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Fresh tomato fruits have a very limited shelf life partly due to their 
high moisture content and respiration rate. A possible way of storing 
tomato fruits is to dry and process them into powder or paste. 
Therefore, this research was conducted to determine the effects of 
drying methods and packaging materials on physical and sensory 
qualities of powdered tomato in Yola, Adamawa State, Nigeria. 
Harvested fruits of tomato variety, “Rio de grande” were subjected to 
blanching and subsequent drying methods and packaging materials. 
The experiment was laid out in a Completely Randomized Design 
(CRD); with the drying methods placed in main plot while the 
packaging materials in sub-plot and repeated three times before 
storage for twelve weeks. At four weeks of storage, oven drying 
method was found to be statistically different (p≤0.05) in terms of 
water absorption capacity value of 3.19 (mg/100g). The glass jars 
performed better than polythene bags in color retention, taste and 
consistency at four weeks of storage. The study shows that tomato 
fruits can be successfully dried using oven, sun and shade drying 
methods but preferably oven drying method. The processed powder 
could be successfully stored for 12 weeks or above using either glass 
jars or plastic container without affecting the consumer appeal and 
this will also reduce the postharvest losses of tomato fruits. 
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INTRODUCTION 
 
Tomato (Lycopersicon lycopersicum L.) meaning “worlf-
peach”, is a herbaceous, usually sprawling plant of the 
Solanaceae or night shade family that is typically cultivated 
for the purpose of harvesting it’s fruits for human 
consumption (Agrios, 2005). Tomato is one of the most 
important commercial and dietary vegetable crops that are 
cultivated all over the world for its fleshy fruits. Tomato 
being a climacteric fruit, rapid rise in rate of respiration 

leads to fruit deterioration during handling. After 
harvesting further transpiration loses make the fruit 
shrive and eventually becoming unmarketable (Adaskaveg, 
2002). They are eaten fresh in salads or processed and can 
be stewed, fried, baked and used to produce soup, or used 
as juice (Varela et al., 2003).  

In addition to this versatility, tomatoes are also an 
important  source  of  vitamins  and  minerals. According to  
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Keith (1999), antioxidants can prevent, stop, or reduce 
oxidative damage. Antioxidants are naturally occurring 
chemicals in many foods, especially fruits and vegetables. 
Foods rich in antioxidants help protect humans from 
disease attack and they slow the aging process (Sun et al., 
2009). The balance between free radicals and antioxidants 
will determine the amount of oxidative stress a person is 
undergoing. Decreasing free radical production, increasing 
dietary antioxidant intake or both can reduce oxidative 
stress (Keith, 1999). Lycopene is the pigment responsible 
for the characteristic deep red color of ripe tomatoes and 
their products (Ibitoye et al., 2009). According to 
Lindshield et al., (2006) lycopene has earned a plethora of 
interest for its use as a preventative measure and possible 
treatment for cardiovascular disease, skin health, eye 
health, and prostate cancer. These positive effects on 
human health are attributed in large part to the 
antioxidant compounds found in high quantities in fruits 
and vegetables (Ames, 1993). Tomato may be preserved 
into paste and powders which is used for cooking and in 
production of fruit drinks, puree and ketchup (Ayandiji 
and Adeniyi, 2011). 

Tomato has a very short shelf life because of its 
climacteric nature, high moisture content and high 
respiration rate which predisposes it to loss of 
wholesomeness. Also very high percentage of tomato 
suffers a lot of bruises and cracks because of its thin 
epidermis during harvesting which affect quality and 
subsequent market value. Drying is a mass transfer 
process that consists of water moisture evaporation from 
foodstuffs (Ayandiji and Adeniyi, 2011). The initial 
moisture content of the product influences the drying rate 
(Alamu et al., 2010). During drying, the moisture contained 
in the product is vaporized under the effect of heat and 
transferred to the ambient air (Alamu et al., 2010). Drying 
is an excellent way to preserve food and solar dryers are 
appropriate food preservation technology for sustainable 
development. Drying was probably the first ever food 
preserving method used by man, even before cooking 
(Alamu et al., 2010). It involves the removal of moisture 
from agricultural produce so as to provide a product that 
can be safely stored for longer period of time. In view of 
these, this study was carried out in Yola with the objective 
to determine the effects of drying methods and packaging 
materials on the physical and sensory qualities of 
powdered tomato. 
 
 
MATERIALS AND METHODS 
 
The study was carried out in the laboratories of the 
Departments of Crop Production and Horticulture, and 
Food Science and Technology, Modibbo Adama University, 
Yola Adamawa State, Nigeria. 
 
Sample Collection 
 
Tomato  fruits at a fully matured ripe stage were harvested 

 
 
 
 
from a farm at Dumne, Song Local Government Area of 
Adamawa State. Fruits of almost uniform colors, 
undamaged, free from physical infection and bruises were 
selected for the experimental purpose. 
 
Experimental Design and Drying Procedures 
 
The treatments were laid out in a Randomized Complete- 
Design (CRD) with drying methods (oven drying, sun 
drying and shade) placed in the main plot while the 
packaging materials (glass jar, plastic container and 
polythene) were placed in the sub-plot and repeated three 
times. The selected tomato fruits were dipped in boiling 
water for 5 min and plunged into cold water (blanching) to 
deactivate microbial activity on the surface of the fruits 
and retain its color after drying. The fruits were sliced into 
uniform sizes so as to maintain uniform drying until 
constant weight was achieved. After drying, the dried 
products were ground into powder. 
 
Physical Analysis 
 
The bulk density was determined by using 10 g of sample 
weighed in 25 cm3 graduated measuring cylinder and was 
firmly tapped 30 times on a bench top to settle the sample 
volume. The water absorption capacity was determined as 
described by Onwuga (2005). 2 g of dried sample was 
mixed thoroughly with 20 mL of distilled water in a 
Kenwood blender for 30 s. The mixtures were allowed to 
settle for 30 min at room temperature and then 
centrifuged. The volume of free water was decanted and 
discarded. The weight of water absorbed by 2 g of samples 
was calculated and expressed as water absorption 
capacity. It was expressed as grams of water absorbed per 
100 g of sample. 
 
Sensory Evaluation 
 
Stews were prepared from different samples of dried 
samples. The color, consistency, taste, aroma and overall 
acceptability of each product were evaluated by 10 
member panel that is familiar with the product. Each 
attribute was evaluated separately using 9.0 hedonic 
scales as described by Iwe (2002). 
 
Data Analysis 
 
The data obtained from the study were subjected to 
statistical analysis of variance (ANOVA). Means that were 
significantly different at (p≤ 0.05) were separated using 
Least Significant Difference (LSD). 
 
 
RESULTS  
 
The results of the effects of drying methods and packaging 
materials on physical and sensory qualities at four and 
twelve  weeks  after  storage  are presented in Tables 1 and  
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Table 1. Effects of Drying Methods and Packaging Materials on Physical Characteristics and Sensory Quality of Tomato Fruit Powder at 
Four Weeks of Storage 
 
Treatments H2O Absorption 

(mg/100g) 
Bulk Density 
(mg/100g) 

Colour Taste Aroma Consistency Overall 
Acceptability 

Drying Methods        
Shade 2.94 ± 0.24 0.60 ± 0.01 7.33 ± 0.50 6.67 ± 0.50 7.78 ± 0.66 7.11 ± 0.60 7.33 ± 0.50 
Sun 2.88 ± 0.28 0.61 ± 0.01 7.57 ± 0.73 6.67 ± 0.44 7.89 ± 0.33 7.33 ± 0.50 7.56 ± 0.50 
Oven 3.19 ± 0.20 0.62 ± 0.01 7.57 ± 0.53 7.11 ± 0.60 7.78 ± 0.44 7.11 ± 0.50 7.67 ± 0.53 
P<F 0.003 0.132 0.309 0.166 0.790 0.111 0.284 
LSD 0.195 0.016 0.398 0.591 0.504 0.252 0.504 
Packaging Materials       
Polythene Bag 3.02 ± 0.23 0.61 ± 0.01 7.00 ± 0.50 7.00 ± 0.60 7.00 ± 0.44 7.44 ± 0.53 7.78 ± 0.53 
Plastic Container 3.02 ± 0.24 0.61 ± 0.01 7.57 ± 0.53 6.44 ± 0.44 7.57 ± 0.88 6.89 ± 0.33 8.00 ± 0.44 
Glass Jar 2.97 ± 0.35 0.61 ± 0.01 7.89 ± 0.33 7.00 ± 0.44 7.89 ± 0.50 7.44 ± 0.53 7.67 ± 0.54 
P<F 0.778 0.066 0.008 0.003 0.251 0.034 0.890 
LSD 0.195 0.004 0.504 0.313 0.419 0.464 0.576 

 
 
Table 2. Effects of Drying Methods and Packaging Materials on Physical Characteristics and Sensory Quality of Tomato Fruit Powder at 
Twelve Weeks of Storage 
 
Treatments H2O Absorption 

(mg/100g) 
Bulk Density 
(mg/100g) 

Colour Taste Aroma Consistency Overall 
Acceptability 

Drying Methods       
Shade 2.43 ± 0.22 0.61 ± 0.24 7.22 ± 0.44 6.89 ± 0.33 6.22 ± 0.44 6.56 ± 0.53 7.33 ± 0.50 
Sun 2.26 ± 0.23 0.61 ± 0.28 7.22 ± 0.44 7.00 ± 0.50 7.11 ± 0.33 7.22 ± 0.44 7.44 ± 0.53 
Oven 2.23 ± 0.35 0.61 ± 0.19 7.22 ± 0.44 7.00 ± 0.00 7.22 ± 0. 67 7.22 ± 0.44 7.44 ± 0.53 
P<F 0.338 0.321 1.000 0.694 0.010 0.040 0.790 
LSD 0.391 0.003 0.436 0.398 0.504 0.534 0.504 
Packaging Materials       
Polythene Bag 2.30 ± 0.35 0.61 ± 0.23 7.00 ± 0.00 7.00 ± 0.00 7.00 ± 0.87 6.89 ± 0.33 7.44 ± 0.53 
Plastic Container 2.32 ± 0.35 0.61 ± 0.24 7.67 ± 0.50 7.11 ± 0.33 7.67 ± 0.50 7.79 ± 0.44 7.33 ± 0.50 
Glass Jar 2.30 ± 0.08 0.61 ± 0.35 7.00 ± 0.44 6.78 ± 0.44 7.00 ± 0.53 7.33 ± 0.71 7.44 ± 0. 53 
P<F 0.959 0.107 0.001 0.100 0.022 0.032 0.859 
LSD 0.193 0.005 0.342 0.313 0.342 0.419 0.504 

 
 
 
2, respectively. Water absorption capacity indicated highly 
significant differences (p≤0.05) among the drying methods 
at 4 weeks of storage but there was no significant difference 
(p>0.05) at 12 weeks of storage.  At four weeks of storage, 
the highest water absorption capacity was obtained from 
oven dried tomato (3.19 mg/100g) followed by shade dried 
(2.94 mg/100g) while sun dried was found to be least (2.88 
mg/100g). At both four and twelve weeks of storage, there 
was no significant difference (p>0.05) among the packaging 
materials used. The drying methods were not significantly 
different (p>0.05) at four and twelve weeks of storage in 
terms of bulk density. Likewise at both four and twelve 
weeks of storage, there were no significant difference 
(p>0.05) in bulk density among the packaging materials 
used. 

The different drying methods were found to be not 
significantly different (p>0.05) in color at both four and 
twelve of storage but there was highly significant 
differences (p≤0.05) among the packaging materials used 
both at four and twelve weeks of storage. At four weeks of 
storage, glass jar had the highest mean value of 7.89 but 
was not statistically difference (p≤0.05) from plastic 
container, while the least mean value of 7.00 was obtained 

from polythene bag. At twelve weeks of storage, plastic 
container had the highest of 7.67 and it was statistically 
better than both glass jar and polythene bag with equal 
value of 7.00. The drying methods were not significantly 
different (p>0.05) in taste at both four and twelve weeks of 
storage. However, there was significant difference (p≤0.05) 
among the packaging materials used at four weeks of 
storage but no significant difference (p>0.05) in taste were 
observed at twelve weeks of storage. At four weeks of 
storage, glass jar and polythene bag storage recorded the 
highest equal mean values of 7.00 while plastic container 
storage had the least mean value of 6.44. 

The drying methods were not significantly different 
(p>0.05) in aroma at four weeks of storage, but there was 
significant difference (p≤0.05) at twelve weeks of storage. 
At twelve weeks of storage, oven dried method recorded 
the highest mean of 7.22 and this was not statistically 
different from sun dried method which had 7.11, the lowest 
mean value of 6.22 was obtained from shade dried sample. 
There was no significant difference (p>0.05) among the 
packaging materials used in terms of aroma at four weeks 
of storage, but there was significant differences (p≤0.05)   
recorded   among   the   packaging   materials   in   aroma  at 
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twelve weeks of storage. At twelve weeks of storage, plastic 
container and polythene bag recorded the highest mean 
values of 7.00, while the least mean value of 6.56 was 
obtained from glass jar. The drying methods were not 
statistically different (p>0.05) in consistency at four weeks 
of storage, but they was significantly different (p≤0.05) at 
twelve weeks of storage. Oven dried and sun dried samples 
recorded the highest equal mean values of 7.22 while the 
least mean value of 6.56 was obtained from shade dried 
sample. There was significant difference (p≤0.05) among 
the packaging materials used in terms of consistency at 
both four and twelve weeks of storage. At four weeks of 
storage, glass jar and polythene bag recorded the highest 
equal mean values of 7.44 while the least mean of 6.89 was 
obtained from plastic container. At twelve weeks of storage, 
plastic container recorded the highest mean value of 
consistency, followed by glass jar while the polythene bag 
had the least mean value of 6.79.  
Both the drying methods and the packaging materials were 
not significantly different (p>0.05) in the overall 
acceptability of powdered tomato at both four and twelve 
weeks of storage.  
 
 
DISCUSSION 
 
This study revealed that drying methods and packaging 
materials performed differently when they were assessed 
under different parameters at different storage time. Water 
absorption capacity of the processed tomato fruits was high 
when compared to other flours.  The highest values of 
water absorption capacity recorded from the sample that 
were dried using the oven is an indication that the samples 
may be more cohesive when processed (Ogundele et al., 
2019). The higher water absorption capacity from the 
powdered tomato that was obtained from the oven drying 
method could be due to the higher and consistent 
temperature produced by the oven as compared to the 
other methods of drying which gave rise to faster rate of 
drying. This might have been the reason for more 
hydrophilic tendency in dried products with the oven than 
the other methods at four weeks of storage. As the storage 
period progressed to 12 weeks, this property of higher 
water absorption capacity from oven dried samples was 
lost. This is an indication that prolonged storage can lead to 
the loss in some properties of the tomato fruit powder. 
Therefore, at 12 weeks after storage, there were no 
significant differences among the different drying methods 
even where different packaging materials were used to 
package the products. The results show that where 
available, the use of oven drying could be preferred over 
sun drying and shade drying because oven drying will give 
rise to higher drying efficiency than the other methods of 
drying. Higher drying efficiency will result in higher 
reduction in moisture content which will lead to higher 
water absorption capacity during the subsequent use of the 
products. This finding is in agreement with the findings of 
Ogundele   et   al.  (2019)    who     reported     higher    water  

 
 
 
 
absorption capacity with increased oven drying 
temperature. According to Emperatriz et al. (2008) and 
Ogundele et al. (2019) high reduction of moisture during 
drying lead to high water absorption capacity and also 
decreases the perishability of the products and extend shelf 
life, thereby making the products available almost all year 
round. The higher ability of oven drying method to 
efficiently remove moisture was earlier observed by 
Damirel and Turhan (2003) who worked on dwarf 
canvedish and banana. They concluded that oven drying 
ensures higher rate of water absorption capacity.  
The non-significant difference observed among the 
different drying methods and packaging materials in bulk 
density both at both four and twelve weeks of storage is an 
indication that the particle size of the dried tomato fruit 
powder was not affected by the drying methods, packaging 
materials and the storage time used. The tomato fruits were 
dry sufficiently enough to be ground to very fine particle 
size. According to Mephba et al. (2007), low bulk density is 
an indication of the potentiality of the product in the 
formulation of complementary food where high nutrients 
are needed. Bulk density generally depends on starch, 
protein content and particle size. Generally, the bulk 
density was low in all the samples and the non-significant 
differences among the drying methods and packaging 
materials is an indication that the volume of the produce 
will not decrease during storage, handling and distribution 
as reported by Ogunlakin et al. (2012). The non-significant 
differences among the drying methods in sensory attributes 
at four weeks of storage and 12 weeks of storage (except 
for aroma and consistency at 12 weeks of storage) is an 
indication that the different drying methods will give 
consumers acceptable products as the consumers had no 
clear cut choice from the three drying methods. With 
increased storage period to 12 weeks, the consumers had 
more preference for products dried in oven and least 
preference for those dried in shade. This might be due to 
the faster drying in the over which prevented biochemical 
reaction in the produce before complete drying which could 
affect aroma.  The least preference for shade drying could 
be due to the slower drying in the shade which predisposes 
the produce to chemical reactions and growth of fungi. 
Consistency is largely affected by the efficiency of drying 
which can be better achieved in the oven than in the shade. 
This might have been the cause of the less preference for 
the consistency of products under shade drying. 
The higher preference of consumers for powdered tomato 
packaged in glass jar for most of the parameters measured 
at four weeks of storage could be due to the air tight nature 
of the glass jar and the ease of packaging the powder in 
glass jar. Marsh and Bugusu (2007) reported that glass jar 
was preferred for storage of products of this nature 
because it has a static chemical property and low 
permeability to absorb moisture from the storage 
environment which ensures unimpaired taste, color, and 
other vital nutrients. With prolonged storage period, most 
consumers had more preference for products that were 
packed   with   plastic    container   indicating    that     plastic  



 
 
 
 
containers are good substitute for glass jars.  The non-
significant difference observed in the rating of the dried 
products with different drying methods and packaging 
materials for their overall acceptability both at four and 
twelve weeks of storage could be attributed to the 
pretreatment (blanching) of tomato fruits prior to drying 
and subsequent packaging before storage.  
 
 
Conclusion  
 
In this study, the various drying methods and packaging 
materials used were capable of preserving the physical and 
sensory qualities in the dried samples of tomato without 
total loss of these parameters. Shade dried and oven dried 
samples were found to retain most of the physical and 
sensory qualities of powder tomato after storage. Oven and 
sun drying were faster than the shade drying method. Oven 
drying was more cost effective and gave the lowest 
moisture content in this study, proving lower moisture 
content and higher nutritive values, thus confers a greater 
increase in shelf-life on the dried samples and other 
sensory qualities. On the other hand, glass jar performed 
better than polythene bags in color, taste and consistency at 
four weeks of storage and was however not statistically 
different (p>0.05) from plastic containers in some cases in 
these traits at the same storage period. 
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