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Abstract

Effect of two simple drying methods (sun drying and oven drying at 40 °C, 50 °C and 60 °C) on the quality of tomato slices were evaluated. Fresh
tomato sample served as the control. Firm and fresh ripe tomatoes were washed and sliced to a uniform thickness of 7mm. 200g each of the sample
was dried for12 hours and the moisture loss was monitored at 2-hour interval. The fresh and dried tomato slices were evaluated for changes in
moisture content, lycopene, beta-carotene, ascorbic acid, as well as total bacterial and fungi counts.

The moisture content was significantly (at p<0.05) reduced after drying from 88.09% (for fresh samples) to 16.87%. The contents of ascorbic
acid in the control sample significantly (at p<0.05) reduced from 17.78mg/100mg (for fresh) to 10.23mg/100mg in the sun-dried samples
(lowest value). There was considerable increase in the beta-carotene content from 1.16+0.22% in the control sample to 1.91+0.11%, 1.96+0.22%,
1.78+0.11% and 1.45+0.19% in samples dried at 40 °C, 50 °C, 60 °C and sun-dried samples respectively. Lycopene content also increased with drying.
Beta-carotene and lycopene were best retained in samples dried at 50 °C. Tomato slices dried in the oven had lower microbial load compared with
sun-dried samples. Microbial load reduced with increase in oven temperature with sun-dried samples having the highest microbial load.
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Introduction

Tomato (Lycopersicon esculentum) is regarded as one of the most
important vegetable crops grown all over the world and Nigeria in
particular, after onions and pepper [1]. In Nigeria, tomato accounts
for about 18% of the average daily consumption of vegetables [2].
Tomatoes are a good source of vitamin C and vitamin A equivalents
(in the form of B-carotene) and provide some vitamin E, folic acid,
potassium and other trace elements. One of the most well-known
tomatoes eating benefits is its lycopene content. Lycopene is a vital
anti-oxidant that helps in the fight against cancerous cell formation
as well as other kinds of health complications and diseases. Diets
that include tomato have been linked with reduced risk of obesity

and some neurological diseases including Alzheimer’s disease.

Nigeriais ranked the second largest producer of tomato in Africa
and 13" in the world [3]. Due to lack of post-harvest enterprise
and poor post-harvest storage plans, Nigeria is unable to meet its
domestic demands for tomatoes even though it ranks 13" on the
world tomato production hierarchy. The high moisture content
of tomato makes their handling, transportation and marketing a

@ @ This work is licensed under Creative Commons Attribution 4.0 License|G]NFS.MS.ID.000521.

problem especially in the tropics [4]. Tomatoes deteriorate rapidly
after harvest, requiring preservation and/or processing in other to
extend its shelf life.

Drying tomatoes is one of the easiest known preservation
methods. The amount of time it takes to dry tomatoes depends on
the tomato variety, the air’s humidity during the drying process,
the thickness of the tomato slices or pieces, and the efficiency of
the dehydrator or oven. Traditionally, drying has been used as a
method of preserving foodstuffs in Nigeria and other developing
countries [5]. Drying basically removes moisture from food and this
inhibits the growth of bacteria and fungi. Moreover, it slows down
the enzyme action without deactivating them. These factors ensure
that food does not spoil easily and hence, makes drying an effective
food preservation technique.

Since tomato is seasonal, preservation is important to minimize
wastage and spoilage during the tomato producing season and
to ensure that maximum nutritional contents of the fruits are
retained. The success of such effort would lead to the development
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of a suitable and usable technology profile that would ensure the
optimization of the production of good quality dried tomato fruits
at small and medium scale levels. This study, therefore, intends to
determine the effect of sun drying and oven drying (at some selected
temperatures) on the chemical and microbiological properties of
fresh tomatoes, with a view to reducing wastages and increasing
the income generation of rural farmers.

Materials and Methods
Procurement of tomatoes

Matured fresh tomato fruits devoid of any form of known
injury were obtained from “Ipata” market in Ilorin, Kwara State and
were transported in a clean polythene bag to the microbiological
laboratory of the Department of Home Economics and Food Science,
University of Ilorin, Ilorin, Kwara State, Nigeria.

Samples preparation

The tomatoes were washed with clean and portable tap water.
Prior to drying, the individual tomatoes were cut into slices of
7mm thickness. The tomato slices were placed on the drying tray
and dried in an oven operated at temperatures of 40, 50 and 60
°C. Reduction in weight and moisture content were monitored
at 2-hour intervals until the equilibrium moisture content was
achieved. Some tomato slices were also sun dried. Sun drying was
done between 10.00 hours and 16.00 hours for two days. Sun drying
was operated with the sliced samples placed on a clean drying tray
and placed on a raised platform to eliminate or drastically reduced
the rate of contamination.

Chemical analysis

Dried tomato slices were analyzed for moisture, ascorbic acid,
beta-carotene and lycopene. Moisture and ascorbic acid were

determined according to [6].

Beta-Carotene and lycopene analyses

Beta-carotene and lycopene were determined from the dried
methanolic extract according to [7]. 100mg of extract was mixed
with 10ml of acetone-hexane mixture (4:6) for 1 minute and
filtered. The absorbance was read in a spectrophotometer at three
different wavelengths (453,505&663nm). The f-carotene and
lycopene content were calculated by:

B-Carotene (mg/100 ml) = 0.216xA663 - 0.304xA505 +

0.452xA453.

Lycopene (mg/100 ml) = -0.0458xA663 + 0.372xA505 -
0.0806xA453.

Microbiological analysis

The samples were macerated and 1g each of the sample was
mixed with 9 ml of sterilized peptone water to release bacterial and
fungi cells. Two different types of agar culture media were used to
culture the released bacteria and fungi cells. They were nutrient
agar (NA) and potato dextrose agar (PDA). The former was used to
culture bacteria, while the later was used to culture fungi infections.

The culture media, for each thickness, was serially diluted to

three population densities (10, 10 and 10°3CFU/g) in sterilized
peptone water. Thereafter, 0.1ml of each of the dilution was surface
plated in duplicate. For bacteria and fungi count, 10-3was plated.
The inoculated plates for bacteria were incubated for 48 hours,
while that for fungi were incubated for 72 hours [8]. At the end of
the incubation period, the colonies were counted for both samples
using laser colony counter.

Statistical analysis

Data obtained were analyzed statistically using [9] and where
significant differences exist, the Duncan Multiple range test was
employed to separate the means.

Results and Discussion
Moisture content

(Table 1) shows the moisture content of the fresh and dried
tomato slices. The result of the proximate analysis showed that,
there was significant differences (at p<0.05) in the moisture content
of the samples (fresh and dried). However, there was no significant
difference between samples T , T,and T, (T,= Tomato slices dried
at 40 °C, T,= Tomato slices dried at 50 °C, T,= Tomato slices dried
at 60 °C, and T,= Sun dried tomato slices). The moisture content
of fresh tomato fruit was 88.09+1.65%, while the moisture content
of dried tomato slices ranged from 16.85+0.37 to 20.32+0.13%
as expected. Sample T, dried faster and had a lower moisture
content (16.85+0.21%) compared to samples T, (18.15+0.13%),
T, (17.75+0.78%) and T, (20.32+0.37%). This may likely be due to
the increased temperature. These results show that the moisture
content of dried tomato slices is below the maximum limit of 25%.

Table 1: Chemical Composition of Fresh and Dried Tomato Slices.

Fresh 88.09+1.65* | 17.78+0.15° 1.16+0.224 1.74+0.06°
T, 18.15+0.13* | 14.97+0.11° 1.91£0.112 7.88+0.06¢
T, 17.75+0.78° | 13.33+0.63¢ 1.96+0.222 9.81+0.08°
T, 16.85+0.21° | 13.23+0.07¢ 1.78+0.11° 9.13+0.00°
T, 20.32+0.37¢ | 10.23+0.62¢ 1.45+0.19¢ 5.52+0.06¢

Results in the same column with the same superscript were not
significantly different (p>0.05).

Key; Fresh- Fresh tomato, T,= Tomato slices dried at 40 °C, T,= Tomato
slices dried at 50 °C, T,= Tomato slices dried at 60 °C, T,= Sun dried
tomato slices.

Drying involves the application of heat/or other means to
remove water vapour [10], and drying in this case, sun drying,
slightly reduces the quality of the colour and vitamin content
[11]. Drying method was adopted putting into consideration the
financial capability of majority of people in this country (third
world and developing) and to design for the farmers, a very simple
method of preserving their tomato glut and increasing their income
generation. Their low per capital income made them adopt little/
no or poor preservative methods [12-14]. The need to drastically
reduce the huge losses being recorded in tomato production in the
country in order to make all round availability of the tomatoes and
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more income to the producers was of great importance to us. Some
researchers, [15] had looked at sundried tomatoes samples that
were kept in olive oil.

For the records, drying method is one of the numerous methods
used in curbing losses and [16] reported that about 20% losses
are being recorded in tomato harvested annually in Nigeria due
to poor storage and transportation or through poor handling and
packaging. Drying would help reduce the weight of the produce,
make handling easier and help increase the shelf life of the produce
even more in this part of the world, where the ambient temperature
is very high and per capital income, very low.

According to [17], ascorbic acid content of tomatoes is about
16.9mg/100g, and for the ascorbic acid content of the fresh tomato
used for the research, it was 17.78+0.15, while that of the dried
tomato samples ranged from 10.23+0.62 to 14.97+0.11. The values
recorded were like that reported by [18] (9.11 to 14.76 mg/100g).
The two drying methods (sun and oven) reduced the ascorbic acid
content of the tomatoes, which was in line with the report of [19].
Also, [20] reported a decrease in ascorbic acid content at different
drying conditions. From (Table 1), it could be observed that the oven
dried samples had higher ascorbic acid values when compared with
sun dried samples. It could be observed that there was a continuous
decrease in the value of ascorbic acid as the drying time and the
temperature increased (for oven and sun drying). Hence, the higher
drying time and temperature result in the lower value of ascorbic
acid in tomato. This may be since ascorbic acid content of food is
destroyed by exposure to heat [5]. The ascorbic acid content of

fresh and dried tomato slices was significantly different at p<0.05.

The beta-carotene content of fresh and dried tomato slices is
also reported in (Table 1). The beta-carotene of fresh sample was
1.1620.22 and those of samples T, to T, ranged between 1.45+0.19
and 1.96+0.22. Beta-carotene was better retained in sample T,. The
increase in carotene could be due to concentration of pigment in
dried samples after a considerable amount of moisture has been
removed [21]. Bioavailability of carotenes can also be enhanced by
thermal treatment [22]. The (-carotene content of fresh tomatoes
significantly increased (at p<0.05) from 1.16+0.22 to 1.91+0.11
(T, 1.96+0.22 (T,), 1.78+0.11 (T,) and 1.45£0.19 (T,) when dried
in the oven at 40°C, 50°C and 60°C and when sun dried. The value of
beta-carotene obtained after sun drying was lower than the value
(5.2mg/100g) reported by [26].

Lycopene is a phytonutrient and an antioxidant, and this
pigment is responsible for the characteristic deep red colour of ripe
tomatoes and their products [23]. (Table 1) shows the lycopene
content (in mg/100g) of dried tomato slices which ranged from
5.52+0.06 to 9.81+0.08 and that of fresh sample was 1.74+0.06.
Lycopene content significantly (at p<0.05) increased with increase
in temperature and decrease in the moisture content (i.e in
concentration). Sample T, had significantly greater lycopene content
than the control sample and samples T,, T,, and T, respectively. The
increase in lycopene during drying confirms the findings of [24],

who reported that thermal treatment could increase the release of
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phytochemicals from the matrix of the tomato, as well as [25] who
reported increase in lycopene of hot air-dried tomato. The increase
in lycopene content in all dried samples could be due to break down
of cell walls by thermal process, which weakens the bonding matrix
between lycopene and tissue matrix and hence, make lycopene
more accessible [26].

Comparing the oven dried tomato slices, samples dried at 50
°C had the highest lycopene value (9.81+0.08) followed by that
dried at 60 °C (9.13+0.00) and at 40 °C (7.88+0.06). Sun dried
tomato slices had lycopene content lower than oven dried samples
(5.52£0.06), but higher than the control (1.74+0.06), the fresh
sample, which could be attributed to its high moisture content. The
lycopene content of sun-dried tomato slices was higher than the
value (1.58mg/100g) obtained by [27] (Table 1).

Microbiological analysis

Microbiological quality is a common criterion used to determine
the acceptability and shelf life of dehydrated plant-based products.
Some microorganisms are destroyed in the process of drying,
though the process is not lethal enough for all microbes. Microbial
count of the dehydrated foods depends on handling quality of
utensils used during the processing period [28]. Fresh and dried
tomato slices had both bacteria and fungi when isolated on both
nutrient agar and potato dextrose agar. The microorganisms
reduced with drying temperatures and conditions as shown in
(Table 2). From the results, the viable bacterial count ranged from
0.8x10* to 1.3x10? cfu/g with fresh tomato slices having the highest
value (1.7x10%cfu/g). Samples T, (1.3x10%cfu/g), T, (1.3x10%cfu/g)
and T, (1.1x10") respectively. The least was obtained from sample
T, (0.8x10'cfu/g). The differences in the observed values may
be attributed to the drying time, the characteristics of the drying
environment, intensity of temperature [5]. Low temperature and
long drying time may favoured the growth of bacterial and fungi [5]
and could be responsible for the results obtained in this research
work.

Table 2: Microbial Evaluation of Fresh and Dried Tomato Slices.

Fresh 1.7x10° 0.7x10*
T, 1.3x10? 0.3x10"
T, 1.1x10! 0.2x10!
T, 0.8x10* 0.1x10*
T, 1.3x10? 0.2x10?

Keys; Fresh= Fresh tomato, T,= Tomato slices dried at 40 °C, T,= Tomato
slices dried at 50 °C, T,= Tomato slices dried at 60 °C, T,= Sun dried
tomato slices.

Fungal growths were generally lower than bacterial growths and
this may be since bacteria are able to withstand the temperatures at
which the samples were dried. The total bacterial and fungal count
of samples were within the accepted range by [29], where values
of <10° for bacteria and 103-10* for fungi are stipulated (Table 2).

Conclusion

From this study, it could be concluded that oven dried tomato

slices gave better results in terms of all the parameters studied,
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compared to sun dried samples. Tomato slices dried in the oven
can be preserved longer than sun dried sample due to lower
moisture content and microbial load. Lycopene and beta-carotene
contents of the tomato slices increased significantly after drying
with samples dried at 50 °C having the highest values. Ascorbic acid
concentration was highly diminished among all the samples dried.
We could also say that sun drying and oven drying can be adopted
by these low-income tomato farmers to preserve their numerous

tomato output and equally increase their income generation.

Further studies are needed to determine the optimum storage
conditions, suitable packaging materials and yield of dried tomato
slices. Also, subsequent studies should include sensory evaluation

to determine consumers’ preference.

However, | will recommend the use of oven drying at 50 °C and
sun drying for these numerous peasant farmers in Nigeria and even
in other developing countries in order to have their bumper tomato
harvests preserved and equally increase their income with these
simple technologies.
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