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ABSTRACT 
 
The preservation of food products is a difficult process involving so many complications. Banana is abundant in nature but it is highly 
perishable. The intake of banana by global population is considerable due to its rich nutritional value. Even though so many 
preservation methods are available most of the methods affect the color and texture of the product. Consumers prefer good quality 
products having long shelf life. Reduction of moisture using the solar dryer is an economic means of preserving perishable food stuff. 
This experimentation focused on the changes in dried products texture and color because of temperature and mois ture  con tent .  
Banana has been chosen for the experimentation since its production is high  and has a substantial loss in India. The experiments have 
been executed at Annamalai Nagar, Chidambaram located at about 11.39° latitude and 79.69° longitude at an altitude much closer to  
sea level. In this work, three slice thicknesses of banana have been considered for investigation. This original work provides intricate 
information related to the rarely considered aspect of the effect of slice thickness on the quality of dried products. Thus this research 
article enhances the knowledge of farmers and those related to the food industry on the preservation of cultivated products for a long 
duration. The percentage of acceptable slices has been determined after three days of drying. Three sizes namely 2mm, 4mm, and 
6mm are used for experimentation. A large percentage of acceptable slices has  been obtained at 4mm thickness. 
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INTRODUCTION 
 

Banana is  an important food product considered globally, it acts as a human diet from long back. It is  
produced and consumed all over the world. It has a moisture content of around 80% and so  susceptible to 
storage losses. Also, considerable weight loss occurs while transportation and storage. Banana is a nourishing 
fruit which is also cheap and available in plenty[19]. Generally, deterioration occurs in a fully ripened banana 
within 4-7 days [1]. Transportation is  costly and it will get damaged during transit. Banana contains a 
considerable amount of potassium, calcium, and iron. Bananas are processed to prepare products like  chips, 
powder, figs, jam, flour, dehydrated slice, confectionary, etc. [19]. It is not a seasonal crop. But it is a delicate 
food item and so difficult to store for a long time. 

It is a superior fruit having an excellent taste. It constitutes 42% of fruit consumption because of  immense 
energy and nutritive content [14]. It contains  vitamins A, B, and C. Global banana cultivation has increased 
from 22 million tons in 1961 to 96 million tons in 2009 [12]. Drying in a solar cabinet dryer is one of the best 
methods to protect food and agricultural products. Dried ripe banana slices  can be stored and used easily. 
According to Anon [4], it has high composition carbohydrate. Indian Horticulture Database 2013 [26] shows that 
banana is the most important fruit crop in India, accounting for 32.6 % of the total fruit production. Its 
postharvest losses account for 17.87 %. Drying fruits using a cabinet dryer not only enhances the life of fruits 
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but also improves nutritional standards[28]. India has considerable banana production and sufficient sunshine. 
Hence farmers need a low-cost and efficient solar dryer. This work is an effort to reveal the significance of slice 
thickness in the drying process. 
 
The necessity for Drying Tropical Fruit: 

Tropical fruits have inadequate processing facilities [3]. Little attention has been given to their preservation 
in spite of their high demand [10,24]. Dried food can be considered as secondary raw material [23]. Drying 
process improves the quality and preserves them [8]. Reduction of moisture content to 10 and 20% prevents the 
action of bacteria, yeast, mold and enzymes. Quick removal of moisture at allowable temperature preserves the 
flavor of fruits[9]. 

 
Post-harvest Deterioration of Fruits: 

Fruits are highly perishable food products [5]. Harvested fruits are still living and continue to respire as if 
they are still attached to the parent plant. They are therefore liable to detrimental changes after harvest [6]. 
Water loss and postharvest decay are estimated to be more than 40 to 50% in the tropics and subtropics. The 
postharvest losses of unpreserved crops such as fruits are around 30% [18].  
 
Effect of Moisture Content on Shrinkage: 

Moisture reduction leads to unwanted physical changes while drying a product. Water loss and heating 
cause stress formation in the cell structure resulting in shrinkage [22]. Shrinkage decreases the ability of tissues 
of the dried material to absorb water [17,22]. Hatamipour and Mowla [15] did a study about shrinkage. They 
found that shrinkage was not considerably affected by temperature and air velocity. But moisture content had  a 
linear relationship with shrinkage. Increasing slice thicknesses increased the drying rate [27,7]. Samples 
elongated with reduction of moisture. These non-isotropic changes resulted in deformation and reduced 
roundness [29] 
 
The Importance of Color: 

The first quality judgment made by a consumer on a food is its visual appearance. Appearance analyses of 
foods are used in the maintenance of food quality throughout and at the end of processing. The appearance of 
food materials influences consumer acceptability. Consumers reject food materials with abnormal color [3]. 

 
MATERIALS AND METHODS 

 
Description of the Solar Dryer: 

The dryer used for this experiment was a natural convection solar cabinet dryer. A metal frame with 
supporting legs, incorporating the drying chamber covered with transparent fiber glass. The drying chamber 
contained 3 trays one above the other providing a total effective drying area of 1.5 m2. The dryer had been 
constructed mainly using plywood. However, the drying trays had a metal frame and wire mesh.  The 
thermocole lining had been given in the interior as an insulating material. The chamber has a hinged door to 
provide access for loading and unloading the trays. 

 
Cleaning  Process: 

Cleanliness and hygiene were given much importance. Fully matured banana fruits were purchased. Unripe 
fruits were ripened uniformly before being processed. Raw materials contaminated by molds were not used in 
processing. Good-quality bananas were selected individually. Rotten, damaged or diseased ones were discarded. 
Working surfaces were cleaned before handling the bananas. Selected bananas were washed individually. 
Washed bananas were placed in a clean container and taken to the peeling area.  
 
Slice Preparation: 

Utmost importance had been given for hygiene while peeling. Clean and sharp knives had been used for 
peeling. Peeling had been done carefully to minimize flesh removal. Peelings were disposed of immediately to 
avoid flies and other insects. Fruits of uniform diameter and ripeness were selected and used. This process was 
given importance as drying rate depends on proper slicing of the bananas. Cutting knives and the working 
surface had been cleaned before use.       
 
Drying Process: 

Fig. 1 shows the direct solar cabinet dryer loaded with banana slices. Trays were washed and cleaned to 
avoid contamination. Loading was done immediately after slicing to evade sticking pieces. The slices were 
arranged on the trays without overlapping as shown in Fig. 2. Each tray was loaded with a particular size and the 



9 

trays were shuffled periodically to ensure thorough drying. The trays were kept in the chamber by sliding on the 
runners and the door was closed promptly to hasten to dry. Three days after loading, the slices were unloaded. 

 

 
Fig.1:Fully Loaded Dryer for Drying with Banana Slices 

 

 
Fig.2: Banana Slices on Tray 

 
Results: 

The solar radiation was measured using a digital solar power meter. K-type thermocouples connected to a 
multi-channel temperature indicator were used for the measurement of temperature at different parts of the dryer 
assembly. The temperature was measured from 10 am onwards until the considerable heat was available inside 
the dryer cabinet. The air velocity and relative humidity were measured using a vane-type anemometer and a 
hygrometer. 

 

 
 

Fig.3:Observations of Temperature and Solar Insolation on a Typical Day of Experimentation 
  
Fig. 3 illustrates the variation of temperature and intensity of solar radiation on a typical day of 

experimentation. The temperature variations of important components such as an absorber, glass plate, cabinet, 
and atmosphere have been illustrated. Atmospheric temperature was measured and recorded as 30-40°C with 
respect to time. Cabinet temperature varied between 30-90°C. The peak time difference in temperature between 
the cabinet and atmosphere was around 40°C. The maximum temperature observed in the cabinet was 84°C 
while that of absorber was 98°C by 12.30 p.m. The temperature of the cabinet had been found as considerably 
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higher than that of atmosphere but it fell with the declination of solar insolation.  The variation of atmospheric 
air flow due to velocity changes created mass flow rate variations resulting in marginal temperature variations 
inside the drier cabinet. This necessitated shuffling of the trays to ensure uniform drying. The maximum 
radiation received was  936 W/m2 at 1 pm, whereas it was  228 W/m2 by 5 pm. As the experimentation was done 
during peak summer, the variation of solar insolation remained almost the same during the three days. The 
experimental observations indicate that the color and textural changes depend on variation of thermal absorption 
due to changes in air velocity, temperature gradient, and solar intensity. 

 
 

Fig.4:Colour and Textural Changes of the slices 
 
Fig. 4a shows the banana slices before drying. Slices were weighed before and after drying. Sticky and 

shriveled slices as shown in fig. 4b were removed. Slices were checked for color and aroma. The brownish 
pieces having discoloration illustrated in fig. 4c were separated. Chewy slices with acceptable texture and 
natural aroma were segregated. Fig. 4d depicts the mold formation after drying process. Percentage of moldy 
slices were found after keeping the dried samples at room temperature. Few pieces were squeezed out to find 
moisture and the slices were cut to find the presence of excess moisture in the core. Thus too dark, too light and 
starchy pieces of unacceptable nature were removed. 
 
Table 1: Moisture Content 
 

Size 
 (mm) 

Initial Weight 
 (kg) 

Dry Saturated Weight 
 (kg) 

Weight After 3 Days 
 (kg) 

Moisture Content After 3 Days 
 (%) 

2 0.5 0.14 0.18 8 
4 0.5 0.14 0.225 17 
6 0.5 0.14 0.269 26 

 
Table 2:Segregation of slices 
 

Slice Thickness 
(mm) 

Sticky 
Slices 
(%) 

Moldy Slices 
(%) 

Brownie Slices 
(%) 

Shrivelled Slices 
(%) 

Acceptable 
Slices 
(%) 

2 64 13 58 26 59.8 
4 42 25 37 14 70.5 
6 26 37 19 9 77.3 

 
Percentage of acceptable slices was calculated as given below: 
 

Average % of acceptable slices = ((100 - % sticky slices)+ (100 - % moldy slice) + (100 - % brownie slices) 
+ (100 - % shriveled slices) )/4 
 
Discussion: 

The experimental data indicated that the loss of moisture was at its highest magnitude in the first hour of 
drying, however, the moisture loss slowed down in the subsequent drying period. The texture of slices remained  
well at  35-45°C air temperature. At a temperature above 70°C, they shriveled and had a burnt appearance with 
broken pieces. It was noted that at low velocity, the dried banana obtained had cardboard-like structure, hard 
outer surface, too light and looked like not ripened which was unacceptable. Because of the faster rate of 
moisture removal, the rate of evaporation increased which resulted in the hardening of the surface and bad color 
and texture. At high velocity and temperature of air rapid cooling occurs resulting in dark brownish color.   
Water activity can be considered as an important quality factor for long-term storage because the changing water 
activity directly affected the dried sample's color and texture.   

Thicker slices took more time to dry which may be due to the energy utilized to transfer heat to the internal 
regions of the slices which were higher since the heat transfer distance was higher. At the beginning of drying, 
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the temperature of slices dropped quickly as water immediately evaporated from the banana surface. After some 
time browning of the surface started. It further enhanced resulting in unacceptable color change and bad texture.  

 
 
 

Conclusions: 
Thicker pieces retain moisture, develop molds thus their shelf life reduces. Properly dried slices do not stick 

together. Brownish colored slices indicate over drying. Shriveling damages the texture of the product. Thinner 
pieces as found in 2 mm size stick to the trays because of excess heat. They shrink and collapse because of the 
heat induced. They dry faster, have reduced microbial activity but stick on the trays and so not of acceptable 
quality. Thicker slices dry partially because of insufficient heat. Acceptable slices obtained were large at 6 mm 
thickness but its moisture content exceeded the preferable limit of 10-20%. Even though acceptable slices were 
slightly lesser in 4 mm size when compared with that of 6 mm, its moisture content was within the safe limit for 
preservation. Therefore it can be considered as the preferable size for drying using this cabinet dryer.   
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