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NUTRITIONAL CONTENTS AND MICROBIAL QUALITIES OF FRESH AND AWARAWA TOMATOES (SOLANUM LYCOPERSIUM) SUBJECTED TO BOILING AND FRYING METHODS

Abstract
Introduction: Solanum lycopersicum (tomatoes) constitutes a major dietary component in Nigeria. In many southeastern communities, low-income consumers frequently purchase locally referred “Awarawa” tomatoes, which are nearing spoilage (damaged, bruised or overripe) due to their lower cost. Processing methods such as boiling and frying may influence the nutritional quality and microbial safety of both fresh and awarawa tomatoes.	Comment by Acer: May add this to have clear understanding of Awarawa
Aim: This study aimed to compare the effects of boiling and frying on the nutritional composition and microbial safety of fresh and awarawa tomatoes sold in Oko, Anambra State, Nigeria.
Methods: Fresh and awarawa tomato samples were subjected to boiling and frying treatments. Proximate composition, vitamin content, and mineral profiles were determined using standard Association of Official Analytical Chemists (AOAC) procedures and spectrophotometric methods. Microbial quality was assessed using culture-based techniques to determine total aerobic plate count, yeast and mold count, and the presence of Staphylococcus aureus and coliforms.
Results: Boiled fresh tomatoes (FTB) exhibited higher protein (19.54%), fiber (18.19%), and ash (21.10%) contents, while boiled awarawa tomatoes (ATB) had higher moisture content (39.71%). Vitamins A and C were better retained in FTB. Frying increased lipid content and vitamin B3 levels, with fried awarawa tomatoes (ATF) showing higher lipid content (13.66%) but slightly lower vitamin B3 compared to fried fresh tomatoes (FTF). Mineral analysis revealed higher calcium, potassium, and sodium levels in FTB, whereas ATB contained higher magnesium and phosphorus. In fried samples, ATF showed elevated iron, zinc, and magnesium levels. Microbiologically, boiled awarawa tomatoes recorded higher total aerobic and yeast/mold counts, while fried samples exhibited the lowest microbial load, with no detectable Staphylococcus aureus or coliforms.
Conclusion: Boiling was more effective in preserving nutritional quality, particularly in fresh tomatoes, whereas frying provided superior microbial safety for both tomato types. Public health education is therefore recommended to encourage safe processing and utilization of awarawa tomatoes among low-income populations.
Keywords: Awarawa tomatoes, boiling, frying, microbial safety, nutritional composition, Solanum lycopersicum, spoilage.
1. Introduction 
Nutrition is a fundamental aspect of human health and development, playing a crucial role in the sustenance and well-being of individuals across different societies. It involves the intake of food necessary for growth, energy, and the maintenance of bodily functions. In Nigeria, both rural and urban communities face significant challenges in accessing nutritious food due to economic instability and rising food costs. The common struggling individual in Nigeria's harsh economic climate seeks affordable and nutritious food options, making food security a pressing concern (FAO, 2021). This struggle for affordable nutrition leads to the importance of food processing as a means to enhance food accessibility and sustainability.
Food processing, particularly boiling and frying, is an essential aspect of food preparation in Nigerian households. Boiling is a simple and widely used method that involves cooking food in water at high temperatures, often preserving certain nutrients while reducing others, depending on the food matrix (Miglio et al., 2008). Frying, on the other hand, involves cooking food in oil at high temperatures, which can enhance flavor and texture but may lead to alterations in nutrient composition. The significance of food processing methods extends beyond preservation and extends to cultural preferences, convenience, and economic factors. Among the many foods that undergo processing, tomatoes (Solanum lycopersicum) stand out due to their widespread consumption and importance in Nigerian cuisine.
Solanum lycopersicum, commonly referred to as tomatoes, is a vital dietary component rich in vitamins, minerals, and bioactive compounds which exhibit strong antioxidant properties (Giovannucci et al., 2002). Tomatoes serve as a primary ingredient in various traditional dishes across Nigeria, with stew preparation being a major application. However, in Nigerian markets, consumers have the option to purchase either fresh tomatoes or a cheaper alternative known as Awarawa tomatoes. Awarawa tomatoes are tomatoes that appear weak, slightly damaged, and less visually appealing, often on the verge of spoilage. Despite their compromised appearance, they retain their nutritional and sensory properties when processed immediately. The affordability of Awarawa tomatoes makes them a crucial food item for economically disadvantaged individuals, particularly in rural communities such as Oko in Orumba North, Anambra State. In many Nigerian households, including those in Oko, these tomatoes are widely used due to their cost-effectiveness and availability. In Oko, a town situated in the northern part of Orumba in Anambra South Senatorial Zone, Awarawa tomatoes serve as an essential ingredient for many families. The town, known for its mixed rural and semi-urban population, is home to Federal Polytechnic, Oko, which contributes to a high demand for affordable food items, particularly among students and low-income earners.
Given the importance of both fresh and awarawa tomatoes in Nigerian cuisine, it becomes crucial to investigate how different processing methods, such as boiling and frying, affect their nutritional composition. Additionally, considering the perishable nature of tomatoes, microbial contamination is a major concern, particularly for awarawa tomatoes, which are often exposed to spoilage conditions. Understanding these effects will provide insight into the best processing techniques for maximizing nutrient retention, ensuring food quality, and assessing microbial safety for the Nigerian populace. Tomatoes serve as an important source of essential nutrients for many Nigerians, yet their quality and nutritional value can be significantly altered by processing methods. While awarawa tomatoes are a cheaper alternative to fresh tomatoes, there is limited scientific data on how boiling and frying affect their nutritional profile. Moreover, the microbial safety of these tomatoes remains a concern due to their susceptibility to contamination. This study seeks to bridge this knowledge gap by analyzing the comparative effects of these processing methods on the proximate composition, mineral content, vitamin levels, and microbial load of awarawa and fresh tomatoes commonly sold in Oko markets.
2. Materials and Methods
Sample Collection and Preparation
Fresh and “Awarawa” (partially spoiled) tomatoes (Solanum lycopersicum) were purchased from local markets in Oko, Orumba North, Anambra State, Nigeria. Samples were placed in sterile containers, labeled, and transported to the laboratory. They were washed under running tap water, rinsed with distilled water, cut into pieces, and divided into two portions. One portion was boiled in clean water for 10–15 min, while the other was fried in vegetable oil under moderate heat until cooked. After cooling, samples were homogenized, oven-dried where necessary, milled to fine powder, and stored in airtight containers for analysis.	Comment by Acer: What was the initial moisture contents of both?
Proximate Composition
Proximate parameters (moisture, ash, crude protein, lipid, fiber, and carbohydrate) were determined in duplicate following the standard procedures of AOAC (2015). Moisture and ash contents were obtained by oven-drying and muffle furnace incineration, respectively. Crude protein was analyzed using the Kjeldahl method (conversion factor = 6.25), lipid by Soxhlet extraction with n-hexane, and crude fiber by sequential acid–base digestion. Total carbohydrate was calculated by difference.
Vitamin Analysis
Vitamins A and E were extracted by alcoholic saponification, followed by petroleum ether extraction and spectrophotometric quantification at 520 nm. Water-soluble vitamins (B₁, B₂, B₃, B₇, B₉, and C) were extracted using 0.1 N HCl and phosphate buffer, and quantified spectrophotometrically using AOAC (2015) methods. Vitamin C was determined by titration with 2,6-dichlorophenolindophenol dye.
Mineral Determination
Two grams of each dried sample were digested with an acid mixture (HNO₃:HClO₄:H₂SO₄, 650:80:20 ml). Iron, zinc, calcium, magnesium, sodium, potassium, and phosphorus concentrations were quantified using an Agilent FS240AA Atomic Absorption Spectrophotometer (AAS) following APHA (1995) procedures. Calibration curves were prepared from certified standard solutions.
Microbiological Analysis
Microbial quality was assessed using culture-based methods (Cheesbrough, 2000; Buchanan, & Gibbons. 1974). Ten grams of each sample were homogenized in sterile distilled water, serially diluted, and plated on selective media: Nutrient Agar (total viable count), Sabouraud Dextrose Agar (yeast/mold count), MacConkey Agar (coliforms), Eosin Methylene Blue Agar (E. coli), Salmonella–Shigella Agar (Salmonella spp.), and Mannitol Salt Agar (Staphylococcus aureus). Plates were incubated at 25°C or 37°C as appropriate. Representative isolates were identified by Gram staining and biochemical tests including catalase, oxidase, coagulase, indole, citrate, and sugar fermentation assays.
Statistical Analysis
All analyses were performed in duplicate, and results expressed as mean ± standard deviation. 
3. Results
Proximate Composition	Comment by Acer: Proximate analysis of Fresh tomatoes and Awarawa was done or not?
The proximate composition of the tomato samples varied with processing method (Table 1). Moisture content was highest in boiled Awarawa tomatoes (39.71%) and lowest in fried fresh tomatoes (21.18%), indicating greater water retention during boiling. Protein content peaked in boiled fresh tomatoes (19.54%), while lipid levels were markedly higher in fried samples, particularly fried Awarawa tomatoes (13.66%), due to oil absorption during frying. Fiber and ash contents were also relatively higher in boiled fresh tomatoes, reflecting enhanced dietary fiber and mineral availability. Carbohydrate content ranged from 12.16% in boiled Awarawa tomatoes to 23.65% in fried Awarawa tomatoes, with fried samples generally exhibiting higher values than boiled ones, likely as a result of moisture loss and concentration during frying, whereas boiling may have reduced carbohydrate levels through leaching into cooking water.
Table 1: Proximate Composition of Boiled Awarawa Tomatoes (ATB), Fried Awarawa Tomatoes (ATF), Boiled Fresh Tomatoes (FTB), and Fried Fresh Tomatoes (FTF).
	Parameters (%)
	ATF
	ATB
	FTB
	FTF

	Moisture
	27.43 ± 0.42
	39.71 ± 0.03
	22.10 ± 0.05
	21.18 ± 0.02

	Protein
	16.74 ± 0.16
	18.74 ± 0.20
	19.54 ± 0.12
	14.97 ± 0.32

	Lipid
	13.66 ± 0.08
	3.50 ± 0.14
	2.84 ± 0.11
	11.64 ± 0.04

	Fiber
	8.34 ± 0.28
	11.47 ± 0.04
	18.19 ± 0.08
	12.22 ± 0.08

	Ash
	10.20 ± 0.07
	14.43 ± 0.11
	21.10 ± 0.21
	17.99 ± 0.14

	Carbohydrate
	23.65 ± 0.30
	12.16 ± 0.22
	16.25 ± 0.11
	22.02 ± 0.60


Results are in duplicate determination ± standard deviation
Vitamin Composition
The vitamin composition of the tomato samples varied across processing methods (Table 2). Boiled fresh tomatoes (FTB) recorded the highest levels of vitamin A (0.58 mg/100 g), vitamin C (13.00 mg/100 g), and vitamin E (0.70 mg/100 g), indicating better retention of these vitamins during boiling of fresh tomatoes. Fried Awarawa tomatoes (ATF) showed comparatively high levels of vitamin B3 (0.80 mg/100 g), while the B-complex vitamins (B1, B2, B7, and B9) exhibited minimal variation across all samples. The fresh tomatoes, particularly when boiled, retained higher vitamin concentrations than Awarawa tomatoes, whereas frying tended to reduce heat-labile vitamins, especially vitamin C. 
Table 2: The Vitamin Composition of Boiled Awarawa Tomatoes (ATB), Fried Awarawa Tomatoes (ATF), Boiled Fresh Tomatoes (FTB), and Fried Fresh Tomatoes (FTF).
	[bookmark: _Hlk203139250]Parameters (mg/100g)
	ATF
	ATB
	FTB
	FTF

	Vitamin A
	0.50±0.01
	0.56±0.005
	0.58±0.005
	0.45±0.01

	Vitamin B1
	0.05±0.005
	0.03±0.00
	0.05±0.00
	0.04±0.00

	Vitamin B2
	0.06±0.005
	0.06±0.00
	0.07±0.00
	0.06±0.00

	Vitamin B3
	0.80±0.01
	0.75±0.01
	0.85±0.01
	0.82±0.01

	Vitamin B7
	0.002±0.00005
	0.002±0.00
	0.002±0.00
	0.0019±0.00

	Vitamin B9
	0.02±0.0005
	0.02±0.00
	0.023±0.00
	0.02±0.00

	Vitamin C
	8.05±0.05
	9.50±0.10
	13.00±0.20
	11.00±0.20

	Vitamin E
	0.60±0.005
	0.55±0.01
	0.70±0.01
	0.65±0.01


Results are in duplicate determination ± standard deviation
Mineral Composition
The mineral composition of the tomato samples varied with tomato type and processing method (Table 3). Boiled fresh tomatoes (FTB) recorded the highest levels of calcium (17.02 ppm), potassium (12.37 ppm), and sodium (14.01 ppm), indicating enhanced mineral availability following boiling of fresh tomatoes. Iron content was highest in fried Awarawa tomatoes (1.03 ppm), while magnesium peaked in boiled Awarawa tomatoes (11.05 ppm). Zinc and phosphorus showed relatively minor variations across the samples. The results suggest that both processing method and tomato type significantly influenced mineral retention, with boiling favoring the retention of major minerals in fresh tomatoes and frying associated with higher iron concentration in Awarawa tomatoes.
Table 3: Mineral Composition of Boiled Awarawa Tomatoes (ATB), Fried Awarawa Tomatoes (ATF), Boiled Fresh Tomatoes (FTB), and Fried Fresh Tomatoes (FTF).
	Parameters (ppm)
	ATF
	ATB
	FTB
	FTF

	Iron
	1.0311
	0.8005
	0.9779
	0.8143

	Zinc
	0.5984
	0.5075
	0.3850
	0.4769

	Calcium
	11.022
	[bookmark: _Hlk211530961]15.016
	17.019
	11.016

	Magnesium
	9.065
	11.052
	7.043
	9.035

	Sodium
	12.062
	13.012
	14.010
	11.057

	Potassium
	6.082
	[bookmark: _Hlk211530995]9.079
	12.367
	7.676

	Phosphorus
	8.278
	9.167
	7.898
	7.998



Microbiological Analysis
The microbial analysis of the tomato samples revealed variations in microbial load across processing methods (Table 4). Boiled Awarawa tomatoes (ATB) recorded the highest total aerobic count (4.0 × 10⁶ cfu/g) and total yeast and mold count (1.0 × 10⁶ cfu/g), while fried fresh tomatoes (FTF) showed the lowest microbial counts. Coliforms, faecal coliforms, and Salmonella were absent in all samples, indicating acceptable hygienic quality. Staphylococcus species were detected only in boiled Awarawa tomatoes (8 × 10⁵ cfu/g) and boiled fresh tomatoes (6 × 10⁵ cfu/g), suggesting possible post-processing contamination or survival of heat-tolerant organisms in boiled samples. Frying appeared more effective than boiling in reducing microbial load in the tomato samples.
Table 4: The results of the microbial analysis of boiled Awarawa tomatoes (ATB), fried Awarawa tomatoes (ATF), boiled fresh tomatoes (FTB), and fried fresh tomatoes (FTF).
	Sample Code
	TAC
	[bookmark: _Hlk202541809]TYMC
	Coliform count   
	Feacal Coliform
	Salmonella
	Staphylococcus

	FTF
	3×105
	Nil 
	Nil
	Nil
	Nil
	Nil

	FTB
	2.3×106
	4×105
	Nil
	Nil
	Nil
	6×105

	ATF
	1.0×106
	Nil
	Nil
	Nil
	Nil
	Nil

	ATB
	4.0×106
	1.0×106
	Nil 
	Nil
	Nil 
	8×105


Key Tags;
TAC = Total Aerobic Count
TYMC = Total Yeast and Mold Count

Biochemical Reaction of Isolate
The biochemical characterization of bacterial isolates from boiled tomato samples revealed distinct organisms (Table 5). The isolate from boiled fresh tomatoes (FTB) was identified as Staphylococcus aureus, based on its Gram-positive cocci morphology, positive coagulase reaction, and ability to ferment glucose, lactose, and sucrose, despite being catalase-negative. In contrast, the isolate from boiled Awarawa tomatoes (ATB) was identified as Bacillus spp., characterized by Gram-positive rod morphology, positive catalase, citrate, and oxidase reactions, motility, and non-fermentative behavior for the tested sugars. These results indicate the presence of different bacterial species in the boiled tomato samples, reflecting variations in microbial contamination associated with tomato type and processing conditions.
Table 5: The results of the biochemical reaction of isolate from boiled fresh tomatoes (FTB) and boiled Awarawa tomatoes (ATB) 
	ISO	
	Gram
	Cat.
	Cit.
	Coa.
	Oxi
	Ind.
	Mot.
	Glu.
	Lac
	Suc.
	Probable org.

	FTB
	Cocci+	
	-
	  +
	   +
	  -
	-
	-
	+
	+
	+
	Staphyloccocus
aureus

	ATB
	Rod +
	+
	  +
	  -
	  +
	-
	+
	-
	-
	-
	Bacillus Spp


Key Tags;
ISO: Isolate, GR: Gram Reactions, Cat:  Catalase, Cit: Citrate, Coa: Coagulase, Oxi: Oxidase, Ind: Indole, Mot: Motility, G: Glucose, L: Lactose, S: Sucrose, Probable Org.: Staphylococcus aureus, and Bacillus spp +: Positive, -: Negative.
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This study set out to comparatively analyze the effect of two common household processing methods; boiling and frying on the proximate, vitamin, mineral, and microbiological profiles of two categories of tomatoes: fresh tomatoes and Awarawa tomatoes, a local term in southeastern Nigeria referring to tomatoes at the verge of spoilage, characterized by softness and visible signs of deterioration but still consumed, especially by low-income earners who are unable to afford fresher alternatives. The study sought to provide insights into how these processing methods impact the quality and safety of these tomatoes as sold and consumed in some markets in Oko, Orumba North, Anambra State.
The observed variation in nutrient retention between boiled and fried tomatoes reflects the complex interplay between heat treatment, food matrix structure, and nutrient stability. Heat processing alters cellular integrity, thereby affecting the bioavailability and degradation kinetics of macronutrients, vitamins, and minerals. Thermal treatments are known to soften plant cell walls, enhancing extractability of some components while causing degradation of heat-labile compounds (Balunkeswar et al., 2015). In this study, the relatively higher protein and fiber retention in boiled fresh tomatoes suggests that moderate moist heat promotes retention of structural macronutrients by limiting oxidative loss and thermal denaturation compared with high-temperature dry heat (Maillard et al., 1996). Conversely, moisture gain during boiling, particularly in awarawa tomatoes, likely reflects osmotic water influx into the softened matrix.
Vitamins display differential sensitivity to processing conditions depending on their chemical stability. Water-soluble vitamins such as vitamin C are especially susceptible to leaching into cooking water and oxidative inactivation at elevated temperatures (Rickman et al., 2007). The superior retention of vitamins A and C in boiled fresh samples underscores the protective effect of endogenous antioxidants and water buffering in mitigating vitamin degradation. However, the comparatively lower levels in processed awarawa tomatoes could be attributed to pre-existing oxidative deterioration arising from delayed harvest and post-harvest senescence (Kader, 2008).
Lipid content elevation in fried samples is consistent with absorption of cooking oil during frying, a phenomenon widely documented in plant food processing studies (Krokida et al., 2001). The concomitant increase in vitamin B3 may be attributable to enhanced extractability from the disrupted cellular matrix and improved solubilization in the lipid phase, reflecting increased bioaccessibility rather than de novo synthesis.
Mineral retention patterns are influenced by both thermal processing and the physicochemical interactions of minerals with plant matrices. Minerals such as calcium and potassium are relatively heat stable but can diffuse into cooking media or binding sites (Ortiz et al., 2011). The differential mineral profiles between fresh and awarawa tomatoes likely reflect both initial compositional differences due to maturity and soil uptake variability, as well as distinct partitioning during processing. For instance, frying appears to concentrate certain trace elements (e.g., iron, zinc, magnesium) possibly through moisture loss and enhanced matrix concentration effects; a trend observed in processed vegetables subjected to high temperature–oil systems (Mepba et al., 2007).
Microbial dynamics in heat-treated foods are a critical determinant of safety. The lower microbial loads in fried tomatoes align with established lethal effects of high temperatures (>150 °C) on vegetative microbes, including coliforms and Staphylococcus aureus (Jay et al., 2005). Frying offers both thermal inactivation and oil barrier effects that limit microbial re-contamination. In contrast, boiling, particularly of tomatoes nearing spoilage (awarawa), may be less effective in achieving sterility due to sublethal heat exposure and possible recontamination post-cooking if handling practices are inadequate. Water used in boiling can also provide a medium for survival or recovery of heat-tolerant spores or yeasts if temperatures and durations are insufficient (Beuchat, 2002).
The contrast between nutrient retention and microbial safety highlights an inherent trade-off in food processing: methods that preserve labile nutrients (e.g., boiling) may not achieve stringent microbial inactivation, whereas high-temperature treatments that ensure safety may compromise nutritional quality through oxidation or heat degradation. This underscores the importance of optimizing processing parameters and adopting good handling practices, especially for low-income consumers reliant on low-grade produce like awarawa tomatoes.
These findings carry public health relevance in regions where tomatoes are dietary staples. Enhancing consumer awareness of the differential impacts of common processing methods can help reduce nutrient loss while mitigating foodborne risks. Nutrition education interventions should emphasize combining processing techniques (e.g., brief steaming followed by controlled frying) and hygienic practices to balance nutrient preservation with microbial safety (Murcia et al., 2009).
5. Conclusion
The study concludes that both the type of tomato (fresh vs. Awarawa) and the processing method (boiling vs. frying) affect the nutritional quality, vitamin and mineral content, and microbial safety of tomatoes consumed in Oko, Orumba North, Anambra State. Awarawa tomatoes, already nutritionally compromised due to their semi-spoiled nature, suffer further losses through processing, especially frying. Boiling of fresh tomatoes proved most effective in preserving key nutrients such as protein, fiber, Vitamin A, and Vitamin C. However, frying offered better microbial safety, albeit at the cost of nutritional degradation and increased lipid content. The frequent consumption of Awarawa tomatoes by low-income groups highlights a public health challenge where economic factors force dietary compromises with potential health risks.
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