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Abstract: In this present work, the aim is to evaluate the effect of different times of ultrasound pre-
treatment prior to hydrodistillation (US-HD) on the yield, chemical composition and antioxidant activity of
essential oils of two wild Lavandula stoechas L. from the North of Algeria. The results indicate that ultrasound
treatment engenders a rapid release of essential oils (1.59 %) recovery after only 10 min of sample of Adekar
treated by ultrasound and followed by 90 min of hydrodistillation (HD) versus 180 min of hydrodistillation of
untreated sample (1.17 %). However, the yields of Keddara sample treated by 45 min versus untreated samples
were 0.87 % versus 0.62 %. 94.30 % and 88.26 % of total compounds were identified using chromatography-
mass spectrometry (GC-MS) in samples of Adekar and Keddara treated by ultrasound versus untreated samples
(92.64 % and 88.75 % respectively). A difference in chemical composition between the essential oils of the two
harvesting sites and between the extracts obtained by HD and by US-HD was found. The percentage of the
most of the major compounds (fenchone, camphor, 1,8-cineole, bornyl-acetate, myrtenyl-acetate and viridiflorol)
and other compounds identified is higher in treated L. stoechas L. than untreated L. stoechas L. The study of
antioxidant power was carried out by 2, 2 diphenyl-1-picrylhydrazyl (DPPH) method. The results showed that
antioxidant power of treated samples is superior to antioxidant power of untreated samples. Antioxidant activity
of both samples (treated and untreated) is less effective compared with antioxidant activity of ascorbic acid.

Key words: Ultrasound pre-treatment, Lavandula stoechas L. essential oil, yield, GC-MS,
antioxidant activity.

Introduction
Belonging to the genus Lavandula, of the

Lamiaceae family, Lavandula stoechas L. oc-
curs naturally in Mediterranean countries. Its
essential oils rich in bioactive compounds with in-
tense and pleasant aroma are the cause of their

wide use in medicine, pharmaceutical preparations,
food industries, cosmetics and perfumery. Up to
now, several conventional extraction techniques
have been reported for the extraction of essential
oils from L. stoechas like Hydrodistillation (HD).
These conventional extraction techniques may
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either cause the degradation of the targeted com-
pounds due to high temperature and long extrac-
tion times. In recent years, various novel extrac-
tion techniques have been developed and the use
of ultrasound sonication has opened up some great
expectations with a promising results. Different
plant extracts and bioactive metabolites have been
obtained with this technique 19,23. Ultrasound as-
sisted extraction utilizes acoustic cavitation to
cause molecular movement of solvent and sample,
offering advantages like improved efficiency, high
level of automation, reduced extraction time and
energy consumed and contribute to environmen-
tal preservation by reducing the use of water and
solvents, elimination of wastewater, fossil energy
and generation of hazardous substances, as com-
pared to conventional extraction techniques 11,13,18.
In this direction, for the first time, various pre-
treatment times by ultrasound before hydro distil-
lation (US-HD) have been used for the extrac-
tion of essential oil from L. stoechas in order to
develop a more advantageous alternative in terms
of quality and quantity of essential oils. This study
evaluates the effect of ultrasound treatment of L.
stoechas on extraction time, yield, chemical com-
position and antioxidant activity.

Materials and methods
Plant material

The flowering tips of L. stoechas were collected
at maximum flowering stage in April 2014, from
wild populations located in two regions in north-
ern Algeria: Keddara (Location: Boumerdes, Lati-
tude: 36°39’0 N, Longitude: 3°24’35 E, Altitude:
644 m, Slope: > 15 %) and Adekar (Location:
Bejaia, Latitude: 36°42’44 N, Longitude: 4°34’20
E, Altitude: 86 6m, Slope: > 15 %). The botanical
authentication was performed at the herbarium
of the Botany Department of National School of
Agriculture (Algiers), where voucher specimen
was deposited. The plant material was washed
and dried in the dark and well-ventilated area at
room temperature and stored in paper bags.

Hydrodistillation procedure (HD)
50 g of the ground flowering tips of the plant

were hydrodistilled for 180 min using a modified
Clevenger-type apparatus according to the Euro-

pean Pharmacopoeia. The essential oils were
collected, dried with anhydrous Na2SO4 and stored
at 4°C until analysis. Extractions were performed
at least three times, and the mean values are re-
ported.

Ultrasound assisted extraction prior Hydro
distillation (US-HD)

Ultrasounds were applied on the plant materi-
als as a pre-treatment before hydrodistillation ac-
cording to Ait-kaci Aourahoun, et al.2 methodo-
logy. 50 g of the ground flowering tips was mixed
with 0.8 L deionized water in Erlenmeyer flask.
The mixture was submitted to ultrasound at the
fixed-frequency of 26 kHz for different times: 10,
20, 30, 45 and 60 min. A glass rod was used for
homogenization of the mixture. The resulted treat-
ments following different times were then
hydrodistillated for 90 min. For applying ultrasonic
waves, an ultrasound cleaning bath (pulse system
270, Italy, 26 kHz, 150 W) was used. To ensure a
rigorous comparison, the same glassware and
same operating conditions were used for conven-
tional Hydrodistillation. The procedure was per-
formed at least three times, and the mean values
are reported.

GC-MS analysis
To evaluate the effect of ultrasonic pre-treat-

ment of L. stoechas flowering tips on the chemi-
cal composition of distillated oils, AEO and KEO
samples obtained at 10 min and 45 min of ultra-
sonic pre-treatment extraction, respectively, were
chosen for their high efficiency. The qualitative
and semi-quantitative analysis of essential oil
samples were carried out using a Hewlett
Packard Agilent 6890N gas chromatograph (GC)
coupled to a 5973 mass spectrometer (MS) de-
tector and equipped with a fused-silica-capillary
column with a non-polar stationary phase HP-
5MS™ (30 m × 0.25 mm × 0.25 μm film thick-
ness). GC-MS were obtained using the following
conditions: carrier gas He; flow rate 1 ml/min;
split 1:30; injection volume 1 μl; injection tempera-
ture 250°C; oven temperature progress from 50°C
to 290°C at 3°C/min; the temperature of the mass
spectrometer (280°C), ion source (230°C), qua-
drupole (150°C). The ionization mode used was
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electronic impact at 70 eV.
Retention indices (RI) were calculated for all

constituents related to the retention time (TR) of
n-alkanes that were analyzed under the same chro-
matographic conditions 30. The identification of
the essential oil constituents was based on the
comparison of the mass spectra with those of the
NIST05 and NIST libraries (computer matching)
and published mass spectra 1. The identification
was confirmed by comparing the RI with those
of previously published RI 1.

DPPH Free radical-scavenging activity
The antioxidant capacity of the L. stoechas

essential oils was performed using 2, 2 diphenyl-
1-picrylhydrazyl (DPPH) radical-scavenging as-
say as previously described by Thakral et al.29.
Briefly, 1 ml of different concentrations of the
essential oils (200, 400, 600, 800, and 1000 μg/ml)
were added to 1 ml of 0.1 mM ethanol solution of
DPPH and incubated in obscurity at 27°C during
30 min. The disappearance of the DPPH radical
was read spectrophotometrically at 517 nm against
a blank (EtOH solution). DPPH radical-scaveng-
ing activity, expressed as inhibition percentage
(I %), was calculated using the following formula:

Where Ablank is the absorbance of the control

reaction containing all reagents except the essen-
tial oil and Asample is the absorbance of the test
reaction containing also the oil. Ascorbic acid was
used as a reference antioxidant. The EC50(DPPH)
value (μg/ml) represented the concentration of es-
sential oil that scavenged 50 % of the DPPH radi-
cals and was used as an estimate of the radical-
scavenging activity. It was calculated from the
plot of I % against the essential oil concentra-
tions. All tests were carried out in triplicate and
the EC50(DPPH) values were reported as means ±
SD.

Statistical analysis
Results of essential oil yield and antioxidant acti-

vity are reported as mean±SD. Significant differ-
ences between the means was made by one-way
analysis of variance (ANOVA) followed by
Tukey’s pair wise test. Differences with P<0.05
were considered statistically significant

Results and discussion
Effect of ultrasonic pre-treatment time on the
yield

Figure 1 shows the influence of pre-treatment
time by ultrasound on the yield of essential oils of
L. stoechas from harvesting regions Adekar
(AEO) and Keddara (KEO). Samples showed
different yield extraction profiles. Adekar L.

Y
ie

ld
s 

%

Adekar
Keddara

Fig. 1. Yields of wild Adekar and Keddara Lavandula stoechas essential
oils obtained by different times of ultrasound pre-treatment prior

Hydrodistillation (US-HD) and by Hydrodistillation (HD)

I % = [(Ablank - Asample)/Ablank] × 100
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stoechas reached maximal oil yield of (1.59± 0.03
%) at only 10 min of ultrasound pre-treatment,
followed by a significant decrease (p<0.05) of yield
at 20 min (1.33± 0.04 %) and 30 min (0.94 ± 0.03
%) of pre-treatment. A significant (p<0.05) im-
provement in oil yield when prolonging the ultra-
sonic pre-treatment time up to 45 min (1.08± 0.00
%) and 60 min (1.07 ± 0.01 %). In keddara
samples, the EO extraction yield was improved
by rising the ultrasonic pre-treatment time from
10 min to 45 min with (0.44± 0.03 %) and (0.87±
0.06 %), respectively. The extension of sonica-
tion pre-treatment to 60 minutes resulted in
signi-ficant decrease (p<0.05) in yield of KEO
by 48.28 %. Similar variations in the pattern of
extraction yield depending on sonication treat-
ment time have previously reported for the phe-
nolics of star fruits 3.

The decrease in EO yield after the extended
sonication time duration (starting from 20 min for
AEO and at 60 min for KEO) might be attributed
to the temperature increase of the medium pro-
cess 28, which influences the stability of EO com-
pounds depending on their chemical structure.
Moreover, a probable degradation that could have
occurred due to the generation of free radicals,
mainly the highly reactive hydroxyl radicals as
reported by Annegowda et al.3. On another hand,
our two samples could exhibit varied results prob-
ably due to their different oil gland structure and
density as well as chemical characteristics of their
EOs, which could be specifically impacted by the
ultrasound treatment. In fact, the distribution and
structure of oil secretory gland may vary depend-
ing on plant species even within the genus 4, or-
gan 27, phenological stage 10. Similarly, significant
relationships have been reported between the es-
sential oil composition and the eco-geographical
origins of the populations 6. The impact of ultra-
sonic pre-treatment on extraction oil efficiency
might be related to different mechanisms involved
during ultrasound extraction (fragmentation, ero-
sion, capillarity, detexturation and sonoporation).
For example, Comparison of extraction yields of
boldo leaves showed enhancement of extraction
yield from 20 % for conventional maceration to
25 % with ultrasound extraction 25. Knowing that
boldo leaves possess trichomes on the surface of

leaves, the authors showed that theses structure
have been damaged or removed from the leaf
after ultrasound treatment, which is not the case
of leaves submitted to maceration. Jacotet-
Navarro et al.16 also showed that ultrasound con-
siderably improve the mass extraction yield of gin-
ger, as a rise of 126 % was noticed between con-
ventional maceration and ultrasound assisted ex-
traction while reducing the extraction time from
540 to 110 min. Mechanical impacts of ultrasound
and other influencing parameters factors have
been very good reviewed by Chemat et al.12.

Comparison of L. stoechas essential oils ob-
tained by HD and US-HD

Conventional hydrodistillation method was com-
pared to hydrodistillation preceded with different
times of pre-treatment by ultrasound (Figure 1).
Results shows that in sample of Adekar, only 10
min of ultrasound pre-treatment followed by 90
min of hydrodistillation provide (1.59± 0.03 %) of
yield comparing to (1.17± 0.03 %) of yield
(p<0.05) of untreated sample submitted to 180
min of hydrodistillation. However, overall yield of
essential oils of Keddara sample treated by 45
min (0.87 ± 0.06 %) and untreated sample (0.62
± 0.02 %) are not significantly different.

Few studies have evaluated the effect of pre-
treatment of ultrasound prior the hydrodistillation
on essential oils yield. Assami et al.,5 showed that
only 30 min are required to recover 80 % of total
essential oil from caraway seeds pretreated with
ultrasound, against 90 min for untreated samples.
Ultrasound treatment of the air dried aerial parts
of Thymus daenensis had significant effect on
extraction efficiency of its essential oil by
hydrodistillation 28. Ultrasonic extraction followed
by hydrodistillation of Elettaria cardamomum
seeds facilitated short time extraction, improved
extraction efficiency and produced good quality
cardamom essential oil 22. on the other hand, this
technique, have not provide a positive effect on
extraction kinetics of Lavandin essential oil and
gives a maximum yield after 60 min of steam dis-
tillation preceded by 30 min of ultrasound pre-treat-
ment 24. Among the new oil extraction techniques,
ultrasound assisted extraction, has attracted sig-
nificant attention due to its positive impacts on
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extraction time, yield and solvent consumption 8.
These positive effects by ultrasound waves are
mostly attributed to the acoustic cavitation event.
The cavitation effects cause directly disruption
and thinning of biological membranes and cell
walls, consequently heating increasing the mass
transfer rate of organic substances from the solid
matrix to the solvent 28. Furthermore, ultrasonic
pre-treatment could cause the glandular walls to
crumble or rupture more rapidly and more effi-
ciently than in conventional hydrodistillation.
Among the novel extraction methods application
of ultrasound attracted lots of attentions due to a
short time and enough extraction efficiency. The
comparison of the novel methods and their pos-
sible effects on the chemical structure of extracted
essential oil could provide useful information in
the term of possibility of approach about other
similar essential oil.

Chemical composition of essential oils
Table 1 reports the chemical analysis of both

AEO and KEO obtained by US-HD and HD, and

giving the best yield (at 10 min and 45 min, res-
pectively, of ultrasonic pre-treatment). Forty-seven
compounds were identified. Thirty-seven com-
pounds were identified similarly in both Adekar
and Keddara samples untreated by ultrasound
versus 36 and 35 compounds in treated samples,
respectively. 94.30 % and 92.64 % of the total oil
were identified in Adekar US-HD and HD
samples, respectively, with most dominant com-
pounds fenchone and camphor. In Keddara, 88.26
% and 88.75 % of the total oil was determined in
treated and untreated samples with predominant
constituents fenchone and 1,8-cineol. These
present data are in agreement with those reported
by Benabdelkader et al.9 in relation to major EO
components from several wild populations of
Algerian L. stoechas.

Although AEO and KEO of treated and un-
treated samples contain almost the same princi-
pal compounds but their behavior was different.
In AEO obtained with US-HD, the relative
amount of fenchone (26.66 %) was higher than
in HD (21.31 %) (Fig. 2). Whereas in KEO,

Table 1. Chemical composition of Lavandula stoechas L.
essential oils obtained by US-HD and HD

Composition (%)
No. Compoundsa RIe RIL AEO KEO

US-HD HD US-HD HD

1 Tricyclene 917 921 - 0.20 - -
2 α-Pinene 927 932 0.18 0.17 0.16 0.23
3 Camphene 944 946 1.37 2.18 1.09 1.39
4 ρ-Cymene 1017 1020 0.40 0.49 - -
5 Limonene 1021 1024 - 0.25 - -
6 1.8-cineole 1026 1026 4.14 2.11 17.24 16.48
7 γ-Terpinene 1049 1054 - - 0.15 0.30
8 cis-Linaloloxide 1073 1067 0.63 - - -
9 Fenchone 1093 1083 26.66 21.31 22.30 23.90

10 Linalool 1101 1095 0.50 0.23 - -
11 α-Fenchol 1118 1114 1.41 0.95 1.39 1.36
12 Camphor 1146 1141 23.73 26.53 10.33 9.57
13 Borneol 1166 1165 2.03 1.42 - -
14 Terpinen-4-ol 1172 1174 0.61 0.30 0.67 0.66
15 p-Methylacetophenon 1176 1179 0.18 0.19 0.98 1.72
16 p-cymene-8-ol 1181 1179 0.90 0.65 0.93 -
17 Myrtenal 1186 1195 0.62 0.77 0.58 1.39
18 Myrtenol 1190 1194 1.22 - 1.02 -
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         table 1. (continued).

Composition (%)
No. Compoundsa RIe RIL AEO KEO

US-HD HD US-HD HD

19 Verbenone 1198 1204 0.86 0.49 - 0.80
20 α-Fenchyl acetate 1208 1218 0.75 1.42 0.72 0.66
21 trans-Carveol 1213 1215 0.42 0.20 0.28 0.29
22 Carvone 1239 1239 0.61 0.40 0.41 0.58
23 Bornyl acetate 1287 1287 6.84 10.34 3.77 3.43
24 Myrtenyl acetate 1324 1324 4.46 4.09 2.22 2.70
25 Eugenol 1347 1356 - - 0.22 0.15
26 Cyclosativene 1359 1369 0.51 0.61 0.71 0.67
27 α-Copaene 1365 1374 0.18 0.13 0.40 0.44
28 Geranyl acetate 1368 1379 - - - 0.17
29 Sativene 1379 1390 - - 0.12 0.09
30 cis-Caryophyllene 1403 1408 - - 0.14 0.14
31 Aromadendrene 1447 1439 - - 0.29 0.16
32 allo-Aromadendrene 1460 1458 0.24 0.13 - -
34 γ-Cadinene 1512 1513 1.27 1.41 2.18 2.50
35 Calamenene 1515 1521 0.59 0.55 0.73 0.79
36 Cadina-1.4-diene 1524 1533 2.20 2.61 4.22 2.89
37 α-Calacorene 1534 1544 0.50 0.52 0.71 0.77
38 cis-α-Copaene-8-ol 1556 - 0.52 0.45 0.68 0.64
39 Palustrol 1562 1567 0.32 0.30 0.45 0.46
40 Caryophyllene oxide 1575 1582 0.68 0.65 1.03 0.87
41 Viridiflorol 1592 1592 4.23 4.84 5.43 5.32
42 Ledol 1601 1602 1.01 1.12 1.41 1.33
43 Guaiol 1606 1600 1.9 2.31 2.57 2.55
44 1-epi-Cubenol 1623 1627 0.77 0.84 1.29 1.36
45 t-Cadinol 1635 1638 0.91 1.04 1.44 0.70
46 α-Cadinol 1649 1652 - 0.44 - 0.75
47 Cadalene 1666 1675 - - - 0.54

Total identified (%) 94.30 92.64 88.26 88.75
Monoterpene Hydrocarbons 1.95 3.29 1.40 1.92
Oxygen-containing Monoterpenes 76.39 71.21 62.08 62.14
Sesquiterpene Hydrocarbons 3.59 3.65 6.93 5.91
Oxygen-containing Sesquiterpenes 10.34 11.99 14.30 14.52
Others 0.18 0.19 0.98 1.72
US treatment time (min) 10 00 45 00
Extraction time (min) 90 180 90 180
Yield (%) 1.59 1.17 0.87 0.62

a Components listed in order of elution on HP5-MS column
RIe- Experimentally determined retention indices on the mentioned column by co-injection of a homologous
series of n-alkanes C8-C21; RIL- Literature retention indices (Adams, 2007);
AEO (Adekar Essential Oil); KEO (Keddara Essential Oil);
US-HD (Ultrasound assisted extraction prior Hydrodistillation); HD (Hydrodistillation).
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fenchone concentration was higher in untreated
samples (23.90 %) than in treated ones (22.30
%) (Fig. 2). On the other hand, relative abun-
dances of camphor and bornyl-acetate were
slightly highest in KEO/US-HD samples than
those of HD (10.33 - 3.77 % and 9.57 - 3.43 %,
respectively). Whereas, inversed concentrations
patterns were obtained in the case of AEO
samples. As can be seen in Figure 2, 1,8-cineol
was the only main compound which the relative
amount was higher in both AEO (4.14 %) and
KEO (17.27 %) extracted with US-HD process
compared to HD ( 2.11 % and 16.48 %, respec-
tively). It should be also noted that some minor
compounds, such as myrtenol, were detected only
in EOs obtained with US-HD (Table 1). Inversely,
other minor compounds such as α-cadinol were
detected only in EOs obtained with HD. The ef-
fect of ultrasonic treatment on chemical compo-
sition of both AEO and KEO could be connected
with temperature properties and solubility of their
various components 21. It has been found that rela-
tive abundances of fenchone and camphor were
highest at 150°C, in Turkish L. stoechas,
whereas solubility of myrtenol and bornyl acetate
was highest at 125°C. On the contrary fenchyl
alcohol reached maximum relative amount at
only100°C 15.

Previous studies showed that generally US-HD
process might enhance EO extraction yield or
provide more valuable EO components than con-
ventional HD. Additionally, the behavior of main

volatile compounds could present different pat-
terns in the same plant species according to the
organ material 2. It is also important to note the
influence of extraction time on the extraction ki-
netics for major components obtained with devel-
oped extraction methods, such as ultrasonic ex-
traction 5 and subcrtical water (SbCW) extrac-
tion, both combined with HD. Indeed, extraction
by SbCW of flower EOs from Turkish L.
stoechas for most abundant two components,
fenchone and camphor, was mostly completed at
15 min. Other major components, 1,8-cineol,
myrtenol and myrtenyl acetate were reached the
relative maximum amount at 20 min of the ex-
traction 15. Jacotet-Navarro et al.16 showed that
quantity of ginger phenolics compounds extracted
was improved by 29 %, by comparing conven-
tional maceration (CM) to ultrasound assisted ex-
traction (UAE).

Antioxidant activity
The effects of antioxidants on DPPH radical

scavenging was thought to be due to their hydro-
gen donating ability. DPPH is a stable free radi-
cal and accepts an electron or hydrogen radical
to become a stable diamagnetic molecule 26. Re-
sults of DPPH free radical scavenging activity
by essential oils of pre-treated samples giving the
best yield and untreated samples compared to
ascorbic acid as a standard antioxidant are sum-
marized in Table 2 and Figures 3A and 3B. The
reducing power of essential oils of treated and

0.00%

5.00%

10.00%

15.00%

20.00%

25.00%

30.00%

Fenchone Camphor Bornyl‐acetate Myrtenyl
acetate

1,8‐cineol Viridiflorol

US‐HD Keddara

HD Keddara

US‐HD Adekar

HD Adekar

Fig. 2. Main compounds of Adekar and Keddara Lavandula stoechas essential oils obtained
by hydrodistillation (HD) and ultrasound assisted extraction prior hydrodistillation (US-HD)
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Table 2. Antioxidant activity of Lavandula stoechas
essential oils obtained by US-HD and HD

Essential oil EC50 ± SD (μg/ml)

Keddara HD 2786.94 ± 17.32
Keddara US-HD 2564.10 ± 16.45
Adekar HD 1663.96 ± 9.69
Adekar US-HD 1547.29 ± 42.23
Ascorbic acid 16.16 ± 1.16

Fig. 3. DPPH radical-scavenging activity (I %) of (A) essential
oils of Lavandula stoechas, (B) ascorbic acid

untreated L. stoechas was concentration depen-
dent. As the concentrations tested for EOs
samples were very powerful in the case of the
reference ascorbic acid which is a strong antioxi-
dant, hence the following concentrations were
tested: 2; 4; 6; 8 and 10 μg/ml. The percentages

of antioxidant activity of all samples were very
lower than that ascorbic acid. At the concentra-
tion of 1000 mg/ml, KEO and AEO of treated
and untreated L. stoechas samples have revealed
a percent of inhibition of DPPH free radical of
(20.22 ± 1.72 %) and (18.88 ± 2.08 %), (23.96 ±
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3.08 %) and (20.70 ± 4.41 %) respectively. These
results clearly show that antioxidant power of es-
sential oils obtained by US-HD was higher than
antioxidant power of essential oils obtained from
untreated samples. The EC50 values studied
graphically, express the effective concentration
of the antioxidant extract necessary for trapping
and lowering 50 % of moles of DPPH dissolved
in ethanol. According to these values which have
shown an efficacy very inferior to that of ascor-
bic acid (16.16 ± 1.16 μg/ml), EC50 of untreated
samples is always higher than EC50 of treated
samples of the two harvest sites (Table 2) with
an significant difference (p<0.05) between KEO/
US-HD and KEO/HD, and insignificant differ-
ence between AEO/US-HD and AEO/HD, which
means that samples treated by ultrasound is more
effective antioxidant compared to untreated
samples. In spite of this insignificant difference
of AEO, it is important to note that the treatment
with ultrasound saved us time by reducing the time
of hydrodistillation of the half. Our EOs have a
low antioxidant activity comparing to EOs of
Mohammedi et al.,20 and Barkat et al.,7, who
found EC50 of (1852.76 ± 55.74 μg/ml) and (584
± 0.58 μg/ml) of leaves and flowers of L. stoechas
harvested from Tlemcen and Constantine (Alge-
ria), respectively.

Antioxidant activities of the essential oils from
aromatic plants are mainly attributed to the active
compounds present in them. This can be due to
the high percentage of the main constituents, but
also to the presence of other constituents in small
quantities or to synergy among them 17. Ultra-
sound assisted extraction not only improved yield
but as the method is fast and run at low tempera-
ture, the final product usually showed less ther-
mal degradation than traditional or microwave
assisted method. This is especially important in
case of food or cosmetic because in these two
fields, essential oils have to be of high quality and
good flavor 14. Due to the different in constitu-
ents of different essences, different behaviors are
observed in their antioxidant properties but in gen-
eral, the ultrasound method has improved the anti-
oxidant properties compared to the hydro distilla-
tion method and this finding is consistent with the
researcher’s statements.

Conclusion
The objective of this work is to show the ad-

vantage of ultrasound treatment of plant material
before hydrodistillation process, in order to recover
essential oils from two wild populations of Alge-
rian L. stoechas L. US-HD extraction took shorter
time compared to conventional hydrodistillation
method. Total extraction time of 100 min and 135
min (consisting of 10 min and 45 min time, res-
pectively, of ultrasonic pre-treatment plus 90 min
of hydrodistillation) was used during US-HD
whereas 3 h was required in HD extraction. The
comparative study of the main compounds showed
a qualitative and quantitative difference between
AEO and KEO, as well as between EOs obtained
by HD and US-HD. The antioxidant activity of
EOs from samples pre-treated by ultrasound was
higher compared to untreated samples.

The novel method US-HD provided useful in-
formations in the term of possibility of approach
with other wild L. stoechas populations and other
similar essential oils.

In relation to green aspects, the use of ultra-
sound as a pre-treatment prior hydrodistillation im-
proved the extraction of essential oil with the same
amount of biomass and water, but in shortened
extraction time without loss of quality of the final
product. So, the energy consumption, although it
is not calculated, should be lower, reflecting in less
pollutants emission, making this method greener
than conventional hydrodistillation. Other key ex-
traction parameters (frequency and intensity of
ultrasound, temperature of the water) should be
studied in the future to scalling up the US-HD
extraction process of lavender (L. stoechas) es-
sential oils.

Green extraction processing especially for es-
sential oils such as ultrasound pre-treatment prior
hydrodistillation, could be a new concept to pro-
tect both the environment and consumers, and
in the meantime enhance competition of indus-
tries to be more ecologic, economic and innova-
tive.
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