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ABSTRACT  
 

Herbs were dried in a modified laboratory microwave to evaluate the effects of microwave 
output power on the drying time and the dried product quality in the terms of color, essential oil and 
water activity. The drying experiments were carried out using thee different levels microwave output 
powers 160, 480, 800 Watt. To evaluate the drying kinetics of parsley plant, experimental data 
obtained in this study were fitted with Page model. The effect of microwave power on drying time 
and drying rate were determined. The activation energy was determined using Arrhenius-type 
relationship, it was found to be 16.353 W/g. The effective moisture diffusivities of parsley under three 
levels of microwave power were in the range of 5.19291×10-5, 0.00014 and 0.0002 m2/s respectively 
with the increase of microwave output power. Effect of drying methods on essentials oils, water 
activity (aw) and color were studied. 

 
Key words: Parsley, effective moisture diffusivities, microwave drying, activation energy, color, 

water activity, essential oil. 

 
Introduction 
 

Fresh and dried herbs are widely used as a flavoring in many different food product 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 (Kathirvel et al., 2006).     

Drying process is one of the thermal processes that require higher process time and high-energy 
consumption in the industry. That’s why new methods are aimed to decrease drying time and energy 
consumption with lower quality degradation. Microwave drying is a relatively newer addition to the 
family of traditional dehydration techniques.  

Drying technology has evolved from the simple use of solar energy to current technology that 
includes, among others, kiln drying, tray drying, tunnel drying, spray drying, drum drying, freeze 
dehydration, osmotic dehydration, extrusion, fluidization, and the use of microwaves, radio frequency 
(RF) (Vega-Mercado et al., 2001). 

Microwaves are part of the electromagnetic waves propagating between 300 MHz and 300 G 
Hz. being an electromagnetic wave, microwaves have electric and magnetic components, acting 
perpendicularly to each other and are highly polarized Microwaves are also differ from other 
electromagnetic radiation as light waves and radio waves primarily in wavelength and frequency. 
Microwaves are between radio waves and infrared radiation with wavelengths in the range of about 
0.025 to 0.75 meters. (Owusu-Ansah, 1991) 

Microwave (MW) drying is a rapid dehydration technique that can be applied to specific foods. 
Increasing over product quality and production costs. The advantages of microwave drying include 
the following: shorter drying time, improved product quality, and flexibility in producing a wide 
variety of dried products. (Haghi and Amanifard, 2008) 

Microwaves with their ability to rapidly heat materials are commonly used as a source of heat. 
In recent years, microwave drying has gained popularity as an alternative drying method in the food 
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industry. The food industry is the largest consumer of microwave energy, where it can be employed 
for cooking, thawing, tempering, drying, freeze-drying, and sterilization, baking, heating and re-
heating (Cui et al., 2004). 

Herbs have attracted the scientific interest of the biotechnology, cosmetics, pharmaceutical and 
food industry since they have been used for many purposes as medicinal, flavouring, beverages, 
dyeing, fragrances, cosmetics, smoking and other industrial uses. Herbs are an excellent source of 
phytochemicals with potent anti-oxidative effects (Papageorgiou et al., 2008) 

The objectives of the present study were to (1) determine experimentally the drying 
characteristics of parsley using microwave at different power (160, 480 and 800W) (2) calculate the 
effective diffusivity and activation energy for moisture diffusion, (3) the effect of microwave drying 
on water activity (aw), essential oil content and color at selected levels of microwave power.  

 

Material and methods  

Material 
 
Sample preparation for microwave drying 
 

Fresh parsley plant was purchased from local supermarket in Cairo, Egypt. Samples were 
washed under tap water and inedible parts and stems were removed. 
 
Methods 
 
Modified microwave design 
 

The microwave oven has the capability of operating at different microwave stages, from 100 to 
800 W. The area on which microwave drying was performed (50 × 34× 27) cm and consisted of a 
rotating glass plate 27 cm in diameter at the bottom 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. 

A special design was made for microwave (LG model MS3043BARS) by installing an electric 
suction fan with dimensions (3.8×12×12) cm with electric power (90 W/h) on one aspect of the 
microwave to withdraw the vapors generated as a result of dried material to be exposed to microwave 
radiation so that drying will take short drying time and energy cost was reduced, Figure (1). 

  

 

Fig. 1: A schematic diagram of microwave drying equipment 
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Drying procedure 

Drying trials were carried out at three microwave generation power levels: 160, 480, and 800 
W. 

Three drying trials were conducted at each power level. The values obtained from these trials 
were averaged and the drying parameters determined. Moisture loss determined by weighing parsley 
plant every 30 seconds. 
 

Mathematical Modeling of the Drying Curves 
  

The Page model was used to describe the drying behavior of parsley plant and fitted to the 
experimental data. The moisture ratio of the parsley plant is expressed as:  
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Where, MR (moisture ratio) is the unaccomplished moisture change defined as the ratio of the free 
water still to be removed at time (t) to the total free water initially available moisture ratio.  
M(t) is the moisture content at time t (kg water/kg dry matter).  
Me is the equilibrium moisture content (kg water/kg dry matter).  
M0 is initial moisture content (kg water/ kg dry matter).  
A, k are constants of the model. 
The diffusion based model is based on the assumptions that the system is isotropic (the diffusion 
properties are constant in all directions).  
The main advantage of Eq. (1) is in the fact that both coefficients A and k can be deduced by taking 
logarithms of both sides of the relation, thus linearizing it: 

)2(ln)ln( ktAMR   

   Where, MR is the moisture ratio, A, k is a constant of the model, t is the time, min. 
Diffusivities are typically determined by plotting experimental drying data in terms of ln(MR) versus 
drying time t in Equation (2), because the plot gives a straight line with a slope as (π2Deff)/(4L2).The 
Arrhenius equation was used in a modified form to illustrate the relationship between the kinetic rate 
constant and ratio of the microwave output power density to sample amount instead of the 
temperature for calculation of the activation energy as the temperature is not measurable variable in 
standard microwave oven used for drying process. The activation energy was calculated using the 
Equation (3) (Sarimeseli, 2011 and Dadali et al., 2007). 
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Where, k is the drying rate constant (min–1), Deff is effective diffusivity (m2 min–1), D0 is the pre-
exponential factor (m2 min–1), Ea is the activation energy (W g–1), P is microwave output power (W) 
and m is the mass of raw sample (g). 
 

Determination of essential oil percent:- 
 

The essential oil percentage was determined in air dried capitulate according to the methods 
described by British pharmacopoeia, (1963) as follows:- 
Clevenger’s apparatus was used for the determination of the essential oil which is lighter than water. 
100 gm. of dry flowers were taken from each treatment, the flowers were placed in the distillation 
flask (1000 ml capacity), and 500 ml water was added. By using electric heater, the distillation 
process was continued for 3.5 - 4.5 hours until no further increase in the oil reading was observed. 
After that the apparatus was left to be cooled to obtain an accurate reading of the undisturbed 
separated essential oil. 
 

Color Measurement 
 

The chromaticity of fresh and dried parsley plant was measured in terms of L (the degree of the 
lightness), a (degree of greenness) and b (degree of yellowness) values, using Chroma meter (Konica 
Minolta, model CR 410, Japan) for the following traits: color was measured by calibrated with a white 
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plate and light trap supplied by the manufacturer. The metric hue angle (H) eq. (4) and total color 
difference from fresh material (ΔE) equation (5) were calculated from values of (L*, – a* and +b*) 
and it is used to describe the color change during drying. 

H= tan-1(b*/a*)          (4) 

)5(*)(*)(*)( 222 baLE   

   Where, ΔE , ΔL*, Δa*, Δb* are the differences of lightness (L*), greenness (−a*) and yellowness 
(+b*) color parameters, respectively, between dried and fresh herbs leaves 
 
Water activity (aw) 
 

Water activity (aw) is one of the most critical factors in determining quality and safety 
of food. Water activity (aw) affect the shelf life, safety, texture, flavor and smell of food. The 
water activity (aw) of the fresh and dried parsley plant samples were measured using Rotronic 
Hygrolab 3 CH-8303, Switzerland as mentioned by Cadden, (1988). 
 
Statistical analysis  

 
The collected data of  parsley ley plant were statistically analyzed and carried out with the 

SPSS 20.0 software (IBM, Inc.) by the Least Significant Differences (LSD) at the 5% level of 
probability according to Snedecor and Cochran procedure, the fresh and dried samples of parsley 
plant was replicated three times  (Snedecor and Cochran, 1980) 
 
Determination of Specific Energy Consumption 
 

The microwave drying was calculated as the ratio of heat energy utilized for evaporating water 
from the sample to heat supplied by the microwave oven. The cumulative drying efficiency values 
were calculated as the average energy consumption for water evaporation divided by the supplied 
microwave energy in the total power on time in s; the specific energy consumption was calculated as 
the energy needed to evaporate a unit mass of water (Sharada,  2013) 

Qs = t * P * 10-6 / mw            (6) 
   Where, Qs is the specific energy consumption to evaporate a unit mass of water from the product in 
MJKg-1 [H2O], mw is the mass of evaporated water in kg; P is the average microwave power in W 
and t is the time interval in (s). 
 
Results and Discussion 
 
Drying Characteristics using microwave 
 

Microwave drying trials were conducted at output power levels of 160, 480 and 800 W and the 
influence of each microwave power level on moisture ratio over drying time presented in Figure 2. 
The drying time decreased as microwave power level was increased. The times required for the 
moisture content of parsley to decrease from 0.25 to 0.006, 0.001, 0.00004 kg water/kg dry matter 
were 810, 480 and 360 seconds at microwave output power levels of 160, 480 and 800 W, 
respectively as shown in figure (2). The effect of microwave power level of decreasing drying time 
was observed by (Soysal 2004; Funebo and Ohlsso 1998). The results indicate that mass transfer is 
more rapid at higher microwave power levels because more heat is generated within the sample, 
creating a larger vapor pressure differential between the interior and the surface of the product 
(Hussain & Hany, 2014). 
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Fig.2: Effect of microwave drying on moisture content and drying time 

 

Fig. 3: Variation in Moisture Ratio Overtime of Microwave Drying of Parsley at Different Microwave 
Power Levels 
 

The variations of drying rate during drying time obtained are shown in Figure (4). The results 
observed that the drying rate decreased continuously throughout the drying time. Also the moisture 
ratio decreased incessantly, figure (3). The moisture content of the material was a very high during the 
initial phase of the drying which resulted in a higher absorption of microwave power and higher 
drying rate due to higher moisture diffusion, (Soysal, 2004)  
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Fig. 4: Drying Rate 

Moisture diffusivity during drying 
 

The variation in (MR) and drying time (t) for samples at different drying air temperature have 
been plotted in Figure (5) using equation (2) to obtain the curve slope which can give the average 
effective moisture diffusivity. The constant parameter of Page model was shown in Table (1), The 
results indicated that both (k and A) increased with the increasing microwave power. The effective 
moisture diffusivities of parsley under microwave range of 160, 480 and 800 W were the 8.11×10-5, 
0.00022 and 0.0003 m2/s respectively with the increase of microwave output power. 

 

 

Fig. 5: Variation in ln (MR) and drying time for Parsley plant at different microwave power 
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Table 1: Constant parameter for Page Model 

Microwave Power, w A k 
160 0.8124 0.0058 
480 0.8813 0.0135 
800 0.9077 0.0237 
 
The effective moisture diffusivity was also calculated to understand the mass transfer 

mechanism of parsley leaves at various microwave output power and sample amounts. For a constant 
amount of approximately 87 g sample, the relationship between the values of effective moisture 
diffusivity versus sample amount/power (m/P) is given in Figure (6) accurately fit Equation (9) with a 
coefficient of determination (R2) of 0.96. The plot was found to be a straight line in the range of 
microwave power studied and the value of Ea was found to be 16.                                            
353 w/g. The dependence of the effective diffusivity of parsley plant on the microwave power can be 
represented by the following equation: 

)353.16exp(10698.4 4

P

m
D eff    

 

Fig. 6: Arrhenius-type relationship, the values of ln(Deff) versus sample amount/power. 

Determination of Specific Energy Consumption 
 

The specific energy consumption values obtained carried out at three different microwave 
power levels. Fig. (7) shows the energy consumption at all levels within the power range 160, 480 and 
800W in which the drying process lasted for 810, 450 and 360 seconds respectively. The drying 
energy consumption rates were determined as 0.00027, 0.00085 and 0.0014 MJkg-1[H2O] and 2.7 
MJkg-1[H2O] as result, the energy consumption in the drying processes carried out at low microwave 
power levels yielded longer drying period. 

 
Effect of drying methods on essential oil compounds of Parsley plant (Petroselinum sativum) 
 

The results of essential oil content in the dried parsley plant are given in Figure (8), microwave 
power affected essential oil content of dried parsley plant. Larger percent of essential oil in dry mass 
remained by using microwave power (480W) and was recorded 1.6% while minimum percent of 
essential oil obtained from drying under microwave with the power of 800W. 
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Fig.7: Specific energy consumption for parsley Plant during microwave drying 

 

Fig. 8: The essential oil content in fresh and dried Parsley  

 
Color measurements of Parsley plant 
 

The color of dried parsley is an important attribute of dried product for a customer acceptance. 
Color components are represented by a* and b* values. The effect of microwave power level on color 
parameters of fresh and dried parsley is presented in Table (2). The reduction in L*(brightness), a* 
greenness and b* (yellowness) value is noticed in the dried samples as compared to fresh plant, there 
is a lower color degradation may be due to the substantial reduction in drying time. The result 
observed that L*, a* and b* values increased with increasing microwave power ranging from (27.693 
to 29.073) for L*, (7.14 to 9.503) for a* and (9.057 to 11.043) for b* in comparison to fresh samples 
(32 L*, 11.017 a*, 12.313 b*), the lower degradation of microwave dried parsley plant may be due to 
the substantial reduction in drying time (Kithirvel et al., 2006) so that the color values of dried plant 
are closest to fresh plant are obtained in plant dried with 800W. According to the results of statistical 
analysis, for L*, a* values there is no significant difference for all microwave power studied which 
indicated that the change in color values was not dependent on the microwave output power which 
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was agreed with (Soysal, 2004), b* values there is no significant difference for microwave power of 
(160 - 480W) and H* values there is no significant difference for microwave power of (480-800W). 
 

Table 2: Color measurements of Parley plant 

Means (± standard deviation) with different superscripts in each column are significantly different (P<0.05). 

Water activity (aw) 
 

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). Water activity (aw) values of fresh and dried parsley leaves shown in table 
(3). The results indicated that water activity decreased with drying from (0.881 to 0.142) and 
decreased with increasing microwave power density level. The effect of microwave power density 
levels on water activity (aw) of fresh parsley were significantly decreased (p≤0.05). It is observed that 
the dried 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). 
 
Table 3: Water activity for parsley plant 

Sample Water activity (aw) 

Fresh 0.881ᴬ±0.002 

160, W 0.302ᴮ± 0.010 

480, W 0.166ᶜ± 0.005 

800, W 0.142ᴰ±0.011 

LSD 0.0147 

 
Conclusion 
 

Parsley plant were dried using microwave at different microwave power (160, 480 and 
800 w). It was observed that drying took place in the falling rate period. The activation energy was 
16.353 W/g. The effective moisture diffusivities of parsley under three levels of microwave power 
were in the range of 5.19291×10-5, 0.00014 and 0.0002 m2/s respectively with the increase of 
microwave output power. The drying energy consumption rates were determined as 0.00027, 
0.00085 and 0.0014 MJkg-1[H2O] and 2.7 MJkg-1[H2O] as result, the energy consumption in 
the drying processes carried out at low microwave power levels yielded longer drying period. 
The effect of microwave drying on volatile oil, water activity (aw) and color were studied.  
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