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Abstract 
Tomato transportation in Nigeria is without mindful of their postharvest spoilage that results in nutritional 

losses, microbial contamination and their health implications. Broken (nkuwa) tomatoes, a major cause of 

food-borne illnesses, were often patronized by the local food vendors and low income earners because they 

are cheaper. Physicochemical, phytochemical properties and microbial loads of whole and nkuwa tomatoes 

sold at different market locations within Umuahia metropolis were analysed with standard analytical 

methods. Three samples of whole and nkuwa tomatoes from each market collected at two weeks intervals 

were used. Results of the whole and nkuwa tomato samples increased respectively in colour (178.68-203.77 

and 174.95-202.83), pH (4.18-4.45 and 4.57-4.86), tannin (0.78-0.94 and 1.09-1.15 mg/100g), bacteria 

(8.02-10.53 and 11.02-18.04 cfu/mlx105) and fungal (10.03-19.54 and 19.54-28.34 cfu/mlx105) loads. 

Their TTA (5.44-5.39 and 5.54-5.51) flavonoid (36.77-33.61 and 33.68-33.46 mg/100g), phenol (1.39-1.38 

and 1.44-1.43 mg/100g), lycopene (14.37-14.33 and 13.96-13.85 mg/100g) and oxalate (1.53-1.51 and 

1.45-1.43 mg/100g) decreased. Properties and microbial loads were actually affected by distance from the 

source of bulk purchase. 

Archives of Ecotoxicology, Vol. 4, No. 1, pp. 1-7, 2022 
 

 
 
 
 

 
 
 

 
Properties and Microbial Load Diversity of Whole and Broken (nkuwa) 
Tomatoes (Lycopersicum esculentum) Sold at Different Market Locations in 
Umuahia Metropolis 
 

Innocent Nwazulu Okwunodulu1*, Sarah Chidimma Ozioko1, Felicia Uchechukwu Okwunodulu2 

 
1 Department of Food Science and Technology, Michael Okpara University of Agriculture, Umudike, Abia State, Nigeria 
2 Department of Chemistry, Michael Okpara University of Agriculture, Umudike, Abia State, Nigeria 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
1. Introduction 
  
Tomato (Lycopersicum esculentum) is one of commercially 
valuable fruits consumed by man either fresh or processed into 
varieties of products (Effiuwevwere, 2000; Onwuka, 2014). 
The consumption has recently increased significantly because of 
their taste, affordability accessibility and excellent source of 
nutrients vital for human health and well-being (Behravesh et 
al., 2006; Eni et al., 2010). Besides, nutrition policies have 
strongly recommended consumption of more than 400 g/day in 
a diet (FAO/WHO, 2004). Tomatoes have tasty, easily 
digestible, juicy and fleshy endocarp with bright colour that 
stimulates appetite (Effiuwevwere, 2000). 
Tomatoes have different varieties with same compositional 
characteristics (Bhowmik et al., 2012) and different colors 
(green, yellow, orange or red) depending on their stage of 
maturity. Their red color indicates full maturity stage which is 
due to carotenoids synthesized during its maturation (Zeb and 
Mehmood, 2004). The ripening of tomato is characterized by 
softening of fruit, degradation of chlorophyll as well as synthesis 
of acids, sugars and lycopene, a form of β-carotenoid pigment 
and a powerful antioxidant. Nutritionally, tomato is very rich in 
vitamins, minerals, dietary fibre (Wogu and Ofuase, 2014), and 
lycopene (Onuorah and Orji, 2015). Antioxidant capacity of 
lycopene is 1.16 times higher than β-carotene and 2.9 times 
higher than vitamin C (L-ascorbic acid) (Arnao et al., 2001). 

Lycopene, beta carotene, and vitamin E are effective antioxidant 
that inactivate free radicals, slows the progression of 
atherosclerosis, and prevents colorectal and pancreatic cancers 
(Bhowmik et al., 2012). 
Tomato which is succulent with about 80% moisture content, 
low pH, rich nutrients and sugars is a good medium for microbial 
growth (Muhammad et al., 2004). In most developing 
countries like Nigeria, microbial infestation of tomatoes can 
occur during the harvesting period, post harvest, handling, 
storage, transportation and processing (Barth et al., 2009). 
During transportation from the North to the South, tomatoes are 
compressed and bruised due to poor transport conditions, like 
bad roads, types of trucks, baskets and their stacking. Also, 
during retailing, they are displayed uncovered on tables and 
baskets in the open markets to attract customers (Baiyewu et 
al. (2007). In most cases tomatoes are washed with dirty water 
by the retailers. All these give the opportunistic microorganisms 
room to colonize the tomatoes thereby making poor handling 
practices more likely to transmit diseases (Oranusi et al., 
2013). 
All the spoilage due to fungi bacteria fungi, yeast and moulds) 
and enzymes (Seema, 2015) result to changes in taste, smell, 
appearance, texture or yield (Onuorah and Orji, 2015), 
reduction in market values and nutritional qualities (Omolaran 
et al., 2016). More acidic tissues are generally attacked by fungi, 
while fruits having pH above 4.5 are more commonly attacked 
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by bacteria (Mamta and Shashi, 2017). Contaminated tomatoes 
are the major causes of food-borne illnesses (Guyader and 
Atmar, 2008) which are harmful when consumed without 
proper cooking in foods (Valadez et al., 2012). Food-borne 
illnesses are common in developing countries where food 
standards, regulations and safety polices are not well 
established or in seldom practice (WHO, 2007; De-Sousa, 
2008). Fungi are major sources of potential health hazard to 
humans because they produce mycotoxins that are capable of 
causing mycotoxicoses in man following ingestion or inhalation 
(Baker, 2006). Fungi are the source of tomato spoilage than 
bacteria (Ghosh, 2009). Bacteria spoil more nkuwa than whole 
tomatoes due to higher pH (ICMSF, 2005; Bartz et al., 2009).    
A study on the microbial loads of whole tomatoes sold in three 
popular markets in Ilorin, Kwara State, Nigeria showed that 
bacteria counts ranged from 4.00 x 106 - 7.50 x 106 cfu/ml, while 
the fungal counts ranged from 1.60 x 106 - 3.50 x 106 cfu/ml  
(Agbabiaka et al., 2015). Several bacteria have been isolated 
from nkuwa tomatoes in Benin City and Lagos state, Nigeria as 
their major cause of their spoilage. They include among others 
as Bacillus subtils, Klebsiella aerogenes, Pseudomonas aeruginosa, 
Salmonela typhi, Proteus mirabilis, Escherichia coli and 
Staphylococcus aureus (Ogundipe et al., 2012; Wogu and 
Ofuase, 2014). Barth et al. (2009) also isolated some fungi like 
Fusarium oxyporum, Fusarium muniliforme, Aspergillus niger and 
Rhizopus stolonifer from soft rotten tomatoes and observed that 
fungal species destroy tomatoes more than bacterial.  
Due to high rate of tomato post harvest spoilage during retail 
handling which results in food-borne illnesses upon 
consumption, this study therefore aimed at exploring the 
physicochemical, phytochemical and microbial loads of whole 
and nkuwa tomatoes sold in three major markets within 
Umuahia metropolis.  
 
2. Material and methods 
 
2.1 Sources of raw materials 
 
Both whole and nkuwa tomatoes (Plates 1-6) used in this study 
were purchased from Ubani (11 Km from Umuahia), Isigate 
(center of Umuahia) and Orie-ugba (3.1 Km from Umuahia) 
markets, all within Umuahia metropolis. Each sample was 
randomly purchased from three different tomatoes vendors in 
each market to give a true representation for each market. A 
total of 6 samples of whole and nkuwa tomatoes were obtained. 
The samples were each packaged separately in sterile Ziploc bag 
and placed inside coolers containing ice blocks. The samples 
were transported to the laboratory for analyses within 24 h at 
about 4 to 7oC to slow down microbial growth and spoilage. 
 

 
Plate 1: Whole tomatoes from Ubani  
 

 
Plate 2: Nkuwa tomatoes from Ubani 
 

 
Plate 3: Whole tomatoes from Isigate 
 

 
Plate 4: Nkuwa tomatoes from Isigate 
 

 
Plate 5: Whole tomatoes from Orie-ogba 
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Plate 6: Nkuwa tomatoes from Orie-ugba   
 
2.2 Sample Preparation 
 
Preparation of tomato samples  
Whole and nkuwa tomato samples from each market were 
separately milled with variable speed kitchen electric blender 
(Philips, Model HR2001/70/AC 220-240V) into their respective 
fine pastes and packaged in an air-tight transparent bottle for 
analyses. 
 
2.3 Analyses 
  
2.3.1 Physicochemical  
 
pH 
The method described by AOAC (2010) was used and the pH of 
the diluted samples was read with the pH meter. 
 
Titratable acidity 
Titration method described by AOAC (2010) was used with 1 ml 
of phenolphthalein indicator. The sample mixtures were 
separately titrated against standard solution of sodium 
hydroxide (0.25 N) until pink colour persisted for about 10 to 15 
sec for complete neutralization. 
 
Color intensity  
The method of Okwunodulu et al., (2015) was used. 1 g of the 
tomato sample was diluted with 50 ml of distilled water, filtered 
and absorbance of the filtrate taken with UV-VIS 
spectrophotometer at 550 nm absorbance. 
 
2.3.2 Phytochemical  
 
Phenol  
Folin-Ciocalteu reagent method reported by Odabasoglu et al. 
(2004) was used. Total phenolic content was calculated as Gallic 
acid equivalents (GAE) in mg/g of each sample of tomato paste 
with the aid of the standard curve graph plotted with the 
equation y = 0.007x + 0.186, where R2 = 0.992.  
 
Flavonoid 
Method of Okwu and Omodamiro (2005) was used and 
percent flavonoid was calculated thus: 
 
              %   Flavonoid = weight of residue  × 100 
                                       Weight of sample     1 
 
Tannin  
The method of AOAC (2010) was used. One ml of NaCO3 and 
Folin Denis reagent was added to the tomato samples extracts in 
the beaker and allowed to settle. Thereafter, the readings were 
taken using a spectrophotometer. Tannin was calculated as 
follows:              

% Tannin =
An

As
 x C x 

100

W
 x 

Vf

Va
 

Where: An= absorbance of test sample 
As = absorbance of standard sample 
C = concentration of standard solution 
Vf = Total volume of extract 
Va = volume of extract analyzed 
            W = Weight of sample 
 
Lycopene 
Lycopene was determined using the method described by 
Fadupin et al. (2012). Lycopene standard solution was 
prepared with 5 mg/ml hexane from where the working 
mixtures of various concentrations were made by appropriate 
combination and dilution with hexane. Lycopene content of the 
tomato samples was measured spectrophotometrically at 503 
nm after extraction with hexane. Concentration of lycopene was 
derived using the molar extinction coefficient of 17.2 x 104 and 
also by applying the following equation:  
 
Lycopene content (µg/g) = (A503 – 0.0007) x 30.3/g tissue 
Where A: Absorbance. 
 
2.3.3 Microbial load 
  
Sample preparation  
Test samples were prepared using the method of Falegan and 
Oluwaniyi (2015). Ten (10) grams of each tomato sample was 
diluted in warm (50oC) sterile diluents-buffered peptone water 
(90 ml) to make primary dilution of 10-1, which was incubated at 
ambient temperature for 2-3 h. Then a series of dilution up to 10-

5dilution factor was prepared by transferring the primary 
dilution (1 ml) into test tube containing the sterile diluents (9 
ml), to obtain 10-2 dilution and the operation was repeated with 
sterile diluents (9 ml) using the 10-2 and further diluted to obtain 
10-3, 10-4 and 10-5. 
 
2.3.4 Total microbial load 
 
Pour plate count method using nutrient agar and malt extract 
were used to determine total bacteria count and total fungi count 
respectively. A millilitre of 10-2 and 10-3 dilutions of each pre-
prepared test samples was transferred into well labelled sterile 
petri-plates in duplicates and then overlaid with sterile warm 
(45oC) 15 ml of respective nutrient media. The plates were 
carefully swirled for uniform mixing and inoculums distribution. 
The mixture was allowed to solidify, then inverted and incubated 
aerobically at 37oC for 72 h. The plates having more than 30 
and/or fewer than 300 colonies were selected and counted using 
colony counter. The total bacteria count (TBC) and total fungi 
count (TFC) were obtained by multiplying the number of 
colonies by the dilution factor and was recorded in Colony 
Forming Unit per millilitre (CFU/ml) (Olutiola et al., 2000). 
 
2.4 Statistical analysis 
 
Mean data of all the samples obtained in this study were 
statistically analysed using One-way analysis of variance of a 
completely randomized design with the Statistical Package of 
Social Sciences version 23.0. Treatment means were separated 
using Duncan multiple range test at 95 % confidence level 
(p<0.05). 
 
3. Results and Discussion 
 
3.1 Physicochemical properties  
 
The results are shown in Table 1. 
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Titratable acidity (TTA)  
 
The TTA of whole tomato sample from Ubani market (5.42) was 
significantly (p<0.05) lowerthan 5.44 from Isigate but higher 
than 5.39 from Orie-ugba.  These variations could be traced to 
the distance between them, degree of bruises before 
transportation and the extent of handling damages within the 
three the market locations by the retailers. The more severe the 
handling practices, the higher the TTA may be because of more 
microbial contamination (Barth et al., 2009) and resident time 
for more degradation of acidic tissues by bacteria (Mamta and 
Shashi, 2017). Conversely, there was no significant (p>0.05) 
TTA variation between all the nkuwa samples of all the market 
locations. This may mean that the handling activities never had 
any significant (p>0.05) impact. 
 
Table 1 Physicochemical properties of whole and awarawa 
tomato samples  

Samples TTA (%) Colour 
intensity 

pH 

WU 5.42ab±0.02 178.68e±0.02 4.18a±0.01 
 
NU 

 
5.53c±0.01 

 
174.95f±0.02 

 
4.57c±0.01 

 
WI 

 
5.44b±0.01 

            
183.24c±0.02 

                     
4.43b±0.02 

 
NI 

        
5.51c±0.01 

            
179.18d±0.02  

                    
4.62d±0.02 

 
WO 

        
5.39a±0.01 

            
203.77a±0.03 

                    
4.45b±0.01 

  
NO 

        
5.54c±0.01 

            
202.83b±0.02 

                     
4.86e±0.01 

Values are means of triplicate determinations ± standard deviation. 
Mean values in the same column with different superscript are 
significantly different (p<0.05). WU-whole tomatoes from Ubani, NU-
nkuwa tomatoes from Ubani, WI-whole tomatoes from Isigate,  NI-
nkuwa tomatoes from Isigate, WO- whole tomatoes  from Orie-ugba and 
NO- nkuwa tomatoes from Orie-ugba. 

 
Color intensity  
 
Just like in TTA, color intensity of whole and nkuwa tomato 
samples from Ubani market (178.68 and 174.95) was 
significantly (p<0.05) lower than those of Isigate (183.24 and 
179.18) and Orie-ugba (203.77 and 202.83). These variations 
are clear indications of influence of distance on color intensity. 
Depending on the stage of maturity, some degree of ripening and 
microbial contaminations may have taken place during the 
transportation periods that must have increased the colour 
intensity. During ripening, lycopene is synthesized (Zeb and 
Mehmood, 2004). Also, increase in tannin content with distance 
(Table 2) may have contributed to colour changes too (Ayoade 
et al., 2015). Significant (p<0.05) higher color intensity of all the 
whole tomato examples than their nkuwa counterparts 
regardless of market locations could be attributed to induced 
oxidation due to handling damages. From this, it could be 
inferred that tomato color increase is favoured by aerobic 
(nkuwa tomatoes) enzymatic oxidation and author deterioration 
than anaerobic condition (whole tomatoes). These could be 
visualized by deeper red color of samples (Plates 2, 4 and 6) than 
those of Plates 1, 3 and 5. Color is an index of acceptability as the 
eyes eat first before acceptance or rejection.  
 
pH 
 
The pH of whole and nkuwa tomato samples from Ubani (4.18 
and 4.57) was significantly (p<0.05) lower than those of Isigate 
(4.43 and 4.62) and Orie-ugba (4.45 and 4.86). This implied that 
acidity of whole and nkuwa tomatoes decreased with distance 
from the source of bulk purchase. May be due to more bacterial 

degradation of acidic tissues of tomatoes (Mamta and Shashi, 
2017) and therefore may be more susceptible to microbial 
spoilage. This could be justified by significantly (p<0.05) higher 
pH of both whole and nkuwa tomato samples from Isigate than 
those of Orie-ugba. The pH values obtained in this study were 
lower than 4.90-5.40 obtained by Agbabiaka et al. (2015) from 
three popular markets in Ilorin Kwara State Nigeria. The higher 
values could be attributed to variety and distance which may 
have encouraged more microbial contaminations and metabolic 
products that may have neutralized the tomato fruit (ICMSF, 
2005; Bartz et al., 2009). The pH decides the extent of spoilage 
and acceptability. The lower the pH, the more it prevents 
spoilage and the lower the acceptability and vice versa. 
 
3.2 Phytochemical properties  
 
The results are shown in Table 2. 
 
Tannin 
 
Tannin content of whole tomato sample from Ubani market 
(0.86mg/100g) was significantly (0<0.05) lower than 
0.94mg/100g from Isigate but higher than 0.78mg/100g from 
Orie-ugba. The disparity could be as a result of differential 
severity in the handling of the tomatoes which may have resulted 
in the increased tannin content of tomatoes from Isigate than 
that of Orie-ugba market. Again, there may be increased 
microbial activities in the tomato samples from Orie-ugba and 
some levels of fermentation which may have hydrolyzed the 
tannin content due to more handling damages and resident time. 
Therefore, distance and the types of reactions may have been the 
major causes. In case of nkuwa tomatoes, the tannin content of 
tomatoes from Ubani market (1.09 mg/100g) was significantly 
(p<0.05) lower than those of Isigate (1.15 mg/100g) and Orie-
ugba (1.12 mg/100g). The variations could be explained by the 
above reasons. Tannin is responsible for astringent taste and 
discolouration (Ayoade et al., 2015) and may likely affect the 
acceptability of nkuwa tomatoes more than the whole.  
 
Flavonoid 
 
The flavonoid content of the whole (36.77 mg/100g) and nkuwa 
(33.68 mg/100g) tomato samples from Ubani market were 
significantly (p<0.05) higher than those of Isigate (36.66 and 
33.57 mg/100g) and Orie-ugba (36.61 and 33.46 mg/100g). 
Increase microbial activities may be the major cause. Therefore, 
distance and levels of handling damages decreased the flavonoid 
content of the tomato samples as evident in the significant 
(p<0.05) higher values of those from Isigate than Orie-ugba 
markets. Flavonoids are antioxidants that protect consumers 
against some cancers and cardiac diseases (Edward, 2016). 
 
Phenol  
 
Phenolic content of whole tomato samples decreased 
significantly (p<0.05) with distance from Ubani market (1.39 
mg/100g). The values from Isigate and Orie-ugba had no 
statistical difference (1.38 mg/100g) which may mean that the 
distance between Isigate and Orie-ugba markets had no 
significant (p>0/05) effect on the phenolic content unlike from 
Ubani. This may be as a result of shorter distance and the 
associated handling damages. Phenolic content of nkuwa tomato 
samples from Ubani market (1.44 mg/100g) had no significant 
(p>0.05) variation with that from Isigate but differed 
significantly (p<0.05) with that from Orie-ugba (1.43 mg/100g). 
Probably, the distance between Ubani and Isigate had no impact 
unless as from Orie-ugba. 
 

Values are means of triplicate determinations ± standard deviation. 

Mean values in the same column with different superscript are 

significantly different (p<0.05) .WU-whole tomatoes from Ubani, NU-

nkuwa tomatoes from Ubani, WI-whole tomatoes from Isigate,  NI-

nkuwa tomatoes from Isigate, WO- whole tomatoes  from Orie-ugba 

and NO- nkuwa tomatoes from Orie-ugba# 
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Table 2 Phytochemical content of whole and nkuwa tomato 
samples (mg/100g)  

Sam 
ple 

Tannin Flavonoid Phenol Lycopene Oxalate 

WU 0.86b±0.02 36.77f±0.02 1.39ab±0.01 14.37c±0.02 1.53b±0.01 

NU 1.09d±0.01 33.68c±0.02 1.44c±0.01 13.96b±0.02 1.44a±0.01 

WI 0.94c±0.01 36.66e±0.02 1.38a±0.02 14.34c±0.02 1.52b±0.02 

NI 1.15e±0.01 33.57b±0.01 1.44c±0.02 13.87a±0.01 1.45a±0.02 

WO 0.78a±0.01 36.61d±0.01 1.38a±0.01 14.33c±0.02 1.51b±0.01 

NO 1.12de±0.01 33.46a±0.01 1.43bc±0.01 13.85a±0.01 1.43a±0.02 

Values are means of triplicate determinations ± standard deviation. 
Mean values in the same column with different superscript are 
significantly different (p<0.05). WU-whole tomatoes from Ubani, NU-
nkuwa tomatoes from Ubani, WI-whole tomatoes from Isigate, NI-nkuwa 
tomatoes from Isigate, WO- whole tomatoes  from Orie-ugba and NO- 
nkuwa tomatoes from Orie-ugba 

 
Lycopene 
 
Lycopene is a vital antioxidant that helps in the fighting 
cancerous cell formation and other kinds of health complications 
and diseases. Lycopene content of whole tomato samples 
decreased without significant (p>0.05) variation with distance 
as evident in slightly higher lycopene content of that of Ubani 
(14.37 mg/100g) than Isigate (14.34 mg/100g) and Orie-ugba 
(14.33 mg/100g). Therefore, handling damages due to distance 
and microbial activities do not have any reasonable impact on 
lycopene content of whole tomato samples. Similar decreased 
was also observed in all the nkuwa tomato samples, except that 
the value from Ubani (13.96 mg/100g) was significantly 
(P<0.05) difference from those of Isigate (13.89 mg/100g) and 
Orie-ugba (13.85 mg/100g) which do not differ significantly 
(P>0.05). The variation could probably be due to variety and 
extent of damage due to distance while the similarity could be 
due to reduced microbial activities as a result of their proximity 
which never had any appreciable effect.  
 
Oxalate  
 
Though there was no significant (p>0.05) oxalate decrease in all 
the whole tomato samples from all the three market locations, 
but that from Ubani market (1.53 mg/100g) was slightly higher 
than those from Isigate (1.52 mg/100g) and Orie-ugba (1.51 
mg/100g). Oxalate content of whole tomato samples therefore 
decreased with distance which is a welcome development as 
higher levels interfere with protein digestion (Ijeh et al., 2010).   
Same reason as in the case of lycopene can explain this. There 
were also no significant (p>0.05) oxalate variations in nkuwa 
tomatoes between all the three market locations, but there was 
slight increase in Isigate (1.52 mg/100g) and decrease in in Orie-
ugba (1.43 mg/100g) from Ubani (1.44 mg/100g). The decrease 
could be due to cumulative microbial, enzyme and handling 
damages due to distance and that within Orie-ugba market by 
the retailers.  
 
Microbial load  
 
Results are shown in Table 3.  
 
Bacteria load (BL) 
 
Bacterial load of whole tomato samples significantly (p<0.05) 
increased with distance from Ubani market (8.02 cfu/mlx105) 

through Isigate (10.01 cfu/mlx105) to Orie-ugba (10.53 
cfu/mlx105). This increase could be due to pH increase (4.18-
4.45) with location (Table 1) as high pH (4.5) favours bacteria 
growth (Mamta and Shashi, 2017). Conversely, the BL of nkuwa 
tomato samples decreased significantly (p<0.05) from Ubani 
(18.04 x 106 cfu/ml) through Isigate (11.02 x 106 cfu/ml) to Orie-
ugba (17.01 x 106 cfu/ml). The decrease at Isigate could be due 
to nutrient depiction and resulted in death of same bacteria 
while the increase from Isigate to Orie-ugba could be due to 
recontamination from water used in washing, over crowdedness 
and dirty environment compared to Isigate. The BL recorded in 
the three market locations was higher than 4.00 x 106 - 7.50 x 
106 cfu/ml reported by Agbabiaka et al. (2015) from three 
popular markets in Ilorin, Kwara State, Nigeria. Distance, variety, 
environmental cleanliness, contamination by the traders and 
consumers and extent of damage may be the cause of variation.  
 
Fungi load (FL) 
 
Fungi load of whole and nkuwa tomato samples respectively 
increased significantly (p<0.05) with distance from Ubani (10.03 
and 19.54 cfu/mlx105) through Isigate (11.06 and 28.34 
cfu/mlx105) to Orie-ugba (19.52 and 26.02 cfu/mlx105). The 
increase could be visualized by the whitish deposits on Plates 2, 
4 and 6 than Plates 1, 3 and 5. The increment may be due to 
increased handling activities and microbial contaminations as a 
function of distance from source. Also, more acidic tissues may 
have been available for attack by the fungi (Mamta and Shashi, 
2017). Therefore, FL depended on the degree of damage 
resulting from handling activities as a function of distance from 
the source. Besides, relative humidity of the environment 
(Onwuka, 2014) may have contributed as fungi are surface 
growing organisms. They also grow in acidic environment which 
may have resulted from some level of fermentation. The FL loads 
in this study were lower than 1.60 x 106 - 3.50 x 106 cfu/ml 
reported by Agbabiaka et al. (2015) from three popular markets 
in Ilorin, Kwara State, Nigeria. Distance, variety and extent of 
damage may be the sources of variations. 
 
Table 3 Microbial load of whole and nkuwa tomato samples 
(cfu/mlx105)  

Samples                             Bacterial load                                           Fungi load 
WU 8.02a±0.01 10.03a±0.01 
NU 18.04f±0.01 19.54c±0.01 
WI 10.01b±0.01 11.06b±0.01 
NI 11.02d±0.02 28.34e±0.01 
WO 10.53c±0.04 19.52c±0.01 
NO 17.01e±0.01 26.02d±0.01 

Values are means of triplicate determinations ± standard deviation. 
Mean values in the same column with different superscript are 
significantly different (p<0.05). WU-whole tomatoes from Ubani, NU-
nkuwa tomatoes from Ubani, WI-whole tomatoes from Isigate,  NI-
nkuwa tomatoes from Isigate, WO- whole tomatoes  from Orie-ugba and 
NO- nkuwa tomatoes from Orie-ugba 

 
4. Conclusion 
 
This study revealed that physicochemical and phytochemical 
properties as well as microbial loads of whole and broken 
(nkuwa) tomatoes were affected (mostly on the nkuwa) by 
handling damages orchestrated by long transportation distance 
from the source of bulk purchase. Their color, pH, tannin, 
bacterial and fungal loads were increased while flavonoid, 
phenol, lycopene and oxalate decreased. Therefore, tomatoes 
from Ubani market are the best for human consumption 
followed by that from Isigate and Orie-ugba. Whole tomatoes 
should therefore not be transported far away from the place of 
bulk purchase and must be consumed within two to three days. 
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Though the microbial loads were within the safe limit, they could 
be reduced with improved handling processes. 
This study will guide the farmers and marketers of tomatoes on 
how best to handle tomatoes to minimize microbial 
contaminations and wastes so as to protect life. The general 
public especially the food vendors should also learn from the 
health risks associated with the consumption of nkuwa tomatoes 
fruits which are agents in food borne bacteria and fungal 
diseases Government will be guided by this work on who best to 
formulate food chain policies in transporting perishable fruits 
and vegetables like tomatoes in Nigeria.  
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