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Abstract

Food samples like tomatoes are seasonal and very essential food product that are subjected to great loss
every year as a result of lack of proper preservation. Food irradiation is another way of increasing the
shelf-life of tomatoes other than freezing. The aim of the work was to determine the shelf-life extension
of local tomatoes while maintaining the nutritional value. The best specie of tomatoes (Lycopersicon
esculentum) from northern part of Nigeria was irradiated to determine the shelf-life extension using a
Cobalt-60 Gamma BeamX200. The samples were irradiated with different gamma doses ranging from
100 to 300 Gy. Proximate analyses of the samples were also done to determine if the nutritional content
was maintained after irradiation. The 300 Gy extended the shelf-life of irradiated tomatoes to 52 days
at room temperature. The proximate analysis showed that there was no significant difference between
the proximate composition of irradiated and non irradiated tomatoes. The optimal dose for shelf-life
extension of the studied tomato was 300 Gy. The irradiation of these food composites has clearly revealed
the merits of food preservation by irradiation through considerable shelf-life extension without
degrading the quality of the food irradiated.

Keywords: Tomatoes, Co-60 gamma beam, food preservation, optimum dose, shelf-life
extension

INTRODUCTION

Tomato (Lycopersicon esculentum ) is one of the most widely eaten fruit and vegetable, being
the second most important vegetable crop throughout the world (Zhang et al., 2023). Tomato
belongs to the group of perishable fruits, hence easily subjected to spoilage by both bacteria
and fungi due to its high water content (Alegbeleye, 2022). Tomatoes contain approximately
93 to 95% water and 5 to 7% total solids (TSS) (Arah et al., 2016; Jahanbakhshi et al., 2019).
Tomato is a fruit of high economic importance due to the high consumption rate in Nigeria
and throughout the world. It is known to be rich in vitamins A and C and minerals like
potassium and Magnesium.

Research has shown that, applying low-dose irradiation to a variety of fruits and vegetables
can significantly prevent microbiological deterioration by killing insects and pests in fruit,
inhibit sprouting of vegetables, slowing the ripening of fruits, reducing spoilage of foods and
organisms that can cause disease (Jorge et al., 2017; Mehta, 2011; Kumar et al., 2014), and extend
their shelf life (Khalaf et al., 2014; Ahmad Shah et al., 2014; IAEA, 2015; Erkmen and Bozoglu,
2016; Prakash, 2016). Irradiation is the process of exposing food to appropriate amounts of
ionizing radiation in order to kill moulds, insects, and other potentially dangerous
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microorganisms in order to increase their shelf-life and improve the food quality (Mohamed,
2016; Pan et al., 2021). About 420,000 people died worldwide in 2010 as a result of eating food
contaminated by microorganisms or chemicals, according to estimates from the World Health
Organisation (WHO) (Havelaar et al,. 2015). Food decontamination by ionizing radiation is
safe, efficient, environmentally clean, and energy-efficient (singh and singh, 2019). Most of the
irradiation of cherry tomatoes from previous studies was subjected to between 0.5 to 4.0 kGy
of gamma dose (Gyimah et al., 2019; Bisht et al., 2021; Modu et al., 2023). To achieve these high
doses of gamma irradiation are becoming difficult because of the low dose rate from Co-60
Gamma BeamX200 irradiator in Nigeria as a result of the half life of Co-60, which is 5.2 years.
Looking at the importance of gamma irradiation to reduce post harvest loses which is the
main problem affecting farmer of tomatoes in Nigeria; it becomes necessary to assess how low
dose of gamma irradiation would increase the shelf-life and still retain the food quality.

This work aimed at assessing the impact of low dose gamma irradiation on the shelf-life
extension of local tomatoes while maintaining the nutritional value.

Methodology

Sample Selection and Sample Preparation for Gamma Irradiation

A particular specie of local tomatoes (Lycopersicon esculentum) grown in northern part of
Nigeria were purchased at a major market in Ibadan. The samples were carefully selected and
weighed to ensure close range of weight of samples. The selected samples were thoroughly
and carefully rinsed with water to remove dirt and any microbes that could quickly cause
spoilage. The samples were grouped into four groups of ten fruits per group. Group 1 was a
control sample with no irradiation, group 2 was prepared for 100 Gy, group 3, 200 Gy and
group 4, 300 Gy. These samples were at their fourth stage of maturity at the time of irradiation
and were subjected to gamma irradiation as shown in figure 1, using a Cobalt-60 Gamma
BeamX200 as shown in figure 2, to different gamma doses ranging from 100 to 300Gy. The
food irradiation was carried out at the National Institute of Radiation Protection and Research,
University of Ibadan. Environmental conditions (Temperature and Humidity), during and
after irradiation were noted.

e

Fig.1: Experimental setup for irradiation Fig.2: Cobalt-60 Gamma BeamX200
of Tomatoes
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Proximate analysis

Proximate analyses of the samples were carried out immediately after irradiation to check
their nutritive content. This was done at the Pharmacology Laboratory of the University of
Ibadan, Ibadan. AOAC (2005) official method was used for proximate analysis of tomatoes to
know the nutritional composition through: moisture content, ash, Crude fat, protein,
carbohydrates and fiber contents.

Moisture content

Empty dish and lid was dried in the oven at 105°C for 3 hours and transferred to a desiccator
to cool. The dish and lid was weighed. About 3g of sample was weighed into the dish and
dried again. After drying, the dish was transferred to the desiccator to cool and then
reweighed. Moisture Content of the sample was calculated using equation 1 (Gyimah, 2020).

W1-W2

Moisture (%) = ( Wi

) x 100 1)
Where w1 is the weight of sample before drying and w» is the weight of sample after drying.

Protein content

About 0.5g of each sample of tomatoes was put in a digestion flask and 5g of kjedahl catalyst
and 200ml of conc. HSO4s was added. This was cooled and 60ml distilled water was added
cautiously. The digestion flask was then connected to a digestion bulb on condenser which
was immersed in a standard acid. The content was thoroughly mixed and heat until all NHs
indicators was distilled. The receiver was removed, washed the condenser tip and excess
standard acid was titrated with standard NaOH Solution. The protein content was established
using equation 2 (AOAC, 2005).

(A-B)x Nx1.400 X 6.25
i 2)

Protein =

Where A is the volume (ml) of 0.2 N HCl used in sample titration, B is the volume (ml) of 0.2
N HClI used in blank titration, N is Normality of HCI, w is the weight (g) of sample. 14.00 is
the atomic weight of Nitrogen and 6.25 is the protein - nitrogen conversion factor.

Fat Content

A spotless 250cm? boiling flask was dried for 30 minutes at 105-110 degrees Celsius in an oven
before being placed in a desiccator and allowed to cool. 200 cm3 of petroleum ether was added
to the flask after it had cooled. A precise two grammes of the material were weighed and
placed into thimbles with labels. After carefully plugging the extraction thimble with cotton
wool, the thimble was taken out. For one hour, petroleum ether was collected at 105°C. After
that, it was taken out of the oven and placed in desiccators to cool before being weighed.
Percentage fat content was established using equation 3 (AOAC, 2005).

Weight of Fat

0, Fat = ——M8M8M—
/o Weight of Sample

x 100 3)

Ash Content

Irradiated and non-irradiated dry samples up to five grammes each were separately weighted
into a silica/porcelain crucible (to prevent dust contamination after weighing). The sample
was first burned on an electric heater to remove the majority of the smoke, and then it was
moved into a muffle furnace that had been preheated to 550°C for two hours. The crucible was
then cooled in a desiccator, and the resulting grey ash was weighed.
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weight of ash

Ash (%) = x 100 4)

weight of sample

Crude fiber

A 500 ml conical flask was filled with one gramme of tomatoes. A mixture of 500 ml glacial
acetic acid, 450 ml water, and 50 ml concentrated nitric acid was mixed to make 100 ml of
trichloroacetic acid digestion reagent. After boiling, the mixture refluxed for forty minutes. A
condenser with a water jacket stopped liquid loss. After being taken out of the heater, the flask
was cooled with a cold tap and filtered. The leftover material was desiccated in a desiccator,
dried at 600°C for the entire night, and weighed.

Difference in weight
£L x 100

o/ Fi —
YoFiber Weight of sample (5)

Carbohydrate
Equation 6 was used to calculate the amount of carbohydrates present by deducting the
percentage of moisture, ash, proteins, fibre, and fats from 100.

%~Carbohydrate = 100 — (% moisture + %Crude Protein + %Crude Fat + %Crude fibre +
%Ash) (6)

Statistical Analysis

Analysis of variance was carried out on the proximate composition of the sets of tomatoes

(irradiated and control) to show if the nutritional content of irradiated tomatoes is

significantly different from the control (non-irradiated) ones, using the hypothesis;

Ho: There is no significant difference between the samples of irradiated and non-irradiated
samples of tomatoes.

Hi: There is a significant difference between the samples of irradiated and non-irradiated
samples of tomatoes.

RESULTS AND DISCUSSION

Percentage of viable tomatoes after irradiation

After irradiation, the control and irradiated samples of tomatoes were physically assessed and
the percentage of viable tomatoes days after irradiation was determined as shown in figure 3.
About 50% of tomatoes; both irradiated and non irradiated samples that were exposed to 100
Gy were already rotten by the end of the seventh day. Two weeks after irradiation, all the
tomatoes in the control group and the irradiated ones at 100 Gy group were completely rotten.
This implies that 100 Gy dose of gamma irradiation was not sufficient to increase the shelf life
of fresh tomatoes. Regarding shelf life extension, there was no difference between the non-
irradiated and irradiated samples at 100 Gy. At the end of the fourteenth day, more than 50%
of the irradiated tomatoes with 200 Gy were rotten, while about 70% of the irradiated tomatoes
with 300 Gy were still good. The irradiated tomatoes with 300 Gy dose extended the shelf-life
to 52 days at room temperature, with about 30% of good tomatoes left.

Proximate analysis

The proximate analysis is presented in Table 1. In the present study, the values of moisture,
ash, crude fiber, protein, fat, and carbohydrates contents in the control and irradiated samples
were compared.
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Moisture, Fat and Ash content

There is no consistency in the moisture, fat and Ash content among irradiated and non-
irradiated tomatoes. Figure 4a shows the percentage moisture content in both irradiated and
non irradiated tomatoes while figure 4b shows other proximate composition of irradiated and
non irradiated tomatoes.

Protein, Carbohydrate and Crude fiber content
There is slight increase in protein content and decrease in carbohydrate and fiber content after
irradiation. This is in agreement with the work of Munir et al., 2018 and Ejiga et al., 2023.

Statistical analysis of the proximate composition is presented in Table 2. From the Table, the
ANOVA comparison of tomato samples across irradiated and non-irradiated samples
confirms a non-significant difference among the non-irradiated samples (control) and the
irradiated samples. Therefore, we do not reject the null hypothesis. It is thereby concluded
that there is no significant difference between the nutrient content across the different
irradiated and non-irradiated tomato samples. It was observed that the proximate
composition is maintained. This implies that irradiation of tomatoes up to 300 Gy did not
reduce the nutritional composition.

120 +

100 -
80 -
H Control
60 - m 100 Gy
200 Gy
40 1 m 300 Gy
20 - l
O i T T T T T T

Day 1 Day 3 Day7 Day14 Day2l Day28 Day35 Day42 Dayb52

Fig.3: Percentage of viable Tomatoes days after irradiation
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Tablel: Proximate analysis of Irradiated and Non Irradiated (Control) Tomatoes

Gamma Number of % Moisture % Crude
Dose replicate Content % Fat % Protein Fiber % Ash % Carbohydrate
1 93.68 0.08 1.28 0.60 0.09 4.27
= 2 93.13 0.12 1.28 0.58 0.08 4.81
'g 3 93.68 0.08 1.28 0.60 0.08 4.28
© Mean 93.50+0.32 0.09+0.02 1.28+0.00 0.59+0.01 0.08+0.01 4.45+0.31
1 93.89 0.12 1.39 0.58 0.08 3.94
o 2 94.06 0.12 1.36 0.58 0.08 3.8
g 3 94.06 0.12 1.37 0.53 0.06 3.86
= Mean 94.00+0.10 0.12+0.00 1.37+0.02 0.560.03 0.07+0.01 3.87+0.07
1 93.75 0.16 1.73 0.44 0.08 3.84
o 2 93.75 0.16 1.73 0.44 0.08 3.84
g 3 94.19 0.16 1.73 0.42 0.09 341
& Mean 93.90+0.25 0.1620.00 1.73+0.00 0.43+0.01 0.08+0.01 3.70+0.25
1 95.72 0.12 1.75 0.44 0.06 191
o 2 96.23 0.12 1.75 041 0.06 1.43
g 3 95.72 0.12 1.75 0.43 0.06 1.92
& Mean 95.89+0.29 0.12+0.00 1.75+0.00 0.43+0.02 0.06+0.00 1.75+0.28
% Moisture Content
96.5 -
96 -
95.5 -
95 -
94.5 -
94 -
93.5 -
93 -
92.5 -
92 . .
Control 100 Gy 200 Gy 300 Gy
Fig. 4a: Moisture content of irradiated and non irradiated tomatoes
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H Control

m 100 Gy

200 Gy

W 300 Gy

Fig. 4b: Proximate composition of irradiated and non irradiated tomatoes

Table 2: Statistical analysis of the proximate composition of the Control and Irradiated
tomatoes

Proximate Source of SS df MS F P-value F critical
Composition Variation
% Protein Between 5.26E-01 3 1.75E-01 3.01E+03 1.52E-12 4.07E+00
groups
Within 4.67E-04 8 5.83E-05
groups
Total 5.27E-01 11
% MC Between 1.03E+01 3 3.42E+00  5.23E+01 1.34E-05 4.07E+00
groups
Within 5.23E-01 8 6.54E-02
groups
Total 1.08E+01 11
% Fat Between 6.80E-03 3 2.27E-03 1.70E+01 7.85E-04 4.07E+00
groups
Within 1.07E-03 8 1.33E-04
groups
Total 7.87E-03 11
% Crude Between 6.74E-02 3 2.25E-02 6.74E+01 5.08E-06 4.07E+00
fiber groups
Within 2.67E-03 8 3.33E-04
groups
Total 7.01E-02 11
% Ash Between 1.10E-03 3 3.67E-04 7.33E+00 1.10E-02 4.07E+00
groups
Within 4.00E-04 8 5.00E-05
groups
Total 1.50E-03 11
% CHO Between 1.24E+01 3 412E+00  6.85E+01 4.77E-06 4.07E+00
groups
Within 4.81E-01 8 6.01E-02
groups
Total 1.50E-03 11

P value > 0.05 means there is no significant difference and P value < 0.05 means there is significant difference
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CONCLUSION

Shelf-life extension of local tomatoes in Nigeria was assessed using low dose irradiation from
a Co-60 gamma source. Proximate analysis was also carried out on both irradiated and non
irradiated samples to determine the nutritional content. It was concluded that 100 and 200 Gy
of gamma doses were too low for irradiation of tomatoes. At 300 Gy, there was significant
extension of the shelf-life of Nigerian tomatoes. It could also be concluded that gamma
irradiation did not reduce the nutritional composition of the tomatoes and could be suggested
for higher gamma doses for better result.
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