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Abstract — The present study deals with the determination of optimal values of operating parameters such as the
temperature of heating, the mass of the plant material and the volume of water leading to the best yield of
electromagnetic induction (EMI) heating extraction of Algerian Thymus fontanesii essential oil. After an
appropriate choice of the three critical variables, eight experiments leaded to a mathematical model as a first-
degree polynomial presenting the response function (yield) in the relation to the operating parameters. From the
retained model, we were able to calculate the average response, the different effects and their interactions. The
maximum of essential oil recovery percentage relative to the initial mass of plant material was 1.69%, and was
obtained at (140 °C, 250 g and 4.5 L). The chemical composition of the Algerian 7. fontanesii essential oil under
the obtained optimal conditions (140 °C, 250 g and 4.5 L), determined by GC/MS and GC/FID, reveled of the
presence of major components such as: carvacrol (70.6 + 0.1%), followed by p-cymene (8.2 + 0.2%).
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Introduction

The genus Thymus L. (Lamiaceae) consists of 928 species,
native to Europe, and growing in the Mediterranean basin
and northern Europe, as well as other parts of the word
such as Asia, South America, and Australia."*> Thyme is a
largely used medicinal plant. In ancient times it was used
by the Egyptians as unguents for embalming and then by
the Greeks and Romans for its therapeutic purposes.® It’s
used for its expectorant, spasmolytic and antiseptic pro-
perties and infusions are used for treating ulcers, dermatitis
and rheumatic pains.*

Thymus oils as well as Thymus extracts are widely used
in pharmaceutical, cosmetic and perfume industry, for
flavoring and preservation of several food products.’
While they are characterized by a large amount of
monoterpenes, which normally account for 80% of oil.
Thymol and carvacrol occur more frequently, always
accompanied by the couple p-cymene, y-terpinene, the
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four monoterpenes being biogenetically closely correlated.®
Also linalool, borneol, 1,8-cineole are often present,
although in lesser amount.” T. fontanesii Boiss. & Reut is
one of the eleven species presented in the flora of Algeria.
It is a spontaneous aromatic plant endemic to Algeria and
Tunisia,® their aerial parts have been highly recommended,
were commonly used as herbal teas, condiment and
spices, so as for various medicinal purposes.” Essential
oils are obtained from plant raw material by several
extraction methods.”!® Such methods could be classified
into two categories: conventional/classical methods and
advanced/innovative methods. Investigation in new tech-
nologies (ultrasound, microwave) in the last decades has
led to the emergence of new innovative and more efficient
extraction processes (reduction of extraction time and
energy consumption increase of extraction yield in
improvement of essential oils quality."

The aim of this paper is to show the new method of
extraction, reported by electromagnetic induction heating,
some advantages of this isolation method; and to optimize
the effect of the main operating parameters on the yield of
extraction and chemical composition of 7. fontanesii
essential oil.
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Experimental

General experimental procedures — A pressure cooker
(5L, Chimex, China) was used as a recipient for the
mixture of the plant material and water. The EMI heating
was done by a hot plate (1800 W, Tristar IK6174, EU).
GC was coupled with a flame ionization detector (Thermo —
Trace, Interscience, Belgium), using a capillary column
coated with 5% phenyl-methyl siloxane (30 m x 0.25 mm
x 0.25 pm film Thickness Agilent Technogies, Hewelett-
Packard, CA, USA). GC/MS was performed with an
Agilent HP 6890, USA), GC system coupled with an
Agilent HP 5973 network mass selective detector operated
by HP enhanced ChemStation software.

Plant materials — The aerial parts of 7. fontanesii were
collected during the flowering period from Tarik Ibn Ziad
(Northern Algeria), localized at N 36°00' latitude and W
2°09' longitude with 630 m altitude. Before being distilled,
a voucher specimen (T1;z-2017-06) of aerial parts was air-
dried in the dark and deposited in the herbarium of the
agronomic department of Khemis Miliana University.

Extraction method — The aerial parts of 7. fontanesii
were subjected to an electromagnetic induction (EMI)
heating assisted extraction. The process (Fig. 1) was
equipped with a pressure cooker (5 L capacity), where the
raw material and water were kept in. The mixture was
then brought to a boil with a hot plate (1800 W), where
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the energy transfer to the object to be heated occurs by
means of electromagnetic induction. Due to the influence
of hot water along with its vapor, the essential oil was
freed from the oil glands in the plant tissue. The vapor
mixture of water and oil was then condensed in a liquid
state using a refrigerant. At the end of the distillation, two
phases were observed, an aqueous phase (aromatic water)
and an organic phase (essential oil), less dense than water.
After 45 min, a time corresponding to static extraction,
the essential oil was collected by decantation and dried
over anhydrous sodium sulphate, the yield measured, and
stored in a freezer at 4 °C in dark glass bottles until use.

Experimental Design — The experimental design metho-
dology (EDM) was applied for:"

- Optimization operating conditions of essential oil
extraction from the aerial parts of 7. fontanesii plant by
EMI heating.

- Identified the effect of various factors and to find the
optimum values of these factors for the maximum
response.

Study parameters —In the present study, a three-
factors with two-level central composite design were used
for optimization the operation condition of EMI heating
assisted extraction of 7. fontanesii yield as follows:

R (%) = (essential oil mass/dried aerial parts mass*) x 100

M

1- Thermometer; 2- Saucepan; 3- Induced courant; 4- Magnetic field; 5- Glass-ceramic plate;

6- Induced coils (electromagnet); 7- Power supply; 8- Water inlet; 9- Distillate; 10-

Refrigerant; 11- Water outlet.

Fig. 1. Device of electromagnetic induction heating assisted extraction.
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The mass* of the plant material for every experiment.

The studied factors were:

- The temperature of heating which is directly related to
the steam flux leaving the pressure cooker at the debit of
condensation. Two temperatures of heating were used for
these parameters tests: 140 °C and 220 °C. This experi-
mental domain had been chosen to ensure an effective
and stable extraction. Indeed, heating at a temperature
lower than 140 °C increased boiling time, hence the
increasing in processing time; and a heating at a
temperature higher than 220 °C, caused a refusal of some
water in the lateral release tube, which connected the
recipient with the distillation column.

- The mass of the plant material and the volume of
water have varied between (100 to 250 g) and (2 to 4.5 L)
respectively. A quantity of the plant material and volume
of water less than 100 g and 2 L respectively caused
burring of leaves on the walls of the recipient, while the
amount that exceed the 250 g of plant and 4.5 L of water,
caused a refusal of some water in the lateral release tube.
The Table 1 lists the independent parameter, their symbols
and their real and coded levels (-1, +1). A factorial matrix
of three factors has been defined. For such a matrix, eight
experiments were required for the complete factorial
matrix 2°.

Mathematical model — In a complete factorial design,
a linear mathematical model of the measured response
(Y) is often applied for evaluation of the influence of the
investigated factors (X;). This first-degree polynomial is
described by equation (2):

Y =ap+a X, +aXo+a3X; +apXiXs +a3X X5 + anXoX;
+ 3123X1X2X3 (2)

Where: ay: represents the average theoretical value of the
response. Coefficients a;, a, and a; represent the factor
effects of X, X, and X;. The coefficients a;,, a3, a3, and
a;p; represent the interaction effects of X; — X,, X; — X,
X, — X5 and X; — X, — X; respectively.

Essential oil analyses —5 mg of oil was dissolved in
2.5mL pure diethyl ether and further analyzed by gas
chromatography (GC-FID) and gas chromatography-mass
spectrometry (GC-MS).
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GC-FID: — The analysis of the extracted oil was
carried out by means of a HP 6890A gas chromatograph
fitted with FID. Using a capillary column coated with 5%
phenyl-methylsiloxane (30 m x 0.25 mm x 0.25 pm film
thickness Agilent Technologies, Hewlett-Packard, CA,
USA); column temperature program was the following:
from 40 °C (1 min) to 200 °C at 6 °C/min, 200 - 280 °C at
30 °C/min, 280 °C (final hold of 2 min). The injections
have been performed in splitless mode and injector
temperature was set at 280 °C; detector temperature 300 °C;
volume injected, 1 ulL of diluted oil in diethyl ether. The
carrier gas was helium at 1 mL/min.

GC-MS — GC-MS was carried out using an Agilent
5973 GC-MS coupled to an Agilent 6890 gas chromato-
graph fitted with a split-splitless injector at 250 °C
(Splitless mode). The analytical conditions have been
fixed as follows: Agilent HP-5MS capillary column (30 m
x 0.25 mm, df=0.25 pm), temperature program: from
40-250°C at 6 °C/min. The carrier gas was helium at
1 mL/min. The mass spectra have been recorded in EI
mode at 70 eV, (scanned mass range: 35 to 500 amu). The
source and quadrupole temperatures were fixed at 230 °C
and 150 °C, respectively. The identification of the com-
ponents was performed on the basis of chromatographic
retention indices (RI) and by comparison of the recorded
spectra with a computed data library (Wiley 275.L). For
sesquiterpene hydrocarbons, further confirmations were
obtained by comparing the mass spectra with data from
the literature.'*'* RI values were measured on an HP-
SMS column. RI calculations were performed in tem-
perature programmation mode according to Babushok, V
et al,'> a mixture of homologues n-alkanes (C; — Csy) was
used, under the same chromatographic conditions. Main
components have been confirmed by comparison of their
retention data with co-injected pure (commercially available)
references.

Statistical analysis — The analysis of results was
performed with statistical and graphical analysis software
Minitab 17 (trial version). This statistical software was
used for regression analysis of the obtained data and to
estimate the coefficient of regression equation. ANOVA
(analysis of variance), which is the statistical testing of the

Table 1. Codes and levels of independent variables used in the experimental design

. Coded levels
Independent variables Symbols
Low (-1) High (+1)
Temperature (°C) X 140 220
Mass (g) Xz 100 250
Volume (L) X 2 4.5
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Table 2. Experimental matrix
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Independent coded variables Yield
Run X1 X2 X3 Exp (%) Cal (%)
1 -1 -1 -1 0.81 0.791
2 1 -1 -1 0.73 0,748
3 -1 1 -1 1.48 1.498
4 1 1 -1 1.27 1.251
5 -1 -1 1 0.94 0.958
6 1 -1 1 0.89 0.871
7 -1 1 1 1.69 1.671
8 1 1 1 1.36 1.378
Table 3. ANOVA of the fitted model
Statistics
Factors (coded) Effect  Standard error Sum of squares DF Mean squares F-value t* p° Remark
ag 1.1463 0.0187 61.13 0.01 significant
a -0.0837 0.0187 0.0561 1 0.0561 19.95 4.47 0.14
a 0.3037 0.0187 0.7381 1 0.7381 262.44 -16.2 0.039 signifucant
a3 0.0737 0.0187 0.0435 1 0.0435 15.47 -3.93 0.158
a -0.0512 0.0187 0.0210 1 0.0210 7.47 -2.73 0.223
a3 -0.0112 0.0187 0.0010 1 0.0010 0.36 -0.6 0.656
a3 -0.0013 0.0187 0,0001 1 0,0001 0.00 0.07 0.958
Pure error 0.0028 1 0.0028
Total 0.8625 7
R*=99.67%

Adjusted R*>=97.72%
DF : Degree of freedom

#: Value of the coefficient of regression for the error, measures it how big the effect is regarding the mistake standard or redidue.
®: Probality of significance. If the level of confidence is 95%, P < 0.05 considered to be significant.

model in the form of a linear term and an interaction term,
was also used to test the significance of each term in the
equation and the fitness of the obtained regression model.'®

Result and Discussion

The oil extraction yield was simply calculated as the
ration of the extracted oil mass per the initial dry mass of
plant material. The response values (oil yield) with
different combinations of the three variables used in our
experimental design are given in Table 2, which shows
considerable variation in oil yield depending on the
extraction conditions.

Experimental design — The proposed models were
studied by varying different parameters. The following
discussion is based on the models fit for different
parameters. The constants of different models were deter-
mined by minimizing the error between the experimental
and calculated value.

The quadratic model equation for predicting the response
function (essential oil yield) was expressed by the
following first-order polynomial equation, in term of the
coded factors

R = 1.1463 — 0.0738X; + 0.3037X, + 0.0737X; —
0.0512X,X, — 0.0112X,X5 - 0.0013X,X5  (3)

The study of the effect of different factors on the
response was performed using the analysis design
procedure of the Minitab 17. The main effects of the three
variables studied and interaction effect involving these
factors are shown in Table 3. The value of the constant
was found to be 1.1436, which does not depend on any
factor or factor interaction. A positive sign of the
coefficient represents a synergistic, while a negative sign
indicates an antagonist effect.!

In order to study the interaction effects between the
variables (the heating temperature, the mass of the plant
material and the volume of water), the 2D contour curves
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Fig. 2. Interaction effects of parameters on the essential oil yield
using the 2D contours: (a): mass and volume, (b) temperature
and volume, (c¢) Temperature and mass.

based on the quadratic model were plotted, as shown in
Fig. 2. (a, b, c). As illustrated in those figures, the oil
yield was significantly affected by the mass and volume.
It could be seen that the essential oil yield increased by
increasing of volume water and vegetable mass and
decreased by increasing the heating temperature within
the experimental range.

The regression results obtained from complete factorial
design model are given in Table 3, where 7 and P values,
along with the constant and coefficients, are mentioned.
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Fig. 3. Comparison between calculated and experimental yields.

The ¢ values are used to determine the significance of the
regression coefficients of the parameters and P values are
defined as the smallest level of significance leading to
rejection of the null hypothesis. In general, the larger
magnitude of # and smaller value of P, the more significant
is the corresponding coefficient term.'’

The mass of plant material factor was found to be
significant (P =0.039) compared to the volume and tem-
perature (P=1.158 and 0.14 respectively). All other
interaction were found to be insignificant (P > 0.05). The
goodness of fit of the model was validated by determi-
nation of the coefficient (R?). The R’ values provide a
measure of how much variability in the observed response
values can be explained by the experimental factors and
their interaction. High R* values show high significance
of the model."

Furthermore, the regression coefficient is estimated to
be acceptable (R?*=99.67%). The value gives good
agreement between the experimental and predicted values
of the fitted model. Also, a high correlation between the
experimental and calculated of T fontanesii essential oil
yield (%) shown in Fig. 3. indicates their low discrepancies.

Optimization of operating conditions — The experi-
mental design was used to determine the values of the
three independent variables that result in a maximum 7.
fontanesii essential oil yield. The optimization of experi-
mental conditions was carried out by maximizing the
percent of oil yield at defined optimization criteria for the
factors. Therefore, the optimum operating conditions were
found using the numerical technique built into the
Minitab 17, according to the predicted model. The
optimum values to achieve the maximum yield of 1.69%
after 45 min were 250 g of plant material and 4.5 L of
distilled water heating at 140 °C.

Chemical composition of essential oil — The results of
chemical composition of 7. fontanesii essential oil are
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reported in Table 4. Twenty nine compounds were
identified in the total of the oil extracted. A substantially
higher amount of oxygenated monoterpenes (62.9 — 75.3%)
were found to be present in the oil compared to
monoterpens (11.7 —29%) with a lower amount of the
sesquiterpenes (0.5 — 6.7%). In all experiments, carvacrol
was the main component, followed by p-cymene and y-
terpinene.

These results are in agreement with those of other
essential oils of 7. fontanesii from Algeria,'®*! who
reported the following major components: carvacrol (54.7
—69.5%), p-cymene (6.1 —9.1%) and y-terpinene (5.8 —
9.6%). Similar analysis of Algerian 7. fontanesii essential
oil was presented by a thymol (67.8%) as a main
compound followed by p-cymene (13%) and y-terpinene
(15.9%), with a low proportion of carvacrol (1.7%).® The
difference among chemical composition of the essential
oils widely depends on production conditions such as,
variety and cultivar factors.”? However, the relative amounts
differ in experiments due to a change in operating condi-
tions, (Temperature of heating, mass of plant material and
volume of water), where, the increase in the mass of plant
material and volume of water increasing the amount of
carvacrol, on the other hand the increasing in the heating
temperature decreasing the amount of carvacrol. Therefore,
the highest yield value of 1.69% obtained in the present
work at 140 °C, 250 g and 4.5 L is corresponding to the
highest amount of carvacrol detected (70.6 +0.11%). The
eight samples of essential oil analyzed presented a variety
in their composition; a lot of components were common
for different samples, whereas other components were
found just in some samples. For example, trans-sabinene
hydrate, alloaromadendrene, a-caryophyllene, o-amorphene,
a~cadinol. Hence, there is a variation in the composition
and yield. The sample of Exp 7 was distinguished by the
highest amount of oxygenated monoterpene (75.34%),
sesquiterpene (6.72%) and oxygenated sesquiterpene
(0.45%) and by the lowest amount of monoterpene
(11.7%), which was obtained by extracting the high
amount of plant (250 g) with high volume of water (4.5
L), heating under the lowest temperature (140 °C). On
comparison between the Exp 7 and the Exp 1 and
between the Exp 1 and the Exp 2, the mass of plant and
the volume of water affect inversely on the amount of
monoterpene. On the Exp 7 and Exp 8, the temperature of
heating is also affect inversely the amount of oxygenated
sesquiterpenes.

The decrease in mass of plant is more influence on
amount of oxygenated monoterpenes and oxygenated
sesquiterpenes than the volume of water. The opposite on
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the amount of monoterpenes and sesquiterpenes where
the volume of water is the more affect, as shown in Exp 7
and Exp 5. The different experiments showed that the
variation in chemical composition of 7. fontanesii essential
oil was more dependent by the mass of plant.

Here, a try is made to understand the probable reasons,
which have led to such differences considering the
difference between the operation conditions of experience
1 to experience 8.

Under the obtained optimal conditions represented by
the Exp 7 (T =140 °C, m =250 g and V =4.5 L), GC-MS
and GC-FID analysis revealed the presence of the higher
amount of carvacrol (70.6 + 0.1%), followed by p-cymene
(8.2+£0.2%), linalool (3.07 £0.08%) and y-terpinene
(2.34£0.06%). The statistical method employed is
advantageous not only to increase the yield of essential oil
but also to improve the quality of the oil.*

Conclusion

In the present study, we optimized the operative
conditions on 7. fontanesii essential oil yield obtained by
the electromagnetic induction heating assisted extraction
using the methodology of experimental design that aims
the obtain maximum results for a smaller number of
experiments. Three-factors, two levels were applied to
establish a first-order model considering the heating
temperature, the mass of plant material and the water
volume as independent variables. The predicted results
from the response functions were in good agreement with
the experimental data (R*=99.67%), confirming the
reliability of the employed methodology.

The optimum essential oil yield of 7 fontanesii
(1.69%) was found after 45 min under the operating
conditions: 250 g of plant material and 4.5 L of water
heating at 140 °C, based on the developed quadratic
model. Analyzing the variance (ANOVA) showed that the
model is significant and can adequately describe the
experimental range. The chemical composition of the
Algerian T fontanesii essential oil under the obtained
optimal conditions (140 °C, 250 g and 4.5 L), determined
by GC/MS and GC/FID, reveled of the presence of major
components such as: carvacrol (70.6 £ 0.1%), followed by
p-cymene (8.2 +0.2%). The results clearly showed that
the experimental design is a suitable method to optimize
the T fontanesii essential oil extraction by EMI heating
operating conditions.

The electromagnetic induction heating assisted extraction
is an innovative method for obtained the essential oils, in
order to increase the quantity and to preserve the quality
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of the oil, with a short extraction time compared to other
conventional equipment such as the hydrodistillation. This
efficiency is probably based on the interaction between
the rapidity of heating by electromagnetic induction and
the evaporation of essential oil components. The EMI
heating is able to satisfy the quality requirements of the
pharmaceutical and food industry.
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