Bacterial Contamination of Selected Vegetables Sold in Open Markets in Port Harcourt, Nigeria



ABSTRACT
Vegetables are vital for human health and well-being. However, tThey however easily undergo spoilage, which can cause the proliferation of spoilage organisms that could be pathogenic. Human handling has also been implicated in the colonization of vegetables with pathogenic microorganisms. Thus, they can serve as vehicles of transfer of pathogenic microorganisms to humans, especially because they could can be consumed raw. Bacterial contamination of selected vegetables (cabbage, carrot, and lettuce) sold in open markets in Port Harcourt was investigated.
One hundred and eleven vegetable samples samples of vegetable (Cabbage, Carrot and Lettuce) were randomly purchased, sent to the laboratory, and processed using standard microbiological methods. Results showed that all the vegetable samples were contaminated with bacteria. Cabbage was the most frequently contaminated vegetable (21.7x105 cfu/g) followed by carrot (19.8x105 CFUcfu/g) and the least contaminated vegetable was Lettuce (18.3x105 cfu/g). Four species of bacteria were isolated, with Escherichia coli being the most prevalent commonest bacterial contaminant , followed by Staphylococcus aureus and Bacillus sp and Klebsiella sp.	Comment by DELL: To avoid redundancy in this phrase, write just vegetable samples and do not mention (Cabbage, Carrot, and Lettuce) because you have already mentioned 	Comment by DELL: Capitalize (applicate in the full manuscript)	Comment by DELL: sp. not be in italic form (Bacillus sp. )
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INTRODUCTION
Vegetables are a vital part of a nutritious and healthy diet because they promote a healthy body and mind. According to researchers, the people who consumes consume five or more servings of fruits and vegetables in a day have 20% lesser lower chances of developing stroke (He et al., 2006) and coronary heart disease (He et al., 2007). Vegetables have an elevated microbial contaminantion level due to the nutrients they contain, which also favours microbial colonization (Eni et al., 2020). Toxins produced by variousvariety of microorganisms play a major role in contaminating the contamination of food products, causing food intoxication (Angulo et al., 2018). Diseases causeding by microorganisms like Esherichia coli, Rhizopus, Staphylococcus aureus, Salmonella, Clostridium botulinum, Bacillus cereus, Pseudomonas aeruginosa, Mucor species, Aspergillus, and Candida species have been incriminated in fresh produce (Pandey, 2016). The number of reported outbreaks both in European countries and the United States (US) are less than the actual number of outbreaks that occur in African countries (Arendt et al., 2017). In September 2006, a large outbreak occurred across 26 states of in the US. The outbreak was caused by Esherichia coli and resulted in 3 deaths and 183 infections. This outbreak was found to be related with to consumption of pre-packaged spinach  (Wendel et al., 2019). In 2008, multiple Salmonella outbreaks were found to be associated with serrano peppers and jalapeno (Centers for Disease Control and Prevention, 2018). 	Comment by DELL: updating this reference with a more recent one, if possible.
And should also add the reference in the end of the paragraph	Comment by DELL: This reference (2008) does not match the in-text citation you cite (2018). Please check and provide the correct reference
According to the standard plate counts study, there are four levels of microbiological quality of food for human consumption, they are satisfactory, marginal, unsatisfactory, and potentially hazardous. Satisfactory levels are those which that show good microbiological quality. In this case, further processing is not required. Marginal levels are those which show border lineborderline quality and require further additional consideration to solve the possibility of various hygiene problems occurringed in the processing of the fruits and vegetables. Unsatisfactory levels are those levels which are beyond the acceptable microbiological limits, which are resulted due tothat exceed the acceptable microbiological limits, resulting from poor hygienic conditions or handling practices. Potentially hazardous levels may cause food borne illness, and further processing is immediately done to initiate remedial action (Zwietering, 2017). Vegetables such as Cucumber, Okra, Cabbage, Carrot, and fluted pumpkin are highly nutritional, especially the rind and seed. Several studies have outlined the numerous biological and pharmacological benefits of vegetables (Madhavi et al., 2018). Vegetables can serve as are a suitable hosts for the colonizsation of microorganisms, which may be and these organisms involved could be either spoilage, or pathogenic micro organisms or both. Due to the high moisture content in vegetables, spoilage bacteria easily invade the fruits and leaves, especially in poor storage conditions, modifying the texture, flavor, color, and/or appearance (Ogunbanwo et al., 2020). They may result in infections such as gastroenteritis(). Hence, public health professionals place emphasis on the quality and hygiene of fruits and vegetables (Walsh et al., 2016). Vegetables are rich in vitamins, minerals, antioxidants and many phyto-nutrients. 	Comment by DELL: Add reference	Comment by DELL: reference
Vegetables are essential parts of people’s diet and are vital for health and well-being. They help to reduce the risk of several diseases (Kalia & Gupta, 2016). Vegetables are bought directly from the street vendors or hawkers or at the local market without necessarily allowing it to undergo any further treatment before consumption. Consumption of vegetables has been on the increase since they are easily accessible, convenient, and most especially cheaper (Nwachukwu et al., 2018). Vegetables are commonly processed and sold by unlicensed vendors with poor educational levels and untrained in food hygiene (Barro et al., 2017). Vended vegetables have been on the increase in many developing countries due to a lack of formal jobs for the working age groups. Sales of vegetables can contribute significant income for households and at the same time providing provide a source of inexpensive nutritious meals (Mosupye & Von, 2019). Vegetables contain organic substances in plenty and sufficient amounts of water, and they may be either neutral or slightly acidic in nature (Singh et al., 2017). They are subjected to natural contamination by many different kinds of microorganisms, including pathogens. Metabolic activities of microbes alter the condition of vegetables, resulting in its their spoilage (Angela et al., 2020). The airborne microbes fall on fruits and vegetables and enter through the ruptured skin. The microorganisms present in the soil reach the processing plant through the crops (Neeraj & Sharma, 2017). Several insects are also responsible for the transference of microbes to the vegetables. In general, the keeping quality of food depends on the success of preventing the entry of micro-organisms and restricting their growth (Sing et al., 2017). Foods and microorganisms have long and interesting associations which that developed long before the beginning of recorded history (Sing et al., 2017). Vegetables are an extraordinary dietary source of nutrients, micronutrients, vitamins, and fibresfibers for humans and are thus vital for health and well-being (Angela et al., 2020). Vegetables are widely exposed to microbial contamination through contact with soil, dust, water, and by handling at harvest or during post-harvest processing. They therefore harbor a diverse range of microorganisms, including plant and human pathogens (Carmo et al., 2018). Thus, Tthis study aimed at determiningto determine the bacterial contamination of selected vegetables, including (Cabbage, Carrot, and Lettuce), sold in Port Harcourt, Nigeria. 	Comment by DELL: this information has already been mentioned in the beginning of the introduction 	Comment by DELL: add reference of this paragraph




MATERIALS AND METHODS

Study Area
Port Harcourt Local Government Area, Rivers State, in is an oil richoil-rich area in the Niger Delta, Southern Nigeria. It  is located between latitude 4o84’72” N and longitude 6o 79’ 46” E. According to the 2006 census, the study area has a population of 3,637,000 and covers a The study area has a population of 3,637,000 as of 2006 census with a land mass area of 369 km². The main occupation of the people is fishing and farming and trading (Innocent et al., 2016).
Study Design
This study employed a  cross sectional study with a simple convenient sampling technique. 
Calculation of Sample Size
N =        Z2 pq 		                                                        (Daniel, 1999)    
                   d2
Where: 
          N = sample size
          Z = Z scores at 95% level of confidence, Z value is 1.96    (Naing, 2006)
          P = Expected prevalence = 7.9% = 0.079                             (Zarkasi et al., 2016).
 		 d = precision = 0.5
		q = 1-p = 1-0.079 = 0.921
    
Therefore N = (1.96)2 x 0.079 (0.921)	Comment by DELL: equation
                                     (0.05)
                              =      0.276
                              0.0025
                     =      110


Collection of Vegetable Samples
A total of one hundred and ten (111) vegetable samples were collected from open markets in Port Harcourt and examined for bacterial contamination. Vegetables collected were Carrot (n=37), Cabbage (n=37), and Lettuce (n=37). and were transported to the Medical Microbiology laboratory, Faculty of Medical Laboratory Science for the analysis, Rivers State University.
Sample Preparation
The Cabbage, Carrot, and Lettuce vegetable samples were washed, weighed, blended, and placed in a beaker. The samples were labeled accordingly in a beaker and kept for microbiological analysis. Ninety (90) ml of distilled water was added to 10 test tubes and covered with cotton wool.
Preparation of Serial Dilution
Sterile test tubes wereas labeled from 10-2 to 10-10 , 10ml glass pipette was used to pipette 9ml of sterile distilled water to all the test tubes, . 1ml from the Cabbage sample was dispensed into the 90 ml distilled water (10-1 dilution). Sterile pipette was used to pipette 1ml from 10-1 into test tube 10-2. This was done up to tube 10-10 with the aid of different sterile pipettes. The same process was repeated for the Carrot and Lettuce samples, respectively.	Comment by DELL: are you sure that added to 90ml, not 9ml?? please check this
Inoculation of Nutrient Agar for Total Heterotrophic Bacteria Count (THBC)
With a sterile pasture pipette, was used to transfer 0.1ml of serially diluted cabbage sample was transferred from the test tube labeled 10-2 ionto nutrient agar medium labeled 10-2 and sterile pipette was use to pipette 0.1ml from test tube 10-3 into nutrient agar medium plates corresponding to their dilution levels (10-1, 10-2, 10-3, 10-4, and 10-5, respectively)    labeled 10-3 and sterile pipette was use to pipette 0.1ml from test tube 10‑4 into nutrient agar medium 10-4. The same was carried out on the 10-5. For each dilution, the sample was spread evenly across the agar surface using a sterile glass spreader to ensure even distribution of microorganisms.  Glass spreader was use to spread through the surface of the plate to enhance even distribution of the samples on the media. The surface of the agar dried on the sterilized work bench in order to avoid flushing of the organism by water. The same process was repeated for the Carrot and Lettuce samples respectively, ensuring uniform handling for all vegetable samples (Zarkasi et al., 2016).
Inoculation of MacConkey Agar
With a sterile pasture pipette, was used to transfer 0.1ml of serially diluted cabbage sample was transferred from the test tube labeled 10-2 ionto MacConkey agar medium labeled 10-2 and sterile pipette was use to pipette 0.1ml from test tube 10-3 into MacConkey agar plates corresponding to their dilution levels (10-1, 10-2, 10-3, 10-4, and 10-5, respectively) medium labeled 10-3 and sterile pipette was use to pipette 0.1ml from test tube 10‑4 into MacConkey agar medium 10-4. The same was carried out on the 10-5. A Glass spreader was used to spread through the surface of the plate to enhance even distribution of the samples on the media. The surface of the MacConkey agar dried on the sterilized work- bench in order to avoid flushing of the organism by water. The same process was repeated for the Carrot and Lettuce samples, sensuring uniform handling for all vegetable samples respectively (Zarkasi et al., 2016).

Incubation of the Nutrient Agar and MacConkey Media 
After the inoculation onto of Nutrient aAgar and MacConkey Mediaagar, they vegetable samples were incubated at 37oC temperature for 24 hours., Aafter 24 hoursovernight of incubation, observations were made, and bacterial colonies were recorded.



Identification of Isolates
Antimicrobial Susceptibility Testing
The organisms were obtained from the culture plates and sub-cultured on fresh Muller Hinton agar plate. The organisms were picked by the use of a sterilized wire loop and were inoculated on the agar plate by the spread plate method.  The sensitivity disk was placed on the inoculated sample and was incubated for 24hours at 37oC. After 24 hours of incubation, the clear zones of inhibition were measured in millimeters (mm) to determine the sensitivity of organisms bacterial strains to the antibiotics.
Statistical Analysis
Data was collected using Microsoft Excel and transferred into Statistical Package for Social Science (SPSS) for statistical analysis. Critical consideration was given to statistical analysis, SPSS version 21, to analyze the data for mean, standard deviation, percentage, prevalence, and Chi- square. Test of significance was performed at  0.05 alpha levels of 0.05 . Results were presented in tables and charts, respectively.

RESULTS 
Total Heterotrophic Bacterial Count (THBC)
Table 1 presents the total number of heterotrophic bacteria from each vegetable sample analyzed in this study. The Rresults of this study showed that all the vegetable samples were contaminated with bacteria. Cabbage was the most frequently contaminated vegetable, with a total heterotrophic bacterial count of 21.7x105 cfuCFU/g, followed by carrot with a total heterotrophic count of 19.8x105 cfu/g and the least contaminated vegetable was Lettuce, which had a total heterotrophic count of 18.3x105 cfuCFU/g. Four species of bacteria were detected, with Escherichia coli being the commonest bacterial contaminant with a percentage occurrence of 30%, followed by Bacillus sp (27%) and Klebsiella sp (20%). 


Table 1: Total Heterotrophic Bacteria Count from Cabbage, Carrot, and Lettuce

	 Samples
	Dilution Factor
	Colony Counts
	CFU/g 

	Carrot 
	10-4
	198
	19.8x105

	Cabbage 
	10-4
	217
	21.7x105

	Lettuce
	10-4
	183
	18.3x105




Total Number of Bacterial Isolates recovered from the different Vegetable Samples.

As can be seen the Table 2. The number of bacterial isolates recovered from Cabbage are Escherichia coli (31), Bacillus sp. (20), Klebsiella sp. (21) and Staphylococcus. aureus (23). For Carrot; Escherichia coli (22), Bacillus sp. (28), Klebsiella sp. (7) and S. aureus (14) and Escherichia coli (17), Bacillus sp. (14), Klebsiella sp. (18) and S. aureus (16) for Lettuce respectively. 	Comment by DELL: improve it, you can use n= (the number of bacteria that you have found) 

Table 2: Total Number of Bacterial Isolates recovered from the different Vegetable Samples.

	Vegetables
	Number Examined
	Number Of Bacterial Isolates from Vegetables

	
	
	Escherichia coli
	Bacillus sp
	Klebsiella sp
	S. aureus

	Carrot
	37
	22
	20
	21
	23

	Cabbage
	37
	31
	28
	7
	14

	Lettuce
	37
	17
	14
	18
	16

	Total
	111
	70
	62
	46
	53





Statistical Significance of Contamination Levels of the Different Vegetables.

The Chi square (Χ2) test result shows a difference in bacterial contamination rate among different kinds of vegetables at P-value = 0.005. Carrot was significantly associated with bacterial contamination (P = 0.039). Cabbage was not significantly associated with bacterial contamination (P=0.436), and Lettuce was significantly contaminated with bacteria (P=0.052) when compared to other vegetable samples (Table 3).

Table 3: Chi square test of Statistical Significance of Contamination Levels of the Different Vegetables.
	Variables
	Category
	Number Examined
	X2
	P-Value

	Vegetable Type
	Carrot
	34
	40.10
	0.039

	
	Cabbage
	34
	
	0.436

	
	Lettuce
	34
	
	0.052




Percentage Contamination Levels of the Different Vegetables
The Percentage Contamination Levels of the Different Vegetables are as follows (Table 4): Escherichia coli (25%), Bacillus sp (27%), Staphylococcus aureus (23%), and Klebsiella pneumoniae (20%) (Table 4, Figure 1).







Table 4: Percentage Contamination Levels of the Different Vegetables

	S/N
	Bacterial Isolates
	No. of Isolates 
	Percentage (%)

	1.
	Escherichia coli
	70
	30

	2.
	Bacillus sp
	62
	27

	3.
	Staphylococcus aureus
	53
	23

	4.
	Klebsiella pneumoniae
	46
	20





Figure 1: Percentage Contamination Levels of the Different Vegetables	Comment by DELL: this figure does not appear to provide additional value, as it duplicates information already presented in Table 4. I recommend retaining either the table or the figure to avoid redundancies and improve the overall clarity of the data presentation.





Antibiogram of Bacterial Isolates.
The antibiotics used were Ciprofloxacin (Claxfotran), Ceftriaxone (Rocephin), Erythromycin, Gentamicin, Nitrofurantoin, and Cefuroxime (Zinnat). The results showed that the four isolated bacterial isolates were sensitive to Ceftriaxone (Rocephin) and Cefuroxime (Zinnat) (Table 5).



Table 5: Antibiogram of Bacterial Isolates.
	Antibiotics
	Escherichia coli
	S. aureus
	K. pneumoniae
	Bacillus sp

	Ciprofloxacin (claxfotran)
	S
	M
	S
	R

	Ceftriaxone (Rocephin)
	S
	S
	S
	S

	Erythromycin 
	S
	M
	S
	M

	Gentamicin
	S
	S
	M
	R

	Nitrofurantoin
	S
	S
	S
	S

	Cefuroxime (Zinnat)
	S
	S
	S
	S


Key: S= Sensitive M= Moderately sensitive, R=Resistant.


DISCUSSION
Microorganisms are ubiquitous and may reside on vegetables to survive, thereby compromising the sanitary and hygienic quality of such vegetables, which are usually consumed raw or partly cooked. The determination of bacterial contamination of vegetable samples revealed high counts of pathogenic bacteria, including Bacillus sp, S. aureus, Klebsiella spp., Escherichia coli. These results are similar to those obtained by Wudneh, 2019 who found that all examined vegetables (e.g., ) where all the vegetable samples examined were contaminated with E. coli. Our results showed that the tTotal heterotrophic bacterial counts of carrot, cabbage and Lettuce were 19.8x105 cfu/g, 21.7x105 cfuCFU/g, and 18.3x105 CFU/g, respectively. The presence of pathogenic bacteria on the selected vegetables could be the reason for their rapid deterioration, which in turn can adversely affect the health of humans who consume these vegetables through food poisoning (Ref). Cabbage was the most frequently contaminated vegetable in the present study. This is in contrast to a previous study in Aba, Abia State, and Nigeria where lettuce was predominantly contaminated (Ref). It is justifiable that cabbage has a large surface area and a coarse surface, which enables microorganisms to thrive, unlike smooth surfaced vegetables with narrow exposed outer surface like carrot and lettuce.  Among the four bacterial species identified, E. coli was the most commonly recovered contaminant in this study. This is in line with findings by Buyukunal et al., 2015 in which the percentage recovery of E. coli from the various markets studied were significantly high in all the markets sampled. Again, studies by Amala et al., (2024) on the assessment of Microbial Contamination and Bacterial cCharacterization in Ready-to-Eat vegetables from Port Harcourt Markets, Nigeria also revealed a high contamination rate by E. coli. The isolation of E. coli may also indicate faecal contamination with human or animal faeces or excessive human handling. Another potential source of contamination could be from the water used in growing and processing vegetables before sale. E. coli is a natural inhabitant of the human gastrointestinal tract (GIT) but might occasionally be associated with disease in humans (Ref). This organism may also be present in soil and contaminate vegetables that are in contact with the soil. The presence of bacteria in vegetables salad might be linked to unhygienic practices by workers and the use of contaminated water in processing (Maffei et al., 2016).  The presence of E. coli also may suggest the probable presence of other enteric pathogens that may be associated with gastroenteritis and might be transmitted through faeces.  In contrast, other studies by Eni et al., 2019; (Mohammed et al., 2016) indicated S. aureus as the most frequent bacterial isolate (Eni et al., 2019). These differences might be due to variations in the time (season) of data collection, the sensitivity of laboratory methods used as well as the differences in the vegetable types used.  S. aureus is a normal flora of humans, aAbout 25% of healthy individuals are carriers of this bacterium on their palms, nostrils, skin etc (Ref). The percentage occurrence of S. aureus may be linked with carriers or infected vegetable sellers (vendors) and handlers (Nwanko et al., 2019).  S. aureus has been shown as the most prominent aetiologic agent of pyogenic infections and Staphylococcal infections worsen most already existing superficial infections and are known to cause food intoxication and infection.  The presence of Bacillus sp in vegetables is also of public health importance because it can cause food intoxication by virtue of  its toxins and spore forming ability. The production of spores enables the bacterium to withstand unfavourable conditions such as low temperature as obtained in the refrigeration of vegetables.   Results from antibacterial susceptibility test show that all the bacterial isolates were sensitive to Nitrofurantoin, Ceftriaxone (Rocephin) and Cefuroxime (Zinnet). Escherichia coli and K. pneumoniae were sensitive to Ciprofloxacin (Claxfotran) while Bacillus was resistant and S. aureus was moderately sensitive. E.  coli and K. pneumoniae were sensitive to Erythromycin while Bacillus and S. aureus were moderate. Esherichia coli and S. aureus were sensitive to Gentamicin while K. pneumonia was moderate and Bacillus sp was resistant to Gentamicin. This result agrees with the work of Getaneh et al (2018) who worked on Bacterial contamination of vegetables sold in Aba market, Abia State. Esherichia coli and S. aureus and Bacillus sp were found to be sensitive, whereas Klebsiella sp and Proteus mirabilis were resistant to some antibiotics. Variations in contamination levels were attributed to environmental factors, inadequate handling practices, and hygiene standards. It is therefore of utmost importance to adhere to stringent hygiene practices among vendors and better regulatory measures to prevent outbreaks (Amala et al., 2024).	Comment by DELL: Reference of this paragraph	Comment by DELL: Cite references in the suitable form
CONCLUSION 
The presence of bacterial contaminants in selected vegetables in this study revealed that  E. coli  to bewas the most common bacterial contaminant, followed by S. aureus, and Cabbage was the most frequently contaminated vegetable. The consumption of contaminated vegetables are ofhas significant public health implications with far reachingfar-reaching effects. Also, their abundant presence in vegetables results in loss of economic resources due to food spoilage. It is therefore recommended that proper storage and preservation of vegetables should be adopted in order to reduce bacterial load and diseases caused by bacterial contamination of vegetables, Frequent inspection of the vegetables for sale by food inspectors is also recommended. Education and training of food handlers on measures that will prevent contamination of vegetables should be done. Prepared vegetables should be washed properly and consumed shortly after preparation to avoid multiplication of contaminating bacteria.
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