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ABSTRACT 
  
This study examines the rosemary thermal properties, including thermal conductivity, specific heat 
capacity, and thermal diffusion coefficient in the microwave, blanching, and oven pretreatments. To test 
the microwave pretreatment for three-time levels of 60, 90, and 120 s, the changes in the samples’ weights 
in the microwave were recorded. The blanching pretreatment was done on the samples at three-time 
levels of 180, 360, and 540 s. Finally, in the oven treatment, the rosemary leaf samples were placed at 
three temperature levels of 30, 45, and 60 °C for 15 min. Then, in three voltages of 4, 7, and 10 V, the 
thermal properties were obtained separately for each of the pretreatments, and for all cases, a control 
treatment was considered. The data were analyzed as a factorial experiment based on a completely 
randomized design. Based on the results for microwave and blanching treatments, increasing the 
treatment time and reducing the oven temperature led to a decrease in thermal conductivity, specific heat 
capacity, and thermal diffusivity. An increase in voltage affected the thermal properties of rosemary 
leaves across all three pretreatments, showing effectiveness in each method. The pretreatment levels 
were significantly higher than the process voltage for the thermal conductivity and diffusion coefficient, 
which indicates that pretreatment has a more significant impact on the thermal properties of the process. 
The maximum value of the electrical conductivity coefficient is 0.4256, 0.5851, and 0.510 W m-1 °C-1, and 
for the specific heat capacity of 2.58, 2.68, and 2.65 kJ kg-1 °C-1, and also for the thermal diffusion 
coefficient of 2.48 × 10-6, 2.81 × 10-6 and 2.50 × 10-6  m2 s-1 for microwave, blanching, and oven 
pretreatments, respectively. Among the three pretreatments, microwave pretreatment significantly 
reduced the thermal conductivity, specific heat capacity, and thermal diffusion coefficient of rosemary 
leaves. 
 

* Corresponding author  
m_vahedi@modares.ac.ir 
 
Article history 
Received: 2024-11-06 
Revised: 2024-11-15 
Accepted: 2024-11-20 

 
1. Introduction 
 

Rosemary (Rosmarinus officinalis) is an aromatic plant from 
the Lamiaceae family and native to the Mediterranean region. The 
Murcia province in southeastern Spain is one of the major 
importers of rosemary. In the United States and Europe, rosemary 
is a unique spice and is commercially available as an antioxidant 
(Ntoanidou et al., 2024). Rosemary extract, due to its high 
potential for liver protection, potential for treating Alzheimer's 
disease, and antiseptic effects, has been used in the treatment of 
diseases (Nazir et al., 2024). Additionally, rosemary is used in 
preserving food by preventing oxidation and microbial 
contamination. Therefore, rosemary extract can serve as a useful 
alternative to synthetic antioxidants in foods. Furthermore, 
rosemary provides multiple preservation benefits to consumers. 
On the other hand, thermal parameters are critical features in the 
agricultural industry, as they are utilized in the design of 
necessary equipment for this sector (Rafya et al., 2024). Also, in 
computer designs and simulations, equipment optimization, and 
temperature control during storage and transportation, knowing 
a product’s thermal properties is essential and sensitive (Raji et 
al., 2024). Today, most developed countries have conducted 
extensive studies to recognize the medicinal plants used in their 
country.  

In Iran, due to the diversity of climate, different medicinal 
plants are cultivated naturally or mechanized, one of the most 
important of which is rosemary (Nargesi and Kheiralipour, 2024) 

(Motevali et al., 2017). Rosemary is a shrub, a perennial plant with 
ascending, fragrant branches. It belongs to the mint family and 
reaches a height of 2 m. Rosemary plants have slender and tipless 
leaves, and flowers are dark green and rarely pink or white. The 
leaves and flowers of this plant contain active ingredients, so the 
vegetative body of rosemary has a pleasant smell. The active 
ingredients of this plant are essential essences, tannins, and bitter 
substances. The fundamental essence content of dried leaves is 
between 0.5 and 1.5, and the most important compounds are 
rosemary, camphor, borneyl acetate, and rosemary acid essential 
essences. These unique compounds give rosemary its antioxidant, 
antibacterial, and antifungal properties (Shoja et al., 2015; Zarghi 
et al., 2015).  On the other hand, in the agricultural industry, 
thermal properties are an essential parameter for measuring the 
design of equipment required in the agricultural sector. Also, in 
computer design and simulations, equipment optimization, and 
temperature control during warehousing and transportation, 
knowing the thermal properties of a product is very important and 
sensitive (Vahedi Torshizi et al., 2020; Azadbakht et al., 2013b).   

The thermal process is of great importance in drying and 
storing food products, and knowing factors such as specific heat 
capacity, thermal conductivity, and thermal diffusion coefficient 
are three engineering features for products that are of great 
importance in heat transfer. Thermal conductivity and thermal 
diffusion coefficient are used to measure the rate of heat transfer 
as well as the efficiency of the process of the devices (Azadbakht 
et al., 2022; Oloyede Christopher et al., 2018). Various researchers 
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have done research on thermal properties. Fasina and Sokhansanj 
(1995) performed an experiment on the thermal properties of 
alfalfa pellets, which showed that the increase in the moisture 
content of alfalfa pellets was due to the increase in specific heat 
and thermal diffusion coefficient of the tested samples. Loha et al. 
(2012) conducted a study on the drying properties and thermal 
conductivity of ginger and concluded that increasing the moisture 
content in ginger increased the thermal conductivity, and a 
nonlinear relationship was also obtained to increase the moisture 
content and thermal conductivity. Barnwal et al. (2014) also 
examined the thermal properties of cinnamon, which showed that 
increasing moisture content and temperature increased the 
amount of electrical conductivity and specific heat of cinnamon 
and an increasing trend for thermal diffusion coefficient with 
increasing temperature. Akbarnejad et al. (2015) measured the 
thermal properties of banana skin and reported that the moisture 
content and temperature had a significant effect on the thermal 
properties of banana skin and that the thermal conductivity 
increased at all moisture content. Ghajarjazi et al., (2016) stated 
that the relationship between the thermal properties of canola 
pods with moisture content, porosity, and chemical content of 
different rapeseed cultivars had a significant difference in thermal 
properties with each other.  

Hosainpour et al. (2022) found that the quality grading of 
dried white mulberries showed significant differences based on 
various color and texture features extracted through machine 
vision and that these characteristics played a key role in accurately 
classifying the fruit into high- and low-quality. Salari Kia et al. 
(2014) conducted a study on the effect of different levels of 
moisture content and temperature on the specific heat capacity of 
the grain and kernel of two Iranian pistachio cultivars. In this 
study, the percentage of moisture increased logarithmically, and 
the temperature increased linearly. Samimi Akhijahani and 
Khodaei (2013) investigated the specific heat and thermal 
conductivity of grapes with different moisture content, and they 
found that the specific heat and thermal conductivity of grapes 
increased linearly with increasing moisture content and that the 
effect of moisture content on the increase in specific heat and 
thermal conductivity of grapes was greater than the effect of 
temperature and proposed regression equations for specific heat 
and thermal conductivity of grapes. 

 It is useful to know information about thermal properties 
because researchers, engineers, processes, and other research 
departments that conduct research in food thermal processes 
must have sufficient information about thermal properties. This 
study examines the thermal properties of rosemary, and the 
purpose of this study is to investigate and compare the three 
pretreatments of the microwave, blanching, and oven on the 
thermal properties of rosemary because the operations before the 
thermal properties of the products are very important and will 
have a great impact on the changes in the thermal properties of the 
products. 

 
2. Materials and Methods 
2.1. Sample preparation 

Rosemary specimens were obtained from the Gorgan 
University of Agricultural Sciences and Natural Resources, Gorgan, 
Iran. The leaves were removed from the trunk of rosemary 
branches. Attempts were made to separate the leaves in a healthy 
manner so as not to damage the leaves. The separated leaves were 
cleaned with a damp cloth and placed in the laboratory for a while 
to remove the moisture associated with their cleaning; then 100 g 
of each sample was removed and placed in the desired plates for 
the pre-treatment steps.  

 
2.2. Pretreatment methods 

Samples of the leaves underwent three types of pre-
treatments: microwave, blanching, and oven. For microwave 
pretreatment, the samples were pre-treated at 360, 90, and 120 s 
at 360 W. For blanching, the samples were placed in hot water 

vapor for 180, 360, and 540 s and pre-treated, and for the pre-
treatment of the oven, the samples were placed at 30, 45, and 60 
ºC for 15 min.  

 
2.3. Thermal properties 

After pre-treatment, the thermal conductivity and thermal 
diffusion coefficients were set for three voltages of 4, 7, and 10 V. 
In this experiment, a transient heat transfer test device (Figure 1) 
with a linear heat source in the cylinder was used. Measuring the 
specific heat capacity was done using the mixture method. 
Because of simplicity and high accuracy, the method is commonly 
applied for measuring the specific heat capacity of agricultural and 
food products. Several assumptions were considered for using this 
method: (a) there was no heat loss when transferring samples to 
the calorimeter; (b) no evaporation occurred during the balance 
period; and (c) the heat capacity of the calorimeter remains in the 
studied range temperature. In order to determine the specific heat 
capacity of the product, we first need to determine the specific 
heat capacity of the calorimeter. 
 

 
Figure 1. Schematics of linear heat source. 

 
Since the type of calorimeter is a mixture of glass, metal, and 

insulation, determining its heat capacity in the experiment is 
simpler and correct than determining it by mass measuring each 
part of it particularly. In order to determine the heating capacity 
of the calorimeter value (Hcal), some distilled water was poured 
into the calorimeter, and after reaching the calorimeter and the 
water reaching the equilibrium, the equilibrium temperature (Tc) 
was recorded. Then, some warmer distilled water was added with 
Th temperature and mh mass. After the system reached 
equilibrium temperature (Te), the calorimeter value (Hcal) was 
calculated using Eq. (1) 

 

𝐻𝑐𝑎𝑙 =
𝑚ℎ𝐶𝑤(𝑇ℎ−𝑇𝑒)−𝑚𝑐𝐶𝑤(𝑇𝑒−𝑇𝑐)

𝑇𝑒−𝑇𝑐
                                                               (1) 

𝑚𝑐𝑎𝑙𝐶𝑐𝑎𝑙 = 𝐻𝑐𝑎𝑙                                                                                           (2) 
 
where Cw is the average specific heat of water at the ideal 
temperature range and is equal to 4.18 kJ kg-1 ºC-1 (Salari Kia, 
2012). By this method, the heat capacity of the used calorimeter 
was measured by three replications. In Eq. (2), Ccal and mCal were 
specific heat and mass for the calorimeter. It was assumed that the 
system was adiabatic and heat loss was very low during the 
balance period. For measuring the specific heat of rosemary in 
constant pressure, first, we chilled the calorimeter in the 
refrigerator; in this way, a few lost heats are ignored. 200 g of 
distilled water was boiled at 100 °C and poured into the 
calorimeter. Then, its heat was measured.  We placed 10 g of 
samples, which were at ambient temperature in the mixture and 
then were allowed to reach heat balance. The specific heat of 
rosemary was measured by the balanced relationship between the 
gained and lost heat of water, and the calorimeter examined the 
gained and lost heat of samples. 
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2.4. Thermal conductivity coefficient 
The transient heat transfer testing machine was made by a 

linear heat source in the PVC cylinder (300 mm height and 110 
mm inner diameter). The top and bottom of the cylinder were 
sealed with a 10 mm thick fiberglass plate (Figure 2). The 
Nichrome with 0.127 mm diameter was inserted into the main axis 
of the cylinder, and the Nichrome wire was plugged into a DC 
adjustable power source (Bitra et al., 2010). To measure the 
centerline, a 4-channel data-connected K-type thermocouple was 
used, which was placed on a base 12 mm from the heat line source. 
During the test, it should be assumed that the sample holding 
temperature should be constant. Thus, there was a K-type 
thermocouple on the outer side of the chamber to show the 
temperature information. Due to the data output of the data 
logger, heat was recorded in each second. During the whole 450-s 
test, the diagram of amounts of heat and the normal logarithm of 
time was drawn. The slope of the diagram and determination 
coefficient were measured for each sample, and after obtaining the 
angle coefficient of the diagram, the thermal coefficient was 
determined (Fontana et al., 1998). 
 

2.5. Thermal diffusivity coefficient 
The thermal diffusivity coefficient of rosemary is calculated by 

Eq. (3) (Aviara and Haque, 2001; Azadbakht et al., 2013; Singh and 
Goswami, 2000; Yang et al., 2002) 

𝛼 =
𝐾

𝜌𝐶𝑝
                                                                                                          (3) 

where α is thermal diffusivity coefficient (m2 s-1), K is thermal 
conductivity coefficient W m-1 °C-1, and Cp is specific heat J kg-1 °C-

1. 
 

2.6. Statistical design 
In this study, three voltage-independent factors were 

considered for thermal properties, and three levels for microwave, 
blanching, and oven pre-treatments. Factors such as thermal 
conductivity, specific heat capacity, and thermal diffusion 
coefficient of rosemary leaves were also dependent factors. Three 
repetitions were considered for each experiment. Statistical 
analysis was performed for each of the microwave, blanching, and 
oven pre-treatments separately using a factorial experiment 
based on the completely randomized design using SAS software 
and an LSD test. 
 

3. Results and Discussion 
 

The results of the variance analysis for the electrical 
conductivity, specific heat capacity, and thermal diffusion 
coefficient of rosemary leaves are shown in Table 1. According to 
the results of the table, it is observed that for the electrical 
conductivity coefficient, two independent voltage and pre-
treatment factors in microwave, blanching, and oven pre-
treatments at the level of 1 % were significant. Also, for special 
heat, all three pre-treatments were statistically significant at 1 %, 
and for the thermal diffusion coefficient, the independent voltage 
factor was not significant in any of the applied pre-treatments. The 
process time factor in microwave and blanching precursors was 
statistically significant at 1 and 5 %, respectively, and for the 
temperature of the process in the pre-treatment of the oven, it was 
statistically significant at 5 %. Also, according to the results and 
the significance of the obtained factors, it can be seen that the 
effect of the microwave, blanching, and oven dryer pre-treatments 
have been much higher than the voltage on the thermal properties. 
From this, it can be seen that the use of pre-treatments has had a 
great impact on the thermal properties of rosemary. 

 
3.1. Thermal conductivity 

The thermal conductivity of rosemary leaves is shown for pre-
treatment of microwave dryers in Figure 3-A. According to the 
figure, it can be stated that by increasing the pre-treatment time 

from 0 to 120 s, the amount of thermal conductivity has decreased. 
There has been a significant difference between all pre-treatment 
times, and the thermal conductivity has been reduced by 
increasing the voltage across the cell to measure thermal 
properties. The highest thermal conductivity was observed at 0 s 
before the pre-treatment and 4 V for the process voltage, which 
were 0.608 and 0.491 W m-1 °C-1, respectively, and the lowest 
values were obtained at the pre-treatment time of 120 s and the 
process voltage of 10 V which were equal to 0.343 and 0.394 W m-

1 °C-1. 
Figure 3-B shows the amount of thermal conductivity in the 

blanching pre-treatment. It can be stated that increasing the 
voltage, like the microwave dryer pre-treatment, reduces the 
thermal conductivity, and for this process, increasing the 
blanching time reduces the amount of thermal conductivity. At all 
times of 180, 360, and 540 s, there is a significant difference 
between all voltages. At 0 s, there was no significant difference 
between 7 and 10 V, but the two were significantly different from 
4 V. Also, in voltage 4, there was a significant difference between 
all the pre-treatment times, but for voltage 7, there was no 
difference between 180 and 360 s, but they were different from 0 
and 540 s. At 10 V, there was no significant difference between 360 
s with 180 and 540, but this time was different from 0 s and was 
in another statistical group. 

Figure 3-C also shows the effect of the pre-treatment of the 
oven dryer and process voltage on the heat conductivity of 
rosemary. As the pre-treatment temperature increases and the 
process voltage increases, the thermal conductivity of the samples 
decreases. For a temperature of 0 °C, which is a control example, 
there was no significant difference between voltages 7 and 10, but 
the two voltages were significantly different from voltages 4. For 
temperatures of 25, 35, and 45 °C, significant differences were 
observed at all voltages. Also, in all three voltages, 4, 7, and 10, 
there was a significant difference between all pre-treatment 
temperatures, which showed the positive effect of temperatures 
on the rate of thermal conductivity of the sample. The highest 
value of thermal conductivity was observed at a pre-treatment 
temperature of 0 °C and voltage 4 with 0.6307 (W m-1 °C-1), and 
the lowest value was observed at a pre-treatment temperature of 
45°C and voltage 10 with 0.312 (W m-1 °C-1).  

Based on the results, it can be stated that microwave and oven 
pre-treatment, compared to blanching pre-treatment, has reduced 
the moisture content of the samples, and decreasing the moisture 
in the samples has also decreased the amount of thermal 
conductivity. The reason for this is that with increasing moisture 
content, the thermal conductivity increases, and due to the fact 
that the thermal conductivity of water is higher compared to dry 
materials, the rate of thermal conductivity in blanched leaves has 
been higher than in microwaves and ovens, as the moisture output 
in this pre-treatment was less than the other two pre-treatments. 
Chandrakanthi et al. (2005) emphasized that high moisture 
content increases thermal conductivity. Their results are similar 
to the results of this study. Bitra et al. (2010) noted that the 
samples with higher moisture contents had lower thermal 
conductivities. 

 
Figure 2. Schematics of special heat measurement system.
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Table 1. The analysis of variance of thermal conductivity, specific heat capacity, and thermal diffusion coefficient of rosemary leaves in three pre-
treatments: microwave dryer, blanching, and oven dryer. 

  Microwave dryer treatment 
  TC SH TDC 
 DF MS F Value MS F Value MS F Value 

Volt 2 0.0279 37.10** - - 2.843E-13 2.88ns 
Pretreatment time 3 0.1232 163.45** 0.4294 193.44** 8.947E-12 90.78** 

Volt* Pretreatment time 6 0.00136 1.81ns - - 1.667E-13 1.69ns 
Error 24 0.00075 0.00222 9.85E-14 

  Blanching treatment 
Volt 2 0.0479 152** - - 4.024E-13 0.35ns 

Pretreatment time 3 0.0604 191.61** 0.2836 237.32** 4.533E-12 3.97* 
Volt* Pretreatment time 6 0.00263 8.36** - - 1.597E-12 1.40ns 

Error 24 0.000315 0.00119 1.41E-12 
  Oven dryer treatment 

Volt 2 0.02214 53.41** - - 6.49E-13 0.54ns 
Pretreatment temperature 3 0.1139 274.94** 0.383 144.45** 5.64E-12 4.72* 

Volt* Pretreatment 
temperature 

6 0.0017 4.23* - - 1.44E-12 1.21ns 

Error 24 0.00041 0.0026 1.19E-12 
TC= Thermal conductivity, SH=   Specific Heat, TDC=Thermal diffusion coefficient, MS=Mean square  

  
 

 
A: Microwave dryer 

 
B: Blanching 

 
C: Oven dryer 

Figure 3. The effect of process voltage and pre-treatment changes on the rate of rosemary thermal conductivity. Values with similar small letters do not 
have significant differences in a constant voltage, while values with similar capital letters do not have significant differences at a fixed time. 
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3.2. Specific Heat 
Rosemary's special heat is shown in Figure 4-A for microwave 

pre-treatment. According to the figure, there is a significant 
difference between all pre-treatment times. The highest specific 
heat was observed at 0 s with a value of 2,844 kJ kg-1 °C-1, which is 
also a control sample, and this is the highest value in all cases and 
the lowest value for microwave pre-treatment in 120 s with a 
value of 2.31 kJ kg-1 °C-1 is obtained. The reason is that due to the 
definition of specific heat capacity increase in power levels, and 
microwave pre-treatment time, the amount of moisture content of 
rosemary leaves decreases. Therefore, the lower the moisture 
content of the product, the lower the amount of heat required to 
increase the temperature of the product. The results of this study 
are similar to the results of Samimi Akhijahani and Khodaei (2013) 
on the thermal properties of grapes.  

In Blanching pre-treatment, the specific heat capacity of 
rosemary decreased, and there was a significant difference 

between all pre-treatment times. The lowest value was obtained 
at 540 s with 2,425 kJ kg-1 °C-1, the results of which are shown in 
Figure 4-B. For the pre-treatment of the oven dryer, the same 
results were obtained as in the previous two pre-treatments and 
are shown in Figure 4-C. This is because the reduction in moisture 
content occurs at higher values of temperature and pre-treatment 
time of the oven, as well as the direct relationship between the 
moisture content and the thermal emission coefficient. The results 
of this study were similar to the results of Barnwal et al. (2014) on 
the thermal properties of fenugreek. According to the results, the 
lowest amount of heat capacity was when the microwave pre-
treatment was used, and the highest amount was obtained using 
the blanching pre-treatment. This indicates a greater effect of 
microwave pre-treatment on heat capacity. The results were 
similar to the results of a study by Samimi Akhijahani and Khodaei 
(2013) on the thermal properties of grapes. 

 

 
A: Microwave dryer 

 
B: Blanching 

 
C: Oven dryer 

Figure 4. Pre-treatment effects on the specific heat of rosemary leaves  
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3.3. Thermal diffusion coefficient 
According to Figures 5-A and 5-B, it can be stated that 

increasing the pre-treatment time of the microwave and blanching 
process has reduced the amount of thermal diffusion coefficient. 
There is a significant difference between all the times in both pre-
treatments, and there is a significant difference from the control 
sample, which is 0 s. Also, according to Figure 5-C, a decreasing 
trend was observed for the Rosemary thermal diffusion 
coefficient, and a significant difference was observed between the 
mentioned temperatures.  For the effect of voltage changes, it was 
observed that only this factor is significant for microwave pre-
treatment, and according to the significance in Figure 5-A, a 
decreasing trend can be observed with increasing voltage, and a 

significant difference between different voltages can be observed. 
Among the three pre-treatments, it can be stated that blanching 
with 2.81 × 10-6 m2 s-1 has the highest value and 2.48 × 10-6 m2 s-1 
has the lowest value when the effects of pre-treatments on time 
and temperature factors were considered. The pre-treatment of 
the oven dryer with a value of 2.50 × 10-6 m2 s-1 was somewhat 
close to the pre-treatment of the microwave. Due to the fact that 
the thermal diffusion coefficient is directly related to the amount 
of thermal conductivity, therefore, this value also increases with 
increasing thermal conductivity. In a study, Azadbakht et al. 
(2013) pointed to the positive effect of moisture on the amount of 
thermal conductivity. 

 

 
A: Microwave dryer 

 
B: Blanching 

 
C: Oven dryer 

Figure 5. Pre-treatment effects on the thermal diffusion coefficient of rosemary leaves 
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4. Conclusion 
 
Based on the results, it can be said that microwave pre-treatment 
had a greater effect than reducing the values of thermal 
conductivity, specific heat capacity, and thermal diffusion 
coefficient compared to the other two pre-treatments and since 
then, oven pre-treatment has had a greater impact than 
Blanching's pre-treatment. For the thermal conductivity 
coefficient, when the microwave pretreatment was used, a 43.58 
% decrease was observed compared to the control sample, and for 
the oven and Blanching pre-treatment, 43.29 and 30.67 % 
decrease compared to the control thermal coefficient were 

observed, respectively. For special heat, microwave, oven, and 
blanching precursors were reduced by 18.5, 17.26, and 14.73 %, 
respectively, compared to the controlled heat capacity sample. 
Finally, for the thermal diffusion coefficient in microwave pre-
treatment, a decrease of 59.74 % was observed in the amount of 
thermal diffusion coefficient, which was the highest decrease 
compared to the other two pre-treatments, and for the other two 
pre-treatments, there was a decrease of 42.89 and 38.41 %, 
respectively, compared to the control sample, which was in the 
pre-treatment of oven and Blanching. In general, all pre-
treatments decreased the thermal properties of rosemary leaves 
and the effect of the microwave was much higher. 
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