
 

International Journal of Engineering Research-Online  

A Peer Reviewed International Journal   
Email:editorijoer@gmail.com http://www.ijoer.in 

Vol.4., Issue.1., 2016 
(Jan-Feb) 

 

263 SAMEERA NAYANI, VIVEKANAND HIREMATH 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

I. INTRODUCTION 

 For the preservation of vegetables, drying is 

one of the oldest methods known . The basic 

objective in drying food products is the removal of 

water in the solids up to a certain level, at which 

microbial spoilage and deterioration chemical 

reactions are greatly minimized. [1]. 

India has produced around 1 million tonnes of chilli 

and export different types of chillies required to 

various markets around the world. Green chili 

(Capsicum frutescens) is consumed as both a raw 

and cooked vegetable, as well as being commonly 

used in making powders, paste, pickles and sauce 

[2].  Chili has high vitamin content (C, B and E), 

flavanoids, capsaicin and minerals [3].  Traditional 

methods of processing such as sun drying take many 

days to produce, which leads to low production rate 

[4]. Hot air-drying is the most widely used drying 

operation in food and chemical industry. Although it 

is used because of simplicity of construction and 

operation, there is a concern for nutritional quality 

loss, color change, shrinkage and long drying time 

[5]. 

 Microwave drying of food materials has 

been identified as a potential means for reducing 

the total drying time. [6, 7, 8, 9]. Some strategies 

used to improve dried product quality include 

combination of microwave and conventional hot air 
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ABSTRACT 

In this study, green chili was dried by a pilot scale microwave-convective dryer. This 

work presents experimental study of the drying kinetics and modeling of green chili 

under different blanching pretreatments and drying conditions. The effects of 

water blanching and microwave blanching followed by microwave convective and 

hot air drying treatments respectively on drying rate, effective moisture diffusivity, 

and color change of green pepper were studied in comparison with un blanched 

samples at constant microwave power level, hot air temperature and air velocity 

.Results indicated that drying rate was found to be affected by pretreatments. Chili 

samples with microwave blanching pretreatment followed by microwave 

convective treatment dried faster and had higher Hunter L (lightness), a (redness) 

and þ(yellowness) values than the untreated and hot air dried chilies. The drying 

data were fitted to the seven thin-layer drying models. The Midilli model was 

found to be the best fit for the microwave drying behavior of chili with R2> 0.995, 

RMSE< 0.019 and χ²< 0.031.This study shows that the microwave convective  

drying technique can be used to achieve better quality end product 
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drying, pulsed or intermittent drying, and 

microwave-vacuum drying [10]. Utilizing microwave 

(MW) energy in drying offers reduced drying times 

and complements conventional drying in later stages 

by specifically targeting the internal residual 

moisture [11].  Generally the first step in fruit and 

vegetable processing is blanching in order to avoid 

the production of unpleasant flavors and browning. 

The blanching of peppers is usually performed using 

hot water or steam. Microwave blanching reduces 

heating time, as well as the loss of water soluble 

nutrients that are  leached into the water [5] 

Therefore, the objective of this study was to 

investigate the suitability of various drying models 

to describe the microwave convective drying 

behavior of green chili after MW blanching. A 

comparison study was also conducted to compare 

the colour and drying characteristics of conventional 

hot air drying process combined with water 

blanching. 

II. PROCEDURE  

 A schematic diagram of the microwave 

convective drier is shown in Fig. 1. Drying treatment 

was performed in a industrial microwave oven 

(customized) with technical features of 220 V, 50 Hz 

and 1.2 kW, at the frequency of 2450 MHz, The 

adjustment of microwave output power and 

processing time was done with the aid of a digital 

control facility located on the microwave oven. Each 

sample was placed at the centre of the oven during 

drying experiments. 

 Fresh green chilis were divided into 3 

groups. First group contains two control samples 

treated by hot air and microwave convective 

treatment (130 W) respectively. Second group 

sample was pretreated by water blanching at 100°C 

for 3 minutes followed by hot air treatment.  Third 

group sample was pretreated by microwave 

blanching at 6.3 W/g for 3 min followed by 

microwave convective treatment (130 W). 

 Drying trials were carried out at constant 

air velocity (2.2 m/s), constant hot air temperature 

(60
o
C).  During drying experiments, each sample was 

put on the rotating glass of microwave and is placed 

at the centre of the oven cavity. Moisture loss was 

measured by taking out the rotating glass and  

periodically weighing on the digital balance with a 

precision of 0.01 g.  Drying trial was carried out until 

the weight of the chili sample reduced to a level 

corresponding to moisture content of about 0.1 kg 

water/kg dry base. All the experiments were done in 

two replications. 

 For quality evaluation, moisture content 

and colour of samples were measured using the 

methods described by Ranganna [12] and Hunter 

Lab Colorflex colorimeter (Hunter Associates 

Laboratory, Reston, Va., U.S.A.) respectively. The 

color values were expressed as L*(lightness), a* 

(redness /greenness) and b*(yellowness/blueness). 

total color difference (ΔE) were calculated in 

comparison with unbranched chili (control). 

 
Fig. 1. Schematic diagram of microwave- convective  

dryer 

A. Mathematical modelling 

It is important to model the drying behaviour 

effectively for knowing the drying characteristics of 

green chilli. In this study, the experimental drying 

data of green chilli by using different pretrements at 

constant microwave power and hot air temperature 

were fitted into seven commonly used thin-layer 

drying models, listed in Table 1. 

Moisture ratio of chilli samples during drying is 

calculated by the following equation: 

 

                               𝑀𝑅 =
𝑀𝑡−𝑀𝑒

𝑀0−𝑀𝑒
             (1) 

where Mt, M0 and Me are moisture content at any 

time of drying (kg water/kg dm), initial moisture 

content (kg water/ kg dm) and equilibrium moisture 

content (kg water/kg dm),respectively [ 13, 7]. 
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B. Correlation coefficients and error analysis 

               To represent the experimental data for 

various treatments, the ability of the tested 

mathematical model was evaluated through three 

parameters; the correlation coefficient (R
2
), the 

reduced (x
2
) and the root mean square error 

(RMSE). The higher the R
2
 and lower the x

2
 and 

RMSE values, the accurate are the fitting procedure 

[14, 15]. 

C. Drying rate 

    The drying rate of samples was calculated using 

Equation: 

 

                                        𝐷𝑅 =
𝑀𝑡+∆𝑡−𝑀𝑡

∆𝑡
        (2) 

 

where MΔt+t is moisture content at t+ Δt (kg water/kg 

dm), t is time (min) and DR is the drying rate (kg 

water/kg dm min). 

 

TABLE I: MATHEMATICAL MODELS  FOR THE DRYING CURVES 

 

Model 

No. 

Name Model equation References 

1 Lewis MR= exp(-kt) [16] 

2 Page MR = exp(-kt
n
) [17] 

3 Modified Page MR = exp(-(kt)
n
) [18] 

4 Henderson and 

Pabis 

MR = a∙exp(-kt) [19] 

5 Logarithmic MR = a∙exp(-kt) + c [20] 

6 Midilli MR = a∙exp(-kt
n
) + bt [21] 

7 Wang and Singh MR = 1 + at + bt
2
 [14] 

III. RESULTS AND DISCUSSION 

A. Drying models 

              The statistical results from models are 

summarized in Table II. The values of mentioned 

tests were in the range of 0.969–0.999 for R
2
, 0.003–

0.835 for x
2
, and 0.011– 0.118 for RMSE. The model 

of Midilli was found to be the most suitable model 

to represent the thin-layer drying behavior of green 

chili samples based on the highest R
2
 and the lowest 

RMSE, and lowest x
2
. The experimental data with 

those predicted with the Midilli model were similar 

for chilli samples at different treatments. 

B. Drying rate 

 Figure 2 shows the drying curves of green 

chilli during microwave convective and hot air with 

different treatments. The microwave convective 

drying with microwave blanching treatment is the 

fastest drying method followed by microwave 

convective with no blanching, hot air with water 

blanching, hot air with no blanching. The drying 

process took place in the falling rate period [22]. The 

drying rate increases initially and then starts to 

decrease as the process continues. The moisture of 

the product reduced over time. Similar results have 

been observed in the drying of different fruits and 

vegetables: banana [23], kiwifruit [24[, parsley [7]; 

carrot pomace  [25]; pineapple, mango,  guava and 

papaya [26] and apple pomace [14].The average 

drying rate (Table III) was found to be low for hot air 

treatment without blanching and high for  

microwave convective treatment followed by 

microwave blanching.  

C. Color analysis 

Lightness (L*), greenness (-a*) and yellowness (+b*) 

of fresh dill leaves were 46.853 ± 2.461, -5.36 ± 

1.542 and 23.23 ± 0.674, respectively. All the 

treatments resulted in increase of lightness, 

greenness and yellowness of the dried green chilli. It 

has been reported that the microwave-convective 

drying followed by microwave blanching resulted in 

lighter product colour compared to other 

treatments. Similar results have been observed in 

the drying of red chilli [27]. The colour change value 

was also least in the microwave blanched sample 

followed by water blanching, microwave hot air 

drying and hot air drying.  
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TABLE III VALUES OF THE DRYING CONSTANTS AND COEFFICIENTS OF DIFFERENT MODELS DETERMINED 

THROUGH REGRESSION METHOD FOR ALL DRYING METHODS 

Model Group 

Hot air 

Temperature 

(
O
C) 

Microwave 

power (W) 

Constants 

and 

coefficients 

R
2
 x

2
 RMSE 

Lewis 

GICI 60  k= 2.775.10
-3

 0.984 0.313 0.058 

GICII 60 130 k= 5.995.10
-3

 0.991 0.052 0.038 

GII 60  k= 4.158.10
-3

 0.983 0.229 0.053 

GIII 60 130 k= 9.258.10
-3

 0.977 0.16 0.066 

Wang and 

Singh 

GICI 60  
a= -1.2.10

-3        

b=- 7.191.10
-8

 
0.969 0.835 0.118 

GICII 60 130 
a= -4.124.10

-3        

b= 3.698.10
-6

 
0.996 0.017 0.031 

GII 60  
a= -2976.10

-3        

b= 2.237.10
-6

 
0.998 0.065 0.026 

GIII 60 130 
a= -5.916.10

-3        

b= 8.01.10
-6

 
0.993 0.089 0.05 

Logarithmic 

GICI 60  

a= 1.497; 

k=0.15; b=-

0.47 

0.997 0.148 0.016 

GICII 60 130 

a= 1.333; 

k=0.379; b=-

0.328 

0.999 0.003 0.011 

GII 60  

a= 1.361; 

k=0.25; b=-

0.353 

0.996 0.156 0.02 

GIII 60 130 

a= 1.413; 

k=0.528; b=-

0.395 

0.993 0.635 0.028 

Modified 

Page 

GICI 60  
k= 1.453.10

-4       

n= 24 
0.997 0.02 0.015 

GICII 60 130 
k= 1.671.10

-3  

n= 9 
0.997 0.011 0.016 

GII 60  
k= 3.498.10

-4  

n= 18 
0.995 0.027 0.019 

GIII 60 130 
k= 9.859.10

-4    

n= 8 
0.994 0.026 0.027 

Midilli 

GICI 60  

a=0.99; 

k=4.092.10
-4  

; 

b=-1.113.10
-4

; 

n=24 

0.999 0.025 0.011 

GICII 60 130 

a=1; 

k=3.464.10
-3  

; 

b=-3.83.10
-4

; 

0.999 0.003 0.011 
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n=9 

GII 60  

a=0.979; 

k=9.678.10
-4  

; 

b=-1.654.10
-4

; 

n=18 

0.997 0.051 0.017 

GIII 60 130 

a=0.994; 

k=1.998.10
-3  

; 

b=-3.215.10
-4

; 

n=8 

0.995 0.044 0.024 

Page 

GICI 60  
k= 2.52.10

-4
; 

n= 24 
0.997 0.031 0.019 

GICII 60 130 
k= 1.936.10

-3
; 

n= 9 
0.997 0.011 0.017 

GII 60  
k= 6.856.10

-4
; 

n= 18 
0.994 0.041 0.025 

GIII 60 130 
k= 1.247.10

-3
; 

n= 8 
0.993 0.029 0.029 

Henderson 

and Pabis 

GICI 60  
a=1.088; 

k=2.997.10
-3

 
0.978 0.227 0.045 

GICII 60 130 
a=1.039; 

k=6.277.10
-3

 
0.989 0.041 0.032 

GII 60  
a=1.062; 

k=4.461.10
-3

 
0.979 0.179 0.045 

GIII 60 130 
a=1.061; 

k=9.813.10
-3

 
0.97 0.136 0.057 

TABLE II:  VARIOUS PARAMETERS WITH DIFFERENT DRYING TREATMENTS 

Sl.No Parameters Group I (No blanching) 

Group II 

(Water 

blanching) 

Group III 

(MW 

blanching) 

  
Control 1 

Hot air at 60
o
C 

Control 2 

MW+hot air at 

60
o
C 

Hot air at 

60
o
C 

MW+hot air 

at 60
o
C 

1 Drying time (min) 750 300 525 240 

2 

Average drying 

rate (Kg water/kg 

dm.min) 

0.444 0.977 0.631 1.329 

3. L* 62.72 ± 0.23 60.28 ±2.32 57.45 ±1.55 54.73 ±2.19 

4. a* 3.01 ±1.46 3.44 ±1.04 3.51 ±1.04 4.19 ± 1.41 

5 b* 22.1 ±1.22 21.79 ±1.25 21.08 ±1.61 17.99 ±1.37 

6 Color change (ΔE) 17.94 ±0.78 16.06 ±0.33 13.87 ± 1.33 13.08 ±1.85 

 



 

International Journal of Engineering Research-Online  

A Peer Reviewed International Journal   
Email:editorijoer@gmail.com http://www.ijoer.in 

Vol.4., Issue.1., 2016 
(Jan-Feb) 

 

268 SAMEERA NAYANI, VIVEKANAND HIREMATH 

 

 
Fig2. Relationship between the drying rate and the 

drying time during various drying methods 

IV. CONCLUSIONS 

Microwave convective drying with 130 W followed 

by microwave blanching reduced the drying time 

from 750 min to 240 minutes and increased the 

average drying rate from  0.44 to 1.32 Kg water/kg 

dm.min. and could  also maintain color of dried chili 

as the color change value is less. However, the work 

has to be further carried out at different microwave 

power levels. 
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