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ABSTRACT  
The effect of microwave power ranging from 200 W to 400 W was studied on onion slices (Allium cepaL.). Drying continued until slices 
moisture reduced to 0.07 g water/g dry solids. The various factors of the sample that were investigated were drying time, drying rate, kinetic 
rate constant and quality of dry product. It was observed that the drying rate was increasing with increase in microwave power and drying 
time decrease with increase in microwave power. The rehydration ratio and total colour difference between fresh and dried onion slices was 
found to increase with increasing microwave output power while shrinkage ratio decreased with increase microwave power. Various thin 
layer drying models were considered for the evaluation of parameters of drying kinetics, out of which semi empirical Midilli et al. model 
presented the best fit for all conditions of drying, giving a high value of R2 (> 0.998) and low value of SEE, RMSE and chi-square (χ2). 
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INTRODUCTION 

 
Drying of materials having high moisture content is a complicated unit operation process involving 

simultaneous, coupled heat and mass transfer, particularly under transient conditions [1]. It is one of the oldest 
methods of preservation and one of the most important in post-harvest processing of fruits, vegetables and other 
agricultural products [2]. Also, it brings about substantial reduction in weight and volume thereby minimizing 
packaging, storage and transportation costs [3]. Drying not only affects the moisture content of the product, but 
also alters other physical, biological and chemical properties such as enzymatic activity, microbial spoilage, 
viscosity, hardness, aroma, flavor and palatability of foods [4]. 

Onion (Allium cepa L.) is considered one of the second most important horticultural crops worldwide and 
has always been most widely traded than most vegetables [5] as a seasoning, a food component as well as in 
medical applications. Dried onions are a product of great significance in world trade produced either as flaked, 
minced, chopped or powdered forms [6].Generally, onion is dried for efficient storage and processing [7] but 
also to reduce bulk handling, facilitate transportation and to allow for its use during the off-season [8]. However, 
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the use of dried onion, which has a decreased mass compared to fresh onion, requires that an efficient and 
effective dehydration method be developed and employed. The colour and flavour of dried onions are 
considered the most important quality attributes that affect its acceptance by consumers. The non-enzymatic 
browning reactions, measured in terms of an optical index and the loss in pungency, measured in terms of 
thiolsulphinate or pyruvate concentration, are considered the dominant factors in quality deterioration during 
drying and storage of dried onion [9]. 

Many conventional thermal drying methods such as hot air drying result in slow drying rates in the falling 
rate period of drying [10]. The long drying times at relatively high temperatures during the falling rate periods 
often lead to undesirable thermal degradation of the finished products and consume more energy and yield low 
drying efficiency [11]. Microwave drying is having advantage of high drying rates, high energy efficiency, 
better product quality and efficient space utilization. Microwave heating is a result of dipolar interaction of 
water molecules inside the food materials. The polar water molecule tend to align themselves according to 
change in electrical field and heat is produced due to friction between oscillating molecules. This rapid internal 
energy generation causes the pressure build up and results in rapid evaporation of water [12]. Several studies 
have been carried out by researchers to investigate the microwave drying characteristics of agricultural 
materials. For example, Cabbage [13], Potato [14], Mushroom [15], carrot [16], basil [17], white mulberry [18], 
celery leaves [19], mango ginger [20]. The objective of present investigation is (a) to study the effect of 
microwave power on dying kinetics of onion slices. (b) to select the best model among several thin layer drying 
models to describe the moisture removal behaviour during microwave drying of onion slices. 

 
MATERIALS AND METHODS 

 
2.1.Materials: 

Fresh onions procured in bulk from a local market and stored in a refrigerator at 4 oC were used in the 
present investigation. To prepare the onions for the drying experiments, they were removed from the refrigerator 
and allowed to equilibrate in an ambient environment before being hand peeled. The onions were then cut into 
slices of approximately 5 ±0.1 mm thick using a sharp stainless steel knife. The direction of cut was 
perpendicular to the vertical axis of onion bulbs. A micrometer was used to check the thickness and uniformity 
of each slice at three different locations, and acceptance was based on consideration of the average value and the 
deviation of each value from the desired thickness. A sample of approximately 100 g of onion slices ranging 
from 5 to 8 cm in diameter and 5±0.1 mm in thickness was then carefully setup as a single layer on the drying 
tray for use in the drying experiment. The initial moisture content of the onion slices, expressed in gwater /gdry 
matter was measured by the oven drying method at an air temperature of 105oC and a drying period of 24 h [21]. 
The initial moisture content of the onion slices was found to be about7.3 gwater /gdry matter. 
 
2.2. Drying equipment : 

Microwave drying was performed in a 230-V, 50-Hz, 2900-W laboratory digital microwave oven (WEG-
800A, Jinan, China). The microwave oven has the capability of operating at different microwave stages, from 
100 to 1000 W. The area on which microwave drying was performed was 32 × 37 × 20 cm in size and consisted 
of a rotating glass plate of 28 cm in diameter at the base of the oven. The glass plate rotates 5 times per min and 
the direction of rotation can be changed by pressing the on/off button. Time adjustment was performed with the 
aid of the oven’s digital clock.  
 
2.3. Drying procedures: 

Drying trials were carried out at three microwave generation power levels: 200, 300, and 400 W. The onion 
slices (100 g) selected from uniform and healthy plants. Three drying trials were conducted at each power level. 
The values obtained from these trials were averaged and the drying parameters determined. The rotating glass 
plate was removed from the oven every 30 s during the drying period and moisture loss determined by weighing 
the plate using a digital balance (Mettler Toledo PM30, Germany) with 0.01 g precision.  
 
2.3. Quality evaluation: 

For quality evaluation purposes, similar drying experiments were conducted separately under the same 
microwave drying conditions.  

 
2.3.1.Colour assessment: 

Sample colour was measured before and after drying using a Hunter Lab Colour Flex A60-1010-615 model 
colorimeter (Hunter Lab., Reston, VA). The total colour difference between fresh and dried onion slices δEwas 
defined in equation (1) as  
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where the subscript “o” refers to the colour reading of fresh onion slices and L, a and b indicate the 
brightness, redness and yellowness of the dried sample, respectively. Fresh onion slices were used as a reference 
and a larger δE denotes a greater change incolourdue to drying.  

The browning index (BI), indicating the purity of the brown colour of the onion slices was calculated using 
equations (2) and (3)according to [22]. 

 

 
 
2.3.2. Shrinkage ratio (Sr): 

The shrinkage ratio of the dried onion was evaluated by a volumetric displacement method using n-heptane 
as the working liquid. Ten slices were tested and the average values were reported. The shrinkage ratio (Sr) was 
calculated as presented in Eq. 4. 

 
where Vo and Vdis the average volume of slices before and after drying, respectively. 
 

2.3.3.Rehydration ratio (Rr): 
The rehydration ratio of dried onion slices was determined according to [23]by immersing 10 g of dried 

sample in 50 ml of water at a temperature of 35 oC andafter 5 h,samples were drained and weighed. The 
rehydration ratio (Rr) was calculated as the ratio of the mass of the rehydrated sample to that of dry sample 
using equation (5). 

 

 
 
2.4. Analysis: 

A number of theoretical, semi-theoretical and empirical drying models have been reported in the literature. 
The most frequently used type of model for thin layer drying is the lumped parameter type, such as the Newton 
equation [24,25]. The moisture ratio during drying is determined using equation (6) i.e. 

 
where M is the moisture content of the product at any time, Me is the equilibrium moisture content, Mi is 

the initial moisture content all in kg water/kg dry matter, k is the drying constant (in units of 1/min) and t is the drying 
time in min. 

In this analysis, it was assumed that the moisture gradient driving force during drying is a liquid 
concentration gradient, meanwhilethe effect of heat transfer was neglected as a simplifying assumption. For all 
experimental conditions, the value of (M-Me)/ (Mi-Me), a dimensionless moisture content was obtained.  

Because samples were not exposed to uniform relative humidity and temperature continuously during 
drying, the moisture ratio was simplified as recommended by [26,27,28] and expressed as 

 
 
2.5. Mathematical modelling of the drying curves: 

For mathematical modelling, the equations in Table 1 were tested to select the best model for describing the 
drying curve equation of the onion slices. The moisture ratio of the onion slices during drying was calculated 
using equation (7). The goodness of fit of the tested mathematical models on the experimental data was 
evaluated using coefficient of determination (R2) [equation (8)];modelling efficiency (EF), [Eq. (9)]and chi-
square test (χ2) [equation (10)] with higher R2and EF values and lower χ2 values indicating a better fit [29].  
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MRexp .i is the ith experimental moisture ratio,MRpre.i is the ith predicted moisture ratio, while N and n are the 

number of observations constants, respectively. 

 
RESULTS AND DISCUSSION 

 
Onion slices with initial moisture content of 7.31 g water/g dry matter were dried microwave drying to a 

final moisture content of 0.07 g water/g dry matter. 
Microwave drying trials were conducted at output power levels of 200, 300 and 400 W andthe influence of 

each microwave power level on moisture ratio over drying time presented in Fig. 1. The drying time decreased 
as microwave power level was increased. The times required for the moisture content of onion slices to decrease 
from 85 to 7 % (w.b) were 25, 20 and 17 min at microwave output power levels of 200, 300 and 400 W, 
respectively. The effect of microwave power level of decreasing drying time was observed by [30]. The results 
indicated that mass transfer is more rapid at higher microwave power levels as more heat is generated within the 
sample, creating a larger vapour pressure differential between the interior and the surface of the product [31,32] 
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Fig. 1: Variation in moisture ratio overtime of microwave drying of onion slices at different microwave power 

levels. 

3.1. Fitting of mathematical models to the drying curves: 
The moisture content data observed at the drying experiment were converted into the moisture ratio (MR) 

and fitted to the 11 models listed in Table 1. The statistical results of the different models, including the drying 
model coefficients and the comparison criteria used to evaluate goodness of fit, namely, R2, χ2 and EF, are listed 
in Table 2.In all cases, R2 and EF values for all models under study were higher than 0.98 and 0.97, respectively 
and χ2 values were lower than 0.002. 

For all drying methods, the Midili et al model gives the best fit of experimental values since the highest 
values of R2 and are EF 0.0998 and 0.999, respectively, and the lowest values of χ2 (0.0004) were obtained 
(Table 2). Accordingly, the Midili et al model is selected as a suitable model to represent the thin layer drying 
behaviour of onion slices under different microwave power. The Midilli et al. model has also been suggested by 
others in the drying of apple and red bell pepper [33]; saskatoon berry [34]; cape gooseberry [35]. 
 
Table 2: Average values of statistical parameters of selected models filled to thin-layer drying of onion slices under different microwave 

drying. 

Model 
Microwave power, W 
200 300 400 
R2 EF χ2 R2 EF χ2 R2 EF χ2 

Newton  0.9931 0.9958 0.001810 0.9910 0.9908 0.00591 0.9985 0.99845 0.000611 
Henderson and Pabis 0.9908 0.9914 0.000137 0.9890 0.9918 0.002031 0.9980 0.9914 0.002484 
Page  0.9986 0.9962 0.000065 0.9871 0.9874 0.002817 0.9986 0.9905 0.009847 
Modified Page  0.9844 0.9737 0.011504 0.9989 0.9975 0.003362 0.9886 0.9887 0.00018 
Logarithmic  0.9985 0.9860 0.000067 0.9978 0.9985 0.005261 0.9988 0.9919 0.00074 
Two-term  0.9866 0.9880 0.000069 0.9983 0.9908 0.001407 0.9986 0.9889 0.00254 
Modified Hend. 
&Pabis 

0.9989 0.9945 0.002270 
0.9910 0.9983 0.002361 

0.9989 
0.9902 0.00058 

Midilli et al   0.9991 0.9996 0.000038 0.9998 0.9994 0.000217 0.9997 0.9990 0.000084 
Verma et al  0.9977 0.9870 0.000083 0.9930 0.9910 0.005141 0.9987 0.9785 0.000098 
Wang and Sing  0.9956 0.9953 0.001084 0.9918 0.9938 0.002651 0.9906 0.9906 0.000198 
Thompson  0.9594 0.9079 0.014658 0.9974 0.9956 0.000741 0.9404 0.9651 0.00099 

 
3.2.Rehydration ratio: 

The rehydration characteristics of a dried product are widely used as indicators of quality. Rehydration is a 
complex process that is influenced by both physical and chemical changes associated with drying and the 
treatments preceding dehydration [36]. The rehydration ratio was found to increase with increasing microwave 
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output power levels. As found, increasing the microwave power level from 200 to 400 W increased rehydration 
ratio from 5.93 to 6.87 [37,38].  
 
3.3. Shrinkage ratio: 

Increasing the microwave power from 200 to 400 W caused the shrinkage ratio to fall from a high of 0.25 to 
a low of 0.16. Thus the lowest values of shrinkage ratio were found when operating at high microwave power 
(400 W). The low shrinkage under higher microwave power can be attributed to higher product temperatures 
and the lower moisture content of the external surfaces on both sides of the slice [39,40]. 
 
3.4. Colour assessment: 

Total colour difference (δE) and browning index of onion slices, calculated from equations (1), (2) and (3) 
are colorimetric parameters used extensively to characterize variation in colour of foods during processing. The 
total colour difference and browning index data obtained following the microwave drying method are presented 
in Table 3. Microwave drying prevented colour change during drying. The colour difference increased with 
increase in infrared radiation intensity and with air velocity [41, 38]. 
 
Table 3: Colour and browning change of onion slices dried at selected processing conditions drying. 

Microwave power Total colour change (δE) Browning index (BI) 
200 W 19.13 16.61 
300 W 20.86 13.53 
400 W 19.99 15.09 

 
Conclusions: 

This study characterized the influence of drying conditions on the drying behaviour of onion slices using 
microwave drying. Drying rate is substantially influenced by microwave power level used. Statistical results for 
that  thin-layer drying showed that, the Midilli et al. model  given by [MR = a.exp (-k.tn) + b.t] represented the 
drying characteristics of onion slices better than eleven other frequently used thin layer drying models. For all 
the conditions studied, R2 and EF values were higher than 0.998 and0.997, respectively and χ2 value were lower 
than 0.00007. Irrespective of the power applied, microwaving is an effective method of shortening the time 
required for drying to the desired moisture content without charring the samples. The rehydration ratio and 
colour difference increased with increase in microwave power while the shrinkage ratio decreased with 
microwave power. 
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