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Abstract
The Bacteria Associated with Ready to Eat (RTE) Rice in some part of Niger Delta cafeteria was 
studied using standard microbiological methods. The aim and objectives is to isolate identify and 
characterized the bacteria associated with Ready to Eat (RTE) rice. The period of study was three 
months. A total of 50 samples comprising of twenty five each from the two cafeteria (“ Moffatz” 
and Living spring) was collected aseptically to avoid contamination with the use of a sterile swab 
stick and taken to the laboratory for bacteriological analysis which include microbial count using 
serial dilution and colonies were counted using illuminated colony counter, Gram staining and 
characterization. The results reveals that the bacterial counts obtained in fried rice in “living 
spring” cafeteria was higher (1.08 × 105 CFU/ml) than that of “moffatz” (3.2 × 104 CFU/ml) while 
the bacterial loads for jollof rice was also higher in “living spring” (8.3 × 104 CFU/ml) than that of 
“moffatz“ (1.9 × 104 CFU/ml) the total isolates from the two cafeterias were 47 and this is 
attributed to several factors which include the initial contamination of the raw materials to the 
handling of the finished products. The most predominant bacteria pathogens isolated in this study 
include Staphylococcus aureus, Bacillus cereus and Escherichia coli. It also confirmed that 
pathogenic bacteria can exist in cooked foods even though they may physically appear to be quite 
wholesome. This proper steps and good hygiene practice should be employed and good measures 
should also be taken to ensure that the occurrence of these organisms in foods is kept within limit 
to reduce the risk of bacteria.
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Introduction
Rice (Oryza spp.) is the second leading cereal after wheat and staple food of half of the world’s 

population. It is grown in at least 114 countries with global production of 645 million tons. It is 
one of the most important crops in Nigeria and its production represents a significant part of 
the government strategy to overcome food shortage and improve self-sufficiency for both local 
consumption and export. Nigeria is the highest importer of rice in Africa and the second highest in 
the world. Rice is now a daily item on Nigerian menu unlike in the past when Nigerians consumed 
rice only during ceremonies or festival such as Christmas, Easter, idel-filtri and idel-kabi. Today 
rice is hawked on the street of cities and villages. Nutritionally, it is a wholesome cereal grain that 
is ideal for diverse nutritional needs. It contains predominately carbohydrate, low in fat and the 
protein content is comparable to that of wheat, corn, sorghum. Digestibility is high compared to 
other cereals and provides an excellent source of vitamin E, B (Thiamine, Niacin) and potassium. 
Rice accounts for about 60% to 70% of total intake and about 90% to 95% Nigerians consume rice 
with the former processing better processing and cooking qualities.

Microbiological quality of food indicates the amount of microbial contaminant, it has a high 
level of contamination indicates low quality of food shortage and its handling more likely to transmit 
diseases. Bacterial count in prepared food and water is a key factor in accessing the quality and safety 
of food. It also reveals the level of hygiene adopted by food handlers in the course of preparation 
of such foods. Food and water in particular have been described as vehicle for the transmission of 
microbial disease among which are those caused by coliforms. These are many reasons why people 
eat away from home. These include among others absence from home while travelling, studying, 
while at work or need for a charge in terms of food type or location and as such. Many people resort 
to buying street vended food which may be poorly processed. This situation however has resulted 
to the transfer of food sanitary measures and proper food handling from individuals/families to the 
food sales point that rarely enforce such practices.
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Cereals and cereal product contain microorganism from insects, 
soil and other sources. Bacillus and micrococcus were common. The 
determination of the total mesophilic aerobes, coliforms (Escherichia 
coli), Bacillus cereus and Samonella have been used in order to 
ascertain hygienic-sanitary quality. Rice, the staple diet in most Asian 
countries, may become contaminated during growth, harvesting 
and other agricultural operations such as processing and handling 
[1]. In general, members of the Pseudomonadaceae, coliforms, and 
endospore-forming bacteria are the most common members of the 
rice microflora. Worldwide there is increasing demand for high-
quality and safe food, free of chemical and physical contaminants and 
pathogens. Rice is grown in Kharif or wet season in Pakistan. Rice is 
arguably the most important foodstuff associated with Bacillus cereus 
food poisoning. Bacillus cereus comprises 10% of the soil microflora 
in rice paddies [2]. Bacillus cereus grows and produces emetic toxins 
in a relatively short time on cooked rice and other starchy foods 
stored at room temperature.

In Nigeria, there is little or no knowledge of foodborne disease 
and their transmission among food handlers working in ready-to-eat 
food centers, ad no rules are provided from the establishment of food 
handlers. Most proprietors of food centers are not duly licensed, and 
their staff properly selected. Hence, examining the microbiological 
quality and quantity of cooked rice from food handlers/centers to 
reduce the risk of food poisoning is a worthwhile adventure.

An estimated 2.5 billion people patronize food-sales point 
worldwide, food-borne illness is a major international health 
problem with consequent economic reduction. According to Doyele 
and Evans, food borne diseases are disease resulting from ingestion of 
bacteria, toxin and cells produced by microorganism present in food. 
Once the bacterial have produce toxins, the food can be extensively 
and properly cooked, killing the bacteria without destroying the toxin. 
Bacteria such as salmonella species, Escherichia coli and staphylococcus 
aureus, Bacillus cereus can cause food poisoning and other food-
borne diseases such as tuberculosis, typhoid fever and cholera. Some 
symptoms of food borne illness among others include stomach pains, 
diarrhea, vomiting, nausea and headache. The global incidence of 
food borne disease is difficult to estimate but it has been reported that 
the year 2000 alone, 2.1 million people die from diarrheal disease. A 
great proportion of these cases can be attributed to contamination of 
food and drinking water. Rice is a potential reservoir of pathogens 
that transmit diseases. Several studies have attributed diarrhea 
and associated death to be consumption of contaminated rice. 
An epidemiological link between rice foods and diarrhea has been 
reported. Foodborne bacterial pathogens commonly detected in rice 
are Bacillus cereus, Clostridium perfringens, Staphylococcus aureus 
and Salmonella spp. [3-8]. Certain cooked rice sold by street vendors 
has been implicated in food poisoning outbreaks. Several types 
of microorganisms have been known to affect the quality of food, 
thereby constituting health hazards when rice contaminated with 
this organisms are consumed. The level of contamination of rice is 
high in this environment and is a cause of concern because of high 
consumption of rice especially among children. Microbiological 
examination of rice especially is very important since this helps 
to evaluate the safety of food and provide measures to prevent 
foodborne disease outbreaks. According to [9], the presence of 
mesophilic microorganisms in cooked rice is an indication that 
pathogenic microbes are likely to be present in such foods. A number 
of cooked rice sold locally in Nigeria have been shown to be highly 
contaminated with Bacillus species [9-11], Staphylococcus [12,13] 

and other bacteria species [14-16]. This information on bacterial 
association with cooked rice may open new vistas to exploit brown 
rice commercially.

Justification of Study
 The relevance of the study was to initiate consciousness in the 

preparation process of the food sold publicly. The identification of 
these microorganisms will indicate that the food prepared and sold 
publicly is not good for consumption or might not even be accepted. 
This calls for the need of increased supervision both by the vendors 
and the health sectors before such foods are sold.

Aim of the Study
To identify the various bacterial organisms associated with ready-

to-eat rice in Akwa Ibom State University (AKSU) cafeteria.

The specific objectives are as follows:

1. To isolate bacteria associated with ready-to-eat rice. 

2. To identify bacteria associated with ready-to-eat rice.

3. To characterize the bacteria species in ready -to-eat rice. 

Materials and Method
Study area

The study area was the school cafeteria of the Akwa Ibom State 
University, Akwa Ibom State, Nigeria. The university is located in 
Ikot Akpaden, Mkpat Enin Local Government between Latitude 40 
35 ‘0’ and 40 4 ‘0’ North of the equator and between longitude 70 45 
‘0’ and 70 50 ‘0’ east of the Greenwich meridian.

Sample collection
A total of fifty (50) samples were randomly obtained from the 

food vending site of the University. The samples were collected 
using a sterile swab stick. Samples were purchased when freshly 
prepared and was immediately transferred under aseptic condition 
to the Department of Microbiological Laboratory, Akwa Ibom State 
University for microbiological analysis within one hour of collection.

Sterilization of materials
All materials used were adequately and appropriately sterilized 

before and after use. Glass wares such as test tubes, conical flasks, 
pipettes etc. were thoroughly washed with detergents, rinsed properly 
with water and drained. They were wrapped in aluminum foil and 
sterilized in hot air oven at 170°C for 1 h. Prepared medias and distilled 
water were autoclaved at 121°C for 15 min, metal equipments like 
the inoculating loop were heated to redness in an open flame before 
and after use. The laboratory bench were always swabbed using 70% 
alcohol for disinfection before analysis were made. Every isolation 
and inoculation was done near the flame to reduce contamination of 
the agar plates and tubes.

Sample analysis
Plates of freshly prepared fried and jollof rice was swabbed using 

sterile swab sticks containing 2 to 3 drops of normal saline l ml of the 
obtained sample was homogenized in 9 ml of sterile distilled water 
to obtain a thorough mixture. The resultant homogenates was made 
to obtain 10²,10³,104 and 105 respectively, while 10¹ serves as the 
stock solution.1ml of the homogenized food sample was aseptically 
transferred using 5 ml sterile pipette into the test tubes containing 9 
ml of sterile distilled water. Fivefold dilutions of the homogenate were 
prepared. Zero ml of the 10³ dilution factors of the homogenate was 
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dropped using the spread technique into different Medias: Nutrient 
agar, Eosin methylene blue, MacConkey agar and was inoculated and 
incubated. At the end of the incubation period, colonies was counted 
using illuminated colony forming counter and the colonies of each 
plates was expressed as Colony Forming Unit (CFU) per ml of the 
sample homogenate. The sample size were the number of colonies 
× the dilution factor which gave the total number of the organisms 
isolated (3.2 × 104) For morphological characterization, small portion 
of the discrete colonies of each plates was smeared on a microscopy 
slide and viewed under the x100 objective lens of the microscope. Pure 
colonies were stored in stock bottles for further characterizations. 
Appropriate biochemical tests like the catalase, oxidase, coagulase 
and indole were carried out (Table 1 and 2).

Gram staining
Gram staining test was adopted from (Chessbrough 2009). It 

is the most important procedure used for the characterization of 
bacteria. It was discovered by Christian Gram. The methods divides 
the bacteria into two groups, Gram positive which retain the primary 
stain (purple) and the Gram negative takes up the pink color of the 
counter stain. A smear of the isolated colony was made on a clean 
grease-free slide, air dried and heat-fixed for a few minute. The slides 
were stained with crystal violet solution (primary stain) for 60 sec 
after which it was washed off with distilled water. Lugal iodine was 
used to flood the slide for 60 sec and washed with distilled water. 
Seventy % alcohol (decolorizer) was added to each slides and washed 
immediately with distilled water. Finally safranine (counter stain) 
was added for 30 sec and the slide were washed with distilled water, 
air dried and viewed under oil immersion objective (x100). Gram 
positive organisms are known to retain the color (violet) while the 
Gram negative organisms retain the red (pink) color of safranin.

Coagulase test
A drop of normal saline was placed on each of a slide and a colony 

of the test organism was emulsified into each of the drop to make two 
(2) thick suspensions. A loop full of plasma was added to one of the 
suspensions and mixed gentle while the other suspension was used 
as control to differentiate and granular appearance of the organism 

from the true coagulase clumping organisms. Clotting of the plasma 
within 15 sec indicated a positive result.

Catalase test
A wire loop was used to pick the test organism and added 

to a few drops of H2O2 solution on a grease free slide. The release 
of oxygen bubbles indicated a positive result. This test is used to 
differentiate those bacteria that produce the enzyme catalase, such 
as Staphylococcus aureus, from non-catalase producing bacteria such 
as streptococcus species. The enzyme, catalase, act as a catalyst in the 
breakdown of hydrogen-peroxide to oxygen and water;

2H2O2 → 2H2O + O2

There are two methods to this effect, the tube and slide methods. 
In this research work, the slide method was used.

Indole test
Testing for indole production is important in the identification 

of enterobacteria. Most strains of Escherichia coli, Pseudomonas 
sp, and other group of enterbacteriacae breakdown the amino acid 
tryptophan with the release of Indole.

The single cell method using peptone water and after that 
incubated at 37°C for up to 48 h. Test for Indole was done by adding 
0.5 ml of Kovac’s reagent and shaken gently. Formation of red color 
in the surface within ten seconds indicated a positive result.

Oxidase test
This test was performed to test the ability of the bacteria to produce 

indole phenols blue from oxidation of diethyl-P-phenylenediamine 
and a naphthol. A small piece of filter paper was soaked in 2 to 3 
drops of oxidize reagent and allowed to dry. A sterile wire loop was 
used to pick the colony of the isolate and smeared on the filter paper. 
After a few seconds, color change of blue-purple was oxidize positive 
and no blue-purple was oxidize negative.

Results
A total of 50 samples comprising of 25 samples each from the 

cafeteria (“Moffatz” and “Living spring”) of Akwa Ibom State 

Isolated Colors of the Colony 
Observed Shape Edge Elevation Surface Probably organism

FR1 Golden yellow Spherical Entire Raised Smooth Staphylococcus aureus

FR4 Swampy growth Spherical Undulate Convex Rough Bacillus cereus

JR2 Pinkish Puntiform Entire Flat Smooth Escherichia coli

JR1 Pinkish Circular Entire Flat Smooth Escherichia coli

JR3 Milky colonies Irregular round Undulate Flat Smooth Bacillus cereus

Table 1: Morphological characterization of isolated organisms.

Isolates Gram reaction MIC CAT COA OXI IND Organism 

FR1 + Cocci in cluster + + NA NA Staphylococcus aureus

FR3 + Cocci in cluster + _ + + Bacillus cereus

FR2 _ Rods + _ - + Escherichia coli

FR1 _ Bacilli + _ - + Escherichia coli

FR4 + Cocci + + NA NA Staphylococcus aureus

FR2 + Rods + + _ + Bacillus cereus

JR1 _ Rods + _ + _ Escherichia coli

Table 2: Biochemical characteristic of the isolates.

Key: GR: Gram Reaction; MIC: Microscopy; CAT: Catalase Test; COA: Coagulase Test; OXI: Oxidase Test; IND: Indole Test; +: Positive; -: Negative; NA: Not 
Applicable
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University, were aseptically collected and examined. The results 
obtained from the bacterial count of ready-to-eat rice in Living spring 
were presented in Table 3. The bacterial isolates in fried rice had the 
highest count of (1.08 × 105 cfu/ml) than that of jollof rice 8.3 × 104 

cful/ml Table 4 show bacterial count of ready-to-eat rice in Moffatz 
cafeteria were 6.0 × 104 cfu/ml for jollof rice and 4.5 × 104 for fried 
rice respectively. Figure 1 shows the prevalence of Bacterial isolates 
obtained from fried and jollof rice in living spring cafeteria. Bacillus 
cereus occurred most frequently (17.0%) and (12.8%) (fried rice and 
jollof rice) respectively. Escherichia coli (12.8%) and 8.5%) (fried rice 
and jollof rice) and the least prevalence was Staphylococcus aureus for 
fried rice (6.4%) and jollof rice (4.3%). The prevalence of Bacterial 
isolates obtained from fried and jollof rice in Moffatz cafeteria is 
presented in Figure 2. Bacillus cereus occurred most frequently in 
fried rice (10.6%), followed by Escherichia coli (8.5%) both in fried 
and jollof rice while Staphylococcus aureus had the lowest percentage.

Discussion
The data obtained in this study has demonstrated the activities 

of pathogenic bacteria associated with RTE food and confirmed 
previous microbiological report on other ready to eat foods 
[3,8,14,15]. The high bacteria counts obtained in RTE cooked rice in 
this study is attributed to several factors which includes the initial 
contamination of raw materials to the handling of the finished 
product. The utensils used in the preparation of cooked rice and 
sanitary condition of processing environment especially air and dust 
in air may have contributed to increase in extent of contaminations. 
The predominant bacterial pathogens isolated in this study include 
Staphylococcus aureus, Bacillus cereus, Escherichia coli and various 
origins are an indication of poor hygienic practices. Furthermore, 
it shows that it is possible for cooked food to be contaminated with 
pathogenic bacteria. This implies that attention should be given to 
sanitary behavior of food handlers. This pathogenic organisms 
release toxins which are the agents responsible for illnesses such as 
diarrhea, dysentery, nausea, and vomiting caused by these organisms 
upon consumption of contaminated food. The ingestion of a small 
number of some pathogens may be sufficient to cause illness whereas; 
a much larger number might be required to produce the same effect 

Food Sample Number of Colonies Dilution Factor Total Number of Organisms (CFU/ml)

Living spring   

Fried Rice    

FR1 56 10-3 5.6 × 104

FR3 82 10-3 8.2 × 104

FR2 44 10-3 4.4 × 104

FR1 28 10-3 2.8 × 104

FR4 108 10-3 1.08 × 105

FR2 59 10-3 5.9 × 104

Living spring    

Jollof Rice    

JR3 64 10-3 6.1 × 104

JR4 83 10-3 8.3 × 104

JR2 12 10-3 1.2 × 104

JR1 31 10-3 3.1 × 104

JR3 80 10-3 8.0 × 104

Table 3: Bacteria count of ready-to-eat rice in living spring in Akwa Ibom Srate (ASKU) cafeteria.

Key: FR: Fried Rice; JR: Jollof Rice

Food Sample Number of Colonies Dilution Factor Total Number of Organisms (CFU/ml)

Moffatz

Fried Rice

FR1 32 10-3 3.2 × 104

FR1 36 10-3 3.6 × 104

FR3 45 10-3 4.5 × 104

FR4 32 10-3 3.2 × 104

Moffatz    

Jollof Rice    

JR5 56 10-3 5.6 × 104

JR2 60 10-3 6.0 × 104

JR3 40 10-3 4.0 × 104

JR5 33 10-3 3.3 × 104

JR2 19 10-3 1.9 × 104

Table 4: Bacteria count of ready-to-eat rice in moffatz in Akwa Ibom State University (ASKU) cafeteria.

Key: FR: Fried Rice; JR: Jollof Rice



Nyoyoko Veronica Fabian, et al., Annals of Microbiology and Immunology

Remedy Publications LLC. 2020 | Volume 3 | Issue 1 | Article 10215

if a different organism were involved. The findings of this study have 
confirmed that pathogenic bacteria can exist in cooked foods, thus, 
proper steps should be taken to ensure that the occurrence of such 
organisms in food is kept within limits.

Conclusion
These findings revealed that ready-to-eat rice sold in cafeteria in 

the Niger Delta is contaminated with possible pathogenic bacteria. 
The findings may be suggestive of inadequate processing and poor 
handling practices, which can pose health risks to the consumers. 
Bacillus cereus serve as pathogenic organism associated with rice and 
some of the bacteria isolated especially Staphylococcus aureus and 
Escherichia coli that were isolated in almost each and every collection 
of the food sample are potential enteric pathogens and are known 
to cause gastroenteritis. This clearly depicts poor handling and 
management leading to cross contamination as Staphylococcus aureus 
is a normal flora of the skin and Escherichia coli demonstrates faecal 
contamination. This pose a health threat to the students and staff 
and efforts to reduce level of contamination in the cafeteria is highly 
recommended. However, Good Manufacturing Practices (GMP) and 
Hazard Analysis Critical Control Point (HACCP) application in the 
chain of food production and processing as well as health education 
to improve the knowledge of food vendors on food safety and 
hygienic practices should be encouraged. It is therefore necessary for 
food inspectors to monitor and prevent the sales of stale RTE foods in 
catering establishments and markets.

Figure 1: Prevalence of bacterial isolates obtained from ready to eat fried and jollof rice in living spring from Akwa Ibom State University cafeteria.

Figure 2: Prevalence of bacterial isolates obtained from ready to eat fried and jollof rice in moffatz from Akwa Ibom State University cafeteria.

Recommendations
Every vendor, helper or food handler has to undergo proper 

training with regards to basic food hygiene, knowledge of preservation, 
storage of food, lapse time between preparation and dispersing of 
food items to the consumers. This is to ensure that they follow the 
required rules of food safety, hygiene practice and sanitation. There 
is a need for strict implementation of the Food Sanitation Code, 
licensing of food vendors within school campus and issuing health 
cards, in order to maintain the benefits of vended food system while 
assuring the safety of food sold. Authorities need to develop a quality 
aimed at assisting, controlling and maintaining the food sector. There 
is need for further study on antimicrobial susceptibility testing on the 
following food borne microorganisms such as Staphylococcus aureus, 
Escherichia coli, and Bacillus cereus. Determination of these types 
of bacteria acts as a quick index of acceptability of food for human 
consumption.
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