BACTERIOLOGICAL ASSESSMENT AND PROXIMATE ANALYSIS OF DIFFERENT GRADES OF TOMATOES SOLD IN SOME ABUJA MAJOR MARKETS








Abstract
Tomato (Solanum lycopersicum) is a common vegetable sold in different grades (fresh and spoiled) and widely consumed in Nigeria. It has high water content, which makes it habitable for bacteria and predisposes it to spoilage by pathogenic organisms, thus posing significant health risks to consumers. In this study, the bacteriological quality and proximate analysis of different grades of tomatoes sold in five different markets in Abuja, Nigeria, were assessed. Fresh and spoiled tomatoes were bought and analyzed for the presence and count of bacteria using appropriate microbiological methods. The bacterial isolates were identified phenotypically and confirmed with molecular identification procedures. Higher bacteria counts (29-90 ⅹ 105 CFU/g) were recorded in spoiled tomatoes, and species of bacteria from different genera were identified. The bacteria include species of Corynebacterium, Staphylococcus, Pseudomonas, Enterobacter, Bacillus, Klebsiella and Serratia. Furthermore, there were marked variations in the values of proximate and vitamin analysis for the different grades of tomatoes analyzed. Vitamin A as well as crude lipid and fibre were lower with higher pH in spoiled tomato when compared to the fresh ones. The study concluded that improper handling during transportation and market exchange are major routes of contamination, which is predominantly observed in damaged tomatoes. Also, the high bacteria count, as well as the presence of some pathogenic organisms associated with the consumption of tomatoes, especially damaged ones, raises serious concerns about public health. 
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Introduction 
[bookmark: _Hlk163215430]“Tomatoes (Solanum lycopersicum) are flowering plants of the nightshade family (Solanaceae), which are widely accepted for their edible fruits. They are highly nutritious and of high importance in different cuisines” (Salehi et al., 2019). “The fruits can be eaten raw in salads, served as a cooked vegetable or as an ingredient in various dishes. Its industrial significance is recognised, and a large percentage of the world’s tomato crop is processed into products such as canned tomatoes, tomato juice, ketchup, puree, paste, and dehydrated pulp” (Ogundipe et al., 2012). “Some of the nutrients reported to be present in tomatoes include vitamins, minerals, fibre, protein, essential amino acids, monounsaturated fatty acids, carotenoids and phytosterols” (Ali et al., 2020).
“As it is with many perishable agricultural products, postharvest losses are often recorded with tomato, largely because of its delicate nature and water activity” (Abdullahi, et al., 2022). “Injury to tomato fruits can speed up biological processes very rapidly and cause deterioration within a very short period of time. Postharvest losses in tomatoes are induced through microbial infestation during harvesting, post-harvesting activities such as handling, storage and transportation” (Oluba et al., 2022). For instance, transporting such delicate fruits in bamboo baskets with rough and pointed edges, sitting on packaged tomatoes during transport or placing heavy objects on the pack will induce serious injuries to the tomatoes. Furthermore, tomatoes are prone to attack by insects and decay-causing organisms, which can eventually result in faster deterioration. Rough handling opens up the fruits for decay-causing organisms. 
The rate of losses recorded in developing countries on tomatoes has been estimated to be about 45% which constitutes a huge economic loss and an inefficient use of natural resources.  In order to cushion the effects of the post-harvest losses, tomatoes are sold in different grades. Some damaged or spoiled tomato fruits are still sold alongside the fresh ones as second-grade, albeit at a cheaper price. Surprisingly, the second-grade fruits are quickly sold, and this is largely attributed to their affordability. However, this second-grade tomato could be harmful based on the proliferation of microorganisms, which could sometimes be pathogenic. Furthermore, it is possible that these second-grade fruits could have reduced nutrients compared to the fresh tomatoes.
This study aims to investigate the bacterial composition and proximate analysis of the damaged tomatoes and compare them with the fresh tomatoes.
METHODS
Sample Collection
This study was carried out by randomly purchasing fresh and spoiled tomato fruits from different sellers at different markets in the Federal Capital Territory, Abuja, Nigeria. The fruits were separately packaged into different sterile containers, labelled, and transported to the laboratory immediately for bacteriological analysis.
Isolation of Bacteria
Tomatoes were washed with sterile distilled water before they were cut into two halves. 5 g of fresh and spoiled tomatoes were weighed separately and carefully macerated in 50ml of sterile maximum recovery diluent. 1ml of the macerated tomatoes was dispensed into 9ml of sterile distilled water in a test tube to begin the process of ten-fold serial dilution. 1mL of the final diluent was inoculated into freshly prepared molten Nutrient and MacConkey agar, maintained at 40°C using the pour plate and spread plate methods. The plates were incubated at 37 °C for 18-24 hours (Obeng et al., 2018). 
Hemolytic activity of bacterial isolates
Hemolytic activity of bacterial isolates from fresh and spoiled tomatoes was determined using the methods described by Fouliquie-Moreno et al. (2003). Overnight (18–24 h) culture of the isolates was streaked on Columbia blood agar base (Oxoid CM0331) supplemented with 7% v/v human blood and incubated at 37 oC for 48 h. After incubation, plates were observed for zones of inhibition. The production of green-hued zones around the colony was recorded as α-hemolysis, while the absence of inhibition on the blood agar plates was recorded as γ-hemolysis. Lysis of blood around the colony of the test organism was classified as hemolytic (β-hemolysis).


Identification of haemolytic strains
The strains that showed the ability to lyse blood cells were identified by 16S rRNA gene sequence analysis. The nucleic acid was extracted using the methods described by Trindade (2007) with slight modifications. The DNA fragments were amplified using universal primer 16SF: GTGCCAGCAGCCGCGCTAA and reverse primer: 16SR: AGACCCGGGAACGTATTCAC (Barghouthi, 2011). The PCR product was detected using gel electrophoresis at 80V in horizontal gels containing 1.5% agarose, stained with ethidium bromide and purified with the addition of 70% ethanol and centrifugation at 9000 rpm before the sequencing. The purified products were sequenced using the ABI 3130xL Genetic Analyzer (Applied Biosystems, California, USA). The generated sequence was subjected to alignment using the Basic Local Alignment and Search Tool (BLAST) program to compare with the sequences deposited in the GenBank database.
Proximate Analysis
The proximate, mineral and vitamin analysis of both fresh and damaged tomatoes were analysed using the methods described by the AOAC (1990). Analysis of moisture, ash, lipid, protein, carbohydrate and fibre contents was done, as well as vitamin and carotenoid contents for fresh and spoiled tomatoes, using standard methods.
Data Analysis
Bacteriological assessment was done in triplicate, and the data obtained were analysed using the SPSS statistical package version 20.0. In all cases, P values less than 0.05 were considered statistically significant.

RESULTS
Enumeration of the bacterial population in tomato
[bookmark: _Hlk163055796]The total bacterial count for the fresh tomato fruits on nutrient agar ranged between 29 × 105 – 90 × 105 Cfu/g and 15 × 105 – 21 × 105 cfu/g on MacConkey agar after 24h incubation. However, bacterial count in spoiled tomatoes ranged between 59 × 105 and 12.6 x 106 (Table 1 and Table 2).
Presumptive Identification of Bacterial Isolates
The bacterial isolates were presumptively identified by phenotypic methods, and pure isolates were identified as species of Staphylococcus, Corynebacterium, Bacillus, Micrococcus, Klebsiella and Pseudomonas (Table 3)
Hemolytic activity of the bacterial isolates
The isolates displayed varying hemolytic reactions on blood agar plates. Many of them (75%) were observed to have no hemolytic reaction on blood agar, which is Gamma (ϒ) hemolysis, while 15% and 10% of the isolates showed Alpha (α) and Beta (β) hemolysis, respectively (Figure 1). 

Molecular Identification of hemolytic strains
The hemolytic strains were identified with the 16s rRNA gene sequencing as Klebsiella pneumoniae, Stenotrophomonas maltophilia and Serratia marcescens with a similarity value of 99.16%, 98.73% and 99.23% respectively, with strains present in the GenBank sequence database of the National Centre for Biotechnology Information (NCBI).
Proximate and Vitamin Analysis of Fresh and Spoilt Tomatoes
It was observed that the vitamin A level of spoiled tomatoes was reduced, but not significantly different when compared to fresh tomatoes. Also, the spoiled tomatoes showed higher acidity while the percentage protein, crude lipid and crude fibre were higher in fresh tomatoes. The result of the proximate and vitamin analysis is presented in Tables 4 and 5.

[bookmark: _Hlk159856126]Table 1: Enumeration of Bacteria from Fresh Tomatoes.
	
	Nutrient agar (x 105)
	Mac Conckey agar (x 105)

	
	Spread plate
	Pour plate
	Spread plate
	Pour plate

	Fish market
	29 ± 0.5
	80 ± 2.9
	15 ± 0.7
	19 ± 1.5

	Wuse market
	34 ± 1.2
	67 ± 4.5
	10 ± 1.1
	15 ± 0.7

	Garki market
	90 ± 3.1
	70 ± 3.2
	13 ± 1.5
	18 ± 1.3

	Asokoro market
	53 ± 2.5
	66 ± 2.8
	18 ± 0.8
	21 ± 1.1


Values are recorded as mean ± standard deviation, where n=3



Table 2: Enumeration of Bacteria from spoilt Tomatoes.
	
	Nutrient agar (x 105)
	Mac conckey agar (x 105)

	
	Spread plate
	Pour plate
	Spread plate
	Pour plate

	Fish market
	59 ± 2.1 
	97 ± 3.4
	21 ± 1.2
	35 ± 1.3

	Wuse market
	74 ± 3.2
	107 ± 4.3
	43 ± 3.2
	55 ± 3.2

	Garki market
	90 ± 3.1
	77 ± 3.1 
	28 ± 1.7
	65 ± 1.6

	Asokoro market
	83 ± 1.8
	126 ± 2.8
	33 ±0.8
	38 ± 2.4


Values are recorded as mean ± standard deviation, where n=3


	Isolate code
	Morphology
	Gram staining reaction
	Catalase
	Coagulase
	Oxidase
	Motility
	Citrate
	Indole
	MR
	VP 
	Urease
	Starch hydrolysis
	Presumptive Identification

	SP3
	Circular, large, flat
	+ve short rods
	+ve
	-ve
	-ve
	-ve
	+ve
	-ve
	+ve
	+ve
	+ve
	+ve
	Staphylococcus sp.

	SP5
	Circular, small, rough
	+ve singly rods
	+ve
	-ve
	-ve
	+ve
	+ve
	-ve
	-ve
	+ve
	-ve
	+ve
	Bacillus sp.

	GP1
	Circular, large, low convex
	+ve cocci in pairs
	+ve
	-ve
	-ve
	-ve
	-ve
	-ve
	+ve
	-ve
	-ve
	-ve
	Micrococcus sp.

	AP8
	Circular, small, raised
	-ve straight rods
	+ve
	-ve
	-ve
	-ve
	+ve
	-ve
	-ve
	+ve
	+ve
	-ve
	Klebsiella sp.

	SP6
	Circular, small, low convex
	+ve slender rod
	+ve
	-ve
	-ve
	-ve
	-ve
	-ve
	+ve
	-ve
	-ve
	-ve
	Corynebacterium sp.

	SS2
	Irregular, small, flat
	-ve rod
	+ve
	-ve
	+ve
	+ve
	+ve
	-ve
	-ve
	-ve
	-ve
	-ve
	Pseudomonas sp.

	GS2
	Circular, large, flat
	-ve rod
	+ve
	-ve
	-ve
	+ve
	+ve
	-ve
	-ve
	+ve
	-ve
	-ve
	Enterobacter sp.

	FS2
	Circular, large, raised
	-ve rod
	+ve
	-ve
	-ve
	+ve
	+ve
	-ve
	-ve
	+ve
	+ve
	-ve
	Serratia sp.


Table 3: Biochemical characteristics of bacteria isolates from fresh and spoilt tomato
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Figure 1: Hemolytic pattern of bacterial isolates

Table 4: Proximate analysis of fresh and spoiled tomatoes
	Parameters
	fresh
	spoiled

	Ash (%)
	5.59 ± 0.1a
	1.45± 0.2b

	Moisture (g/100g)
	94.27± 1.3a
	94.69± 2.1a

	Total protein (g/100g)
	7.69± 0.8b
	2.78± 0.5c

	Crude Lipid (g/100g)
	3.78± 0.4d
	2.98± 0.2d

	Carbohydrates (g/100g)
	8.90± 1.1e
	3.93± 0.02f

	Acidity (%)
	0.385± 0.04g
	0.41± 0.01g

	pH
	5.56± 0.01h
	5.98± 0.1h

	Crude fibre (g/100g)
	4.34± 0.3i
	1.16± 0.5j

	Soluble matter (%)
	8.34± 0.6k
	7.45± 0.4k


[bookmark: _Hlk163209923]Values are recorded as mean ± standard deviation, where n=3. Values with different superscript in a row show a significant difference
Table 5: Vitamin and mineral contents of fresh and spoiled tomatoes
	Parameters
	fresh
	spoiled

	Vitamin A (μ/100g)
	46.2± 2.1a
	39.8± 0.9a

	Vitamin C (μ/100g)
	0.12± 0.01b
	0.09± 0.01b

	Potassium (mg/100g)
	0.64± 0.1c
	0.91± 0.1c

	β-carotene
	0.28± 0.02d
	0.15± 0.01d

	Lycopene
	12.16± 0.5e
	10.56± 0.7e


Values are recorded as mean ± standard deviation, where n=3. Values with different superscripts in a row show a significant difference

DISCUSSION
[bookmark: _Hlk163146715]Generally, as seen in other fruits and vegetables, the first line of defence for the tomato is the epidermal layer, which protects it against pathogen invasion and other disrupting tendencies. However, several human activities during and after harvest, such as improper handling, poor transport and storage mechanisms as well as the delicate nature of tomatoes, this line of defence can easily be broken thus exposing the fruits to spoilage. In the present study, the bacterial population increased in spoiled tomatoes. This is due to the ability of penetrating microorganisms to utilize the nutrients present in the food for their metabolism. These nutrients include potassium, iron, folate and vitamin C. Furthermore, unhygienic practices by farmers during harvesting, as well as handling, storage and market activities contribute to the type of microorganisms that could be found on tomato fruits. Incidentally, some of these organisms could be pathogenic to humans, and if the fruits are not properly processed, the pathogens could find their way into the human system, raising serious health concerns. Bacteria isolated from both fresh and spoiled tomato fruits in this study include species of Staphylococcus, Bacillus, Micrococcus, Klebsiella, Corynebacterium, Pseudomonas, Enterobacter and Serratia. Some of the species isolated have been reported to elicit pathogenic effects with serious health concerns. Occurrence of some of these organisms on tomatoes has also been reported by some studies (Anie et al., 2022, Ajogwu et al., 2023, Igbe and Ogbonna, 2024). The possibility of some of these organisms being pathogenic was further established via the hemolysis test, which signifies the ability of the organism to break down red blood cells via the production of hemolysin although molecular confirmation of haemolytic properties of bacteria is necessary. Three of the bacterial isolates were observed to produce hemolysin, and further identification via molecular methods confirmed the identity of the isolates. Stenotrophomonas maltophilia is fast becoming a pathogen of concern and is now recognized as a multidrug-resistant organism by the World Health Organization (WHO) (Willsey et al., 2019). The sites where the organism has been reportedly isolated include water bodies, sewage, soil, and plants (Brooke, 2012). This suggests that the tomatoes could have been contaminated during harvest and post-harvest practices. They have been implicated in respiratory conditions such as pneumonia, as well as chronic obstructive pulmonary disease exacerbations. They can also cause bacteraemia with skin and soft tissue infections. Also isolated from the tomato fruits is Klebsiella pneumoniae. The likely route of contamination by K. pneumoniae would probably be very similar to Stenotrophomonas maltophilia, as it can be found in sewage, polluted water and soils. Although generally harmless, they can be dangerous in immunocompromised individuals, with the ability to be resistant to antibiotics. They can cause pneumonia, infect the wound or blood, and cause other serious problems. It is important to note also that the manure used as fertilizers during the cultivation of the crop or the use of heavily contaminated water for irrigation could serve as a route for contaminants as growth progresses till harvesting. This corresponds with the report of Aguda et al. (2021) on coliform contamination of tomato. Furthermore, the tendency to isolate Serratia marcescens from human and animal faeces, soil and surface water explains their presence in tomato fruits. They could contaminate the fruits through water, soil and unhygienic post-harvest practices. They have recently been reported for their pathogenic attributes with implications in urinary tract and wound infections, as well as pneumonia. Apart from the spoilage caused by the presence of these microorganisms, their occurrence could pose serious health concerns. 
One of the important approaches to identifying nutrients in food is the proximate analysis. Some important ones include the water, ash, carbohydrate, lipid, protein and sugar contents. In the present study, the ash content of spoiled tomatoes has significantly reduced when compared to the fresh tomatoes, signifying the reduction in mineral content of the fruit after water removal. Although there was no significant difference between the moisture content of the fresh and spoiled tomatoes, the sharp drop in proteins and carbohydrates in the spoiled tomatoes signifies disruption to the food’s functional properties as well as the energy production, nutritional capability and sensory properties. The fibre content is also important as it ensures protection against serious health conditions, including heart disease and diabetes. There was no significant difference in the vitamin and mineral contents of the fresh and spoiled tomatoes. Vitamin A, helps to maintain good sight, while Vitamin C facilitates wound healing, boosts the immune system and enhances absorption of iron (Gayatri et al., 2014). The reduction of these important nutrients in spoiled tomatoes when compared to the fresh ones can be directly linked to the higher number of microorganisms in the spoiled tomatoes that are capable of using up these nutrients for their metabolic activities. Furthermore, given the nature of the fruit and as the first line of defence is broken in the spoiled tomatoes, a reasonable part of the fruit may have spilt out and washed off together with the nutrients embedded therein. With the results obtained in the proximate analysis of both fresh and spoiled tomatoes, consuming the fresh tomato will deliver significantly higher benefits than the spoiled ones. These benefits can be said to be higher than the financial implications that make people opt for spoiled or low-grade tomatoes. This corresponds with the report of Anie et al. (2022) on the Physicochemical and Microbiological Quality of Fresh Tomato Juice and Tomato Paste Sold in Abraka Market.  
CONCLUSION
In conclusion, the results obtained from this study suggest proper handling should be ensured during and after tomato harvest, as bacterial contamination on tomatoes could pose serious health risks to consumers. Furthermore, consumers should be encouraged to purchase only fresh tomatoes, and the act of selling spoiled or low-grade tomatoes should be discouraged, as these spoiled tomatoes offer fewer nutritional benefits alongside the potential health risks.
   








[bookmark: _Hlk197682619][bookmark: _Hlk180402183][bookmark: _Hlk183680988]Disclaimer (Artificial intelligence)
Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript. 

References
	Abdullahi, M., Uba, G., Yakubu, A., & Ahmad, A. (2022). Enumeration of Most Common Microbes Responsible for Tomatoes Spoilage. Asian Journal of Plant Biology, 4(2), 28–31. https://doi.org/10.54987/ajpb.v4i2.785
	Aguda, O. Y., Faola, D. B., Oyedeji, M. B., Adegboyega, D. A., Akala A. O. & Omotoso T. P. (2021). Microorganisms associated with the deterioration of tomato fruits (Lycopersicon esculentum) in Shasha Market, Akure, Ondo State. Journal of Advances in Microbiology Research 2021; 2(1): 01-06
	Ajogwu, T.M.C., Ohuche, J. C., Umeh, S.O. & Ngah, O. C. (2023). Bacteriological Assessment of Awarawa Tomatoes (Lycopersicon esculentum) Consumed in Awka, South Eastern Nigeria. International Journal of Research and Scientific Innovation (IJRSI). 10(11):540-546 https://doi.org/10.51244/IJRSI.2023.1011045
 	
Ali, M. Y., Sina, A. A., I Khandker, S. S.,  Neesa, L., Tanvir, E. M., Kabir, A., Khalil, M. I. &  Gan, S. H. (2020). Nutritional Composition and Bioactive Compounds in Tomatoes and Their Impact on Human Health and Disease: A Review. Foods, 10 (1) 45. https://dx.doi.org/10.3390/  
[bookmark: _Hlk163203155]	Anie, O. C., Adushoke, E., L., Egbon O. T. & Enemchukwu, C. M.  (2022). The Physiochemical and Microbiological Quality of Fresh Tomatoes Juice and Tomatoes Paste Sold in Abraka Market. International Journal of Innovative Science and Research Technology. 7(8): 1085-94
	AOAC (1990): Official Methods of Analysis of the Association of Official Analytical Chemists, 14th Ed. Association of Official Analytical Chemist, Washington D.C., pp: 223-225, 992-995.
[bookmark: _Hlk163145917]	Brooke, J. S. (2012). Stenotrophomonas maltophilia: an emerging global opportunistic pathogen. Clinical Microbiology Revolution. 25(1):2-41.
	Foulquie-Moreno, M.R., Callewaert, R., Devreese, B., Van Beeumen, J. & De Vuyst, L. (2003). Isolation and biochemical characterisation of enterocins produced by Enterococci from different sources. Journal of Applied Microbiology. 2003; 94(2):214-29. https://doi.org/.1046/j.1365-2672.2003.01823.x.
	Gayatri, N., Mruntyanjay, S. & Rajani, K. S. (2014). Antioxidant Potential and Nutritional Values of Vegetables: A Review. Research Journal of Medicinal Plants, 8(2):50-81. Doi:10.3923/rjmp.2014.50.81
	Igbe, A. & Ogbonna, I. (2024). Microorganisms Associated with Tomato (Lycopersicum Esculentum) Rot and Effect of Neem (Azadirachta Indica) Extract in Rot Control in Makurdi Metropolis, Benue State, Nigeria. American Journal of Life Science and Innovation. 3. 46-50. 10.54536/ajlsi.v3i2.3438. 
Obeng, F. A., Gyasi, P. B., Olu-Taiwo, M. & Ayeh-Kumi F. P. (2018). Microbial Assessment of Tomatoes (Lycopersicon esculentum) Sold at Some Central Markets in Ghana. BioMed Research International Volume 2018, Article ID 6743826. 1-7 https://doi.org/10.1155/2018/6743826
Ogundipe, F. O., Bamidele, F. A., Adebayo-Oyetoro, A. O., Ogundipe, O. O., & Tajudeen,	O. K. (2012). Incidence of bacteria with potential public health implications in raw	Lycopersicon esculentum (tomato) sold in Lagos State, Nigeria. Nigerian Food Journal,	30(2), 106-113. https://www.sciencedirect.com/science/article/pii/S0189724115300436
Oluba, O.M., Obokare, O., Bayo-Olorunmeke, O.A. et al. Fabrication, characterization	and antifungal evaluation of polyphenolic extract activated keratin starch coating on	infected tomato fruits. Sci Rep 12, 4340 (2022). https://doi.org/10.1038/s41598-022	07972-0
	Salehi B., Sharifi-Rad R., Sharopov F., Namiesnik J., Roointan A., Kamle M., Kumar P., Martins N., Sharifi-Rad J. (2019). Beneficial effects and potential risks of tomato consumption for human health: An overview. Nutrition. 2019;62:201–208. https://dx.doi.org/10.1016/j.nut.2019.01.012
Trindade, L.C., Marques, E., Lopes, D.B., & Ferreira, M.A.S. (2007). Development of a molecular method for detection and identification of Xanthomonas campestris pv. viticola. Summa Phytopathol. 33 (1), 16–23.
[bookmark: _Hlk163145109]	Willsey, G. G., Eckstrom, K.,  LaBauve, A. E., Hinkel, L. A., Schutz, K., Meagher, R. J., LiPuma, J. J. & Wargo M. J. (2019). Stenotrophomonas maltophilia Differential Gene Expression in Synthetic Cystic Fibrosis Sputum Reveals Shared and Cystic Fibrosis Strain-Specific Responses to the Sputum Environment. Journal of Bacteriology. 01; 201(15)


image1.png
75%

Gamma (Y) hemolysis = Alpha (@) hemolysis = Beta (B) hemolysis




