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ABSTRACT

This paper describes a portable microwave assisted extraction apparatus (PMAE) for extraction of bioac-
tive compounds especially essential oils and aromas directly in a crop or in a forest. The developed
procedure, based on the concept of green analytical chemistry, is appropriate to obtain direct in-field
information about the level of essential oils in natural samples and to illustrate green chemical lesson
and research. The efficiency of this experiment was validated for the extraction of essential oil of rose-
mary directly in a crop and allows obtaining a quantitative information on the content of essential oil,
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1. Introduction

Current trends in Green Analytical Chemistry are the develop-
ment of portable instrumentation as an alternative to move the
samples to the laboratory and thus, nowadays there are several
available instruments to do it as, infrared instruments, energy
dispersion X-ray fluorescence systems, portable gas chromato-
graph [1] or capillary electrophoresis [2]. A portable instrument
can provide instant in-field results without the need to wait for
the transport of collected samples from the forest to the labora-
tory. These past years, there is the development of portable sample
preparation apparatus, which can help to do the in-field extrac-
tion, sample preparation, analysis and data evaluation. In parallel,
a portable instrument is defined as “easily” movable, convenient
for carrying, and capable of being transferred or adapted in altered
circumstances [3].

Miniaturization (down scaling) is an important factor of modern
society reflected strongly in science and technology [4] including
medicine, chemistry, environment, food safety, etc. [5]. Minia-
turization of a procedure can be achieved simply by reducing
dimensions of the systems used in earlier approaches or by devel-
oping completely new set-ups or techniques. When compared
to conventional systems, miniature systems can perform similar
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which was similar to that obtained by conventional methods in the laboratory.

methods with remarkably reduced consumption of plant matrix
and solvents, size and power requirement, system cost and mean-
while faster analysis time and massively parallel analysis capability.
It is an attractive method for application requiring on-field rapid
assay [6,7].

From the aforementioned perspective, the idea has been to
develop a portable microwave assisted extraction (PMAE) which
can be used directly in the crop or the forest. Given its reduced size,
this microwave technique requires a small amount of sample in a
small glassware system which is designed as a miniature alembic
to be placed inside a microwave oven. It was a challenge to develop
a miniature alembic, suitable to provide a fast extraction of essen-
tial oils from the fresh samples and to collect the extract by using
a Vigreux’s column as an air-cooled condenser, suitable also to be
placed inside the microwave oven. In this way, the PMAE apparatus
can provide information about the actual state of the fresh samples
and their essential oil content. This procedure is also appropriate for
teaching laboratory, does not require any special microwave equip-
ment. The experiment developed, additionally than to provide a fast
information on real samples, allows the students to learn extrac-
tion, chromatographic and spectroscopic analysis skills, and is a
dramatic visual example of rapid, sustainable and green extraction
of natural products, suitable to be introduced to commercially suc-
cessful, sustainable and green chemical processing with microwave
energy.

Here, were reported for the first time the potential of portable
PMAE coupled with a battery for the extraction of essential oil from
rosemary directly in a crop or forest. The miniature glass system,
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Fig. 1. (a) A crop of Rosmarinus officinalis L. (b) The portable microwave assisted extraction apparatus: a lab in the field. (c) Extraction of Rosmarinus officinalis L. essential oil
with the PMAE apparatus connected to the battery. (d) Essential oil and water in situ obtained with PMAE apparatus.

equipped with a Vigreux’s column, was designed to illustrate the
extraction phenomenon of essential oil in a rosemary’s field. In
this paper, the essential oil from rosemary obtained by PMAE has
been compared with that obtained by conventional hydrodistilla-
tion (HD) in the lab, being samples analyzed by gas chromatography
and mass spectrometry (GC-MS).

2. Materials and methods

2.1. Plant material

Rosemary (Rosmarinus officinalis L.) was collected in the south
of France, in Avignon. Only fresh plant material was employed in
all extractions. The initial moisture of leaves was verified in the
laboratory as 59.8%.

2.2. Extraction methods

Portable microwave assisted extraction (PMAE) apparatus con-
sists of a portable microwave oven Nicole Microwave, Reimo that
works on a car’s battery (12 V). A miniature alembic employed for
microwave assisted extraction is illustrated in Fig. 1. 30 g of fresh
rosemary were weighed into the 100 mL Erlenmeyer flask with
ground socket. Then, a Vigreux’s column as an air-cooled condenser
followed by an Erlenmeyer flask drilled (at atmospheric pressure)
to collect the distillate, were adapted to the socket. The glass system
was put into the microwave oven and heated for 15 min without
added any solvent or water, using a fixed power of 100W. The
essential oil layer was carefully transferred with a Pasteur pipette
to a test tube. The oil was dried over anhydrous sodium sulphate,
was weighed with a portable balance before being stored prior to
analysis.

Conventional hydrodistillation [8] has been achieved accord-
ing to the European Pharmacopoeia. 500 g of fresh rosemary were
extracted with 2L of water for 3h in a conventional apparatus
(until no more essential was obtained). The essential oil was col-
lected, dried under anhydrous sodium sulphate and stored until to
be analyzed.

2.3. Analysis of essential oils

Gas chromatography (GC) analysis was carried out using an Agi-
lent 6850 gas chromatograph equipped with a flame ionization
detector (FID), under the following operation conditions: vector
gas, helium; injector and detector temperatures, 250 °C; injected
volume, 1 uL; splitration 1/100; an HP5MS™ (30 m x 0.25 mmL.D),
with a film thickness 0.25 pm; a constant flow of 0.3 mL/min. Addi-
tionally, a Carbowax™ poly(ethylene glycol) (60 m x 0.20 mm 1.D)
column with a film thickness of 0.25 p.m, was used. The oven tem-
perature programme was 40°C for 8 min increased at 2 °C/min to
250°C and held at 250°C for 30 min. Gas chromatography mass
spectrometry (GC-MS) analysis was carried out using an Agilent
6890N coupled to an Agilent 5973 MS. Samples were analyzed
using a fused-silica capillary column HP5MS™ (50 m x 0.20 mm
1.D., film thickness 0.50 um) and Carbowax™ poly(ethylene gly-
col) (60m x 0.20mm LD., film thickness 0.25puwm). Carrier gas,
helium; injector and detector temperatures, 250 °C; injected vol-
ume, 1 mL/min; split ratio; the oven temperature programme was
40°C for 8 min increased at 2 °C/min to 250 °C and held at 250 °C for
30 min; ionization energy, 70 eV; electron ionization mass spectra
were acquired over the mass range 35-400 u. Identification of the
components was based on computer matching against commer-
cial libraries (Wiley, MassFinder 2.1 Library, NIST98), laboratory
mass spectra libraries built up from pure substances, and MS lit-
erature data combined with comparison of GC retention indices
(RI) on apolar and polar column. RIs were calculated with the help
of a series of linear alkanes Cg—Cys on apolar and polar columns
(HP5MS™ and Carbowax™). Compounds available in the labora-
tory were confirmed by external standard compound co-injection
[9-12].

3. Results and discussion
3.1. Extraction time, energy and environment impact

PMAE procedure was finished after 30 min to obtain 3 mL
of rosemary’s essential oil compared to 3h with conventional
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hydrodistillation apparatus and the essential oil yield was deter-
mined directly in the field with a portable balance.

PMAE experiment can be performed directly in a crop with a
portable microwave oven connected to a battery. It is not nec-
essary to collect the plant material in a crop or forest and take
them in a no stabilized state during hours to go to the labora-
tory and then extract rosemary’s essential oil with a Clevenger
apparatus which needs to heat and boil 2L of water with rose-
mary for several hours. The reduced cost of this green extraction
is clearly advantageous for the PMAE method in terms of energy
and environment impacts. The energy required to perform the two
extraction methods are respectively 2 kW h for HD, and 0.1 kW h
for PMAE. The power consumption has been determined with a
Wattmeter at the microwave generator entrance and the electrical
heater power supply. Regarding environmental impact, the calcu-
lated quantity of carbon dioxide rejected in the atmosphere is much
higher with conventional distillation (1600 ¢g) than with portable
microwave (80g). These calculations have been made according
to the literature considering that recovering 1kWh from coal or
fuel combustion is associated with 800 g of CO, being rejected in
the atmosphere. The life cycle analysis (LCA) has not been applied
for transportation and the apparatus used, which will dramatically
enhance the positive impact of using PMAE.

3.2. Composition of essential oil

The chemical composition of rosemary essential oils varies
and depends on locality, the climatic conditions and harvesting

seasons. In our study, rosemary leaves were obtained from a crop
in Avignon, France (august harvest). The oils obtained from each
experiment were very similar in appearance, pale colour and fra-
grance. The composition of the essential oils obtained by HD and
PMAE methods are given in Table 1. A total of 25 compounds (in
agreement with the literature) were identified in essential oils
extracted from the same samples using the two techniques. The
essential oil of rosemary leaves isolated either by PMAE or HD con-
tains the same dominant components such as a-pinene, camphor,
verbenone and camphene. The monoterpene hydrocarbons are
presentin almost equivalent amounts in the HD and PMAE essential
oils and a-pinene, is the main abundant component in the essential
oil extracted from rosemary with equivalent relative amounts for
both extraction methods: 46.3% and 46.5%, respectively for PMAE
and HD. Camphor was the main oxygenated component in the
essential oil isolated from rosemary leaves but the relative amounts
are not differed for the two isolation methods. It is the most abun-
dant oxygenated component of the essential oil 7.9% for PMAE
whereas the HD oil contains 7.8%.

3.3. Safety consideration

This green microwave extraction method is totally safe even for
nonhighly educated operators, college, high school and academia
laboratories. We only use conventional domestic microwave oven
“withoutany modification” as specified by manufacturer. The glass-
ware even Vigreux column is simple to use, and do not create any

Table 1
Chemical composition of Rosmarinus officinalis L. essential oils obtained by portable microwave assisted extraction apparatus (PMAE) and hydrodistillation (HD).
No. Compounds? HD (%) PMAE (%) RIP RI¢
Monoterpene hydrocarbons 70.1 70
1 Tricyclene! 0.2 0.2 921 1011
2 «-Pinened 46.5 46.3 936 1023
3 Camphene* 5.9 6.0 951 1103
4 Verbenene 0.9 1.1 955 1121
5 B-Pinene! 2.6 2.5 980 1109
6 Myrcened 1.9 1.8 995 1149
7 a-Terpinene? 0.8 0.8 1020 1083
8 para-Cymene! 1.3 13 1025 1250
9 Limonene! 54 54 1030 1206
10 v-Terpinene! 3.0 3.0 1052 1251
11 Terpinolene 1.6 1.6 1092 1287
Oxygenated monoterpenes 244 24.9
12 Linalool? 2.3 2.3 1106 1538
13 a-Campholenal 1.2 13 1122 1471
14 Camphor? 7.8 79 1149 1514
15 Pinocarvone! 1.3 1.4 1160 1548
16 Borneol? 2.5 2.6 1173 1679
17 Terpin-4-ol¢ 2.1 2.1 1184 1590
18 «-Terpineold 0.7 0.7 1198 1677
19 Verbenone! 6.5 6.6 1207 1696
Sesquiterpene hydrocarbons 13 1.0
20 E-caryophyllene 0.9 0.8 1425 1470
21 B-Bisabolene! 0.4 0.2 1508 1714
Oxygenated sesquiterpenes 0.3 0.3
22 Caryophyllene oxide? 0.1 0.1 1570 1977
23 «-Bisabolold 0.2 0.2 1684 2022
Other oxygenated compounds 09 1.0
24 Bornyl acetate 0.8 0.9 1263 1579
25 Methyl eugenol 0.1 0.1 1397 2032
Extraction time (min.) 180 15
Yield (%) 0.57 0.2
Total oxygenated compounds 25.6 26.2
Total nonoxygenated compounds 71.4 71.0

a Essential oil compounds sorted by chemical families and percentages calculated by GC-FID on non-polar HP5MS™ capillary column.
b Retention indices relative to Cs—Cyg n-alkanes calculated on non-polar HP5MS™ capillary column.
¢ Retention indices relative to Cs—-Cpg n-alkanes calculated on polar Carbowax™-PEG capillary column.

d Compounds know in the rosemary.
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problem of explosion, the PMAE being made at atmospheric pres-
sure.

4. Conclusion

The aim of this paper was to explore the feasibility of a simple
and low-cost portable microwave oven combined with a miniatur-
ized alembic to extract natural products and especially essential
oils directly in a crop or a forest. This original portable microwave
assisted extraction provides a fast in-field information about the
content of essential oils in fresh natural samples and offers impor-
tant advantages over traditional hydrodistillation technique: it is
quicker (less than 15 min), effective and involves an environmen-
tally friendly approach, with a reduced consume of energy and
reagents. The PMAE apparatus can provide instant results on crop
without the need to wait for the transport from the forest to the
lab, the sample preparation, analysis and data evaluation. More-
over, PMAE could be employed as a laboratory exercise which easily
teaches Green Analytical Chemistry. This PMAE apparatus allows
obtaining essential oils similar to those obtained by conventional
methods and successfully incorporates green analytical chemistry
principles into the educational practical lessons.
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