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Abstract

Samples of tomato fruits were dried under four different conditions: open-air sun drying method and by using
three different models of integral passive solar dryers which include Green house solar dryer, Sun-tracking solar
dryer and Latitudinal box solar dryer. The fresh tomato samples and the dried samples were analysed for vitamins
A, C and E. The results showed a significant difference in the concentrations of Vitamins A, C and E between the
fresh and the dried samples for all drying systems. While Vitamins C reduced in concentration for all dried samples,
Vitamins A and E increased significantly with open-air system having the highest value in vitamin C concentration
while latitudinal box dryer gave the best result in terms of vitamins A and E retention. All year round availability of
tomato could be enhanced by chipping and drying. Packaging and marketing of dried chips in small quantities could
be a lucrative entrepreneurial endeavour for the business minded.
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Nomenclature: CRD: Completely Randomized Design; D.F: Degree
of Freedom; F-LSD: Fisher’s Least Significant Difference; H;: Null
Hypothesis; r: Replications; t : Treatment Sources; UVs: Ultra Violet
Rays; s: Standard Deviations; t: Test Value; x: Individual Vitamin Value

Introduction

Tomato is the fruit of the plant- Solanum lycopersicon from the
family of solanacea (night shade). It is an annual crop which can grow
to a height of 70-200cm. Tomato now grown worldwide for its edible
fruits, is native to the western side of South America. There are about
7500 tomato varieties with the most widely grown commercial tomatoes
in the range of 5-6 cm diameter. Most cultivars produce red fruit, but a
number of cultivars with yellow, orange, pink, purple, green, black, or
white fruit are also available. The tomato fruit is consumed in diverse
ways, including raw, as an ingredient in many dishes and sauces, and
in drinks. Tomato fruits are high in beta carotenes, vitamins A and C
[1]. Simple observation shows that like every other fruits, preservation
of tomato is at a very low level in Nigeria [2]. Storing the fruit fresh
by refrigeration or drying mechanically can hardly be attained due to
epileptic power supply in the country [3]. In this respect, solar drying
could be a good option.

Sun drying is a cheap method of preserving fruits and vegetables
because it uses sunlight as its source of heat. However, it is generally
accepted that open-air sun drying has limitations due to dust
contamination, bird and rodent attacks, fungal attacks and the risk
associated with sudden rainfall upon the product being dried [3].
Several works have been reported on the development and evaluation
of solar dryers to mitigate the limitations of open-air sun drying [3-5].
Solar drying combines the advantages of traditional open-air drying
and industrial methods. This according to [6] requires low investment
costs but yields high product quality. The use of solar drying systems
by farmers is still unpopular in Nigeria. Most of these dryers are very
simple and easy to construct using local materials. Most of the dryers
were designed and evaluated only in comparison with open-air drying
method [6-10]. Comparative evaluation is seldom reported. In this
paper, three different models of the passive solar dryers were selected
for comparison using tomato as a test sample to determine the effect of
these dryers on its nutrient content namely vitamins A, C and E.

Materials and Methods
Drying method

Three models of passive solar dryers developed at the National
Centre for Energy Research and Development, University of Nigeria,
Nsukka were used for this study. The solar dryers used are all of natural
convection type as shown in Figure 1, which include Green house
solar dryer, Sun-tracking solar dryer and Latitudinal box solar dryer.
Latitudinal box solar dryer is of metal body painted black. It has a
perforated opening at the top and bottom of the north and the south
end respectively. The glass cover is inclined at an angle of 22°. Green
house solar dryer is made of glass at all sides except at the bottom with
a perforated aluminium sheet. Sun-tracking solar dryer has a manual
sun tracking system. It is covered with glass on both the top and on one
side with the rest covered with metal. It is perforated at the bottom and
along its door as shown in Figures la-c.

Plant materials

Tomato fruits (plum variety) bought from Nsukka main market
was used for this study. They were washed and sliced uniformly.
Random samples from the chips were analyzed for vitamins A, C, and
E using the official methods of analysis of the Association of Official
Analytical Chemists, AOAC [11]. The initial moisture content was
also analysed using MB 35 Halogen moisture meter. They were then
divided into four parts, each for the three dryers and one part for
open-air sun drying as control for the study. The ambient and chamber
temperatures throughout the duration of the process were measured
using [-BK Precision thermocouple, while relative humidity of the
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systems was measured with Vaisala Humidity Indicator. The weight
loss during drying which was assumed to be only moisture loss was
monitored periodically by weighing the samples until the weight was
constant. It was used to determine moisture content periodically. The
vitamin analyses of the dried samples were determined and the results
compared with fresh (undried) ones.

Statistical design and method

The vitamin analysis was done using the Completely Randomized
Design (CRD) statistical method. The analysis of variance table for
CRD is as shown in Table 1 [12].

The decision rule for CRD is if F-calculated is greater than or equal
to F-tabulated at a given probability level then the F test is significant.
A significant F test means that at least one of the drying systems
(treatments) is significantly different. Then, the multiple comparison
Test using equation 1 was done to find out which treatment differs
from others (Obi, 2002).

2+§?
r

F—LSD 5 =|t o5,Errord.f. (1)
2

If the difference between two means is greater than the E-LSD.

H, is rejected with the conclusion that the two mean are statistically

different.
Results and Discussion

The ambient and chamber temperatures throughout the duration

Figure 1b: Green house solar dryer.

Figure 1c: Sun-tracking solar dryer.

of the process excluding night periods ranged between 27.1-35.5°C
(ambient), 29.8-54.8°C (Latitudinal box dryer), 28.6-50.8°C
(Greenhouse dryer), and 27.5-62.0°C (Sun-tracking dryer) with
ambient temperature having the least values for all readings as shown
in Figure 2a. The maximum relative humidity recorded were 85.0%
(ambient), 74.5% (Latitudinal box dryer), 78.0% (Greenhouse dryer),
and 73.0% (Sun-tracking dryer) with ambient relative humidity having
the highest values for all readings as shown in Figure 2b.

At an interval of two hours, each sample was weighed and moisture
content calculated from the weight loss. These figures were monitored
until the samples were physically dried. The results showed that after
three days of drying, the moisture content of tomato dropped from
2531.58% db to 50.58% db (open-air), 8.817% db (“A”), 35.17% db
(“B”), 19.3% db (“C”). The monthly average daily radiation for the
month of April during which the study was done has been estimated to
be 17.730 MJmday for Nsukka [13].

The result of the analysis of CRD showed varying significant
difference for all vitamins (Table 2). The dried samples for all drying
systems showed significant different vitamin concentrations from the
fresh samples. This simply means that there was an acceptable change
in vitamins concentrations as a result of the drying. The superscript
in Table 2 shows the level of significance in the concentrations in
descending order; a representing the highest yield while e represents
the lowest yield. The three dryers showed no significant difference in
vitamin A but different from open-air system.

While there are losses of vitamin C concentration in all the drying
methods used, Vitamins A and E concentrations in the solar dryers
increased significantly. Vitamin C is a water soluble vitamin and
is rapidly destroyed by heat. Vitamin A and E were not affected by
heat but susceptible to light and air as can be observed in solar dried
samples. Thus, it can be noted from (Table 2) that sun-tracking dryer
recorded the lowest value of vitamins A and E among the solar dryers
used due constant tracking of light. The concentrations of vitamin A
and E in the open-air system were generally low due to exposure to
both light and wind when compared to solar dryers. The result of the
sensory evaluation of the samples indicates that open-air dried samples
had less acceptability when compared to solar dried samples. This
perhaps could be attributed to exposure of the samples to UVs from
the sun which adversely affected its colour and darkened the samples
after prolonged exposure to direct sunlight [6].

Conclusion

Samples of tomato fruit were dried in the open-air and with
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Sources of Variation (D;g)’ees of Freedom Sum of Squares (SS) Mean Squares (MS) F-Cal F-Tab (5%)
Among Treatments -1 Among Treatments SS (T,SS) Among Treatments MS=TMS=(T_SS)/(t,-1) TMS/EMS gglrg statistical
Within Treatments Within Treatments SS s _
(Experimental error) t, (r-1) (ESS)=TSS-T.SS Within Treatments MS (EMS)=ESS/(t,(r-1)) ~ ~
Total t,r-1 Total SS (TSS) _ _ _
(Obi, 2002)
Table 1: The ANOVA Format for a Completely Randomized Design (CRD).
Vitamins Fresh samples/dryers A B C D
A (IU)x102 8.71£0.01° 96.13 +0.57° 96.13 £ 0.472 95.11+0.112 58.71 + 0.08°
C (ug) 500 + 0.03¢ 82.45+0.07¢ 272.25+£0.07° 189.85+0.07°¢ 409.66 +0.132
E (mg) 0.94+0.01° 41.95+0.04° 23.94 +0.09° 22.53+0.11° 6.29+0.06¢

Table 2: The Vitamin Analysis of Pawpaw.
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Figure 2a: Relative Humidity of the dryers against Time.
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Figure 2b: Temperature Readings of the deryers against Time.

solar dryers. Vitamin A, C and E were analysed to determine their
concentrations before and after drying. In all cases, there were
significant changes in the concentration of vitamins after drying. For
vitamin A, there was no significant difference among the solar dryers
used while they varied significantly from open-air drying system.
Among the drying systems used, open-air system gave the highest yield
in vitamin C concentration while latitudinal box dryer gave the highest
yield of vitamin C and E concentrations’. Hence, the use of solar dryers
for drying tomato increase the concentration of fat soluble vitamins
while open-air system enhances water soluble vitamins better than
solar dryers.
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