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Abstract 
Herbs just like any other biological product are susceptible to rotting and degradation which can 
render the product unsuitable for consumption, or at least make them visually unappealing for 
consumers. Fresh and dried herbs are widely used as flavouring agents in many different food 
products on account of their powerful aromatic odour. The introduction of a microwave drying 
technique could offer a promising alternative for the herb processing industry. Hence the efficacy 
of microwave drying of herbs viz., mint, coriander, dill and parsley leaves with respect to drying 
characteristics such as drying time, moisture loss, drying constant, rehydration ratio and water 
activity and the product quality in terms of colour and chlorophyll content at selected levels of 
microwave power density (10, 30, 50, 70 and 90 Wg-1) was investigated and compared with 
convection air drying (45, 60 and 75°C). An increase in air temperature from 45 to 75°C resulted 
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in 77 to 90 per cent reduction in drying time. The microwave drying technique was more efficient 
than conventional hot air drying and resulted in savings to an extent of about 95-98 percent of 
drying time. The single exponential model used to describe the drying kinetics of leaves gave an 
excellent fit for all the data points with higher coefficient of determinations. The value of the 
drying constant increased with the increased microwave output power signifying faster drying of 
the product.  The microwave dried leaves exhibited less shrinkage and thus had better 
rehydration characteristics. The dried leaves were safe and stable with respect to microbial 
growth, chemical/biochemical reaction rates, and physical properties based on water activity 
values. In general, compared to hot air dying, microwave drying  can be effectively used for 
drying herbs (mint, dill, coriander and parsley leaves) owing to improved drying kinetics (sharp 
reduction of drying time, increased drying rate) and better quality attributes (higher rehydration 
ratio, ensured economic viability and microbiological safety, retention of colour and chlorophyll 
content). 

 
INTRODUCTION 

Herbs and spices are used to season foods throughout the world. These are the aromatic 
substances that enhance savoury character as flavouring agents and as appetite stimulants. 
Fresh and dried herbs are widely used as flavouring in many different food products on account 
of their powerful aromatic nature (Diaz-Maroto et al., 2003). The leaves also add a characteristic 
flavour to salads, cottage cheese, soups, fish dishes, omelets, sauces, and vegetable 
casseroles. Because of high water content, the herbage  viz., Coriander (Coriander sativum L.), 
Mint  (Mentha spicata L.), Dill (Anethum graveolens L.), Parsley (Petroselinum crispum Mill.)  are  
ordinarily dried for market, in order to inhibit microorganism growth and prevent degradation 
because of biochemical reactions. Herbs just like any other biological product are susceptible to 
rotting and degradation which can render the product unsuitable for consumption, or at least 
make them visually unappealing for consumers. In order to preserve this seasonal and highly 
perishable herbage and make it available to consumers during the whole year, they are 
subjected to post harvest handling treatments.  

Post-harvest preservation and management methods are numerous, but many are not 
economically feasible. Perhaps one of the methods most widely used for herb preservation is 
dehydration. Natural drying (drying in the shade) and hot air drying are still most widely used 
methods because of their lower cost. Natural drying has many disadvantages due to the inability 
to handle the large quantities and to achieve consistent quality standards. Continuous and batch 
dryers are generally used depending on the daily processed product tonnage.  

Microwave drying is a relatively new addition in the existing drying techniques, viz., hot air 
(cabinet, fluidized bed, tunnel), spray, vacuum, foam mat and freeze drying. The introduction of 
a microwave drying/heating technique which reduces drying time considerably and produces a 
high-quality end product could offer a promising alternative and significant contribution to herb 
processing industry. Microwave drying techniques have proved to be effective in reducing the 
drying time without damaging the quality attributes of finished products for a number of 
agricultural products such as herbs (Giese,  1992; Karting et al., 1994), potato (Bouraout et al., 
1994), soybeans and white beans (Adu et al., 1994; Adu & Otten, 1996), grapes (Tulasidas et 
al., 1997), apple and mushroom (Feng &  Tang, 1998; Funebo & Ohlsson, 1998), carrot (Lin et 
al., 1998; Litvin et al., 1998), yellow pea (Kadlec et al., 2001), wheat (Walde et al., 2002), 
parsley (Soysal, 2004), mushroom (Giri & Suresh Prasad, 2005), and spinach (Alibas Ozkan and 
Isık,2005). However, little data currently exist on microwave drying of leafy herbs. In reported 
cases, the hot air-microwave dried products exhibited less shrinkage; hence, they had better 
rehydration characteristics such as banana (Maskan, 2000) and kiwifruits (Maskan, 2001). 
Retention of quality parameters of green leafy vegetables is better at faster drying conditions 
(Negi and Roy, 2001). 
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Therefore, the overall objective was to investigate the efficacy of microwave drying of 
coriander, mint, dill and parsley leaves with respect to drying characteristics such as drying time, 
moisture loss, drying constant, rehydration ratio and water activity and the product quality in 
terms of colour and chlorophyll content at selected levels of microwave power density in 
comparison with hot air drying (45, 60 and 75°C) and to describe the drying process by 
producing a thin layer drying model for the purpose of simulation and scaling up. 

 
 

MATERIALS AND METHODS 
Materials 

Plants of fresh mint ((Mentha spicata L.), Coriander  (Coriander sativum L.), Mint  
(Mentha spicata L.), Dill (Anethum graveolens L.), Parsley (Petroselinum crispum Mill.)  used in 
the drying experiments were procured and stored at a temperature of 4 ± 0.5 °C until the drying 
process. Three samples, each being 50 g were kept in the drying oven at 105°C for 24 h, after 
which the moisture content of coriander, mint, dill and parsley leaves fell down to 5.79± 0.5, 6.03 
± 0.01, 8.33 ± 0.01 and 4.78 ± 0.01 on dry basis respectively. 

 
Hot air drying 

Three different samples of fresh coriander, mint, dill and parsley leaves, each being 10 g 
were kept in the drying oven at 45, 60 and 75 ºC. The sample was removed from the oven 
periodically for every 15 minutes during the drying period, and the moisture loss was determined 
by weighing the plate using digital balance 0.01 g precision. All weighing processes were 
completed in 10 s during the drying process. The drying process was continued till constant 
values were obtained for each sample.  

 
Microwave drying technique 

Drying treatment was performed in a 1.2 cu. ft capacity domestic Microwave oven 
(Panasonic NN-S563BF) with technical features of 60 Hz and 1250 W. The microwave oven has 
the capability of operating at power levels from 10 to 1. The microwave drying area was 574x 
467 x 350 mm in size, and consisted of a rotating glass plate with 343 mm diameter at the base 
of the oven.  

The calorimetric method was used for the measurement of output power in the 
microwave oven at different power levels of 10 to 1. The sample used for this experiment was 
tap water with an initial temperature of 2±3°C. Tap water of 500 g was poured into a beaker. The 
water was stirred before measuring the initial temperature. The beaker was placed on the center 
of the floor of the microwave oven and heated for a designated time period of 60s. Then the 
beaker was taken out, the water was stirred and the final temperature was read. Both initial and 
final temperatures were recorded and the absorbed power was calculated.  In all the tests, the 
input power was set at 100% rated level and each run was carried out in triplicate and the mean 
value was noted. The experimental results show the maximum output power of existing 
microwave oven to be 936 W, which is 78% of nominal value of 1250 W. The power outputs 
were 936, 866, 757, 672, 634, 563, 418, 336, 246 and 124 W respectively for 10 to 1 power 
levels with a decrement of 1 level. The experiment was carried out at five selected levels of 
power density 10, 30, 50, 70 and 90 Wg-1 (124, 336, 563,757 and 936 W respectively). The 
corresponding weight of leaves for the selected level of power density was computed as 12.35, 
11.21,11.27, 10.82 and 10.40 g respectively. 

Drying was carried out at selected levels of power density 10, 30, 50, 70 and 90 W g-1. 
The coriander, mint, dill and parsley leaves from the uniform and healthy plants, were weighed 
corresponding to the selected levels of power density and spread uniformly on a paper towel. 
The paper towel along with the leaves was placed on the rotating plate of the oven. The rotating 
glass plate was removed from the oven periodically (every 30 s) during the drying period, and 

 3



the moisture loss was determined by weighing the plate.  The paper towel absorbed the 
moisture during drying and it was replaced for every measurement. All weighing processes were 
completed in 10s. Three different drying trials were conducted at each microwave power density 
level and the mean value was used for the determination of drying parameters. The drying 
process was continued till constant values were obtained for each sample. 

 
Rehydration ratio (RR)  

The rehydration characteristics of a dried product are widely used as a quality index. 
Rehydration is a complex process and indicates the physical and chemical changes caused by 
drying and treatments preceding dehydration (Lewicki, 1998; Feng & Tang, 1998). The 
rehydration ratio is an indicator of the rehydration characteristics and was determined for dried 
coriander, mint, dill and parsley leaves, by immersing 5 g of dried samples in distilled water at 
40°C temperature. The water was drained and quickly blotted with the paper towel gently in 
order to eliminate the surface moisture and the samples were weighed. Triplicate samples were 
used. Rehydration ratio was calculated as the ratio of weight of rehydrated samples to the dry 
weight of the sample. 

 
Water activity (aw) 

Water activity (aw) is one of the most critical factors in determining quality and safety of 
foods consumed every day. Water activity affects the shelf life, safety, texture, flavor, and smell 
of foods. The water activity (aw) of fresh and dried leaves was measured using AquaLab Series 
3TE, a lab-grade water activity instrument with ± 0.003 aw accuracy and has user-selectable 
internal temperatures ranging from 15° to 40°C (± 0.2 °C). The measurement of water activity 
(aw) of the fresh and dried herb leaves was replicated three times and the average values were 
reported. 
 
Colour parameters 

An indicator of final dehydrated product quality is colour. The chromacity of the fresh and 
dried coriander, mint, dill and parsley leaves was measured in terms of L (the degree of the 
lightness), a (degree of greenness) and b (degree of yellowness) values, using a Minolta CR 300 
colorimeter (Konica- Minolta, Osaka, Japan). The instrument consists of a control unit and a 
measuring probe for illuminating an area 8 mm in diameter. The measuring probe has a pulsed 
xenon lamp that emits an intense white light covering the entire visible spectrum. The color of 
the reflected light is analyzed by 3 high-sensitivity silicone photocells that are filtered to match 
the CIE standard observer curves for the primary colors: blue (450 nm), green (550 nm) and red 
(610nm). The colorimeter was calibrated against a standard calibration plate. The measurement 
of L, a & b values of colour was replicated three times and the average values were reported.  

 
Chlorophyll content (mg per g of fresh weight)  
 Chlorophyll is the most widely distributed plant pigment, and the importance of 
chlorophyll a and b on food technology derives from their part in the green colour of plant. 
However they are highly susceptible to degradation during processing and storage. The 
conversion of chlorophyll to pheophytins and other derivatives results in a change from bright 
green to dull olive green or olive-yellow, which is ultimately perceived by the consumer as a loss 
of quality. A challenge to the food processors has been to prevent or to minimize this 
degradation in an attempt to produce higher quality products.  

The chlorophyll content in fresh and dried coriander, mint, dill and parsley leaves was 
estimated using spectro photometric method (Anon.1975) and Hiscox and Israelstam, 1979).  
For this purpose, 500 mg of fresh and 100 mg of dried samples were collected from all the 
treatments.  Ten ml of dimethyl sulfoxide (DMSO) and 80 percent acetone were mixed in 1:1 
ratio and poured into test tubes containing leaves and incubated overnight. The coloured 
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solution was then decanted into a graduated cylinder and the volume was made up to 25 ml with 
DMSO- acetone mixture.  The OD values were recorded at 645 and 663nm using 
spectrophotometer model Ultrospec 2001 pro  having 200-900 nm wave length, 5 nm band width 
and absorbance range of -0.3000 to 3.000. The total chlorophyll, Chl.a and Chl.b content were 
calculated by using Eqn.1 and 2 and expressed in mg g-1 fresh weight. 
                                                               V                                 

Chl.a = 12.7(A 663) - 2.69(A645) X ----------------- (mg g-1 ft. wt.) ----- (1) 
                                                          1000 x W x a 
                
                                                                 V                                  

Chl.b = 22.9(A 645) - 4.68(A663) X ----------------- (mg g-1 ft. wt.) -----(2) 
                                                           1000 x W x a  
               
  Total Chl.  =  Chl.  'a’ + Chl.  ‘b’ 
Where, 
         A  =  Absorbance at specific wavelengths (645 and 663 nm) 
         V  =  Final volume of the chlorophyll extract (ml) 
         W  =  Fresh weight of the sample (g) 
         a  =  Path length of light (1 cm) 
 
 

The research was conducted using randomized plots factorial experimental design. LSD 
(Least Significant Difference) in the ANOVA procedure is used to determine the effect of variable 
factors on drying parameters using MSTAT. 

 
 

RESULTS AND DISCUSSION 
Influence of air temperature 

The drying time for coriander, mint, dill and parsley leaves at 45, 60 and 75°C air 
temperatures are given in table 1.  

 
Table 1. Effect of air temperature on drying time  

Drying time, min S.No. Drying air temperature Coriander Mint Dill Parsley 
1 45°C 300 290 252 267
2 60°C 180 180 135 120
3 75°C 120 105 90 60
 
Experimental results showed that drying air temperature is an effective parameter for the 

drying of coriander, mint, dill and parsley leaves. As the air temperature increased, other drying 
conditions being same, moisture removal increased resulting into substantial decrease in drying 
time. In general, the time required to reduce the moisture content to any given level was 
dependent on the drying condition, being the highest at 45°C and lowest 75°C. Increase in air 
temperature from 45 to 75 °C resulted in 60 to 78 per cent reduction in drying time of coriander, 
mint, dill and parsley leaves. 

 
Effect of power density 

The effect of microwave power density level on drying time of coriander, mint, dill and 
parsley leaves is given table 2.  
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Table 2.  Effect of power density level on drying time  
Drying time, s S.No. Microwave power 

density level, W g-1 Coriander Mint Dill Parsley 
1 10 600 510 450 390
2 30 420 270 210 210
3 50 240 150 150 155
4 70 120 120 120 120
5 90 60 90 90 90
The whole drying time for reducing the moisture content depends upon the applied 

microwave power density level. As the microwave output power density was increased, the 
drying time of leaves was significantly reduced. By working at 90 Wg-1 instead of 10 Wg-1, the 
drying time could be shortened by 90, 82, 80 and 77 % respectively for coriander, mint, dill and 
parsley leaves.  

This is because higher power density resulted in a higher mass transfer driving force.  
Besides, higher power density caused higher material temperature and increased the rate of 
moisture evaporation. It is evident that the drying of herbage by microwave is significantly faster 
than drying by hot air. Compared to hot air drying, microwave drying technique used in this 
investigation can greatly reduce the drying time. By performing drying at microwave power 
density of 90 Wg-1, the drying time up to the moisture content of 0.10 db can be shortened by 95 
to 98 per cent. 

 
Drying rate 

The drying rate was calculated as the quantity of moisture removed per unit time per unit 
dry of matter (DM) (kg [H2O] kg-1[DM] min-1).  In hot air drying, drying rate increased with the 
increase of air-drying temperature and the highest values of drying rate were obtained with 75°C 
drying air. In general, the time required to reduce the moisture to any given level was dependent 
on the drying condition, being the shortest at 75 °C and the longest at 45 °C. 

The drying rate curves for coriander, mint, dill and parsley leaves dried at selected levels 
of microwave power density are shown in Figures 1 to 4.  Depending on the drying conditions, 
average drying rates of coriander, mint, dill and parsley leaves ranged from 0.52 to 4.40, 0.65 to 
4.16, 0.8 to 6.14 and 0.58 to 3.8 kg [H2O]kg-1[DM]min-1 for the micro wave power density level 
between 10 and 90 W g-1 respectively. The moisture content of the material was very high during 
the initial phase of the drying which resulted in a higher absorption of microwave power and 
higher drying rates due to the higher moisture diffusion. As the drying progressed, the loss of 
moisture in the product caused a decrease in the absorption of microwave power and resulted in 
a fall in the drying rate. The drying rates increased with increasing microwave power density 
levels. Therefore microwave power level has an important effect on the drying rate of coriander, 
mint, dill and parsley leaves. These results are in agreement with previous studies (Funebo & 
Ohlsson, 1998; Maskan, 2000; Sharma & Prasad, 2001; Soysal, 2004).  

 
Modelling of drying data 

The single exponential model (Lewis), which is widely used to describe the drying 
behaviour of a variety of biological materials, was fitted to the experimental data (Table 3). The 
moisture ratio is expressed as 

MR  = (m – me) / (m0 - me) = exp  (-kt)                            ----------  (3) 
where MR is moisture ratio, m is moisture content at any given instant t, % (dry basis), 

m0 denotes initial moisture content, % (dry basis), me is the equilibrium moisture content, % (dry 
basis), t is the time, min, k is the coefficient or rate constant, min-1.  

Figures 5 to 8 and 9 to 12 show the experimental moisture ratio values as a function of 
time when plotted alongside those predicted using the single exponential model respectively for 
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hot air and microwave drying conditions. The model gave an excellent fit for all the experimental 
data points with values for the coefficient of determination greater than 0.9629. It is determined 
that the value of the drying constant k increased with the increase in air temperature and 
microwave power density level. 

 
Table 3.  Non–linear regression analysis results of semi-logarithmic single   exponential 

model parameters for microwave and convective drying of coriander, mint, dill and parsley 
leaves 

Coriander Mint Dill Parsley 

Drying 
condition 

Drying 
rate 

constant 
(k), min-1

R2

Drying 
rate 

constant 
(k), min-1

R2

Drying 
rate 

constant 
(k), min-1

R2

Drying 
rate 

constant 
(k), min-1

R2

A. Microwave power density level, W g-1

10 0.0081 0.9629 0.0083 0.9937 0.0079 0.9884 0.0088 0.9851
30 0.0279 0.9677 0.0157 0.9955 0.0164 0.9931 0.0204 0.9907
50 0.0462 0.9641 0.0340 0.9951 0.0252 0.9896 0.0289 0.9877
70 0.0622 0.9543 0.0373 0.9941 0.0318 0.9898 0.0386 0.9920
90 0.0631 0.9768 0.0472 0.9844 0.0451 0.9935 0.0486 0.9977

B. Drying air temperature, °C  
45 0.0162 0.9869 0.0176 0.9896 0.0111 0.9903 0.0153 0.9881
60 0.0307 0.9913 0.0272 0.9935 0.0381 0.9912 0.0491 0.9827
75 0.0582 0.9832 0.0609 0.9947 0.0445 0.9959 0.0571 0.9861
 
This data points out that with an increase in microwave power density, the drying curve 

becomes steeper indicating faster drying of the product. This may be attributed to the fact that 
higher microwave power helps in increasing the driving force of heat and mass transfer. As a 
result, measured moisture ratio values and estimated moisture ratio values were found to be 
similar.   

 
Rehydration ratio 

The rehydration characteristics of a dried product are widely used as a quality index. 
Rehydration is a complex process and indicates the physical and chemical changes caused by 
drying and treatments preceding dehydration (Lewicki, 1998; Feng & Tang, 1998). The 
rehydration values of dried coriander, mint, dill and parsley  leaves are given in table 4. 

In hot air drying, the rehydration capacity decreased with the increase in drying air 
temperature from 45 to 75°C.  The lower rehydration values are evidence of product shrinkage 
caused by severe heating and/or prolonged drying resulting in irreversible physico-chemical 
changes. These changes seemed to be minimum in the microwave dried sample. The lower 
rehydration for mint leaves may probably be due to cellular break down of the product during 
drying (Feng and Tang,1998, Ahmed et al., 2001). The rehydration ratio was significantly 
affected by the microwave power density level and air temperature. As the power density level 
and air temperature increased, the rehydration ratio increased, owing to the increased drying 
rate and creation of pores that are induced by vacuum conditions (Kiranoudis et al., 1997).  The 
rehydration ratio of samples dried by microwave had higher values than the hot air dried 
samples. The highest value was obtained with samples dried at 90 Wg-1. ANOVA results showed 
that the drying conditions influenced (P > 0:01) the rehydration capacity of leaves. The higher 
rehydration ratio at higher microwave power can be attributed to the development of greater 
internal stresses during drying at higher power levels. The quick microwave energy absorption 
causes rapid evaporation of water, creating a flux of rapidly escaping vapour which helps in 
preventing the shrinkage, thus improving the rehydration characteristics (Khraisheh et al., 1995; 
Lyons et al., 1972; Sharma & Prasad, 2001). 
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Table 4. Rehydration ratio of coriander, mint, dill and parsley leaves 

Rehydration ratio S.No. Drying condition Coriander Mint Dill Parsley 
A Microwave power density level, W g-1

1 10 5.23 5.09 4.38 4.53 
2 30 5.33 5.25 4.56 4.67 
3 50 5.36 5.36 4.65 4.79 
4 70 5.39 5.69 4.75 5.12 
5 90 5.47 5.82 4.82 5.23 
B Drying air temperature,°C 
66 45 5.24  4.96 4.27  4.39  
7 60 5.20 4.85 4.16 4.26 
8 75 5.15 4.56 4.03 4.19 

 
Water activity 

The concept of water activity has been adopted by food regulatory agencies in defining 
safety regulations regarding growth of undesirable micro-organisms, definitions of food hazards, 
critical control points, standards for various preserved foods and packaging requirements 
(Fontana, 1998 & 2000). The water activity values of fresh and dried coriander, mint, dill and 
parsley  leaves are given in table 5. 

The water activity values of hot air dried leaves varied from 0.119 to 0.330 whereas the 
corresponding values of microwave dried leaves were 0.117 to 0.382. ANOVA results showed 
that the drying conditions influenced (P > 0:01) the water activity of leaves. The values were 
compared with the water activity limits for growth of microorganisms as proposed by Beuchat 
(1981) and Water Activity – Stability Map (Labuza, 1970).  

 
Table 5. Water activity of coriander, mint, dill and parsley  leaves   

Water activity  S.No. Drying condition Coriander Mint Dill Parsley 
A Microwave power density level, W g-1

1 10 0.380  0.382 0.135 0.204 
2 30 0.333 0.343 0.124 0.199 
3 50 0.319 0.314 0.117 0.192 
4 70 0.293 0.291 0.108 0.152 
5 90 0.286 0.274 0.101 0.144 
B Drying air temperature, °C 
66 45 0.278 0.254 0.196 0.273 
7 60 0.304 0.243 0.153 0.153 
8 75 0.330 0.236 0.119 0.137 
C Fresh  0.954 0.976 0.957 0.934 
 
It is observed that the dried coriander, mint, dill and parsley leaves were safe and stable 

with respect to microbial growth, chemical/biochemical reaction rates, and physical properties 
(Fontana, 1989 & 2000). The end point of drying is the residual moisture content of the final 
product which ensures economic viability and microbiological safety, i.e. a water activity value 
lower than 0.60 (Velasquez de la Cruz et al., 2001; Wang & Brennan, 1991). 

 
Colour parameters and Chlorophyll content 

The effect of microwave power density level and drying air temperature on colour 
parameters (L - brightness), a - greenness, b - yellowness) of fresh and dried mint leaves is 
presented  in Table 6. 
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Table 6. Colour parameters of coriander, mint, dill and parsley leaves  

       (L: brightness, a: greenness, b: yellowness)  
Coriander Mint Dill Parsley Drying 

condition L a b L a b L a b L a b 
A. Microwave drying - Power density level, W g-1

10 41.02 -12.87 +21.80 28.60 -5.33 +15.93 29.77 -10.88 +15.72 33.95 -13.47 +17.89 
30 40.61 -14.75 +23.10 31.40 -9.74 +18.43 29.11 -11.12 +15.40 32.94 -13.65 +18.14 
50 43.49 -15.12 +22.82 32.92 -13.07 +21.21 29.50 -11.49 +15.94 33.59 -13.72 +17.63 
70 44.33 -16.66 +23.79 36.48 -13.57 +21.29 29.33 -12.25 +15.31 35.91 -13.81 +18.54 
90 43.79 -17.20 +22.73 38.60 -14.66 +22.25 27.91 -11.86 +14.52 36.09 -14.88 +21.08 
B. Hot air drying - Air temperature, °C  
45 39.12  - 12.35 +23.19 34.75 -10.40 +16.98 30.95 -10.32 +16.33 33.24 -13.12 +20.39 
60 38.30 -11.95 +22.64 29.63 -7.29 +15.02 31.47 -10.01 +18.25 29.83 -10.26 +15.63 
75 31.54 - 9.37 +19.56 31.28 -5.15 +14.61 29.81 -09.65 +15.32 28.72 -09.44 +15.37 

C. Fresh 46.31 -18.08 +28.54 39.88 -14.79 +25.45 34.89 -16.26 +22.60 39.54 -15.68 +22.68 
 
A reduction in L (brightness), a (greenness) and b (yellowness) value is noticed in the 

dried leaves as compared to fresh leaves. It is noticed that with increase in temperature, the 
colour of mint leaves became darker implying that more browning of the leaves occurred. These 
results are consistent with those of Chua and Chou (2005). ANOVA results showed that the 
drying conditions influenced (P> 0:01) the colour parameters of dried leaves.  

 
Table 7. Chlorophyll content of coriander, mint, dill and parsley  leaves  

Chlorophyll content (mg g-1 fresh weight) S.No. Drying condition Coriander Mint Dill Parsley 
A Microwave power density level, W g-1

1 10 0.835 1.029 0.879 1.282  
2 30 0.868 1.037 0.912 1.554  
3 50 0.931 1.086 0.952 1.672  
4 70 1.047 1.114 1.092 1.756 
5 90 1.069 1.357 1.034 2.101 
B Drying air temperature, °C 
6 45 0.786 0.824 0.854 1.264 
7 60 0.727 0.796 0.821 1.071 
8 75 0.671 0.568 0.726 0.932 
C Fresh  1.307 1.545 1.594 3.049 
 
The microwave dried leaves exhibited higher values of all the colour parameters than the 

hot air dried samples. Drying temperature and time are important parameters for colour change 
during drying. Therefore, lower colour degradation of microwave dried leaves may be due to the 
substantial reduction in drying time. The colour value closest to that of the value fresh leaves 
were obtained in leaves dried with 90 Wg-1 microwave power density level. The estimated values 
of chlorophyll content in fresh and dried coriander, mint, dill and parsley leaves are given in table 
7 and confirm the above findings. 

High moisture biological products undergoing microwave drying possess an advantage.  
Indeed, microwave drying pushes liquid to the surface where the water vapour is removed. This 
process results in drying without causing surface overheating phenomena which significantly 
improves product quality (Schiffmann ,1995). It is clear from this experiment that microwave 
drying retained better colour quality for the dried herbs compared to hot air drying. 

 
CONCLUSION 

Increase in air temperature and micro wave power density reduced the drying time of the 
coriander, mint, dill and parsley leaves. The microwave drying technique was more efficient than 
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conventional hot air drying and resulted in saving to an extent of about 95 to 98 percent of drying 
time. The drying rate increased remarkably with microwave power density level. The single 
exponential model used to describe the drying kinetics of mint leaves gave an excellent fit for all 
the data points with higher coefficient of determinations and lower standard error of estimates. 
The value of the drying constant increased with the increased microwave output power signifying 
that with increase in microwave output power, drying curve becomes steeper indicating faster 
drying of the product. The microwave finish dried leaves exhibited less shrinkage, with better 
rehydration characteristics. The dried mint leaves were safe and stable with respect to microbial 
growth, chemical/biochemical reaction rates, and physical properties based on water activity 
values. The colour criteria assessments showed that drying at 90 Wg-1 produced the best 
brightness, redness and yellowness parameters. In general, compared to hot air dying, 
microwave drying technology can greatly reduce the drying time and successfully be used to 
produce good quality dried coriander, mint, dill and parsley leaves in terms of water activity, 
colour and chlorophyll content. 
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Fig.1. Drying rate of coriander leaves 
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Fig. 2. Drying rate of Mint leaves 
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Fig.3. Drying rate of Dill leaves 
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Fig.4. Drying rate of Parsley leaves 
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Fig.5. Coriander Fig.6. Mint 
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Fig. 7. Dill Fig. 8. Parsley 
Fig 5-8. Experimental moisture ratio values as a function of time with  

predicted values using the single exponential model for hot air drying conditions  
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Fig.9.  Moisture ratio versus time, comparing experimental curve with predicted one through single 
exponential Lewis (Eq. 1) for microwave dried coriander leaves 
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Fig.10. Moisture ratio versus time, comparing experimental curve with predicted one through single 

exponential Lewis (Eq. 1) for microwave dried Mint leaves 
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Fig.11. Moisture ratio versus time, comparing experimental curve with predicted one through single 
exponential Lewis (Eq. 1) for microwave dried Dill leaves 
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Fig.12. Moisture ratio versus time, comparing experimental curve with predicted one through single 
exponential Lewis (Eq. 1) for microwave dried Parsley leaves 
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