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Bacterial Assessment of Fresh and Spoilt Tomatoes (Lycopersicon esculentum) Sold at International Market, Abakaliki, Ebonyi State.
 

.
ABSTRACT 
	Introduction: Tomato (Lycopersicon esculentum) has a high water content which predisposes it to spoilage by pathogenic bacteria that can pose significant health threats to consumers. 
Aim: The aim of the study was to undertake the bacterial assessment of fresh and spoilt tomatoes (Lycopersicon esculentum) sold at International Market, Abakaliki, Ebonyi State. 
Methodology: A total of 10 tomatoes were sampled, out of which 5 fresh, firm, undamaged tomatoes and 5 spoilt tomatoes were analysed. Cut portions of the fresh and spoilt tomatoes were serially diluted and plated on Nutrient Agar, MacConkey Agar, and Mannitol Salt Agar. 
Results: The result revealed that a total of forty seven (47) bacterial isolates were recovered: from both fresh tomato and spoilt tomato samples. From the fresh tomato samples, a total of sixteen (16) bacterial isolates were recovered: Staphylococcus aureus (4), Klebsiella spp. (6), Pseudomonas spp. (2), Escherichia coli (3) and Proteus spp (1) with percentage distribution of 25.00 %, 37.5 %, 12.5 %, 18.75 % and 6.25 % respectively. On the other hand, a total of thirty one (31) bacterial isolates: Staphylococcus aureus (6), Klebsiella spp. (9) Pseudomonas spp. (5), Escherichia coli (8) and Proteus spp (3) were recovered from spoilt pepper samples with percentage distribution of 19.35 %, 29.03 %, 16.13 %, 25.81 % and 9.68 % respectively. 
Conclusion: The study identified various spoilage bacteria which raises concern on public health risks associated with the consumption of fresh tomatoes.
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1. INTRODUCTION 
Tomato (Lycopersicon esculentum) is a climacteric and perishable vegetable that is extensively cultivated and consumed globally (Valadez et al., 2012). It is recognized for its rich content of essential nutrients, including vitamins, dietary fiber, and a variety of phytochemicals beneficial to human health (Freeman & Reimers, 2011; Mariga, 2012). In many developing countries, tomato farming serves as a lucrative venture for small-scale farmers due to its high market value and economic returns (Lemma et al., 2014). The increased consumer demand for tomatoes is largely attributed to their nutritional quality, palatability, affordability, and widespread availability. Consequently, growing attention has been directed toward the identification and characterization of microbial agents implicated in tomato spoilage. In these regions, contamination by microorganisms is known to occur at multiple stages, including harvesting, postharvest handling, storage, transportation, and during consumer-level processing (Barth et al., 2009). The proliferation of bacteria, particularly in physically compromised fruits, poses significant health risks if such produce is consumed after inadequate cooking (Valadez et al., 2012).

Tomato (Solanum lycopersicum) fruits are rich sources of essential nutrients, including minerals, vitamins, and carbohydrates (Okwuwe et al., 2015). Owing to their high nutritional value, these fruits are particularly vulnerable to microbial colonization, especially post-harvest, which often results in rapid spoilage during storage. Their biochemical composition provides a conducive environment for microbial proliferation, thereby accelerating deterioration and posing potential health risks due to the presence of pathogenic microorganisms.

The vulnerability of fruits to microbial spoilage is primarily attributed to their inherent chemical properties, particularly variations in pH and moisture content, which enhance their susceptibility to microbial invasion. In many open markets, fruits are displayed in baskets or on benches for extended periods before sale, increasing the risk of contamination from airborne microbes, surface-associated microorganisms, and contact with adjacent infected produce Baiyewu et al., (2007). Although certain tomato varieties, commonly referred to as "iron tomatoes," can remain viable for up to ten days under optimal storage conditions (Sinha et al., 2019), a significant proportion of tomatoes produced in Nigeria are nonetheless lost to post-harvest spoilage, primarily due to microbial activity (Bello et al., 2016; Ekundayo et al., 2024). Among the various pathogens affecting tomatoes, fungal infections are known to cause substantial post-harvest losses (Opoku et al., 2021). However, bacterial contamination poses a more serious threat, as many bacterial toxins and spores are often undetectable until a foodborne illness outbreak occurs, and subsequent laboratory analysis reveals the causative agent (Obunukwu et al., 2018). 

The disruption of the tomato's natural structure—whether during harvesting, transportation, storage, or by insect damage—can create entry points for opportunistic pathogens (Singh et al., 2017). Owing to their soft and delicate texture, tomatoes are particularly susceptible to bruising during harvest and other post-harvest handling procedures such as packaging, transportation, and storage (Eke et al., 2025; Chuku et al., 2007). Inadequate storage conditions can significantly reduce the natural resistance of fruits and vegetables to diseases, thereby increasing vulnerability to pathogen infection (Okeh et al., 2025). Most microbial spoilage occurs under conditions of moderate to cool temperatures combined with high relative humidity, with disease incidence often escalating during periods of heavy rainfall (Agbabiaka, 2015). Numerous investigations have been undertaken to determine the bacterial species associated with both fresh and processed tomato products. For instance, Ajayi (2013) reported that Clostridium, Staphylococcus, and Bacillus species were the predominant isolates from canned and raw tomatoes in the United States. Similarly, a study conducted in India identified Klebsiella spp., Proteus mirabilis, Vibrio spp., and Pseudomonas spp. in tomato puree samples (Garg et al., 2013). In Nigeria, Wogu and Ofuase (2014) isolated several pathogenic bacteria including Bacillus subtilis, Klebsiella aerogenes, Pseudomonas aeruginosa, Salmonella typhi, Proteus mirabilis, and Staphylococcus aureus from spoiled tomatoes in Benin City. Another investigation in Lagos State reported high prevalence rates of Staphylococcus spp. (22.5%), Bacillus spp. (20%), and Escherichia coli (15%) in spoiled tomato samples (Ogundipe et al., 2012). Despite these findings, limited data exists on the bacterial pathogens associated with tomatoes sold in Abakaliki, Ebonyi State. This study aimed to assess the bacterial profiles of both fresh and spoiled tomato (Lycopersicon esculentum) fruits obtained from International market in Ebonyi state, Nigeria.

2. material and methods

2.1 Study Area
This experimental study was conducted using tomato samples obtained from the Magaret Umahi International Market, located in Abakaliki, Ebonyi State. This market was selected due to its prominence as a central trading hub where tomatoes are widely available at relatively low cost to consumers. 

2.2 Sample Collection
A total of ten tomato samples were randomly collected from five different vendors within the market. For each vendor, two tomato samples were purchased—one fresh (firm and free from visible damage) and one spoiled (showing signs of damage or decay)—resulting in five fresh and five spoiled samples. Each sample was placed in a sterile, labeled container to prevent cross-contamination and was immediately transported to the Microbiology Laboratory for bacteriological examination. The time interval between sample collection and laboratory analysis did not exceed two hours.

2.3 Isolation of Microorganisms
Approximately 1 gram of each spoiled tomato sample was aseptically measured for microbiological analysis. Each sample was homogenized by mixing 1 gram of tomato tissue in 9 mL of sterile distilled water, followed by thorough mixing. Serial dilutions of the homogenate were prepared up to 10-6 in sterile test tubes. From each dilution, 1 mL was aseptically transferred into appropriately labeled sterile petri dishes. The pour plate technique was employed for microbial cultivation. To isolate bacterial species, Nutrient Agar, MacConkey Agar, and Mannitol Salt Agar (all obtained from Oxoid, UK) were used. Samples from fresh tomatoes and visibly spoiled portions of each tomato were streaked directly onto Nutrient Agar, MacConkey Agar, and Mannitol Salt Agar using sterile inoculating loops. These plates were incubated at 37°C for 18–24 hours. 

2.4 Identification of Microorganisms
Following incubation, microbial colonies on the various culture media were carefully examined and recorded based on morphological characteristics, including colony shape, color, margin, texture, and overall appearance. A single representative colony from each plate was selected and subjected to Gram staining to determine cell wall characteristics and cellular arrangement.

2.4.1 Gram Staining
Gram staining was performed following standard microbiological procedures. Prepared bacterial smears were air-dried, heat-fixed, and then stained using the conventional Gram stain method. The stained slides were examined under an oil immersion objective lens to determine whether the bacteria were Gram-positive or Gram-negative, and to observe their cellular morphology (Chessbrough, 2014).

2.4.2 Biochemical Characterization
Bacterial isolates were further identified using a series of biochemical tests in accordance with standard microbiological protocols. The tests performed included the Indole test, Methyl Red test, Voges-Proskauer (VP) test, Citrate utilization test, Oxidase test, Coagulase test, Catalase test, and Sugar Fermentation tests.

2.4.2.1 Indole Test
Test organisms were inoculated into bijou bottles containing 3 mL of sterile tryptone water and incubated at 35–37°C for 48 hours. After incubation, 0.5 mL of Kovac’s reagent was gently added. A positive result was indicated by the appearance of a red layer on the surface within 10 seconds, confirming indole production.

2.4.2.2 Catalase Test 
Approximately 5 mL of 3% hydrogen peroxide solution was placed into a sterile test tube. Using a sterile glass rod, a portion of bacterial colonies was introduced into the hydrogen peroxide solution. Immediate bubbling or effervescence indicated a positive catalase reaction, signifying the breakdown of hydrogen peroxide into water and oxygen.


2.4.2.3 Coagulase Test 
This test was performed to differentiate Staphylococcus aureus (coagulase-positive) from coagulase-negative Staphylococcus species. The slide coagulase method was used to detect bound coagulase (clumping factor). A drop of distilled water was placed at each end of a clean glass slide. A colony of the test organism was emulsified in each drop to form thick suspensions. To one suspension, a loopful of human plasma was added and gently mixed. The formation of visible clumps indicated a positive coagulase reaction, confirming the presence of S. aureus.

2.4.2.4 Oxidase Test
The oxidase test is a differential biochemical assay used to identify organisms capable of producing cytochrome c oxidase, an enzyme involved in the electron transport chain. Oxidase-positive organisms possess cytochrome oxidase, which facilitates the transfer of electrons to oxygen as the terminal electron acceptor. A drop of oxidase reagent was placed on Whatman No. 1 filter paper, and a bacterial colony was rubbed onto the moistened area. A color change to purple within 5 to 10 seconds indicated a positive oxidase reaction, characteristic of organisms such as Pseudomonas spp.  

3. results 

3.1 Morphological and Biochemical Characteristics of Bacterial Isolates 
The result of the morphological and biochemical characteristics of bacterial isolates was presented in table 1. Out of the 10 different tomato samples purchased from the market, five bacterial isolates were recovered. Staphylococcus aureus, Klebsiella spp., Pseudomonas spp., Escherichia coli and Proteus spp. were identified.

Table 1: Morphological and Biochemical Characteristics of Bacterial Isolates 
	CM
	SA
	GR
	MT
	CT
	COT
	OT
	IT 
	Probable Organism

	MSA
	Golden yellow colonies
	+
	-
	+
	+
	_
	-
	Staphylococcus aureus

	MA
	Slightly pink mucoid colonies
	+
	+
	+
	-
	-
	-
	Klebsiella spp

	CA
	Green colonies
	-
	+
	+
	-
	+
	-
	Pseudomonas spp.

	MA
	Pink colonies
	-
	+
	+
	-
	
	+
	Escherichia coli

	MA
	Swarming colonies
	-
	+
	-
	-
	-
	-
	Proteus spp.


[bookmark: _GoBack]Keys: CM- Culture Media, MSA- Mannitol Salt Agar, NA– Nutrient Agar, CA- Centrimide Agar, MA– Mac Conkey Agar, SA- Shapes and Arrangement of Cells, GR- Gram’s reaction, MT- Motility Test, CT- Catalase test, COT- Coagulase Test, OT- Oxidase Test, IT- Indole Test, ‘-‘ – Negative, ‘+’ – Positive.

3.2 Frequency and Percentage Distribution of Bacterial Isolates from Tomato Samples
The result of frequency and percentage distribution of bacterial isolates from tomato samples were presented in table 2. The result revealed that a total of forty seven (47) bacterial isolates were recovered from both fresh tomato and spoilt tomato samples. From the fresh tomato samples, a total of sixteen (16) bacterial isolates were recovered: Staphylococcus aureus (4), Klebsiella spp. (6), Pseudomonas spp. (2), Escherichia coli (3) and Proteus spp (1) with percentage distribution of 25.00 %, 37.5 %, 12.5 %, 18.75 % and 6.25 % respectively. On the other hand, a total of thirty one (31) bacterial isolates: Staphylococcus aureus (6), Klebsiella spp. (9) Pseudomonas spp. (5), Escherichia coli (8) and Proteus spp (3) were recovered from spoilt pepper samples with percentage distribution of 19.35 %, 29.03 %, 16.13 %, 25.81 % and 9.68 % respectively.

Table 2: Frequency and Percentage Distribution of Bacterial Isolates from Tomato Samples

	Bacterial isolates
	Frequency/ Percentage Distribution (%) on Fresh Tomato
	Frequency/ Percentage Distribution (%) on Spoilt Tomato
	Overall Percentage Distribution

	Staphylococcus aureus
	4 (25.00)
	6 (19.35)
	10 (21.28)

	Klebsiella spp.
	6 (37.5)
	9 (29.03)
	15 (31.91)

	Pseudomonas spp.
	2 (12.5)
	5 (16.13)
	7 (14.89)

	Escherichia coli
	3 (18.75)
	8 (25.81)
	11 (23.40)

	Proteus spp.
	1 (6.25)
	3 (9.68)
	4 (8.51)

	Total 
	16 (100)
	31 (100)
	47



4. DISCUSSION
The present study reports for the first time varying prevalence of resistant bacteria in sampled tomatoes purchased from the different sellers at International market Abakaliki in Ebonyi State. The presence of bacteria in the fresh tomatoes bought from these markets may be because they were improperly handled during the sellers’ attempts to arrange them for sales. Also, the varying differences in contamination from the fresh and spoilt tomatoes could also be as a result of differences in the sources of farm products or wholesale points where the market sellers bought their tomatoes from (Momoh et al., 2020; Agbabiaka et al., 2015).

In this study, Klebsiella sp. (31.91 %) was the most prevalent bacteria isolated from both fresh tomatoes 6 (37.5 %) and spoilt tomatoes 15 (31.91 %). This result is similar to the report of Obeng et al. (2018). They reported that Klebsiella sp. (34.8 %) was the most prevalent bacteria isolated from both spoilt tomatoes and fresh tomatoes. On the other hand, the result observed in this study was in contrast to Ugwu et al. (2014) study in Nigeria which reported isolation rate of 8.9% in only spoilt tomatoes and Wogu & Ofuase (2014) study from Benin City, Nigeria, with a total isolation rate of 1.6% for Klebsiella sp. Moreover in Spain, Falomir et al. (2010) have isolated Klebsiella pneumoniae and Klebsiella oxytoca in their work on fresh vegetables. The varying prevalence of Klebsiella isolates in the different countries could be because of varying human activities associated with postharvest practices before the tomatoes are displayed for sale in the different countries. In addition, Klebsiella sp. are ubiquitous organisms that can be found in the environment, animals, and humans (Pigott et al., 2008; Chandu et al., 2016; Ekundayo et al., 2024). The bacteria could have gained access to the tomatoes during postharvest period involving poor transportation and storage facilities on the field with stomata that have openings, cracks, or surface injuries as reported by Lemma et al. (2014) and Bello et al. (2016).

The second most prevalent bacterial isolate was Staphylococcus aureus with frequency of occurrence 10 (21.28 %). The presence of Staphylococcus aureus, which are known to be associated with faecal matter, showed that the fruit samples were contaminated through poor human handling processes.

In this study, Proteus spp. isolated confirms with a previous work done by Garg et al. (2013) in India with tomatoes. Proteus mirabilis is an opportunistic pathogen in the normal intestinal flora and they may be associated with community-acquired infection. It is widely distributed in contaminated soil and water in the natural environment and can easily find its way into foodstuffs which are not well handled.

The presence of Pseudomonas spp. 7 (14.89 %) in this study was not in conformity with Obeng et al. (2018), which isolated similar bacteria with percentage isolation of 3.0 % from tomatoes in Lagos State, Nigeria. 

Conclusion
Several genera of bacteria have been identified in this study as being associated with the spoilage of tomato fruits. The result revealed that a total of forty seven (47) bacterial isolates were recovered: from both fresh tomato and spoilt tomato samples. Such contamination can lead to food poisoning and food-borne illnesses.

Recommendations
We therefore recommend the following: Therefore concerted efforts should be made by the relevant health workers to discourage or stop the display and sale of spoilt tomato fruits in local markets. The general public should also be enlightened about the health risks that may be associated with the consumption of relatively cheaper but spoilt ripe tomato fruits, as these could be agents in food borne bacterial and fungal diseases. To prevent any outbreak of diseases, tomatoes should be thoroughly washed with clean water and disinfected before use or properly cooked before consumption. If possible, consumption of raw or partially cooked tomatoes in the form of sandwich or salads should be avoided, since it can predispose consumers to bacterial infections. The environment in which the tomatoes are sold should also be kept clean since most of the bacteria isolated are associated with dirty environment. Tomato farmers as well as other vegetable farmers should be advised to avoid the use of contaminated wastewater for irrigation during cultivation.
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