


PRODUCTION AND DETERMINATION OF PHYSICOCHEMICAL, MICROBIOLOGICAL AND PROXIMATE CHARACTERISTICS OF TOMATO PUREE FOR SAFE CONSUMPTION IN KATSINA STATE, NIGERIA.


Abstract 
Tomatoes (Lycopersicum esculentum) are widely cultivated consumed, and extremely surplus during harvest season in Katsina State, Nigeria. However, post-harvest losses of the surplus to spoilage are common due to the absence of adequate local preservation methods. This makes tomatoes scarce and unavailable for consumption for most of the year. This research aimed at producing tomato purees from locally grown tomatoes as a means of enhancing preservation and non-stop supply, as well as analyzing their physicochemical, microbiological and proximate characteristics, in order to validate the quality, safety, stability, and nutritional values of the products. Production of two products – tomato puree and tomato mix-followed standard processing methods recommended by US National Centre for Home Food Preservation (2014). Physicochemical analysis results of tomato puree and mix, respectively, were pH 4.3:4.5, water activity (aw) 0.92:0.93, and total soluble solids (TSS) 11.60-11.:80, showing that both products met the criteria for quality and stability established by Codex (1981) [11.20-12.0]. Tomato’s mix had a higher water activity than tomato puree (0.93: 0.92). Microbiological analysis showed that the hygienic standard of the products met the criteria established by FDA and NAFDAC. Tomato puree and tomato mix, respectively, had 0.29 x 102:0.41×102 cfu/g for total bacterial count; 0.11 x 102: 0.70 x 102 cfu/g for yeast and mold count, and zero count for Staphylococcus, E. coli, Salmonella and Clostridia, which satisfies the “zero tolerance’’ requirement set by both NAFDAC and FDA. This implies that both products will last for 12-18 months without refrigeration. Proximate analysis showed that tomato puree and tomato mix respectively, had moisture content of 84.03:75.33, carbohydrate 0.75:1.93 crude protein 1.05:2.72 crude fat 0.28: 0.33, and fibre0.63:1.90, implying that the products are concentrated sources of macronutrients. Tomato mix however, had less moisture content and higher carbohydrates, crude protein and crude fiber, than tomato puree. It was recommended local processing of tomatoes should be encouraged to improve availability and to reduce post- harvest losses in Katsina state, Nigeria 
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1.0 Introduction

Nigeria is the 14th tomato producer in the world and 2nd in Africa. Despite this ranking, the importation of tomatoes paste has remained high due to massive post-harvest losses of fresh tomatoes, amounting to USD 360 million annually (Faostat, 2014). About 40-50% of tomatoes produced in Nigeria are lost (Abdullahi et al,2016) due to the poor handling, processing and preservation practices (Ogofure and Ologbosere, 2023 ). As a result, tomatoes are hardly available and affordable for use in Nigeria for a greater part of the year. A greater percentage of indigenous people living in Katsina state cannot afford the high cost of tomatoes when out of season.  
Tomatoes (Lycoperiscum esculentum) are very important crops in the world, and are the foundational ingredients of many dishes in Nigerian homes, including salads, sauces and soups (Anie et al, 2022). They add variety to menu and are valuable sources of nutrients, especially in rural areas where they contribute protein, minerals, fibre and other nutrients which are usually in short supply in their diets (Faosat,2014). Tomatoes are a nutrition power house, with benefits ranging from cancer fighting properties to heart, bone and digestive health (Oehler and Swanson, 2025). Tomatoes are rich in antioxidants such as  lycopene, which help to reduce the risk of chronic diseases like cancer and heart diseases. They boost immune function due to their high content of Vitamin C and E and support eye health, promote good vision and reduce age related eye degeneration, being high in carotene content (Tomato Wellness, 2025). Though they are important vegetable crops in the world, tomatoes are largely seasonal and   highly perishable in nature. Preservation for year round availability of this important product can be a convenient way of maximizing their health benefits. Various methods have been used to increase their shelf life while still preserving the qualities. These include storage methods such as refrigeration and controlled atmosphere, processing technique such as canning drying and freezing; and innovative approaches like edible coatings and natural antimicrobial treatments (Oehler and Swanson, 2025). Isochoric preservation which involves freezing under pressure is being practiced in some countries, aimed at minimizing nutrient losses, particularly of vitamins and antioxidants (Goka etal,2021). 
Tomato preservation focuses on extending shelf-life, maintaining the nutritional quality and ensuring non-stop supply of tomatoes for consumption..The US National Centre For Home Food Preservation (2014) recommended canning as a safe and effective method of tomato preservation. Banjo, Oluwole and  Nzei  (2024) noted that canning tomatoes involves preparation and  packing of tomatoes into jars, and processing in a boiling water bath to obtain a product which is safe for consumption and  having adequate keeping quality (shelfl-life). According to Oehler and Swanson (2025), high acid foods such as tomatoes when properly canned will keep their best quality up to 18months. They noted  that a toxin produced by Clostriduim botulinum bacteria poses a major danger in canned foods, causing spoilage and swelling of sealed cans (botulism). Tomatoes may be canned by themselves or in combination with other vegetables such as flours, pepper and onions (Oehler and Swanson, 2025), using laboratory tested procedures which inhibit spoilage micro-organism (Banjo, Oluwole and Nzei (2024). US National Centre for Home Food Preservation (2014) recommended a guideline for producing tomato purees and pastes which include: choice of high quality tomatoes which are firm, ripe and free from diseases and damage, since overripe tomatoes and those plucked from dead plants will result in poor quality product (Oehler and Swanson, 2025); preparation of tomatoes by washing, peeling and removing the core before crushing; acidification or adding acid such as citric acid, bottled lemon or vinegar to tomatoes before heat processing, to ensure a safe pH (<4.6) which inhibit growth of harmful bacteria; sterilizing the jars before filling ( leaving a head space before sealing the jars); processing the canned puree, using a boiling or pressure canner; and lastly, testing the seals after processing, to ensure that the lids are tightly sealed.  
Laws and regulations guiding microbial, physiochemical and proximate properties of processed tomatoes (and other foods) incorporate guidelines from international organizations like “Codex Alimentarus Commission and address factors such as: 
a. Microbiological properties which legislate on maximum acceptable level of pathogens such as Salmonella and E.coli; and limits of spoilage indicators such as coliforms, yeast and moulds.
b. Physicochemical properties including acceptable PH level, limit of moisture content, water activity, acidity, colour, Total Soluble Solid (TSS) level for consistency and quality of tomato products, and standards for viscosity of products, to meet consumer expectations. 
c. Proximate properties which provide information on the overall nutrient composition of the tomato product. It also addresses minimum level of certain micro nutrients, such as vitamins and lycopene; ash content which indicates mineral content as well as crude fibre. These laws are adopted by food safety and quality standards which vary from country to country (FAO, 2004). In Nigeria, the National Agency For Food and Drug Administration and Control (NAFDAC) set limits for microbial and metallic contamination which includes:
Total viable count: Maximum of 100cfu/g
Yeast/mould: Maximum of 50cfu/g
Coliforms:   Absent
E. coli:   Absent in 25g
 Salmonella:   Absent in 25g.
For metallic contaminants; Arsenic(As) ≤1.2mg/Kg, Tin(Sn)≤ 2.5mg/Kg, and Lead (Pb)≤1.0mg/Kg (NAFDAC, 2025).
 Physicochemical, Microbiological and Proximate Properties of Processed Tomatoes 
Physicochemical standards are reference materials used to show acceptable physical and chemical standards for various processed foods (Goka et al,2021). Physicochemical traits commonly assessed in processed tomatoes include PH, moisture content, water activity, total soluble solids, viscosity and titrable acid content (Goka etal,2021). NAFDAC (2025), stated that tomato puree should have a PH <4.6 to prevent botulism.  According to Codex1981, typical  ranges include:
1. Tomato puree around 4.3 – 4.7PH 
2. Tomato mix around 4.2 – 4.6PH
 Water activity determines the possibility of microbial growth and chemical and enzymatic alteration of processed foods (Sobowale, Olatidaye, Odumbaka and Raji 2012). Water activity (aw) is among the critical factors which determine the shelf life and safety of food products including tomato puree and mix. The ranges for water activity show that bacteria will not grow below 0.91 aw, most yeast will not grow below 0.87 aw and most mould will not grow below 0.80 aw (Codex, 1981).  In a study of the physicochemical and rheological properties of some tomato pastes imported in Nigeria, (Sobowale et al,2012), it was found that most of the parameters did not meet the standard requirements set by the Food and Drug administration (FDA). The viscometry test and flow index at different temperature ranges indicated variations in product viscosity, which were attributed to raw material variations and processing conditions. Anie, et al (2022) however, found that the acidity of commercially available tomatoes produced and sold in Nigeria was higher than freshly crushed ones and was within the stipulated standard (pH< 4.6).
Microbiological standards stipulate the maximum acceptable levels of pathogens and set limits on the presence of spoilage indicator organisms like bacteria, coliforms, yeasts and moulds. (FAO,2004). Microbial growth influences product safety, impacts the texture, consistency and overall quality of tomato products and affects the flavour and colour of tomato product (Ogufure and Olugbosere,2023). Microbial analysis of some commercially available tomato products sold in Nigeria (Anie et al, 2022) revealed the presence of bacteria like Citro bacteria spp, Streptococcus bacillus spp. Microbial load of the tomato paste was 5.0×104, total coliform count was 4.1×104, and fungal count was 3.0×104. Candida albican was as high in the products as 38.88%. There is need to legislate on the microbial quality of tomato pastes sold in Nigerian markets. A study of the microbial load of fresh tomatoes sold in Benin, Nigeria (Ogufure and Ologbosere, 2023), revealed total bacterial count ranging from 3.92±0.27-4.85±0.11.
 Processed tomatoes may have same or slightly different nutrient content from fresh ones (Goka, Dufrecha, Picouet and Ameyapoh,2021). A proximate analysis of tomato puree produced in Togo (Goka et al, (2021) revealed that the products contained adequate amounts of lycopene (3.94-7.36mg 100g), Vitamin E (0.38 – 1.14mg /100g) Beta-carotene 0.27 – 0.56mg/100g, fructose 0.75 – 1.56mg/100g and glucose 0.78 -1.52mg/100. The total sugar content was significantly higher in the puree than in the fresh crushed tomatoes.	A study of the nutrient content of 3 types of tomato paste (Sonia, Der and Tat) sold in Abraka market Nigeria, (Anie, Adushoke, Egbon and Enemchukwu, 2022), showed that moisture content of tomato paste was lower than that of the freshly crushed tomatoes. However crude fat, fiber content, and ash (mineral) content were all higher in the commercially available tomato pastes than in the freshly crushed tomatoes. The differences in nutrient content of processed tomatoes may be attributed to the concentration of the products. Abdullahi, Abdullahi, Abdu and Ibrahim (2016) in a similar study found that carbohydrates, protein, crude fiber, ash, sodium, potassium, calcium and vitamin C were significantly higher in canned tomatoes than in freshly crushed tomatoes while moisture, crude fat, iron and vitamin A were lower in canned tomatoes. Invariably, processing tomatoes into purees and pastes increases the concentration and bioavailability of the nutrients for the benefit of consumers.
This research aimed at producing tomato purees from locally grown tomatoes in Katsina state, and determining their physiochemical, microbiological and proximate characteristics, to ensure safe consumption of processed tomatoes in Katsina state.  The specific objectives of the study were:
1 to produce two types of tomato purees (pure tomato puree and tomato mix) of desirable quality and  storable standard without additives, or chemical preservatives,
2 to determine the physiochemical (PH, TSS, and water activity) properties of the tomato puree and Mix, 
3 to determine the microbiological(total microbial count, yeast and mould count, E.coli, Clostridium botulinum, and Salmonella) characteristics of the tomato puree and mix, 
4 to determine the proximate characteristics of the tomato puree and tomato mix.
2.0 Materials and Methods
The study was conducted in Katsina State, North Western Nigeria. 
 Samples Collection and Preparation
The samples (Tomatoes, Pepper and Onions) were collected at Ajiwa farm, Batagarawa    ,   Local Government in Katsina State, Nigeria. Fresh, high-quality tomatoes (UTC) were collected for best results. This variety was chosen because of its high content of Vitamin C, lycopene and minerals, and its resistance to stress and invasion of fungal pathogens which enables it to have higher shelf-life than other tomato species (Banjo etal, 2024). 

 Procedure for Tomato Processing
The processing techniques recommended by the US National Center for Home Food Preservation (2014) were used. Two samples of tomato puree were produced, namely, tomato puree (made up of tomatoes only) and tomato mix (made up of tomatoes, onions, bell pepper and hot pepper).

 Production of pure tomato puree 
 Fifty kilograms (50kg), that is 2 large baskets of fresh UTC  tomatoes were collected. The
 fruits were sorted to remove damaged ones, and were rinsed thoroughly under running water to remove dirt. Kitchen knives were used to remove cores and any spots, and the tomatoes were chopped into ½ inch pieces. The sample was crushed to puree by grinding using motorized grinding machine .It was then passed through a sieve to reduce excess water. This was evaporated by heating the product in a stainless pot until tomato puree with the desired consistency was obtained, that is, until the product rounded up on a spoon without separation. The cooking was done at 85degrees for about forty five minutes. Storage jars (bottles) and their lids were sterilized. Concentrated puree was filled into the sterilized bottles while hot, leaving ¼ inch head space in each bottle. The containers were immersed in a large pot of boiling water stabilized by pasteurization at 100° for 20 minutes.  Neither additives nor preservatives were added.  After processing, the pot was taken off heat and the jars were removed. 
Procedure for Tomato Mix Production
37.5 kg ( large baskets) of UTC tomatoes were collected alongside 10kg (basket) of red bell pepper, 15kg ( basket)  of onions, and 1kg (2 large cups) of hot pepper. The fresh tomatoes, onions, bell pepper, and hot pepper were sorted, washed, and rinsed under running water, cut into sizable pieces while undesirable spots and the bell pepper seeds were removed. The four ingredients were combined and crushed with the motorized food mill. After grinding, the same process of evaporation, bottling and pasteurization was used in processing and obtaining the tomato mix. 

 Laboratory analysis
Analysis was conducted on the two sample products after production, to monitor the safety and quality of the products by adopting the official analytical method of the Association of Analytical Chemists (AOAC, 1990). The physiochemical, microbiological and proximate, analysis were conducted in the Microbiology and Biochemistry laboratories of Umaru Musa Yaradua University, Katsina by expert analysts.  Proper laboratory conditions were obtained, to ensure authentic results.

 Physiochemical analysis 
(a) Determination of Water Activity (aw) of Tomato Puree and Mix
10g of the samples (tomato puree and mix) were prepared. Water activity meter (Rotronic HC2.AW) was calibrated according to the manufacturer’s instruction. The prepared samples were placed in separate containers and water activity meter was inserted into them. The Water Activity (aw) values of the samples were taken. The measurements were repeated (3) times in order to obtain accurate and precise results.
(b)  Determination of -values of tomato puree and mix
The  meter was calibrated using buffer solutions of typically (4 and 7). Representative samples of tomato puree and mix were prepared by diluting 10g of each sample in 100ml of distilled water. The  electrode was inserted into the samples one after the other until the processes were completed. The  readings were taken (three times) for each sample. Cleaning of the electrode with distilled water between the measurements was ensured, in order to avoid contamination. 
2.6c Determination of Total Soluble Solids (TSS) in Tomato Puree and Mix
A representative sample of tomato puree and mix was prepared. The refractometer (Digital Refracto 30px) was calibrated using distilled water, following the manufacturer's instructions. A few drops of the prepared sample were placed on the prism surface of the refractometer, and the TSS value was read directly from the scale, expressed in degrees Brix  (°Brix).(°Brix refers to the sugar content, where 1°Brix equals 1g of soluble solids per 100g of solution). Each measurement was repeated three (3) times to ensure accuracy and consistency.  Temperature compensation was applied based on the refractometer design and manufacturer’s recommendations.
 Microbiological Analysis
Total Bacterial Count, (TBC), yeast and mould count, were assessed and detection of Staphylococcus aureus, Estericia coli, Salmonella species and Clostridia was done. The outcomes were compared against safety limits established by NAFDAC and the United States’ Food and Drug Administration ( USFDA).
TBC was determined using the pour-plate method. Ten grams (10g) of each sample were homogenized in 90mls of sterile peptone water, followed by serial dilutions up to 10-6. One mililitre (1ml) from each dilution was poured on Plate Count Agar (PCA) and incubated at 37degrees C for 48 hours. Colour-forming units were counted and expressed ad CFU/g
To determine Yeast and Mould count, 1mililitre (1ml) each of the diluted samples of tomato puree and tomato mix was spread on Potato Dextrose Agar (PDA) containing chloramphenicol. Plates were incubated at 25 degrees Centigrade for 7 days. Colonies with characteristic yeast and mould morphology were counted and expressed as CFU/g (Colony-Forming-Units per gram)
Detection of Staphylococcus aureus was carried out using Barid Parker agar after pre-enrichment in buffered peptone water. Suspected colonies were confirmed through coagulase test. Staphylococcus was not detected in either samples.
E.coli was screened by enriching samples in MacConkey broth followed by pouring on EMB agar. Colonies with green metallic sheen were presumed to be E.coli and were confirmed using indole and Imvic tests (ISO 16649-22001). E.coli was not detected in both samples.
Salmonella detection was done using selective enrichment in Rappaport-Vassibladis broth. The samples were placed on XLD agar. Presumptive colonies were selected and confirmed by biochemical tests. Salmonella was not detected in either samples.
 For Clostridium spp detection, samples were inoculated into Reinforced Clostridium Medium (RCM), and incubated anaerobically at 37degrees C for 48 hours. Characteristic growth of spore- forming Clostridia was checked on selective media. Clostridium was not detected in the samples. 

 Proximate Analysis

(a)  Moisture Content
Two empty crucibles were washed and dried in an oven at 1050 for 30 minutes. It was removed and allowed to cool. The weight of the empty crucible was recorded, and 2.0 grams of each sample was also weighed and transferred into separate crucibles. The weight of the crucibles and the samples were recorded as  (g). The crucibles containing the samples were introduced into an oven and allowed to dry at 1050 °C for 3hours. They were then removed and allowed to cool for 15minutes. They were weighed and recorded as W2 (g)
The % moisture was then calculated as follows:

% Moisture =   
(b) Carbohydrate content
The carbohydrates of the Test Sample were determined by estimation using the arithmetic difference method.
% Carbohydrate = {100 – (% moisture + % Ash + %Fat + % Fibre + % protein)}
(c) Crude lipid
This required a set of apparatus called the Soxhlet extractor. The flat-bottom flask was washed and dried in an oven for 30 minutes, then cooled and weighed. It was filled with 250ml petroleum ether. 2.0g of the sample was wrapped in a filter paper and put in a porous thimble; the apparatus was assembled and switched for 4h. Then it was disconnected the flask was cooled and transferred to an oven to evaporate the excess solvent. Then it was cool and weighed again.
The percentage crude lipid was then calculated using the formula below:

% C.L =  
 
 Weight of ether extract = Final weight – Initial weight
(d ) ash content determination
In this process, the empty crucible was washed and heated  in a muffle furnace at 550% for 30min. It was removed and cooled  in a desicator,  then weighed (Wo).  0.5g of the sample was transferred in an empty crucible and the weight was recorded as (W1). it was then  transferred into a muffle furnace to ash at 550% for  4h. It was removed  using a tong and put in a desiccator to cool for 30min and  weighed (W2) . The percentage Ash was calculated using formula below:
	
% ASH 	
Where:		 



(d )  Crude Fibre Determination

2 g of each sample was weighed and transferred into 500 ml conical flask. One hundred (100 ml) of distilled water was added, and 20 ml of 20% sulphuric acid. The mixtures were heated gently for 30 minutes, cooled, filtered and the residues were scrapped back to the flask. 100 ml of distilled water was added together with 20 ml of sodium hydroxide (NaOH), heated gently for 30 minutes, cooled and filtered. The residue was washed with hot water, rinsed with 2% HCl, twice with ethanol, transferred with petroleum ether and allowed to dry. The residue was scrapped into a clean, dried crucible and dried overnight (12 h) in an oven at 105 °C. It was cooled in a desiccator and weighed (W1). It was transferred in a muffle furnace to ash for 90 minutes at 550 °C, removed and cooled. The percentage crude fibre was then calculated as:

% Fibre 
		
where,		


(e)  Crude Protein Determination

Kjeldhal method, involving three (3) stages, namely digestion, distillation, and 
titration was used in the process.

1 gram of each sample was placed in a digestion flask with 20 ml of concentrated H₂SO₄ and 2.5 g of catalyst mixture. The mixture was allowed to digest on a hot plate at 70 °C until a clear solution was obtained. This was cooled and filtered through 100 ml volumetric flask and diluted to the mark with distilled water (100 ml). The digested sample was transferred into distillation flask and 20 ml of 40%  NaOH  added. Distillation was done using Markhan distillation apparatus.  The mixture was heated and allowed to distill through 10 ml of 2% boric acid with few drops of mixed indicator for 10–15 minutes, until the colour turns light green. The distillate was then titrated with standard (0.1N) HCl and the volume of acid was taken.  The percentage Nitrogen was then calculated using the formula: 
	


Where:







Formula for calculating % Crude protein:


3.0 Results and Discussion
 The findings from this research were presented and discussed in this section.
(i)  Production of Tomato puree and Mix. 
Twenty eight (28) jars of pure tomato puree, each weighing 980 grams were produced from two large baskets of fresh ripe UTC tomatoes collectively weighing 50kg, using standard tomato processing procedures outlined by US National Centre for Home Food Preservation(2014). Twenty five (25) jars of tomato mix weighing 987 grams each were produced from a mixture of 37.5kg (11/2 baskets) of tomatoes, 10kg (¼ basket) of bell pepper (Capsicum chinense), 15kg (¼ basket) of onions (Alium cepa) and 1/2kg (2 cups) of hot pepper (Capsicum baccatum) blended together. Both products met the physicochemical and microbiological standards set by national and international safety regulations and are of high nutritional quality. Oehler and Swanson (2025) noted that tomato products produced under hygienic conditions can keep for 18 months. 
 Table 1
Physicochemical Analysis of Tomato Purce and Tomato mix	
	Parameter
	Purce
	Tomato Mix
	Codex Standard

	Water Activity (aw)
 PH
TSS (%)
	0.92
4.5
11.60
	0.93
4.5
11.80
	0.90-0.95
4.2-4.9
11.20-12.00



 Table 1 presents the physicochemical analysis comparing Tomato Puree and Tomato Mix against Codex standards, focusing on water activity (aw), pH, and total soluble solids (TSS). Both products meet the required benchmarks, confirming that they are safe, well-formulated, and consistent in quality. The pH level of 4.5 for both products is particularly important because it falls within the optimal range for processed tomato products, which helps prevent the growth of harmful microorganisms. This not only ensures safety but also reflects strong process control during production.
Water activity values were 0.92 for the Puree and 0.93 for the Mix, both within the expected range for tomato products (0.9-0.95) [Codex, 1981].Water activity is a critical factor determining the shelf-life of tomato products, and a low water activity (<0.95) prevents growth of bacteria, yeasts and moulds over time. The small difference in aw between the two products is minimal and likely due to slight variations in their ingredients.
The TSS values of 11.60% for Puree and 11.80% for Mix were ideal and fall within acceptable thresholds of 11.2-12.0 (Codex,1981), and show that both are moderately concentrated, giving them a ideal thickness and appealing texture. An ideal TSS level influences taste, flavor and consistency of tomato products and is an indicator of adequate viscosity/concentration of tomato products (Anie et al, 2022). A study of tomato products imported into Nigeria (Sobowale et.al,2012) showed inadequate viscosity and substandard physicochemical characteristics of imported tomato products. Overall, the findings highlight that both products meet safety and quality requirements while offering consumers a reliable and quality tomato-based ingredient.
 Table 2
Microbiological Analysis of Tomato Puree and Tomato mix
	Test Parameters
	Puree
	Tomato mix
	Max Acceptable NAFDAC std
	FDA std

	Total bacterial count
	0.29x102
	0.41x102cfu/g
	≤105cfu/g
	≤10cfu/g

	Yeast and mould count
	0.11x102
	0.70x102
	≤105cfu/g
	102-103cfu/g

	Staphylococcus count
	0.0
	0.0
	Must be absent in 25g product
	<3mpn/g or absent in product.

	E. coli
	0.0
	0.0
	Absent in 25g of product
	Zero tolerance

	Salmonella
	0.0
	0.0
	Absence in 25g of product
	Zero tolerance 

	Clostridia
	0.0
	0.0
	Must be absent in 25g
	Zero tolerance


 Table 2 presents the microbiological analysis which assessed the safety and quality of two tomato-based products—Tomato Puree and Tomato Mix—against key indicator organisms and pathogens. The microbiological results for Tomato Puree and Tomato Mix show both products are safe and met regulatory standards.  The most important outcome is the complete absence of harmful pathogens such as Salmonella, E. coli, Clostridia, and Staphylococcus in both products, which satisfies the strict “zero tolerance” requirement set by both NAFDAC and the FDA. This confirms the safety of the tomato products. 
General microbial counts were also very low. The Total Bacterial Count (29 CFU/g for Puree and 41 CFU/g for Mix) and Yeast and Mould Counts (11 CFU/g and 70 CFU/g, respectively) fall well within NAFDAC limits and remain acceptable under FDA standards. These low values suggest that the products were manufactured using clean raw materials, hygienic processes, and effective heat treatments. Anie et.al (2022) observed far higher microbial counts of 5.0×104, and 3.0×104 Cfu/g respectively, for total coliform count and total fungi count in some commercially available tomato products. Microbial growth influences product safety, impacts the texture, flavor and colour, and affects the overall quality of tomato products (Ogofure and Olugbosere,2023). The slightly higher counts in the Tomato Mix compared to the Puree are likely due to its more complex formulation, which introduced some low acid ingredients to the tomatoes. Oehler and Swanson, (2025) noted that adding lower acid ingredients such as onions and peppers to tomatoes can reduce the acidity level of processed tomatoes and may facilitate microbial growth. Even so, the levels remain safe and pose no quality concern. Overall, the microbiological analysis confirms that both products are not only safe but also processed to a high standard of hygiene, and capable of lasting for 12-18months without refrigeration (Oehler and Swanson, 2025).
 Table 3: Proximate Analysis of Tomato Puree and Mix
	Test Parameter
	Puree
	Tomato mix

	Moisture content (Mc)
	84.03
	75.33

	Carbohydrate (AC)
	0.75
	1.93

	Crude Protein (CP)
	1.05
	2.72

	Crude Fibre (CFi)
	0.63
	1.90



Table 3 presents the proximate composition (macronutrient content) of the two products: Tomato Puree and Tomato Mix. Moisture content was 84.03 for tomato puree and75.33 for tomato mix; Carbohydrate values were 0.75 and 1.93 respectively for puree and mix, Crude protein values were1.05 and 2.72 for puree and mix; and crude fiber was 0.63 and 1.90 respectively for puree and mix. Similar carbohydrate values were observed in proximate studies of processed tomatoes in Togo (Goka et al, 2021).   Tomato Puree has a higher moisture content of 84.03%, than Tomato Mix (75.33%). This nearly 9% difference in moisture content shows that the Mix is more concentrated in nutrients as shown from their carbohydrate, crude protein and crude fibre values. Considering the proximate characteristics, the Tomato Mix stands out as richer in macronutrients. Compared to the Puree, it contains higher levels of carbohydrates (1.93% vs. 0.75%), protein (2.72% vs. 1.05%), and fibre (1.90% vs. 0.63%). The increases in these nutrients are too large to be explained by moisture loss alone, suggesting that the added ingredients in tomato mix helped to boost its nutritional value. These additions make the Mix a more energy-dense and balanced product compared to the pure tomato puree.
Overall, the Tomato Puree represents a typical tomato product concentrated in macro and micronutrients. In contrast, the Tomato Mix is a formulated version with a richer composition of carbohydrates, protein, and fibre. This indicates that it is not just a thicker version of the Puree, but a distinct product designed to provide greater nutritional benefits. Consumers choosing the Mix would be getting a product that is more filling, more nutrient-dense, and potentially more versatile in cooking.


4.0 Summary of Findings
The analysis revealed that standard, high-quality tomato products can be produced using simple technology.  Both products are safe and shelf-stable. This confirms that production of the purees followed strict Good Manufacturing Practices (GMshelf stablery,
(a) Both the puree and the mix were found to be completely free of harmful bacteria, meeting strict NAFDAC, FDA and Codex safety standards. The counts of bacteria, yeast, and mould were very low in both cases, reflecting strong manufacturing practices. However, the Tomato Mix recorded slightly higher microbial counts than the puree, most likely due to its added components.
(b) A key safety factor  is the pH of 4.3:4.5 respectively for tomato puree and mix, which classifies both products as safe for consumption. This acidity level met the pH criteria for tomato concentrates set by Codex, FDA, and NAFDAC, which helps to prevent dangerous bacteria from growing, ensuring consumer safety. The water activity (aw ≈ 0.93) further supports safety by limiting bacterial growth, though it may allow yeasts and moulds to develop slowly over time. Both products also had nearly identical total soluble solids (≈11.7%), which meets the Codex standard (11.20-12.00) and suggests they share a similar thickness, taste, and texture.
(c) The main difference between the two lies in their nutritional composition. The Tomato Mix contains less moisture but higher level of carbohydrates, protein, and fibre, making it more nutrient-dense compared to the puree. In particular, the marked increase in protein (+159%) and fibre (+200%) reflects global food trends emphasizing nutrient-dense, functional foods that improve satiety and digestive health (Dhingra et al., 2012). Invariably, the Tomato Puree represents a safe, standard, and stable base product, while the Tomato Mix reflects a strategic product innovation that enhances nutritional value without compromising safety.
 (d) The absence of pathogenic microorganisms in both products confirms that production followed strict Good Manufacturing Practices (GMP).
(f) The slightly higher microbial counts in the Tomato Mix reflects slight quality challenges likely introduced by added low acid ingredients (onions and peppers) that may naturally allow microbial growth with time . This underlines the need for strict supplier verification and ingredient testing before production. 

5.0 Conclusion
The study confirms that both Tomato Puree and Tomato Mix are microbiologically safe, produced under high sanitary standards, and met regulatory requirements. While the puree functions as a high-quality base ingredient, the Tomato Mix emerges as a distinct, fortified product rich in carbohydrates, protein and fibre. 
Recommendations
1. Tomato processing firms should maintain strict compliance with safety standards to ensure product safety through controlled thermal processing and hygiene.
2. Manufacturers of tomato products should tighten supplier quality assurance for Tomato Mix ingredients, ensuring Certificates of Analysis (CoA) and stricter microbiological checks.
3.  Food safety and quality standard units should introduce environmental monitoring in production facilities to detect and prevent post-processing contamination.
4. Local tomato processing should be encouraged, to reduce post-harvest losses and to ensure high product standards in Nigeria.
5. Nigerian food scientists should explore advanced packaging solutions, such as Modified Atmosphere Packaging (MAP), to further minimize yeast and mould spoilage of fresh tomatoes.
6. The Nigerian government should explore the possibility of using tomato preservation and tomato-related businesses to encourage youth entrepreneurship in North-Western Nigeria, particularly in Katsina state, where tomato farming is prevalent.
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