Enterobacteriaceae are a large, heterogeneous, group of Gram-negative strains (Microbiology 

laboratories, 2013). They are facultative anaerobic rods that do not form endospores and are 

capable to live in both aerobic and anaerobic environment. They are non motile and some are 

slow motile with the presence of peritrichous flagella. Enterobacteriaceae are widely 

dispersed in nature, these organisms are found on plants, soil, water, sewage and in the 

gastro-intestinal tracts of human and animals. They are chemoorganotrophs that utilize 

organic compounds as the sole source of both energy and carbon. Their metabolism is 

respiratory or fermentative based on different growth conditions (Enterobacteriacea, 2013). 

Most of the Enterobacteriaceae are catalase-positive, able to reduce nitrate and best grow at 

around 37°C. All are oxidase-negative. They are mostly parasites, pathogens or commensals 

in humans and animals.

Some of the enteric organism such as Escherichia coli is the common bacteria that cause 

disease, while Salmonella and Shigella species are pathogenic for humans. Recent studies, 

showed wildlife diseases are being transmitted from one host species to another causing these 

diseases to spread and expand in geographic range as the infectious diseases can be 

transmitted by direct or indirect contact from the wildlife (Adesiyun, Johnson and Thompson, 

2009). Most of the genera of the family Enterobacteriaceae cause a variety of illness such as 

nosocomial, zoonotic, and foodborne illnesses. According to Kruse, Kirkemo and Handeland, 

2004, wildlife is mostly affected by most of the zoonotic disease and they are the major 

reservoirs for microbial transmission to both domestic animals and human as 

Enterobacteriaceae are commonly present in the gastro-intestinal tract of wildlife.

This group contains many genera such as Escherichia, Salmonella, Shigella, Eneterobacter,

Yersinia, Klebsiella, Serratia, Proteus, and others. Enterics shares many physiological and
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biochemical properties which make them very similar from one another. This causes these 

enteric to be invaded by the same bacteriophage and the same bacteriophage can invade these 

enteric. Besides that, Shigella and Escherichia coli are hard to be differentiated from one 

another at the species level; therefore they are not categorized in the same genus.

It is important to characterize Enterobacteriaceae so the relationship between the members of 

that specific species can be determined to develop various strategies in reducing bacterial 

diseases. In order to identify the species of these bacteria, a pure culture of 

Enterobacteriaceae from a mixture of organisms need to be isolated and grow. It is important 

to observe the characteristics of the colony and the growth culture of isolates on different 

media in identifying the bacteria.

Hence the objectives of this study are:

1. To isolate Enterobacteriaceae from water samples from Saremas Plantation. 

2. To identify the isolates of Enterobacteriaceae by performing different biochemical 

tests. 

3. To characterize the isolated strains of Enterobacteriaceae.

3



2.0 Literature Review

2.1 Taxonomy of Enterobactericeae

Enterobacteriaceae is large family of bacteria which comprised of more than 70 genera that 

includes opportunistic pathogens such as Salmonella and Escherichia coli that is responsible 

for a wide range of infections. The most common genera in Enterobacteriaceae is Escherichia 

coli, Shigella, Salmonella, Yersinia and Kliebsiella. The prominent feature to identify 

Enterobacteriaceae is the ability to produce lactic acid from glucose, to reduce nitrate to 

nitrite and are facultative anaerobes. According to Jacobsen, Stickler, Mobley and Shirtliff, 

2008, Escherichia coli are associated with several of human nosocomial infection such as 

urinary tract infection (UTI)

2.2 Enterobacteriaceae in environment.

Enterobacteriaceae are widely distributed in water, soils, plants, animals and human intestinal 

tract. They are opportunist human pathogen that is isolated from human infections. According 

to Hoffmann, Harald & Roggenkamp, (2003), Enterobacteriaceae are nosocomial 

opportunistic pathogen that causes many infections such as 5% of hospital-acquired 

septicaernias, 5% of nosocomial pneumonias, 4% of nosocomial urinary tract infections and 

10% of postsurgical peritonitic cases. The probability of members of Enterobacteriaceae 

disease's outbreak can be found in contaminated aquaculture environment with the rise in 

fish population. The organisms can be a zoonotic agent, causing meningitis and food-borne 

illness in humans especially when they inadequately heated before consumption.

According to the studies done by Morais, Souza, Sousa, Oliveira and Pimenta, (2011), 

concluded that Enterobacteriaceae family was the largest Gram-negative group of bacteria in 

70 nesting green turtles from Tortuguero National Park, Costa Rica. In the studies, they have
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isolated Shigella species, Citrobacter species, Esherichia coli from cloacal samples of the

turtles which is due to the polluted water.

According to studies done by Agbalika and co-workers, they have concluded that there are 

Enterobacteriaceae strains in the river that contribute to diseases in humans and animals. The 

reports on the outbreak were caused by the sources of contaminated environmental sources 

and the usage of contaminated faucets (Laupland and Church, 2005).

2.3 Morphology and Identification Enterobacteriaceae

The appearance of Enterobacteriaceae is rod-shaped and the. size is around 1.0-5.0 gm. They 

ferment glucose to produce lactic acid and are also facultative anaerobes. Enterobacteriaceae 

are gram-negative bacteria. Enterobacteriaceae can reduce nitrate to nitrite and is lack of 

cytochrome C oxidase. Most of them are motile with presence of many flagella but some 

genera are non-motile. Enterobacteriaceae are normally present in the large intestine of 

humans and animals. They are also present in the environment such as in water, soils and 

decaying matter. Based on the National Health Safety Network (NHSN) data, it shows that 

E. coli, Klebsiella pneumoniae, Enterobacter species, Acinetobacter baumannii, 

and Klebsiella oxytoca are most frequently isolated from Health care-associated infections 

HAls in 2006 to 2007. Patients are often infected with resistant Gram-negative organisms 

Enterococcus species and Escherichia coli which are the members of Enterobacteriaceae 

family. These bacteria are also useful to human for example, Enterobacter cloacae is used in 

biological control of plant diseases.

'Therefore, Enterobacteriaceae are frequently studied because of its ability to cause diseases 

in both humans and animals which lead to death. For example, Escherichia coli can cause 

urinary tract infections (UTI) and meningitis, Klebsiella pneumonia can cause pneumonia.
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According to Wenzel and Edmond (2001), nosocomial infection rate in the United States is

5% which is one of eighth leading cause of death United States.

Lately most of the studies have been more focused on the classification of 

Enterobacteriaceae compare to any other group of bacteria as these bacteria are frequently 

related to epidemic diseases and infections. Researchers have been focusing on 

Enterobacteriaceae lately because of their biological and ecological adaptations. Besides that, 

according to Marcova, Romanenco and Duhanina, 2005, Enterobacteriaceae are commonly 

survived in humans, animals and also spread widely in the environment Therefore, it is 

important in carrying out studies to focus and understand more on Enterobactericeae. Many 

studies have been carried out in characterisation of Enterobacteriaceae from human and 

animals for medical purposes compared to characterising Enterobacteriaceae from natural 

environment such as in Kubah National Park.
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2.4 Epidemiology and Infections of Enterobacteriaceae

According to Chow, Yu and Shlaes, 1994, Enterobacter species have emerged is the most 

common important nosocomial pathogens. This species is commonly found in the 

gastrointestinal, urinary and respiratory tract as these act as their reservoirs. Morganella 

morganii species also is one of the common species that cause urinary tract infections to 

patients. Several cases of Mmorganii occurred yearly as human acts as their reservoir 

(McDermott & Mylotte, 1984). According to Jalava, Hallanvuo and Nuorti, 2004, Yersinia 

pseudotuberculosis is a major concern as it a zoonotic bacteriall pathogen and is mostly 

found in temperate or subtropical climates of contaminated water

2.5 Isolation and Identification of Enterobactericeae

Enterobactericeae produce mucoid or dry, dull gray colonies on sheep blood agar. The 

organism is motile when the colonies appear to be as waves and maybe a Proteus species. On 

MacConkey agar, colonies that appear to be red shows that the organism is able to produce 

acid from lactose in the medium. Enterobactericeae can be differentiated by the presence or 

absent of different enzymes coded by the genetic material of the bacterial chromosome. 

Species identification can be done by testing the microorganism with series of media that 

measure different metabolic characteristics. According to Winn, Allen, Janda, Koneman, 

Procop, Schreckenberger and Woods, 2006, Enterobactericeae have these characteristics such 

as fermenting glucose, reduced nitrate to nitrite and negative cytochrome oxidase.

7



2.5.1 Gram Staining

Gram-positive organisms retain the initial violet stain, while gram-negative organisms are 

decolorized by the organic solvent and hence show the pink counterstain. The difference 

between gram-positive and gram-negative bacteria lies in the ability of the cell wall of the 

organism to retain the crystal violet.

2.6 Detection of Enterobacteriaceae by biochemical test

2.6.1 Voges-Proskauer Test

Voges-Proskauer test determines the ability of microorganism to produce produce non acidic 

or neutral end products, such as acetyl methyl carbinol, from organic acids as a fermentation 

product from glucose. According to Winn, Allen, Janda, Koneman, Procop, Schreckenberger 

and Woods, 2006, most species of Enterobactericeae are Voges-Proskauer positive.

2.6.2 Citrate Utilization

Citrate utilization test is to determine the capability of microorganisms to use sodium citrate 

as the only source of carbon for growth and metabolism. Blue colour on the medium after 

incubation for 24 hours at 35° C shows the presence of alkaline product and a positive test 

result for citrate utilization test (Simmons, 1926).

2.6.3 Urease Production

A pink-red colour will be seen on the medium for the microorganisms that have urease 

enzyme. According to Winn et. al, 2006, Klebisella, Enterobacter, and Brucella can be tested 

with Christensen's urea agar that can detect a small quantity of ammonia.
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3.0 Materials and methods

3.1 Bacteria isolates collection

All isolates were obtained from UNIMAS Microbe Collection from previous Masters 

students' glycerol stock. These isolates were isolated from water samples in Saremas 

Plantation. All isolates were labelled according to Huys (2003) and were streaked on nutrient 

agar.

Sx(Ry)z

With: 

S = Sampling site, 

x = replicates for sampling site, 

R = replicate number (for isolation plate) 

y = replicate number for isolation plate (1 or 2) 

z = alphabet representing number of isolates

The isolates collected were kept at 4° C until process. The samples were cultured on 

MacConkey agar (Oxoid, England), then onto Tryptic Soy Agar (TSA). The samples were 

streaked on TSA and were incubated aerobically at 37'C.
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3.2 Purification and characterization of bacterial isolates

The bacteria that grew on Triple Soya Agar (TSA), were streaked according to Holt, Kreig, 

Sneath, Staley and Williams, 1994, to subculture the bacterial isolates using an inoculating 

loop. The loop was sterilized over the Bunsen burner using hot flame. It was cooled down 

before it was use to take part of the grown bacterial colonies from the cultured agar. The 

bacterial were streaked on the surface of a fresh TSA. The agar was incubated for 24 to 48 

hours at 37°C in an inverted position. The bacterial colonies morphology was observed 

(Olukunle, 2013).

3.3 Identification of Bacterial Isolates

3.3.1 Morphological Characterisation

Bacterial film were prepared from each suspected purified isolate and was stained with 

Gram's stain then was examined under the light microscope with oil immersion lens 

according to Cruickshank, Duguid, Marmian and Swain, 1979.
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3.3.1.1 Gram Staining

Gram staining was done as described by Balows (1992). A small sample of bacterial colony 

was transfer onto the surface of a clean glass slide by using a sterile loop and was spread over 

a small area. The cells were fixed on the slide by passing the slide briefly through the Bunsen 

burner flame 2 to 3 times without exposing the slide directly to the flame. The sample was 

stained with a dye, crystal violet for 1 minute and the dye was washed off briefly with tap 

water. The slide was flooded with Gram's iodine solution and was left for 1 minute to fix the 

stain. The iodine was washed off with tap water. Then, the slides flood with 95% alcohol for 

10 seconds to decolorize the dye, and was washed off with tap water. The slide was 

counterstained with a paler dye of different colour, safranin solution for 30 seconds and was 

washed off with tap water. The smear was dried with soft paper (Rollins, 2000). Immersion 

oil was placed on the slide and was observed under light microscope at x100. All of the slides 

were examined under the oil immersion lens. The shape, arrangement and colour of the cells 

were examined.
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3.3.2 Bacteria Identification

All isolates on Tryptic Soy Agar (TSA) were screened for for gram-negative, glucose- 

positive and oxidase-negative reactions (Steel, 1961). A series of biochemical test were 

carried out according to Collee, Fraser, Marmion and Simmons, 1996. Lactose fermentation 

test, urease test, motility test, Gram-staining, hydrogen sulphide (H2S) test and IMViC, which 

is the indole test, MR-VP test, and citrate test were carried out according to the biochemical 

identification keys of Practical Medical Microbiology, 14th edition. Isolates were inoculated 

into phenyl red glucose and lactose broths, nitrate motility agar (Ewing, 1962), and MR-VP 

medium. All tests were incubated at room temperature, 35'C for 24 hours, except for MR-VP 

that will be incubate at 35°C and sample at 3 days for Voges-Proskauer test and at 5 days for 

methyl red test. The bacteria identified and the results were compared to Bergey's Manual of 

Systematic Bacteriology.

3.3.2.1 Lactose Fermentation test

The test was carried out on MacConkey agar according to Kilian and Bulo, 1976. The 

bacteria colony was isolated using a sterile inoculating loop tool that was heated on the 

Bunsen burner. The loop picked up an inoculum from the culture tube of bacterium and was 

transferred immediately into fresh, sterile medium of MacConkey agar. The media was 

incubated at 37°C for 24 to 48 hours. The test result was observed with the changed of colour 

of the colony on the media
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3.3.2.2 Urease test

Urea slants were prepared according to Malfertheiner, Dominguez-Munoz, Heckenmüller, 

Neubrand, Fischer, and Sauerbruch, 1996, by using urea agar and were mixed thoroughly and 

were dispenses aseptically in sterile test tubes. The tubes were cooled down in a slanted 

position and deep butts were formed. The loop was sterilized in blue flame of Bunsen burner 

and was allowed to cool. A loopful of isolate was taken out of the tryptic broth culture. The 

isolates were inoculated into sterile urea agar tube and were placed in the test tube rack. It 

was incubated for 24 to 48 hours at 37°C and the colour of the media was observed.

3.3.2.3 Motility test

Motility test was carried out according to Holding and Collee, 1971. A sterile needle was 

used to pick a single colony and was stabbed into the motility medium within 1 cm of the 

bottom of the tube. The medium was incubated at 37°C for 18 hours or until growth is 

obvious. The growth along the inoculation line in the medium was observed.

3.3.2.4 Indole test. Indole test was carried out according to Holding and Collee, 1971. The 

tryptic soy broth was inoculated with isolated colony of the bacteria using a sterile needle. 

The broth was incubated at 37°C for 24 to 48 hours. Five drops of Kovacs reagent were 

added to the broth culture. After a few minutes, the colour of the rink on the top of the broth 

was observed.
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