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Abstract In this study, the efficiencies of conventional
hydro-distillation and novel microwave hydro-distillation
methods in extraction of essential oil from Rosemary
officinalis leaves have been compared. In order to attain the
best yield and also highest quality of the essential oil in the
microwave assisted method, the optimal values of operat-
ing parameters such as extraction time, microwave irradi-
ation power and water volume to plant mass ratio were
investigated using central composite design under response
surface methodology. Optimal conditions for obtaining the
maximum extraction yield in the microwave assisted
method were predicted as follows: extraction time of
85 min, microwave power of 888 W, and water volume to
plant mass ratio of 0.5 ml/g. The extraction yield at these
predicted conditions was computed as 0.7756%. The
qualities of the obtained essential oils under designed
experiments were optimized based on total contents of four
major compounds (o-pinene, 1,8-cineole, camphor and
verbenone) which determined by gas chromatography
equipped with mass spectroscopy (GC-MS). The highest
essential oil quality (55.87%) was obtained at extraction
time of 68 min; microwave irradiation power of 700 W;
and water volume to plant mass ratio of zero.
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Introduction

Rosemary. officinalis L. (Rosemary) is known as a peren-
nial herb that belongs to the Lamiaceae family. It is widely
grown in Western Mediterranean regions (Bellumori et al.
2016).

The extract and essential oil of the Rosemary have been
used in wide ranges of applications, including cosmetics, as
additive for shampoo, soap, cream; food industry pro-
cessing, as flavourig agent, and medicinal industry, because
of its antibacterial, antioxidant and anti-mutagenic prop-
erties. The potential antibacterial, antioxidant and anti-
mutagenic properties of this plant was proved in many
reported researches in the literature (Babuskin et al. 2015;
Gonzalez-Rivera et al. 2016; Karakaya et al. 2014; Ranjbar
Nedamani et al. 2015).

There are many methods for extraction of essential oils
from natural plants such as traditional hydro-distillation,
steam distillation and organic solvent extraction (Zermane
et al. 2016). The main disadvantages of the above methods
are degradation of some volatile compounds due to long
extraction times, degradation of unsaturated or esteric
compounds through thermal or hydrolytic effects (Zermane
et al. 2016). Furthermore, using large volumes of organic
solvent in some extraction methods, has limited their
applications due to environmental considerations (Li et al.
2016). Thus there is growing need to develop the safe and
environmentally being method for extraction of essential
oil from plants. In recent decades, microwave assisted
extraction method is introduced as a safer, faster, more
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efficient and cost-effective alternative (Bustamante et al.
2016).

In this study, yield and quality of the essential oil
extracted from R. officinalis L using conventional hydro-
distillation and microwave assisted hydro-distillation
methods were compared. Furthermore, the effects of
extraction time, microwave irradiation power, and water
volume to plant mass ratio on the extraction yield of R.
officinalis L under microwave assisted hydro-distillation
method were investigated by applying the response surface
methodology (RSM).

Biological activity of the Rosemary essential oil has
been attributed to the presence of major compounds such
as: o-piene, 1,8-cineole, camphor and verbenone (Kar-
akaya et al. 2014; Mezza et al. 2018). Therefore, the
quality of essential oils, which were obtained from
microwave assisted distillation method under different
designed experiments, was optimized based on amount of
these four compounds using GC-MS analysis.

Materials and methods
Plant and reagents

Fresh leaves of the Rosmarinus officinalis L. were collected
from Ghamsar, Iran and washed to remove debris and other
contaminated contents. The leaves were shade dried at
room temperature (25 °C) for 10 days. Finally, the dried
leaves divided to samples of 50 g and stored in the mois-
ture-free atmosphere for further experiments.

All chemicals, including hexane, sodium sulphate and
acetone were analytical grade and purchased from Merck
Company.

Microwave assisted hydro-distillation

The accelerated extraction of the essential oil was per-
formed using a microwave oven (DRY DIST, MILE-
STONE, Italy).

To provide initial humidity, an aliquot of 50 g dried
powder of plant leaves were wetted before extraction by
soaking in 175 ml distilled water at room temperature for
1 h and then, additional water was removed. The extraction
operations were performed under various microwave
powers for different irradiation times. The volume of dis-
tilled water added to the flat flask containing dried powder
of plant was calculated based on various water volumes to
mass of plant ratios without considering the constant mass
loading of plant (50 g) as follows:

()

@ Springer

For each predetermined condition, the extraction pro-
cess started at room temperature (25 °C) and heated up for
5 min until 92 °C was achieved. Then, the mixtures were
boiled at this temperature for remaining extraction time
(Hashemimoghadam et al. 2013).

To collect the oil, obtained from each run, 1 ml n-pen-
tane was added to the collector tube and the organic phase
was collected in amber vial, 0.2 g anhydrous sodium sul-
fate was added and the sample preserved at 4 °C overnight,
far from light. Finally, the sodium sulfate was filtered and
the solvent was removed in room temperature. Obtained
pure essential oil was maintained at — 20 °C until being
analyzed (Akhbari et al. 2018).

The extraction yield of essential oil in each experimental
run was calculated as follows:

M tracted tial oil
ass Of extracted essential ot 100

Yield =
ield(7ow/w) Initial dried mass of plant

Extraction of essential oils by thermal hydro-
distillation method

50 g of the dried powder of Rosemarinus officilanis leaves
were poured to 1000 ml round bottom flask of conventional
Clevenger apparatus. Then, 300 ml distilled water was
added into the flask containing plant powder. The hydro-
distillation was continued for 5.5 h until no more essential
oil obtained (Kusuma and Mahfud 2017). The samples for
analyzing were prepared as mentioned above (“Microwave
assisted hydro-distillation™ section).

Optimization of the extraction process using central
composite design (CCD) method

Design of experiments (DOE) was conducted for opti-
mization of the selected process parameters with the help
of the CCD method. A three factor-five level CCD fol-
lowed by response analysis was carried out to evaluate the
optimum conditions of the microwave assisted extraction
process for obtaining the maximum extraction yield and
also the best quality of essential oil. In this study, the key
factors selected for optimization purpose were: water vol-
ume to mass of plant ratio, microwave power, and
extraction time. These factors were considered with five
levels as shown in Table 1. Different extraction times (25,
40, 55, 70 and 85 min) and microwave powers (550, 700,
850, 1000 and 1150 W), as well as various water volumes
to mass of plant ratios (0, 0.5, 1.5, 2.5 and 3) were selected
for codes of — 1.68, — 1, 0, + 1 and + 1.68, respectively
(Table 1). As shown in Table 1, seventeen combinations
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Table 1 The structure of design matrix and obtained response as an extraction yield from each experiment

Run number Xi: time (min) X,: power (W) X3: water volume to mass of plant ratio (ml/g) Yield (%)
1 +1 + 1 +1 0.5503
2 +1 +1 -1 0.6881
3 +1 -1 +1 0.4807
4 +1 -1 -1 0.6133
5 -1 +1 +1 0.2399
6 -1 + 1 -1 0.2416
7 -1 — 1 + 1 0.1545
8 -1 -1 -1 0.2230
9 + 1.68 0 0 0.5623
10 — 1.68 0 0 0.0501
11 0 + 1.68 0 0.2637
12 0 — 1.68 0 0.1495
13 0 0 + 1.68 0.1517
14 0 0 — 1.68 0.5275
15 0 0 0 04114
16 0 0 0 0.4275
17 0 0 0 0.4293

with three replicates at center point were designed to fit the
full second order polynomial equation model (Eq. 3).

4 4 4 4
Y =8+ Z BiXi + Z BiX; + Z Z ByXiX; (3)
i=1 i=1

i=1j>1

where Y represents the predicted response variable, f, is
the model intercept; f;, f8;, and ﬂij are the regression
coefficients of linear, square, and interaction terms,
respectively. X; and X; indicate the coded independent
variables.

Statistical analysis

Statistical analysis of the experimental data obtained from
CCD was performed using MINITAB® (Minitab Inc.
Release 16.0).The optimum condition for extraction of
essential oil from R. officinalis leaves was determined
using analysis of variance (ANOVA). ANOVA was per-
formed to find the effect of each parameter on the
responses. The significance of each term in the second
order polynomial model (linear, quadratic and interactions)
was tested by the associated ANOVA in the central com-
posite design analysis, as well as the accuracy of the
regression model.

Gas chromatography-mass spectroscopy (GC-MS)
analysis

Identification of the chemical constitutions of the essential
oil was carried out using a gas chromatograph coupled with
a mass selective detector (Model HP-5973, Agilent, USA)
operating in electron ionization mode (70 eV). The gas
chromatograph was equipped with an HP-INNOWAX
capillary column (60 m x 0.32 mm, film thickness
0.5 mm).

The operational conditions for GC—MS analyses were as
follows: carrier gas (helium) at a flow of 1.5 ml/min;
injection volume of 0.1 pl; injection temperature of
250 °C; ionization energy of 70 eV. The oven temperature
was increased from 80 to 320 °C at a rate of 3 °C/min and
kept for 5 min at 320 °C. Then heated to 250 °C and
finally, held for 3 min at 250 °C (Akhbari et al. 2017).

The components of the essential oils were identified
based on comparing their GC retention indices on the HP-
INNOWAX capillary column and reported literature data,
as well as, their mass spectral fragmentation patterns with
those of similar compounds in a GC-MS library. To
investigate the retention indices, Cg—C,3 n-alkanes were
injected as standards to GC-MS analyzer.
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Results and discussion
Optimization of the extraction process
Central composite design and fitting the model

Three parameters of extraction time, microwave irradiation
power, and water volume to mass of plant ratio were
selected based on their effects on microwave assisted
extraction yield and constituents composition evaluated by
central composite design (CCD). Different extraction times
(X;: 25, 40, 55, 70 and 85 min) and microwave powers
(X5: 550, 700, 850, 1000 and 1150 W), as well as various
water volumes to mass of plant ratios (Xs: 0, 0.5, 1.5, 2.5
and 3) were selected for codes of — 1.68, — 1,0, + 1 and
+ 1.68, respectively (Table 1).

After elimination of the two run experiments (13 and 14)
as outliers, the statistical analysis of the studied factors was
performed. Model terms with P < 0.05 were considered as
significant, while the others were non-significant (Lopresto
et al. 2014). It was found that three linear terms of
extraction time (X;, P < 0.0001), irradiation power (X»,
P < 0.05), and water volume to mass of plant ratio (X3,
P <0.05), as well as, quadratic terms of them (Xz,
P <0.05), (X3, P <0.0001), and (X3, P <0.05) had a
significant effect on the yield of essential oil, while three
interaction terms of X;X,, X;X3, and X,X3 were not sig-
nificant (P value > 0.05).

Non-significant “lack of fit” (P > 0.05) indicates that
the proposed model fit the experimental data well. The
values of the coefficient of determinations (Rz), adjusted
R? (Rﬁdj) and predicted R* (Rgred) indicate the response
model accuracy and the high values of these coefficients
imply the higher correlation between the experimental data
and the predicted values by the model.

Term with a higher F-value and a lower P value has
more effect on extraction yield as a response variable. The
calculated F-value of linear terms was higher than other
quadratic and interaction terms. This suggested that these
terms are more effective factors on the yield of essential
oil. Among all significant terms, the linear term of
extraction time (X;) and quadratic term of water volume to
mass of plant ratio (X%) showed the largest effect on the
extraction yield.

The second-order mathematical model based on exper-
imental data of extraction yield was proposed as follows:

Y =0.42273 + 0.17105X; + 0.03227X, — 0.04258X;
— 0.04129X7 — 0.07658X; + 0.09406X3
+0.00505X; X, — 0.02503X; X3 + 0.00770X,X;

(4)

@ Springer

As indicated in Eq. 4, the extraction time plays the most
important role in essential oil yield. In contrast, the irra-
diation power shows the minimal influence on extraction
yield. The linear effects of extraction time and microwave
power are significant and positive, which means that by
increasing them it is possible to increase the extraction
yield.

The reduced quadratic polynomial model was recon-
structed without the XX, and X,Xj3 terms (Eq. 5).

Y = 0.42273 + 0.17105X; + 0.03227X, — 0.04258X;
— 0.04129X7 — 0.07658X; + 0.09406X3
— 0.02503X, X3

(5)

The coefficient of determinations (Rz), adjusted R?
(Rag) and predicted R* (R7.q) values are 0.9905, 0.9810
and 0.9314%, respectively, which are statistically
acceptable.

The optimum values were obtained based on the coded
values through the calculating the first-order derivatives of
the response function (Y) with respect to dependent vari-
ables. Maximum extraction yield of 0.7756% is obtained
under the optimum values of X; (+ 1.68), X, (+ 0.2206)
and X35 (— 1) that are respectively corresponded to the
extraction time of 85 min, irradiation power of 888 W, and
water volume to mass of plant ratio of 0.5 ml/g.

Analysis of response surface

The three-dimensional response surface and two-dimen-
sional contour plots are very useful tools to visualize the
effects of mutual interactions of the independent variables
on the response and also, for identifying the optimum
values of the independent variables for obtaining the
maximum Yyield as a response. Three parameters were
maintained at their respective central levels, which coded
by zero, as shown in Table 1. RSM was used to determine
the interactive effects of three operational parameters on
extraction yield from R. officinalis plant leaves (Fig. 1a—c).

Figure la implies the interactive effects of extraction
time and microwave power on extraction yield of essential
oil. As shown in this figure increasing the extraction time
showed the higher effect on response variable (extraction
yield) in compare to increasing the microwave power level.
This is in agreement with the result of Eq. 4. Increasing the
extraction time from 25 min (Coded = — 1.68) to 85 min
(Coded = + 1.68) and microwave power from 550 W
(Coded = — 1.68) to 936 W (Coded = 0.5) led to extrac-
tion yield enhancement of the essential oils, while the
further increase in microwave power caused to reduce the
extraction yield. The two dimensional contour plot indi-
cated that the extraction yield increased up to 55% under
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Fig. 1 Three-dimensional response surface and the two-dimensional volume to mass of plant ratio; ¢ microwave power and water volume
contour plots for extraction yield of essential oil as a function of to mass of plant ratio
a extraction time and microwave power; b extraction time and water

the following conditions: microwave power between 850  process optimization, which calculated the optimum values

(Coded = 0) and 936 W (Coded = 0.5) and extraction time for microwave power and extraction time at two coded
of 85 min (Coded = + 1.68). This verified the results of  levels of + 0.2206 and + 1.68, respectively.
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The interaction effects of extraction time and water
volume to mass of plant ratio on the essential oil yield are
presented in Fig. 1b. The sensitivity of the extraction yield
to extraction time increment was considerably higher than
its sensitivity to increasing the water volume to mass of
plant ratio. Results indicated that the extraction yield
shifted to higher than 70%, when time increment from
70 min (Coded = 4+ 1) to 85 min (Coded = + 1.68), and
increasing the water volume to mass of plant ratio from 0.8
(Coded = — 0.75) to 0.5 ml/lg (Coded = — 1) were
occurred.

The enhancement of yield with increasing extraction
time is related to the increase in interfacial area between
the plant matrix and solvent that causes to release of
essential oil from the disrupted cells of the plant (Chen
et al. 2018).

Response surface plot of extraction yield as a function of
microwave power and water volume to mass of plant ratio
(Fig. 1c) indicates that the yield considerably is affected by
increasing the microwave power until 936 W (Coded =
0.5) and then decreased by an increase in the microwave
power. Thus microwave irradiation power showed both
negative and positive effects on extraction yield, while the
extraction yield was not further changed with increasing
the water volume to mass of plant ratio.

The positive influence of the microwave irradiation
power on extraction yield can be attributed to the accel-
erated destruction of the plant cells followed by rapid
diffusion rate of intracellular constituents to liquid solution.
On the other hands, fast variation of temperature as a
consequence of excessive microwave irradiation power
could cause to partial thermal decomposition of essential
oil and leading to yield decrement (Chen et al. 2016; Qi
et al. 2014).

Contour plot revealed that it is possible to obtain the
higher essential oil extraction yield (more than 50%) at
microwave power ranges of 850 (Coded = 0) — 936 W
(Coded = 0.5), water volume to mass of plant ratio ranges
of 0.8 (Coded = — 0.75) — 2.5 ml/g (Coded = + 1).

All above results verified that a nominal change in
extraction time could affect the response at a greater extent.
Based on three dimensional RSM analyses, model terms of
extraction time (X;), and microwave irradiation power (X5)
showed the significant influence on the essential oil
extraction yield. These findings are in agreement with
quadratic model and statistical analysis.

Comparison of two distillation methods
The extraction yield obtained from hydro-distillation
method during 5.5 h was measured as 1.2404. Decreasing

the extraction time in the microwave assisted method in
compared with common hydro-distillation method could
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reduce the probability of unwanted hydrolyzation and
oxidation. The mechanism of heat transfer in hydro-dis-
tillation method is based on thermal conductivity from the
outside to the inside of the sample, whereas the mechanism
of heat transfer in the microwave assisted method, domi-
nantly occurred via convection from samples center to the
outside. It was also reported that synergistic combination of
the unidirectional mass and heat transfer and the fast
internal heat transfer which depends on microwave power
resulted in acceleration of the extraction rates under
microwave assisted extraction (Bousbia et al. 2009;
Gavahian et al. 2015). These might be the main reason of
the difference in extraction yield between two extraction
methods.

Optimization of the quality of the essential oil
from Rosemary

Central composite design and fitting the model

In order to optimize the quality of the essential oil, quan-
tification of essential oil constitutes as the key quality
indices was performed. To facilitate the data analysis, the
quantities of four major identified components of rosemary
were selected as criteria of essential oil quality. The
volatile compounds detected in the R. officinalis essential
oils were mainly o-pinene, verbenone, 1,8-cineole and
camphor. Essential oils resulted from microwave-assisted
hydro-distillation (under seventeen run experiments) and
hydro-distillation extraction methods (using Clevenger)
were quantified using GC-MS, based on sum of these four
components (Table 2).

As indicated in Table 2, higher amounts of oxygenated
compounds are present in the essential oils extracted by
microwave assisted in comparison with hydro-distillation.
This may be due to the fact that microwave assisted dis-
tillation method causes less intense thermal and hydrolytic
effects than hydro-distillation which uses a high amount of
water. Furthermore, oxygenated compounds have more
dipolar moment in compared with monoterpene hydrocar-
bons. This caused to their more interaction with micro-
waves and therefore their easier extraction comparing to
monoterpene hydrocarbons (Filly et al. 2014). Oxygenated
compounds of essential oils and especially, these four
compounds in rosemary essential oil, pose effective bio-
logical features. Hence, higher extraction yield of these
valuable compounds using microwave-assisted extraction
verify the superiority of this method for essential oil
extraction.

The analysis of variance (ANOVA) for resultant
experimental data was conducted. It is well-known that the
regression coefficients with small P value (P < 0.05) have
significant influence on response variable (four major
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Table 2 Comparison of major chemical composition of R. officinalis essential oil obtained by microwave-assisted (under different operational

condition) and Clevenger extraction methods

Run number Component RI* RI®  Content (%w/w) Sum of four main contents of essential oil Ratio of oxygenated compounds®
1 o-pinene 940 933  7.58 52.83 0.856
1, 8-Cineole 1024 1030 15.56
Camphor 1159 1147 9.40
Verbenone 1230 1204 20.29
2 a-Pinene 938 933 514 46.72 0.890
1, 8-Cineole 1040 1030 12.51
Camphor 1157 1147  8.18
Verbenone 12,227 1204 20.89
3 o-pinene 937 933 6.76 53.29 0.873
1, 8-Cineole 1038 1030 15.12
Camphor 1156 1147 10.24
Verbenone 1227 1204 21.17
4 o-pinene 937 933  8.08 55.46 0.584
1, 8-Cineole 1039 1030 16.30
Camphor 1156 1147 9.46
Verbenone 1229 1204 21.62
5 o-pinene 936 933 392 49.71 0.923
1, 8-Cineole 1037 1030 12.05
Camphor 1154 1147  9.90
Verbenone 1225 1204 23.84
6 o-pinene 936 933 4.15 49.28 0916
1, 8-Cineole 1037 1030 11.41
Camphor 1155 1147 10.00
Verbenone 1225 1204 23.72
7 o-pinene 936 933 4.70 40.63 0.884
1, 8-Cineole 1037 1030 11.22
Camphor 1155 1147 10.55
Verbenone 1225 1204 14.16
8 o-pinene 936 933  5.65 4991 0.887
1, 8-Cineole 1037 1030 11.97
Camphor 1154 1147 10.25
Verbenone 1226 1204 22.04
9 o-pinene 937 933 592 52.41 0.887
1, 8-Cineole 1039 1030 14.89
Camphor 1156 1147 9.35
Verbenone 1229 1204 22.25
10 o-pinene 936 933 222 32.12 0.931
1, 8-Cineole 1037 1030 745
Camphor 1155 1147 897
Verbenone 1228 1204 13.48
11 o-pinene 936 933 494 48.58 0.898
1, 8-Cineole 1037 1030 11.64
Camphor 1155 1147  9.28
Verbenone 1229 1204 22.72
12 o-pinene 936 933 522 35.38 0.852
1, 8-Cineole 1037 1030 8.40
Camphor 1155 1147  9.60
Verbenone 1227 1204 12.16
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Table 2 continued

Run number Component RI* RI®  Content (%w/w)

Sum of four main contents of essential oil

Ratio of oxygenated compounds®

13 o-pinene 936 933 3.82 49.96
1, 8-Cineole 1038 1030 11.41
Camphor 1155 1147  9.79
Verbenone 1229 1204 2494

14 o-pinene 941 933 7.87 52.15
1, 8-Cineole 1042 1030 14.24
Camphor 1155 1147  9.20
Verbenone 1229 1204 20.48

15 o-pinene 937 933 7.02 52.36
1, 8-Cineole 1038 1030 14.54
Camphor 1156 1147  9.59
Verbenone 1226 1204 21.21

16 o-pinene 936 933 694 49.42
1, 8-Cineole 1037 1030 13.79
Camphor 1155 1147 9.12
Verbenone 1226 1204 19.57

17 o-pinene 936 933 5.89 51.96
1, 8-Cineole 1038 1030 13.60
Camphor 1155 1147 9.74
Verbenone 1226 1204 22.73

Clevenger o-pinene 937 933 28.48 62.72
1, 8-Cineole 1040 1030 14.83
Camphor 1156 1147 537
Verbenone 1227 1204 14.04

0.924

0.849

0.866

0.860

0.887

0.530

“Retention indices relative to C8-C23n-alkanes on HP-INNOWAX capillary column

PRetention indices obtained from literature review

“Ratio of three oxygenated content (1, 8-Cineole, Camphor, and Verbenone) to total content

content of essential oil). So, two linear terms of extraction
time (X;, P < 0.001), and water volume to mass of plant
ratio (X3, P <0.001), the quadratic terms of (X%,
P < 0.05) and (X%, P < 0.05) and three interaction terms
of X|X,, X;Xj5, XoX5 (P <0.001) were significant for
essential oil quality. To include the interaction and quad-
ratic term, term X, must also be selected; otherwise, the
model is not hierarchical.

The higher F-Value and smaller P value (P < 0.05) of
the model terms imply a remarkable effect of those model
terms on essential oil quality. According to this, in all
significant terms, interaction (F-Value = 171.28) and linear
(F-Value = 157.41) terms exhibited more influence on
response variables.

It can be concluded from the model F-value of 95.45
(P < 0.001) that this predicted model is significant and
appropriate for fitting the experimental data. The P value of
the lack of fit is found to be 0.401. Also, the coefficient
determination (R?) of the model was reported as 0.9954.
Insignificant lack of fit and high value of R* represent
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further evidences about satisfactory of the model for data
fitness.

Based on obtained F-Values, two linear terms of
extraction time (X;) and water volume to mass of plant
ratio (X3), followed by three interaction terms of X;Xo,
X X5 and X,X3 were identified as key terms in controlling
the essential oil quality. Also, it was found that the
extraction time has the most important effect on essential
oil quality.

Decreasing the percentage of the major compounds in
essential oil (essential oil quality) as a consequence of
water volume to mass of plant ratio increment can be
attributed to the presence of high water volumes (content)
which may be caused to hydrating or hydrolyzing of the
reactive compounds such as carbonyl derivatives.

It was found that the temperature and extraction time did
not affect the type of extracted components, but led to
increase the yield of some major components, which is in
agreement with previous results (Karabegovi¢ et al. 2013).
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and 16) as outliers, the reduced second order polynomial
model (Eq. 6) satisfy the empirical relationship between
the total major content of essential oil as a response vari-
able and operational independent variables (microwave
power, extraction time, and water volume to mass of plant
ratio).
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Regression coefficients of linear terms in Eq. 6 are
evidences of the positive effect of time (X;) and negative
effects of microwave power (X,) and water volume to mass
of plant ratio (X3) on essential oil quality.

The maximum essential oil quality was predicted as
55.87%. This quality was obtained under following opti-
mum conditions: extraction time of 68 min, microwave
irradiation power of 700 w and water volume to mass of
plant ratio of zero that are respectively corresponded to the
optimum coded values of X; (+ 0.7867), X, (— 1) and X3
(— 1.68).

Response surface analysis

Evaluation of the binary interactive effects of three inde-
pendent variables of extraction time, microwave power and
water volume to mass of plant ratio on resultant essential
oil quality (total percentage of four major components) was
performed by aiding of the three-dimensional response
surface and two dimensional contour plots. Plots are pre-
sented in Fig. 2a—c.

The interactive effects of extraction time and microwave
power (Fig. 2a) revealed that increasing the extraction time
and decreasing the microwave power led to increasing the
total percentage of four major compounds of the essential
oil. Although increasing the microwave power appeared to
favor the extraction yield, but under this condition,
hydrolysis of the main constituents of the essential oil, or
production of other chemicals and metabolites may be
occurred. Thus, the total content of these four major
components presented in essential oil of R. officinalis will
be decreased.

Investigating the interactions between extraction time
and water volume to mass of plant ratio (Fig. 2b) verified
that the total content of major constituents in essential oil
enhanced as a consequence of increasing the level of both
variables of extraction time and water volume to mass of
plant ratio.

Figure 2c presented the interactive effects of microwave
power and water volume to mass of plant ratio on essential
oil quality when the third variable of extraction time was
considered constant (at zero level). As indicated in the
contour plot, the higher essential oil quality resulted from
lower levels of both microwave power and water volume to
mass of plant ratio.

Conclusion
The extraction process from rosemary, under microwave

assisted hydro-distillation method, was optimized using
RSM technique and it was found that the extraction yield

@ Springer

and also quality of the essential oil were affected by
dependent variables of time (X;), microwave irradiation
power (X5) and water volume/mass ratio of the plant (X3).
Optimum conditions for extraction yield were found to be
85 min; 888 W; and 0.5 ml/g and the extraction yield
under these conditions was measured as 0.7756%. The
maximum essential oil quality (55.87%) was obtained
under: extraction time of 68 min; microwave irradiation
power of 700 W; and water volume to mass of plant ratio
of zero. The essential oil extracted from rosemary using
microwave assisted hydro-distillation method contained
more oxygenated compounds than conventional method.
Microwave assisted hydro-distillation method provided
important advantages over conventional method such as:
accelerated extraction time, reduced energy consumption,
and cleaner production.
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