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Abstract
Background and aims: Opportunistic fungi are known as important causes of nosocomial infections. Since drug resistance is one of the
main problems when treating the infections, many efforts have been made to develop alternative drugs – herbal compounds, in particular.
Dracocephalum kotschyi is a medicinal plant widely used in traditional medicine, which also shows sufficient antifungal activities against
different species of Candida. This study aimed to optimize condition for extraction of bioactives from D. Kotschyi and achieve the maximum
antifungal properties by adopting response surface methodology (RSM).
Methods: A three-factor-five-level central composite rotatable design (CCRD) was employed to determine the effects of extraction time (1-12
hours), temperature (40-80°C), and plant powder to solvent (PP/S) ratio (0.2-0.8%) on well diffusion method (WDM), minimum fungicidal
concentration (MFC), and minimum inhibitory concentration (MIC). The methanol extracts were prepared using Soxhlet apparatus, and the
antifungal activities against ATCC 1677s Candida albicans were evaluated.
Results: The results showed that the P values of the model for WDM, MFC, and MIC were 0.0062, 0.0111, and 0.0278, respectively. The
determination coefficient for WDF, MFC, and MIC were 0.853, 0.770, and 0.721, respectively. In addition, the lack of fit for all responses
was non-significant (P value ˃0.05). The optimal extraction parameters included the extraction time of 3.23 hours, PP/S ratio of 0.68 mg/
mL, and temperature of 68˚C.
Conclusion: In sum, RSM with CCRD was found to be an efficient method for designing and optimizing the extraction process. The
optimized extracts exhibited an acceptable antifungal effect compared to the predicted effects against C. albicans.
Keywords: Antifungal properties, Candida albicans, Response surface methodology, Optimization, Dracocephalum kotschyi, Extraction
conditions
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Introduction
Nosocomial infections are one of the major health
problems in the world nowadays. Different species of
Candida are among the most important agents which play
a major role in incidence of nosocomial infections (1).
Given the increasing rate of Candida diseases, massive
efforts have been made to develop effective strategies to
treat the candidiasis. Antifungal drugs that are commonly
used in clinics have many disadvantages such as toxicity,
high cost and less effectiveness, and a potential to cause
drug resistance due to their high consumption (2). Thus,
finding new antifungal compounds with minimal side
effects has always received a particular research attention.
Nowadays, extracts or essential oils from various species
of plants, including Dracocephalum kotschyi, have been
reported to treat fungal infection (3, 4). This plant is
applied in treatment of tachycardia, epilepsy, hepatitis,
various kidney and liver diseases, as well as cardiovascular
diseases. It has also antimicrobial and antifungal
properties. D. kotschyi contains secondary compounds
such as flavonoid compounds, diterpenes, tannin, and

phenolic acids that have important biological activity (5,6).
Since, the antifungal activity of plants largely depends on
the amount of their secondary compounds, selecting an
appropriate extraction method and identifying the most
favourable conditions for extraction may contribute to an
efficient extraction (7,8).
This study aimed to optimize the extraction conditions
through experimental design by adopting response
surface methodology (RSM). The RSM method is one
of the most effective multivariate techniques utilized in
many industries, including biology (9,10). This technique
is a mathematical modelling system that evaluates the
relationship between responses and independent variables
alone or together. The results of various studies have
indicated the efficiency of the RSM in optimization of the
extraction process (10-12).
The present study also aimed to evaluate the independent
and interaction effects of some physicochemical factors
such as temperature, time, and plant powder to solvent
(PP/S) ratio to obtain the extract with the maximum
antifungal properties against Candida albicans by RSM
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as an efficient method. First, the effect of these factors
on the extract was examined using ANOVA and the best
model was selected. Taking into account the results of the
optimized model, then, RSM was used to optimize the
extraction conditions in order to produce the strongest
antifungal effects.
Materials and Methods
Materials
Methanol, ethanol and dimethyl sulfoxide were purchased
from Merk (Germany) and used without further
purification. Sabouraud dextrose broth and Sabouraud
dextrose agar were obtained from HiMedia Laboratories
(India).
Collection of plants
The leaves and branches of the D. kotschyi were collected
from Fereydun Shahr in the heights of Isfahan in May,
2019. The herb was approved by the Agricultural and
Natural Resources Research Centre of Isfahan province.
Design of experiments and analysis of variance
Design of experiments, modelling, analysis of data,
and optimization of the experimental conditions were
performed using Design-Expert software, version 10.0.7
(State-Ease Inc., Statistics Made Easy, Minneapolis,
MN, USA). A three-factor-five-level central composite
rotatable design (CCRD) was used to determine the effect
of extraction time (x1) (1-12 hours), temperature (x2)
(40-80˚C), and PP/S ratio (x3) (0.2-0.8) on antifungal
properties of the extracts through WDM (Y1), MIC
(Y2), and MFC (Y3). The following equation was used
to calculate the total number of designed experiments:
N = 2k + 2k + n0; where k is the number of independent
variables and n0 is the number of repeated measurements
at the centre point (13). A total of 30 experimental runs
were generated based on the CCRD by using the DesignExpert software. Table 1 depicts the coded levels for the
three selected independent variables. The scheme of the
central composite design is listed in Table 2.
A second-order polynomial equation was used to
express the WDM (Y1), and a third-order polynomial
equation was used to express the MFC (Y2) and MIC
(Y3) as the functions of the independent variables in the
following equations, respectively:

Where Y is the dependent variable, a0 is a constant, ai, aii,
aiii and aij are the linear, quadratic, cubic and interactive
coefficients, respectively; and e is the error of model.
Analysis of variance (ANOVA) and R2 (coefficient of
determination) was performed to assess significant
differences among the independent variables. The nonsignificant items (P > 0.05) were deleted, except those
whose presence was necessary to confirm the model
hierarchy (14). Then, the experimental data was refitted
with the model to check the variation of data around the
fitted model (lack of fit) (15).
Determination of the optimized conditions for extraction
The variables were determined so as to obtain the most
favourable conditions in terms of temperature, time,
and ratio of PP/S ratio, required to achieve the highest
antifungal properties. Extraction optimization was
performed using the numerical optimization function of
Design-Expert software.
Preparation of D. kotschyi methanolic extract
The leaves, branches, and flowers of the plant were dried
under the shadow at 25-30ºC. After seven days and when the
plant samples were dried completely, they were grounded
to powder and prepared for extraction. Extraction of D.
kotschyi plant was carried out after coupling percolator
to Soxhlet extractor. The extraction was performed
separately in each method based on the PP/S ratio, time,
and temperature according to the experimental design.
To prepare the different concentrations of D. kotschyi
methanolic extract, 1 g of each dry plant extract was mixed
with 4 mL of 20% dimethyl sulfoxide, and the mixture
was shaken well to dissolve completely. Accordingly,
extract concentration was obtained at 250 mg/mL. Then,
concentrations of 125, 62.5, 31.25, 15.62, 7.81, 3.9, 1.95,
0.97, and 0.48 mg/mL of extracts were prepared (16).
Method of preparation of Candida albicans
Sample of standard C. albicans (ATCC 1677) was purchased
from the Microbial Collection Center of University of
Tehran in the form of lyophilized ampoules, and was
used to study Candida sensitivity to various extracts. To
this end, freshly cultured C. albicans was prepared, under
sterile condition, from the fungus in a plate containing
Sabouraud dextrose agar culture medium, and placed in
an incubator at 35°C for 24 hours. The fungal suspension
was prepared and adjusted to 0.5 in McFarland scale (a
concentration equivalent to 1.5×108) (17).
Antifungal Tests
Well diffusion method (WDM)
First, two wells, each 6 mm in diameter, were cut out
from the agar. The fungal suspension with turbidity
equivalent to 0.5 in McFarland scale per mL was cultured
on Sabouraud dextrose agar culture medium. Then, 150
μL of each concentration of the plant extracts was poured
into each well in three steps. The plates were incubated
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at 35°C for 48 hours. Next, the diameter of the fungus
growth inhibition zone was measured in mm scale. Each
series of experiments was repeated three times for each
extract and the mean diameter of the growth inhibition
zone was calculated (18).
Minimum inhibitory concentration (MIC)
Macrodilution method was used to determine the MIC
of different extracts. A stock solution of extract with a
concentration of 125 mg/mL was used to prepare a serial
dilution of the samples with concentrations of 62.5, 31.25,
15.62, 7.81, 3.9, 1.95 and 0.975 mg/mL. Culture medium
without extract was considered as a growth control tube.
The tubes were kept at room temperature for 24 hours.
Then, the turbidity in the tubes was compared with the
control sample (19). The MIC test was repeated three
times.
Minimum fungicidal concentration (MFC)
To determine MFC, 20 μL of the samples from the first
Table 1. Range of variables and their levels used in RSM design
Independent
variables

Unit

Coded levels
-β (-1.68)

-1

0

+1

+β (+1.68)

Time

h

1

3.23

6.5

9.77

12.0

Temperature

°C

40.0

48.11

60.0

71.89

80.0

-

0.2

0.32

0.5

0.68

0.8

PP/S ratio

turbid tube and two tubes before and after MIC were
transferred to Sabouraud dextrose agar culture medium
and then were cultured. Culture media were placed at
35°C for 24 hours. After 24 hours, the colony formation
was examined and the last concentration in which no
colony had been formed was recorded as MFC (19). This
experiment was repeated three times.
Optimization of the extraction conditions
Optimization was performed using the numerical
optimization function of the Design-Expert software.
Three experiments with the highest desirability were
chosen from among the proposed conditions.
Results
Model fitting and ANOVA
The WDM, MIC and MFC values obtained from all
experiments are shown in Table 2.
Analysing the variance of polynomial response surface
models showed that the models for all responses were
significant and P values of the models for WDM, MIC,
and MFC were 0.0062, 0.0111, and 0.0278, respectively.
In addition, the lack of fits was non-significant for all
variables and the related P values of WDM, MIC, and MFC
were 0.531, 0.7339, and 0.8656, respectively. Fitting the
data with different models and its subsequent ANOVAs
demonstrated that the second-degree model with a higher
coefficient of determination (R2 = 0.835) was the proposed

Table 2. Scheme of the central composite rotatable design: independent, predicted, and experimental values of the response variables
Exper. No.1

Independent Variables
Time

Tem.

-1.00

2
3
4

WDM (cm)
PP/S

Exp.

-1.00

-1.00

1.00

-1.00

-1.00

1.00

1.00

5
6

MFC (mg/mL)

MIC (mg/mL)

Pre.

Exp.

Pre.

Exp.4

Pre.5

0.00

47.0

66.42

66.16

59.77

71.01

-1.00

1.00

0.99

125.00

116.5

112.5

109.50

-1.00

1.00

1.03

91.12

83.94

82.01

88.08

1.00

-1.00

1.40

1.99

125.00

123.9

112.5

116.20

-1.00

-1.00

1.00

2.00

0.31

125.00

116.5

112.5

107.50

1.00

-1.00

1.00

0.00

1.35

125.00

122.7

112.5

104.40

7

-1.00

1.00

1.00

1.00

0.31

66.42

65.41

59.77

61.43

8

1.00

1.00

1.00

0.00

1.16

66.42

59.24

59.77

47.26

9

-1.68

0.00

0.00

2.00

0.85

66.42

73.08

59.77

73.08

10

1.68

0.00

0.00

1.00

0.71

66.42

73.08

59.77

98.53

11

0.00

-1.68

0.00

1.00

0.81

125.00

127.80

112.5

104.40

12

0.00

1.68

0.00

1.00

1.16

91.12

91.12

82.01

71.72

13

0.00

0.00

-1.68

1.50

0.86

125.00

131.6

112.5

101.90

14

0.00

0.00

1.68

1.00

1.61

66.42

73.08

59.77

74.62

15

0.00

0.00

0.00

1.80

1.61

125.00

109.40

112.5

88.28

16

0.00

0.00

0.00

1.50

1.61

91.12

109.40

82.01

88.28

17

0.00

0.00

0.00

1.30

1.61

91.12

109.40

82.01

88.28

18

0.00

0.00

0.00

1.50

1.61

91.12

109.40

82.01

88.28

19

0.00

0.00

0.00

1.70

1.61

125.00

109.40

112.5

88.28

20

0.00

0.00

0.00

1.80

1.61

125.00

109.40

112.5

88.28

1

2

3

4

5

4

WDM, well diffusion method; MFC, minimum fungicidal concentration; MIC, minimum inhibitory concentration.
1
Experimental Number; 2Temperature; 3 Plant powder to solvent; 4Experimental; 5Predicted
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model for well diffusion assay, and the aliased cubic model
was suggested for MFC and MIC with the coefficient
values of R2 = 0.770 and R2 = 0.721, respectively (Table 3).
Table 4 shows the regression coefficients, F value,
and P value of three independent factors and compares
their antifungal properties. The only positive regression
coefficients were the linear term of temperature and
interaction of time and temperature for well diameter,
linear term of time for MFC, and linear term of time and
quadratic term of temperature for MIC.
The second-degree polynomial equation of the selected
model (based on the coded values) for the well size was
obtained based on the RSM design as follows:
Y = 1.61 – 0.24x1+ 0.029x2 – 0.091x3 – 0.13x12 – 0.30x22 –
0.21x32 + 0.05x1x2 – 0.55x1x3 -0.30x2x3
The third-degree polynomial equation for the selected
models of MFC and MIC (based on the coded values) was
obtained as follows:
MFC = 109.44 + 17.88x1 – 10.94x2 – 9.02x3 – 12.85x12 –
2.5x3 2 – 3.09x1 x2 –11.56x1 x 3 -17.73x3x2 – 6.32x1 3
MIC = 96.63 + 16.09x1 – 9.85x2 – 8.12x3 – 10.77x1 2– 1.453
2
– 10.40x1 x3 -15.95x2 x3 - 5.69x33
The coefficient estimates and respective P values shown
in Table 4 indicated that linear term of time (P = 0.027),
Table 3. Analysis of variance
Responses

WDM (cm)

Model

Lack of fit

P value

0.0062

0.0531

F value

5.63

4.90

Coefficient of determination

0.853

-

P value

0.0111

0.7339

F value

4.61

0.59

Coefficient of determination

0.770

-

P value

0.0278

0.8656

F value

3.55

0.38

Coefficient of determination

0.721

-

MFC

MIC

WDM, well diffusion method; MFC, minimum fungicidal concentration;
MIC, minimum inhibitory concentration.

quadratic terms of temperature (P = 0.007) and PP/S ratio
(P = 0.039), interactions of time and PP/S ratio (P = 0.001),
and temperature and PP/S ratio (P = 0.033) had significant
effects on well diffiusion assay. As for the MFC response,
linear terms of temperature, quadratic terms of time,
as well as interaction between temperature and PP/S
ratio produced significant effects with P-values of 0.031,
0.012, and 0.011, respectively. As for the MIC response,
the linear terms of temperature, quadratic terms of time,
and interaction between temperature and PP/S ratio had
significant effects with P-values of 0.050, 0.036, and 0.019,
respectively.
Figure 1 displays the normal probability plot of the
residuals for the three independent factors of well (A),
MFC (B), and MIC (C). As shown in Figure 1, the residues
have a normal distribution in a straight line.
Figure 2 illustrates the residual values of the three
responses of WDM (A), MFC (B), and MIC (C) against the
number of runs, which is the result of a central composite
rotatable design.
Response surface analysis
Three-dimensional response surface diagrams were
plotted by changing two independent factors while the
third independent factor was kept at the centre point.
Figure 3 illustrates the changes of the two independent
variables of time and temperature for WDM when PP/S
ratio was kept constant at 0.5. As shown in Figure 3, by
increasing time and temperature to 3.3 hours and 60°C,
the diameter of well increased; however, the diameter
of the well reduced again at longer times and higher
temperatures. The maximum diameter of well was found
to be 1.73 cm.
Figure 4 depicts the interaction of two independent
variables of time and PP/S ratio, when the temperature
was kept constant at 60°C for WDM, MFC, and MIC.
As shown in the response surface plot for the WDM
(Figure 4A), at low PP/S ratios, the well diameter increased
with an increase in the time of extraction; but at high PP/S

Table 4. The estimated regression coefficients of the fitted equations for the WDM, MFC and MIC
WDM (cm)
Variable
a0

Regression
coefficient

F value

MFC (mg/mL)
P value

1.61

Variable

Regression
coefficient

a0

109.44

F value

MIC (mg/mL)
P value

Variable

Regression
coefficient

a0

93.41

F value

P value

x1

-0.24

6.690

0.027

x1

17.88

3.41

0.092

x1

16.09

2.68

0.129

x2

0.029

0.099

0.759

x2

-10.94

6.13

0.031

x2

-9.85

4.83

0.050

x3

-0.091

0.960

0.351

x3

-9.02

4.17

0.0659

x3

-8.12

3.29

0.097

x11

-0.13

1.940

0.194

x11

-12.85

9.02

0.012

x11

-10.38

5.73

0.036

x22

-0.30

11.19

0.007

x33

-2.50

0.34

0.571

x22

2.87

0.44

0.522

x33

-0.21

5.61

0.039

x13

-11.5

4.01

0.070

x13

-10.40

3.16

0.103

x12

0.050

0.17

0.689

x23

-17.73

9.44

0.011

x23

-15.96

7.44

0.019

x13

-0.55

20.52

0.001

x111

-6.32

1.66

0.224

x111

-5.69

1.31

0.277

x23

-0.30

6.11

0.033

WDM, well diffusion method; MFC, minimum fungicidal concentration; MIC, minimum inhibitory concentration.
x1, Time; x2, Temperature; x3, PP/S
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Figure 1. Normal probability plots of the residuals for size of the WDM (A), MFC (B) and MIC (C). Note. WDM, well diffusion method; MFC, minimum
fungicidal concentration; MIC, minimum inhibitory concentration.

Figure 2. Residual plot of runs from central composite rotatable design for size of the WDM (A), MFC (B), and MIC (C). Note. WDM, well diffusion method;
MFC, minimum fungicidal concentration; MIC, minimum inhibitory concentration.
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Figure 3. Response surface of the size of the well, as a function of time and
temperature at the PP/S of 0.5.

ratios, the well diameter reduced with an increase in the
time. The highest well diameter (2.4 cm) was obtained
at the highest PP/S ratio and the lowest extraction time.
Taking into consideration the MFC results (Figure 4B)
and at low PP/S ratios, an increase of up to 135.5 mg/
mL was observed in MFC by increasing the time up to
9.25 hours, but it reduced by increasing the time. At low
extraction times up to nearly 3.75 hours, a slight increase
was observed in MFC by increasing PP/S ratio. The lowest
value of MFC (27.66) in this diagram was obtained at 12
hours and for the highest PP/S ratio.
Interaction of time and PP/S ratio for MIC is shown in

Figure 4C. By increasing the time up to 9.25 hours at low
PP/S values, an increase of up to 123 mg/mL was observed
in MIC; however, MIC values increased by increasing
PP/S ratio at low times of extraction up to 4 hours. At high
extraction times, a reduction was observed in MIC by
increasing PP/S ratio. The lowest MIC value was obtained
at 28.08 as well as at the longest time and highest PP/S
value.
Figure 5 depicts the interaction of the two independent
variables of temperature and PP/S ratio in the responses
when the time variable was kept constant at 6.5 hours.
Figure 5A shows the response surface diagram for the
WDM. By increasing temperature to 62.8˚C, an increase
was detected in the diameter of wells but it decreased at
higher temperatures. In addition, by increasing PP/S ratio
up to 0.45, well diameter increased; when a further increase
occurred in PP/S ratio, however, a reduction was seen in
wells diameter. The highest well diameter in this diagram
(1.63 cm) was obtained at 62.8˚C and PP/S ratio of 0.45.
Interaction of temperature and PP/S ratio regarding MFC
is shown in Figure 5B. At low PP/S ratios, an increase was
observed in MFC by increasing the temperature. At low
temperatures, MFC also increased by increasing PP/S
ratio. In high temperature and PP/S ratio, however, MFC
decreased and, therefore, the lowest value (32.0) of MFC
was obtained in the maximum values of temperature and
PP/S. Figure 5C shows the interaction of temperature and
PP/S ratio for the MIC response. At low PP/S ratios, an
increase in MIC was observed by increasing temperature.
At low temperatures, MIC also increased by increasing
PP/S ratio. By increasing two factors of temperature and

Figure 4. Response surface of the size of the WDM (A), MFC (B) and MIC (C) as a function of time and PP/S at the temperature of 60°C. Note. WDM, well
diffusion method; MFC, minimum fungicidal concentration; MIC, minimum inhibitory concentration.
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Figure 5. Response Surface of the Size of the WDM (A), MFC (B) and MIC (C) as a Function of Temperature and PP/S at the Time of 6.5 h. Note. WDM, well
diffusion method; MFC, minimum fungicidal concentration; MIC, minimum inhibitory concentration.

PP/S ratio simultaneously, however, the MIC response
decreased and, therefore, the lowest value of MIC was
obtained (30.0) for the maximum values of two factors of
temperature and PP/S.
Response optimization and model validation
The optimum conditions for extraction from D. kotschyi
in terms of time, temperature, and PP/S ratio were created
so that the highest value of the well diffusion assay and
the lowest values for the MFC and MIC were achieved.
Table 5 shows the predicted and experimental values
of well diameter, MFC, and MIC responses from the
final reduced CCRD model in three proposed optimum
experimental conditions. The predicted values of well
diameter for the first, second, and third experiments were
1.60, 1.58, and 1.50, respectively; and the experimental
values for these three experiments were 1.57, 1.58, and
1.56, respectively. The predicted MFC value for all three
experiments was 66.00, and experimental MFC values for

all three experiments was 72.00. Predicted MIC value for
all three experiments was 59.00, whereas experimental
value for the first and third experiments was 59.00, and it
was 60.00 for the second experiment.
The X2 goodness-of-fit test was used to assess the validity
of the model by applying the equation: x = ∑ (A − P ) ; where
P
X2 is Chi-Square goodness of fit test, A is experimental
value, and P is predicted value. The X2 values were 0.003,
1.636, and 0.0169 for WDM, MFC, and MIC, respectively.
2

2

Discussion
Model fitting and ANOVA were performed to estimate the
accuracy of the model. Table 2 represents the experimental
data and predicted values of WDM, MFC, and MIC. The
coefficients of second-degree polynomial equation were
calculated based on the experimental results of WDM,
and the obtained data were used to predict the values of
this response. Cubic polynomial equation coefficients
were also determined based on the experimental results of

Table 5. Optimum conditions for independent variables and predicted and experimental values of responses
WDM (cm)

MFC (mg/mL)

MIC (mg/mL)

Number

Time

Temperature

PP/S

Exp.

Pre.

Exp.

Pre.

Exp.

Pre.

1

3.23

68.27

0.68

1.57

1.60

72

66

59

59

2

3.23

68.58

0.68

1.58

1.58

72

66

60

59

3

3.27

68.73

0.68

1.56

1.50

72

66

59

59

1

2

Experimental values; 4Predicted values.
Note. PP/S, Plant powder to solvent; WDM, well diffusion method; MFC, minimum fungicidal concentration; MIC, minimum inhibitory concentration.
3
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MIC and MFC, and the predicted values were determined
using the obtained models. The values predicted for each
factor indicated a satisfactory agreement with the findings
obtained by RSM design. As shown in Table 3, F-values
of WDM (5.63), MFC (4.61), and MIC (3.55) indicated
that the models were significant and there was less than
3% chance that three “model F-value” could occur due
to noise. In addition, it can be argued that the developed
model was logically accurate (14).
As for the regression equation (Table 4), a positive value
was suggestive of an efficiency level of the relevant factor
and indicated that the optimization had occurred due to
a synergistic effect. A negative value, on the other hand,
was indicative of an opposite effect or inverse relationship
between the factor and the response (14).
A larger F value and a smaller P-value for each term
in the models indicated higher degrees of importance
for the dependent factors. A normal distribution in the
normal plot (Figure 1) as well as a random scatter in the
defined range in Figure 2 confirmed the accuracy of the
obtained model (10,20,21). Surface response of the cubic
polynomial model was produced to visualize the effect of
the independent factors on the dependent ones. As it shown
in Figure 3, the maximum diameter of well was obtained
by increasing time and temperature to a certain value.
The increases in antifungal activity of the plant extracts
caused by the increase in extraction time may have been
due to an increase in the transfer time of substances from
plant tissue to solvent (22,23). The efficient extraction
time depends on the nature, biological properties,
and availability of the plant substances (24). However,
extremely long extraction time may cause degradation of
the antifungal compounds from the extracts (22). Similar
results were obtained regarding the temperature and
time optimization for extraction of phenolic compounds
(25) and antifungal extracts from Ficus hirta fruits (22).
According to our results (Figures 3 and 5), increasing the
temperature to a certain extent was also discovered to
increase the antifungal activity of the extract. Increasing
the temperature of extraction increased the infiltration
rate of the solvent in plant tissue (26). Following the
Einstein’s equation which represents the correlation
between diffusion coefficient, temperature, and dynamic
viscosity, an increase in temperature (due to a reduction
in dynamic viscosity) may bring about a significant
increase in diffusion coefficient and, therefore, increase
the extraction rate of effective plant substances (7,27).
Increasing temperature when extracting produces
another positive effect. This effect is achieved when high
temperature denatures the protein of plant cell wall and
makes it easier for the active ingredients to leave the plant
tissue. By increasing the temperature above the optimum
level, however, the antifungal effects are reduced due to
the change in the nature of effective compounds of the
plant (28,29). This result is in agreement with the findings
from the studies by Cacace et al (27) and Chen et al (22).
The PP/S ratio is another effective factor in extraction.

As shown in Figures 4 and 5, antifungal activity of the
extract increased by increasing the PP/S ratio. Higher
ratio of solvent to plant powder causes more concentration
difference between two phases that increase diffusion
coefficient and, as a result, it leads to faster removal of
active ingredients from plant tissue as well as increases
the antifungal activity of the extract (30). At the low PP/S
ratio, the amounts of effective compounds are reduced
by increasing the amount of solvent and the relative
low content of plant powder (7,31). Similar results were
obtained regarding the optimal ratio of plant to solvent
content as a key factor in sage oil extraction (32).
A few studies have been conducted on the antifungal
effects of D. Kotschyi. Nejad-Sadeghi et al extracted the
essential oil from D. kotschyi Boiss by adopting a green
technology and using a supercritical carbon dioxide
(SC-CO2) extraction. They adopted Taguchi orthogonal
array design with an OA16 (33) matrix to optimize five
extraction variables including pressure, temperature,
average particle size, CO2 flow rate, and dynamic
extraction time. Maximum extraction yield was obtained
under the conditions of 240 bar pressure, temperature
of 60˚C, 500 µm, 10 mL/s CO2 flow, and 100 minutes
extraction time (33). The technique developed by NejadSadeghi et al as a novel method for extracting the essential
oil from Dracocephalum kotschyi produced those results
that were compatible with our study results according to
the extraction temperature while the extraction time was
reduced about half using the green technology compared
to the method of the present study. In a more similar
recent study, Ghavam et al investigated the essential
oil composition and the antimicrobial activity of D.
Kotschyi’s main active compounds, and documented the
antimicrobial effects of the essential oil on 12 microbial
strains. It should be noted that the main components
in naturally grown plants involved cyclohexylallene
(52.63%) and limonene (35.88%). The highest inhibition
was detected for Candida albicans (MIC value of 31.25
μg/mL), which was lower than the effect obtained by
treating of this fungus with the antibiotic nystatin (3). As
the final step, the accuracy of the model was confirmed by
performing X2 goodness-of-fit test. The X2 values of the
responses were much smaller than the X2 0.05 cut-off value
for freedom degree of 2 (5.99). These results suggested
that the developed model was valid with a confidence level
of 0.95% (15).
Conclusion
It was concluded that RSM had the potential to successfully
design the experiments, evaluate the effects of the factors,
and optimize the extraction conditions. The developed
model may have been adopted to achieve the extracts
with the maximum antifungal properties. The optimal
extraction conditions were: the extraction time of 3.23
hours, PP/S ratio of 0.68 mg/mL, and temperature of 68˚C.
The optimized extracts showed acceptable antifungal

Journal of Shahrekord University of Medical Sciences, Volume 24, Issue 2, 2022

67

Ghoratolhamide et al

effects compared to predicted values against C. albicans.
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