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Introduction 
 

Mango (Mangifera indica L.) is a major fruit 

crop of tropics and subtropics, particularly is 

of Asia and more precisely of India. Where is 

considered as “king of fruits” (Purseglove, 

1972). Currently India is the leading producer 

of mango in the world with 40% of world 

production (the state of food insecurity in 

world, 2015). In India green mangoes are 

dried historically to produce „aamchur‟, a 

dried brownish powder for use in seasoning 
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This study investigates the effect of various types of pre-treatments in drying behaviour 

and quality of slices green mangos in convective drying. This experimental study was 

carried out with a constant air velocity and thickness (3±0.5 X 10
3
 m) of „dasheri” variety 

of mangoes, having Julian shape in a laboratory scale dryer at 50, 60 and 70˚C drying air 

temperatures. Five chemical and one moist heat pre-treatment was done prior to drying to 

analyse the effect on drying behaviour and quality of final product (aamchur). Dried 

samples were evaluated for sensory and quality attributes. The result indicates that the 

citric acid treated samples had highest rehydration ratio while the moist air treated sample 

have the highest drying rate. According to the result obtained, rehydration ratio was 

significantly affected by drying air temperature and various pre-treatments have an effect 

on colour and sensory attributes of the dried products. Effective moisture diffusivity values 

were calculated using Fick‟s second law of diffusion and range of calculated values in this 

experiment was found to be between 2.37 X 10
-10

 to 3.26 X 10
-10

 m
2
/s. and activation 

energy was 14.7 KJ/Mol. In contrast to industrial practices, drying at higher temperature 

(70ºC) rather than low (50˚C, for longer period) was optimal for production of „aamchur‟. 

Since drying time was considerably reduced at elevated temperatures, dryer capacity can 

be extended. 
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and culinary preparations. It is widely used to 

give a sour and tangy taste to dishes. 

Traditionally „aamchur‟ is used for the 

preparation of pickle, chutney and sauces etc. 

(Kesarwani et al., 2000). 

 

The basic objective of drying food product 

(green mangoes) was the removal of water 

from fresh product (green mangoes) to reach a 

level at which microbial spoilage can be 

avoided (Calin-sanchez et al., 2014). 

 

However, since drying is known as complex 

process of coupled heat and mass transfer, 

drying kinetics studies and application of 

mathematical model to describe drying 

experimental achieves great practical 

importance to estimate relevant parameters 

such as; drying time, mass and thermal 

diffusivity coefficient, energy consumption 

among other that are required to develop new 

food process including products and dryer. 

However, drying is responsible for many 

physicochemical and biochemical changes in 

the processed bio materials.  

 

The advancement of physicochemical and 

biochemical changes also depends on pre-

treatments and there level. Pre-treatment quite 

often proceed with drying operation of fruits 

and vegetables in order to minimise (or avid) 

the adverse changes occurring during 

dehydration and subsequent storage (Abano et 

al., 2013). The Drying rate can also be 

improved by pre-treatment‟s (Dabhade and 

Khedkar, 1980) (Doymaz, 2004) (Liu, et al., 

2014) (Sufer et al., 2017) (Tummanichanont 

et al., 2017) (Johann et al., 2018) (Serhat 

Turgut et al., 2018). Also pre-treatment 

prevent fruit from darkening and colour 

changes.  
 

Accordingly the principle goal of this study 

was to assess the effect of pre-treatments on 

drying kinetics and quality characteristics of 

mangoes as a strategy to increase the shelf life 

for reducing post-harvest losses in food 

supply chain, as well as to consequently add 

the value. 

 

Materials and Methods 

 

Material selection and preparation 

 

First of all, from a local market of Allahabad, 

India, fresh green mangoes of nearly same 

dimensions (width, length and breadth) in 

very good condition was purchased as sample. 

The samples were washed; drained and other 

unwanted materials were removed 

completely. Then these fruits were kept at 

4±2ºC throughout the experiment. These 

green mangoes were sliced uniformly in 

Julian shape with a thick of 3.5±0.5 X 10
-3

 m 

by using a mango slicer. Original moisture 

content of these fruit samples was figured out 

as 507.9027 % (d.b., on an average) by using 

forced air convection drying. 

 

The sliced green mangoes were divided in 

seven different segments, and completely 

randomized design (CRD) was used for the 

experiment with six pre-treatment, one 

control and each replicated thrice. 

 

After the slicing, pieces were washed in tap 

water and samples were drained to remove 

excess water. Individual lot of 100 g. mangos 

was subjected to different pre-treatments 

which are namely; 

 

Moist heat pre-treatment; slices green mango 

samples were blanched by covering them in 

muslin cloth and keep it in boiling water for 3 

min. Samples were allowed to cool fast by 

keeping them under flowing(tap) water to 

prevent over cooking and blotting paper was 

used to remove excess water. 

 

Chemical pre-treatments; Five different 

chemical pre-treatments were used. Detail of 

each pre-treatment along with code name is in 

table 1. 
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Drying kinetics studies 

 

The pre-treated green mango samples were 

spreaded uniformly in drying trays in mono-

layer and placed in a convective hot air dryer. 

Before the commencement of drying, the 

dryer was operated for 30 min. to obtain 

steady state condition prior to drying of 

samples within the dryer. Samples were 

subjected to drying at 50, 60 and 70ºC and 

drying was considered to have ended when 

two consecutive weights of sample become 

constant (EMC reached). Hot air orientation 

in dryer was horizontal over the surface and 

perforated bottom of drying material. 

Experiments were carried out in triplicates 

and sample weights were measured at 5, 10 

and 20 min. for first second and subsequent 

hours during the drying process using a 

electronic balance of national scales (with 

accuracy of ±0.01 g. and 600 g capacity). 

 

Analysis 

 

Effective moisture diffusivity 

 

Effective moisture diffusion coefficient (Deff) 

reflects dehydration ability of material under 

certain drying conditions, and is a significant 

transport property in modelling of drying 

process of biological materials, as a function 

of temperature and moisture content in 

materials (Doymaz, 2012).  

 

The simplified mathematical Fick‟s second 

law of diffusion was used to calculate the 

effective diffusion coefficient of green mango 

slices during drying, analytical solution of 

Fick‟s second law is given below, 

 

 
Considering a constant moisture diffusivity, 

infinite slab geometry and uniform initial 

moisture distribution; 

 

Where, Deff is effective diffusion coefficient 

(m
2
/s), L is the half thickness of sample 

(green mango slices) (m), n is the positive 

integer and (t) is the drying time (s). 

 

Activation energy 

 

Activation energy (Ea) may define as the 

necessary work while removing 1 mol water 

from the material with given moisture content 

and constant composition. The value of Ea is 

an index indicating the bonding potential of 

moisture in the material (Chen, et al., 2017). 

Arrhenius equation has been widely used to 

describe the effect of drying temperature on 

effective moisture diffusion coefficient to 

obtain a better fit of the predicted curve with 

the experimental data (Kashaninejad, 

Mortazavi, Safekordi, and Tabil, 2007) 

(Perea-Flores, et al., 2012). 

 

The comparison equation can be written in 

following form; 

 

 
 

A plot of ln(Deff) against 1/(T + 273.15) 

produces a straight line graph with –Ea/R as 

the slop and ln (D0) as the intercept, from 

which activation energy and the Arrhenius 

constant were evaluated. Where, (D0) is 

diffusivity coefficient equivalent to diffusivity 

at infinitely high temperature, Ea is the 

activation energy of green mange slices in 

(kJ/Mol), R is universal gas constant and T is 

drying temperature. 

 

Rehydration ratio 

 

Rehydration ratio is the measure of food 

material to reabsorb moisture after being 

dehydrated. The rehydration characteristics of 

the dried material were always used as an 

index of structure quality and is largely 
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depends on the dehydration conditions 

employed (Vishwanathan et al., 2010). 

 

 
 

Where, B is weight of sample after 

rehydration and A is weight of sample before 

rehydration. 

 

Results and Discussion 

 

Drying of biological materials shows non-

linear visco-elastic behaviour. To describe the 

drying behaviour of green mangoes, moisture 

ratio data is plotted against the drying time 

and to show the effect of various pre-

treatments on drying behaviour at particular 

temperature following graphs are plotted. 

 

Drying characteristics analysis 

 

The drying curves were obtained by plotting 

the graph of experimental moisture content 

against drying time at different temperatures. 

Effect of different pre-treatments and tray 

drying temperatures on drying behaviour of 

green mango slices of same thickness and 

Julian shape is presented in figure 1, 2 and 3. 

The graphs follow the characteristic curve 

obtained by (Pal and Khan, 2008), (Rayaguru 

and Routray, 2012) (Clemente et al., 2014). 

At the initial stage moisture removal proceeds 

in exponential manner and then decreases 

with the time because of higher partial vapour 

pressure differences between sample and 

environment, until attain equilibrium moisture 

content similar results were obtained by 

(Akhondi et al., 2011) (Kumar et al.,, 2013) 

(Ponkham et al., 2012) (Shi, et al., 2008). 

 

This was probably due to partial vapour 

pressure of moisture in sample is initially 

more in comparison to external environment. 

The green mango slices were dried at 50, 60 

and 70ºC in forced convection hot air dryer in 

thin layers of constant thickness. The initial 

moisture content of sample (on average basis) 

was about 507 ± 3% (d.b.)  

 

Obviously, within temperature range (50 to 

70ºC), increasing the drying temperature 

speeds up the drying process, thus shorten the 

drying time. Similar findings have been 

reported for drying of other fruits and 

vegetables (Madamba et al., 1996) (Rayaguru 

and Routray, 2012) (Chen, et al., 2017). 

 

The moisture ratio versus drying time for 

green mango slices at selected temperature is 

shown in figure 1 (a, b and c). 

 

The evaluation experimental moisture ratio as 

a function of drying time of green mango 

slices at different drying temperatures with 

different pre-treatments is presented in figure 

1. As expected, the MR decreases 

considerably with an increase in drying time. 

DT required to reduce the moisture content 

from initial to EMC at different temperature 

and pre-treatment on drying time was 

considerably pronounced which in agreement 

with other fruit and vegetables such as plums 

(Goyal et al., 2006), pilchard (Aral and Bese, 

2016). 

 

Figure 2, evaluates the DR which presented in 

amount of water removed from green mango 

sample at given temperatures. It can be seen 

at initial drying stages, there was a significant 

DR difference for different temperature and 

pre-treatment. Drying rate decreases 

continuously with an increase in the drying 

time, similar result for behaviour of DR curve 

for different fruit and vegetables are obtained 

by various researchers such as raw olive 

pomace (Koukouch, et al., 2015). 

 

It can be concluded that the primary loss of 

moisture was the free water which attaches to 

the surface of green mango samples and the 

hydrate water which eliminated in early 



Int.J.Curr.Microbiol.App.Sci (2019) 8(6): 3112-3124 

3116 

 

period of drying, whereas, it is difficult to 

remove the bound water which eliminates at 

later period. Behaviour of DR versus MC 

curve is attributed to the less external resistant 

and higher inner water migration at early 

stage. Thin layer drying process of green 

mangoes occurred in falling rate period, 

which shows that the DR was controlled by 

internal diffusion phenomenon according to 

mass transfer controlling process. These 

results have similarity with the drying of 

passion fruit peel (Bezerra et al., 2015). From 

above curve it can also deduce that probably 

during the drying, the volume and cell gap of 

green mangoes decreased which resulted in 

increase of evaporation resistant and decrease 

in DR. 

 

The changes in DR with MR for different 

drying temperatures and pre-treatments are 

shown in figure 3. Data revealed that the DR 

increases progressively with the MR. 

experimental result demonstrates the 

importance of different pre-treatments in 

reducing the mass transfer resistance of green 

mango slices. A similar result for effect of 

pre-treatment has been found for green 

chillies (Simal et al., 1996). 

 

Table.1 List of chemical pre-treatments with their codes 

 

S. No. Code Treatment Description 

1 T1 Ascorbic acid 30 g. Powder was mixed with 1L. Water 

and sample were kept in solution for 6 

hours. 

2 T2 Calcium chloride 3.5% (W/W) Calcium chloride solution 

was prepared at 35ºC and samples were 

kept in solution for 8 hours. 

3 T3 Citric acid Samples were soaked in 0.3% citric acid 

solution for 45 min. 

4 T4 Honey Samples were dipped in honey for 12 

hours. 

5 T5 Sucrose powder 20 g. sucrose powders was mixed with 

100 g. sample and kept in same 

condition for 10 hours. 

 

Table.2 Effective moisture ratio at different temperatures 

 

Temperature Effective moisture diffusivity (Deff) 

50˚C 2.37 X 10 
-10 

 

60˚C 2.98 X10
 -10

  

70˚C 3.26 X 10
-10
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Fig.1 Graph of moisture ratio versus drying time at different temperatures 

(a) 

 
(b) 

 
(c) 
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Fig.2 Graph of drying rate versus drying time at different temperatures 

(a) 

 
(b)

 
(c) 
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Fig.3 Graph of dying Rate versus Moisture Ratio at different temperatures 

 

 
(a) 

(

b) 

 
(c) 
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Fig.4 Rehydration ratio of green mangoes dried at different temperatures 

 

 
 

Fig.5 Descriptive analysis profiles of green mangoes for different pre-treatments 

 

 
 

Rehydration ratio 

 

Rehydration ratio is widely used parameter 

for dried sample quality. It indicate the 

physical and biochemical changes during 

forced convection hot air drying as influenced 

by processing condition, sample pre-treatment 

and composition (Feng and Tang, 1998). 

Rehydration ratio of dried green mango 

samples is presented in figure 4. Rehydration 

ratio of green mango samples affected 

significantly by drying temperature and pre-

treatments.  

 

It increases as the drying temperature 

increases. 



Int.J.Curr.Microbiol.App.Sci (2019) 8(6): 3112-3124 

3121 

 

Rehydration at higher temperature was better 

because of the effect of temperature on cell 

wall and tissues. 

 

Effective moisture diffusivity and 

Activation energy 

 

The values of effective moisture diffusivity of 

green mango slices for all drying conditions 

were calculated by Fick‟s diffusion model (as 

mentioned above). The determined values for 

different temperatures are shown in Table 2. 

 

From the above data, it is clear that value of 

effective moisture diffusivity increases with 

increasing drying temperature because of 

increase in vapour pressure within sample. 

The above values lie in range of 10
-11

 to 10
-9

 

m
2
/s, which are general range of moisture 

diffusivity for food materials (Madamba et 

al., 1996), (Bablis and Belessiotis, 2004). 

 

The Activation energy value for most food 

material lies within range of 12.7 to 110 

KJ/Mol, (Zogas et al., 1996). In the present 

study, Activation energy was found to be 14.7 

KJ/Mol. It is lower than Avishan (Khazaei, et 

al., 2008), Okra (Doymaz 2005) and onion 

(Lee and Kim, 2008). Lower the value of 

activation energy corresponds to ease in 

movement of water. 

 

Sensory evaluation 

 

Most significant measure of physical and 

textural quality of food product is response of 

human sensory organs to particular food 

material after processing. Acceptance of 

processed food material is depends on many 

sensory attributes such as colour, taste, visual 

appearance etc. (Fig. 5). 

 

Descriptive sensory evaluation was carried 

out to determine the effect of pre-treatments 

on sensory quality attribute of dried green 

mango samples. Sensory characterisation of 

sample (aamchur) was done under conditions 

specified by International ISO Standards. A 

scoring system using hedonic rating test 

procedure was used to evaluate and 

characterise the quality of green mango 

samples (Tamara, et al., 2014). 

 

A 12 member sensory panel was used to 

evaluate the various descriptors for colour, 

texture and taste of samples. Sensory 

characteristics were scored for degree of 

liking on 9 point scale from 1 to 9 (1 for 

extremely dislike and 9 for extremely like) 

score above 5 were considered acceptable. 

 

From the study it may conclude that the faster 

drying rate was observed in moist heat pre-

treatment. Moisture ratio studies on mangoes 

with different pre-treatments revealed that the 

faster removal of moisture could be achieve 

with moist heat pre-treatment in forced 

convection hot air dryer. It was statistically 

proved that the pre-treatment with honey gave 

better sensory qualities but rehydration ratio 

for citric acid treated sample is higher than 

honey pre-treatment (on average basis). The 

Activation energy in experiment is calculated 

as 14.7 KJ/Mol and effective moisture 

diffusivity range between 2.37 x 10
-10

 to 3.26 

X 10
-10

 m
2
/s. 
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