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ABSTRACT 

Mango (Mangifera indicaL.) is one of the most important tropical fruits in the world but are 

seasonal and demand is throughout the year. Preservation for longer period of fresh green 

mango is not possible. Therefore, it is not available during the off-season of the year. Drying 

is the easiest means to increase the longevity of products of high moisture. Effect of tray 

drying at different temperatures on green mango slices was studied. Experiment was 

performed to dry green mango slices from initial moisture content (507.9027% db.) to EMC at 

three different temperature i.e., 50º C, 60º C and 70º C. time required to dry samples at 50, 60 

and 70º C temperature were 550 min., 520min. and 410 min. respectively. Four thin layer 

drying models viz. logarithmic, Henderson and pabis, page and modifies page were used to fit 

the moisture reduction data obtained as a function of drying time. The consistency of the 

models was determined using statistical parameters such as coefficient of determination, SSE, 

RMSE, and MSE. Logarithmic model excellently describe the tray drying characteristics of 

green mango slices. Change in moisture diffusivity with temperature was correlated using 

Arrhenius equation. Quality parameter such as rehydration ability and sensory analysis was 

conducted to check the effect of drying on quality of green mango slices.  

Key words: Green mango, Drying, Thin layer model, Rehydration ratio, Heat treatment, 

Moisture content   

INTRODUCTION 

Mango (Mangifera indica Linn) has become a major fruit crop of the tropics and subtropics, 

particularly in Asia, where the mango has always been the most important fruit crop and where it has 

been considered the ‘King of fruits’ (Purseglove, 1972). Global production of mangos is concentrated 

mainly in Asia and more precisely in India being the leading producer in the world with 40.48% of 

total world production in 2011. 

It is very rich in vitamin A and C. it also provides certain amount of other vitamins and minerals such 

as riboflavin, niacin, calcium, phosphorus and iron (Akpinar and bicer, 2004). In spite of its 

excellence, the perishable nature of fruit and its short harvest season severely limit utilization. Drying 

may be an interesting method in order to prevent fresh fruit deterioration. Is involves removal of 

majority of water normally present in food by evaporation.  

The objective of drying is the removal of water to the level at which microbial spoilage and 

deterioration reaction are greatly minimised (Akpinar and Bicer, 2004) and self life increased. It also 

provides longer shelf-life, small space for storage and lighter weight for transportation (Oforkansi and 

Oduola, 2016). Knowledge of drying characteristics of product is highly essential for control and 

optimization of drying process and quality of final product 

Dried green mango is a preserved form of unripe fruit. In India it is used as spice in various forms of 

foods such as curry, chutni etc. (Demirel and Turhan, 2003). Research focus and interest have been on 

green mango is due to its importance in Indian spices. The re-hydration capacity and colour 
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characteristics were considered as most important quality parameter for dehydrated product. Re- 

hydration capacity is used to express ability of dried material to absorb water. Unripe mangoes require 

research studies to ascertain the suitability for industrial use and entrepreneurial opportunities. 

MATERIALS AND METHODS  

Experimental procedures 

Selection of raw materials 

Fresh green mango (Magnifera Indica L.) of good quality will purchased from fruit sellers in 

Allahabad, India. The mangoes were then kept at refrigeration temperature until the time of 

conducting the experiment. 

 

Preparation of sample 

Fresh and good pieces were sliced in Julian shape with help of knife. After the slicing pieces was 

washed in tap water and the sample was drained to remove the excess water. Blotting was done to 

remove excessive water adhere to mango slices surface. Absorbent paper was used for blotting 

purpose. 

Green mango 

 

Removal of foreign material 

 

Slicing in Julian shape with uniform size 

 

Washing 

 

 

Blanching 

 

 

Drying of cauliflower slices by using 

Tray Drier 

 

 

Packaging in HDPE 

 

 

Storage Room Temperature 

                                              Fig.1 Processing Flowchart for Dehydrated green mango Slices. 

 

Drying experiments  
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Drying experiments were performed in a laboratory scale dryer (B.sen & Berry), which consisted of 

heating unit, temperature control unit, drying chamber and centrifugal fan. The average initial 

moisture content of the mango fruit was 83.5±0.4 % ( w.b.), as determined by hot air dryer at 135°C 

for 2h (AOAC, 2000)  

The dryer was operated unloaded for 30 minutes to achieve a steady state condition. Then samples of 

mango slices were placed on Petri dishes and weighed, and subsequently placed on a drying tray and 

loaded in to the dryer. After drying the sample will store at room temperature. 

All the experiments were replicated two times at each air temperature and the average values were 

used for calculation. 

Re-hydration characteristics  

Rehydration characteristic is the measure of food material to reabsorb moisture after being 

dehydrated. It is calculated as the ratio of rehydrated sample to the initial dehydrated sample. The 

rehydration test was conducted as recommended by (Davoodi et al. 2007). 

Mathematical Modelling 

The drying data were used to determine the drying ratio of the sample at various temperatures then 

fitted in to four semi-theoretical and empirical thin-layer drying models to determine the best model 

that would best describe the drying process.  

The thin-layer drying models to be tested are Logarithmic, Henderson & Pabis, page, and modified 

page. A graph of moisture ratio was plotted against the drying time, from which the drying constant 

(k,) along with the various other parameters of the following models were determined 

Table 1 Thin layer drying mathematical models 

S/

N. 

Model Name Model References 

1 Logarithmic MR = a exp(-kt) + c Rayaguru and Routray (2012); 

Kaur and Singh (2014). 

2 Henderson & Pabis MR = a exp(-kt) Meisami-asl and others (2010); 

Hashim and others (2014). 

3 Page 

 

          Akoy (2014); Tzempelikos and 

others (2014). 

.4 Modified Page 

 

             Vega and others (2007). 

 

Non-linear regression analysis was used to determine the statistical parameters (Root Mean Square 

Error (RMSE), correlation coefficient (R
2
), Mean Square Error (MSE) and Sum of Squares (SSE), 

which were used to evaluate goodness of fit of the modal. For an excellent fit, R
2
 should be close to 1, 

while SSE, MSE and RMSE should be close to 0. 

 

 

 

 

 

RESULTS AND DISSCUSSION  

Tray drying characteristics  
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Green mango slices were dehydrated in tray dryer at air temperature 50
0
C, 60

0
C and 70°C to 

final equilibrium moisture content. The initial average moisture content of green mango 

slices was 507.9027% (d.b.). 

 

Effect of temperatures on moisture content of green mango slices  

The initial average moisture content of green mango samples was 507.9027% (d. b.) fig 4.1 

present the variation in the moisture content as the function of drying time at 50°C, 60°C and 

70°C. It showed that the moisture content decreased continuously with drying time and 

drying temperature. Thereafter, the moisture content of samples was decreased slowly with 

increase in drying time and attained final equilibrium moisture content. Similar results were 

also obtained by (Mudgal and Pande, 2008). 

This is due to the partial vapour pressure of moisture present in sample initially being more 

is comparison to that of the external environment (surrounding of the sample). At the initial 

stage of drying, moisture starts migrating rapidly from the sample to the external 

environment because of higher partial vapour pressure difference between sample and 

environment. 

 

 

Fig. 2 Effect of temperature on moisture content (d. b.) of samples of green mango at 50ºC, 

60
o
Cand 70ºC in tray dryer 

Effect of temperature on drying rate of green mango slices  

The effect on drying rates of samples under tray drying are shown is fig 4.2 which indicating 

that the drying rate decreased with the increase in drying time and decreased moisture 

content. After some period, drying rate decreased rapidly with the increase in drying time 

and then decreased gradually and attained approximately zero drying rates. Similar results 

were also obtained by (Wang and Brennan, 1995). 

The moisture content of green mango slices was relatively higher during the initial phase of 

drying resulting in higher absorption of heat and led to in increased product temperature and 
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higher drying rate to higher moisture diffusion. As the drying of green mango slice 

progressed, the loss of moisture in the product decreased the absorption of heat and resulted 

in full drying rate during latter part of the drying. 

 

Fig.3 Effect of temperature on drying rate of samples of green mango at 50ºC, 60
o
Cand 70ºC in 

tray dryer 

Effect of temperature on rehydration ratio of green mango slices  

Dried samples are allowed to stabilize at room temperature prior to rehydration experiment.  

Rehydration ratio is calculated as the ratio of rehydrated sample to the initial dehydrated sample and 

is of sample A (50ºC) is 3.8, of sample B (60ºC) is 4.3 and of C (70ºC) is 4.52. Re-hydration ability of 

different samples is shown below; 

 

 
Fig. 4 Effect of temperature on rehydration property at 50°C, 60ºC and 70ºC 

 

Sensory evaluation  

The overall quality assessments of all the fruit samples produced in these experiments are presented in 

Figure 3.4. Sensory attributes including colour, aroma, taste and overall acceptability is determined by 

hedonic rating tastes as recommended for evaluation of sensory characteristics. This test is used for 

acceptability by consumer for the product. 

In figure 1 represents color, 2 for taste, 3 for flavor and 4 is for overall acceptability of product.  
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Fig. 5 Effect of different Sensory attributes of dried green mango slices during storage 

Fitting of dry models  

Four thin layer drying models were selected in order to evaluate which one was the best fit for the tray 

drying characteristics of green mango slice. Hence, the experiment data obtained were fitted in to 

these models and correlation parameters are presented in Table 4.1. 

Linear regression analysis was used to determine the statistical parameters (Root Mean Square Error 

(RMSE), correlation coefficient (R
2
), Mean Square Error (MSE) and Sum of Squares (SSE), which 

were used to evaluate goodness of fit of the modal.  For an excellent fit, R
2
 should be close to 1, 

while SSE, MSE and RMSE should be close to 0. 

The statistical parameters of four thin layer models were used to express the drying characteristics of 

the green mango slices to determine the best fit model. The result of the analysis obtained, showed 

that, the Logarithmic model excellently described the drying kinetics of the green mango slices. 

 

Table 2 Correlation parameters for LOGARITHMIC model 

Sample Temperature             Constants R
2 

SSE MSE RMSE 

 Pr1 Pr2 Pr3 
 

 

S1 50ºC 0.640 -001 0.000 
 

0.994 0.000 0.000 0002 

S2 60ºC 0.064 -0009 0010 
 

0.992 0.000 0.000 0.002 

S3 70ºC 0.081 -0.013 0.013 
 

0.992 0.000 0.000 0.002 

 

Table 3 Correlation parameters for HENDERSON AND PEBIS model 

Sample Temperature Constants R
2 

SSE MSE RMSE 

 Pr1 Pr2 
 

 

S1 50ºC 0.066 -0.005 
 

0.961 0.001 0.000 0000 

S2 60ºC 0.068 0.005 
 

0.969 0.000 0.000 0.004 

S3 70ºC 0.083 -0.007 
 

0.956 0.001 0.000 0.007 

 

Table 4 Correlation parameters for PAGE MODEL 

Sample Temperature Constants R
2 

SSE MSE RMSE 
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 Pr1 Pr2 
 

 

S1 50ºC -0.016 0.110 
 

0.980 0.000 0.000 0003 

S2 60ºC -0.016 0.111 
 

0.959 0.000 0.000 0.004 

S3 70ºC 0.020 0.113 
 

0.981 0.000 0.000 0.003 

 

Table 5 Correlation parameters for MODIFIED PAGE MODEL 

Sample Temperature Constants R
2 

SSE MSE RMSE 

 Pr1 Pr2 
 

 

S1 50ºC 0.066 -0.005 
 

0.961 0.000 0.000 0004 

S2 60ºC 0.068 -0.005 
 

0.969 0.001 0.000 0.004 

S3 70ºC 0.083 -0.007 
 

0.956 0.001 0.000 0.006 
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