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A study on the essential oil of Ferulago
campestris: How much does extraction
method influence the oil composition?

The essential oil of different parts of Ferulago campestris (Bess.) collected in Sicily has been

extracted by microwave-assisted hydrodistillation (MAHD) and by classic hydrodistillation

(HD). A comparative qualitative–quantitative study on the composition of the oils was

carried out. A total of 100 compounds were identified in the oils obtained by MAHD,

whereas 88 compounds characterized the HD oils. The most prominent components

were, in all different parts of F. campestris and in both extraction methods, 2,4,5-trime-

thylbenzaldehyde and 2,4,6-trimethylbenzaldehyde isomers; the latter was not previously

found. The attempt to evaluate where the oil components are located in all parts of the

plant was carried out by means of a kinetic study. Then, electron microscopy observation

on the different parts before and after MAHD and HD was performed.

Keywords: Apiaceae / Essential oils / Ferulago campestris / Kinetic of microwave
extraction / Microwaves hydrodistillation
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1 Introduction

Microwave technology applied to organic chemistry as non-

classical energy source has come to play a role for the

extraction of secondary metabolites from natural products

[1]. Hence, since the first studies by Ganzler et al. [2], in the

last decade, essential oil extraction by microwaves has

become an alternative, valid extraction method, in terms of

reproducibility, time, yield, purity and costs.

In this subject, the interest of scientific community is

shown on a great number of articles published in which are

reported techniques such as microwave-assisted solvent

extraction (MASE) [3, 4], microwave-assisted hydrodistilla-

tion (MAHD) [4–6], solvent-free microwave extraction

(SFME) [7–10], vacuum microwave (VM) [11, 12], compres-

sed air microwave distillation (CAMD) [13], microwave-

accelerated steam distillation (MASD) [14], microwave

hydro-diffusion and gravity (MHG) [15, 16] and finally

microwave steam distillation (MSD) [17]. However, the

composition and consequently the properties of the essen-

tial oils extracted through these or conventional methods

have been found to vary depending on the method used

[9, 10, 16, 18], as well as the aspect linked to the territory

[19, 20].

Ferulago campestris (Besser) Grec., (F. galbanifera (Mill)

Kock. 5 Ferula ferulago L.), commonly known as ‘‘Finoc-
chiazzo’’, is an annual or perennial herb genus of the

Apiaceae family with small flowers in simple or compound

umbels. The genus comprises about 40 species widely

distributed in the temperate zone of both hemispheres,

especially in Central Asia and Mediterranean area. Some

Ferulago species are used since ancient times in folk medi-

cine for their sedative, tonic, digestive, aphrodisiac proper-

ties and have been used in the treatment of intestinal worms

and hemorrhoids. Moreover, they are used against ulcers,

snake bite, as well as headache and diseases of the spleen

[21]. Previous phytochemical studies on F. campestris
revealed the presence of monoterpene coumarins [22];

moreover, the composition of the essential oil from a plant

growing wild in Turkey was investigated [20]. Recently,

Maggi et al. [19] reported the chemical composition of

essential oils obtained by classic hydrodistillation (HD)

methods from flowers and leaves of F. campestris collected in

two sites in central Italy. The results showed relevant

differences compared with the chemical composition

reported previously [20]. In particular, 2,4,5-trimethyl

benzaldehyde, the most abundant component from Turkish

oils, did not occur in the essential oils from central Italy. On

the contrary, 2,3,4-trimethyl benzaldehyde (0.1–0.5%) and

2,3,6-trimethyl benzaldehyde (0.4–4.3%) were detected.

Therefore, in continuation to our interest in both

extracting [9, 23] and studying properties of Madonie’s
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endemic plants [24], where a rich biodiversity is present,

the aim of this study was to investigate the potential of

MAHD for the extraction of essential oil from different

parts (steams and leaves, flowers, roots and seeds) of F.
campestris collected in Sicily. A comparison in terms of

extraction time, yield, qualitative composition of extracts

and morphological change with conventional HD method

has also been made.

2 Materials and methods

2.1 Plant material

Fresh F. campestris was collected in Alimena in Madonie

National Park (Sicily), s.l. 910 m, in May 2009. It was

authenticated by the Botanic Department of University of

Palermo with specimen number Raimondo, Schimmenti &

Scafidi, PAL 07-621.

2.2 Microwave apparatus and procedure

The microwave apparatus was a SAIREM downstream

microwave source working at 2.45 GHz [23, 25, 26]. The

generator is connected with an insulator which avoids

damage to the generator, a sample holder constituted by a

rectangular waveguide connected to two cylindrical wave-

guides, and a water load to absorb transmitted power. The

main characteristics of this exposure setup are the homo-

geneous field distribution inside the sample holder, the

ability to measure the microwave power absorbed by the

sample and the simplicity in use. A schematic representa-

tion of the experimental setup is shown in Fig. 1.

In a typical MAHD procedure, performed at atmo-

spheric pressure, the dried and triturated aerial parts

constituted by steams and leaves (20 g), or flowers (20 g), or

roots (20 g) or seeds (20 g) of F. campestris with 50 mL of

water were placed in the glass cylinder, inserted in the

waveguide and irradiated using a fix incident power of

200 W for 30 min. The non-perturbative optical fibre ther-

mometer (Nortech Reflex-TP21M02) is introduced inside

the glass cylinder to monitor the temperature during the

treatment.

A Clevenger refrigerator provided with a glass stopcock

and a circulating water condenser is applied on the sample

holder to collect the extracted essential oil. The energy is

absorbed by the water causing a temperature increase

distributed to all. After 2 min, the temperature system

achieves 1001C and the water starts evaporating. Following

condensation, the mixture essential oil–water is extracted

with n-pentane. The organic phase is evaporated at 351C

under argon at atmospheric pressure and dried over anhy-

drous sodium sulphate. The essential oils are stored at 41C

under argon until used.

2.3 HD apparatus and procedure

The dried and triturated aerial parts constituted by steams

and leaves (20 g), or flowers (20 g), or roots (20 g) or seeds

(20 g) of F. campestris were submitted to HD for 3 h with

Clevenger-type apparatus according to the standard proce-

dure described in the European Pharmacopoeia [27], using

n-pentane as solvent. The organic phase was evaporated at

351C under argon at atmospheric pressure and dried over

anhydrous sodium sulphate. The essential oils were stored

at 41C under argon until used.

2.4 GC

Analytical GC was carried out on a Perkin-Elmer Sigma 115

gas chromatograph fitted with an HP-5 MS capillary column

(30 m� 0.25 mm id, 0.25 mm film thickness). Helium was

the carrier gas (1 mL/min). Column temperature was

initially kept at 401C for 5 min, then gradually increased

to 2501C at 21C/min rate, held for 15 min and finally raised

to 2701C at 101C/min. Diluted samples (1:100 v/v, in

n-hexane) of 1 mL were injected at 2501C, manually and in

the splitless mode. Flame ionization detection (FID) was

performed at 2801C. Analysis was also run by using a fused

silica HP Innowax polyethylenglycol capillary column

(50 m� 0.20 mm id, 0.20 mm film thickness).

2.5 GC-MS identification

GC-MS analysis was performed on an Agilent 6850 Ser. II

apparatus, fitted with a fused silica HP-1 capillary column

(30 m� 0.25 mm id, 0.33 mm film thickness), coupled to an

Agilent Mass Selective Detector MSD 5973; ionization

voltage 70 eV; electron multiplier energy 2000 V. Range of

the mass charge ratio m/z was 29–450 and scan time was

1 s. GC conditions were as reported above; transfer line

temperature, 2951C.
Figure 1. Schematic representation of the microwave apparatus
used for MAHD.
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2.6 Qualitative and quantitative analyses

Most constituents were identified by GC by comparison of

their retention indices (I) with those of the literature [28, 29]

or with those of authentic compounds available in our

laboratories. The retention indices were determined in

relation to a homologous series of n-alkanes (C8–C28) under

the same operating conditions. Further identification was

made by comparison of their mass spectra on both columns

with those stored in NIST 02 and Wiley 275 Libraries or

with mass spectra from the literature [28, 30] and home-

made library. Component relative concentrations were

calculated based on GC peak areas without using correction

factors.

2.7 Scanning electron microscopy

Scanning electron microscopy (SEM) investigation was

performed using a Philips XL30 equipped with an Energy

Dispersive X-ray device. Samples were supported on the

stubs by carbon paint and were coated with gold. The

accelerating voltage ranged at 25 kV.

3 Results and discussion

3.1 Composition of essential oil

Starting from different dried parts of F. campestris, namely

steams and leaves (aerial parts), flowers, roots and seeds,

different amounts of essential oils were obtained by means

of the different isolation methods. In particular, 0.11, 0.13,

0.05 and 1.50% amounts, respectively, were obtained by

MAHD, whereas 0.11, 0.13, 0.10 and 1.05%, respectively,

were obtained by HD. MAHD extraction takes 30 min,

whereas 3 h were required by HD. At the extraction time of

30 min, MAHD yielded, for aerial parts and flowers, a

similar quantity of oil compared with that obtained by HD

after 3 h. GC data of essential oils obtained by MAHD and

HD are summarized in Table 1, according to their linear

retention index (LRI) on an HP-5 MS column and

percentage contribution. Totally, 100 compounds were

identified in the oils extracted by MAHD; on the contrary,

a smaller amount, 88 compounds were detected in the oils

extracted by HD. This difference may be due to the loss or

the decomposition of chemical components in the course of

the steam distillation or a deeper extraction by MAHD than

OHC

OR

OHC OHCOHC

OHC

H
OHC

OHC

OHC

H

OHC

H

OHC

OHC

OHC

H

OHC

-RO- 2,3,4-trimethylbenzaldehyde

2,4,6-trimethylbenzaldehyde

2,4,5-trimethylbenzaldehyde

ferulol derivatives
-H+

-H+

-H+

Figure 2. Hypothesized forma-
tion of 2,4,5- and 2,4,6-
trimethylbenzaldehyde
isomers.
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HD [6]. In the oils extracted by MAHD, among 100

compounds, 56 of them were found in aerial parts (A), 52

in the oil from flowers (F), 44 in the oil from root (R) and 39

in that of seeds (S). In the oil extracted by HD, among 88

compounds, 51 of them were found in A, 62 in the oil from

F, 44 in the oil from R and 38 in that of S. With the

exception of the oil from R, the percentage distribution of

compounds was very similar comparing MAHD with HD

methods.

The most prominent components found in all different

parts of F. campestris, and both extraction methods, were two

aldehyde isomers (BAs) followed by monoterpene hydro-

carbons (MH), sesquiterpene hydrocarbons (SH) and a

lower quantities of oxygenated monoterpenes (OM) and

oxygenated sesquiterpenes (OS).

As summarized in Table 1, wide diversity in the

composition of essential oils, depending on the organ of the

plant analyzed, was observed. Furthermore, it was interest-

ing to note that the percentage of the constituents of oils

extracted depended on MAHD or HD method adopted. In

particular, between the two aldehydes, the 2,4,5-trimethyl-

benzaldehyde (entry 46, Table 1) was the greatest isomer

extracted by HD in A and S, whereas the 2,4,6-trimethyl-

benzaldehyde (entry 49, Table 1) was the major compound

extracted by MAHD in A, F, S and by HD in R.

Figure 3. Percentage distribu-
tion as function of the time of
most representative compo-
nents, assembled for family,
MH (A), OM (B), SH (C),
OS (D) and BA (E) in the
different parts of F. campestris
extracted by MAHD method.

Figure 4. Percentage distribution as function of the time of 2,4,5-
trimethylbenzaldhehyde (A) and 2,4,6-trimethylbenzaldhehyde
(B) in the different parts of F. campestris extracted by MAHD
method.
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The presence of 2,3,4- and 2,3,6-trimethylbenzaldehyde,

in the essential oils and extracts of Ferulago species, was

already observed [31, 32]. It is due to the cleavage and

subsequent rearrangement of ferulol type monoterpenoids

caused by thermal treatment, as previously established by

comparing the compositions of essential oils obtained by

steam HD and supercritical fluid extraction [32]. It is note-

worthy that the presence of essential oils of BA’s isomers in

the HD and MAHD was not previously observed (2,4,6- and

2,4,5-), and whose occurrence can be explained by sequential

rearrangements of a carbocation arising from thermal

cleavage of several ferulol derivatives (Fig. 2) that could be in

all of the parts of the plant but surely in the flower as

reported earlier [33].

The oils extracted by HD were richer in MH and OM in

all different parts of plant. Representative MH constituents

in both methods were p-cymene and g-terpinene in A, F and

S (entries 7 and 11, Table 1), a-pinene in A, F, R and S

(entry 1, Table 1), myrcene in A by HD only and F (entry 5,

Table 1), pseudocumene in S (entry 4, Table 1). Among the

OMs, the p-cymen-8-ol was the most representative consti-

tuent in A (by HD only), F (by HD only), and R and S (entry

27, Table 1).

SH was the most abundant fraction in A when we

used MAHD method, whereas no significant differences

of composition were found in the remaining parts of

F. campestris. Representative SH constituents in both

methods were b-caryophyllene, b-selinene and d-cadinene in

A, F, R and S, respectively (entries 58, 69 and 76, Table 1).

Finally, OS, less abundant than hydrocarbon derivatives,

appeared in greater percentage by MAHD in A, F and R; an

opposite result was observed in S.

Representative OS constituents in both methods were

caryophyllene oxide in A, F, R and S (entry 82, Table 1),

whereas spathulenol in S only (entry 83, Table 1).

3.2 Kinetic of microwave extraction

It seemed interesting to evaluate how much each class of

compounds was extracted as function of time. This analysis

was carried out for the MAHD method; we chose this

method because it is both faster and easier than the HD in

collecting data. Figure 3 shows the quantities of compo-

nents, assembled for family, extracted at five different times

(2, 5, 10, 20 and 30 min). The quantity at each time was

evaluated as sum of GC area (Supporting Information,

Tables 4–7). In doing this, of course, we were aware about

the fact that the relative areas of the GC peaks for the

different components do not correspond to the relative

composition of the mixture. However, it can be confidently

assumed that such a condition is approximatively true as

long as single classes of structurally homogeneous

compounds are concerned.

Some graphs mentioned above report curves of

sigmoidal type, whereas others show curves that can be

interpreted as two sigmoidal trends having different

induction periods [16]. In our opinion, the presence of two

different induction periods should imply that the compound

is located in two different cell types. Hence, a short induc-

tion period should represent the fraction of essential oil

extracted from trichomes, special secretory structures loca-

ted on the surface of different organs of F. campestris,
whereas a larger induction period represents an inner

location in plant tissues of secretory structure containing

the extracted species. This hypothesis seems to be supported

by the fact that in some cases all curves present the same

induction period irrespective of family chemical–physical

properties; in other cases, the different induction periods are

not attributable to characteristic of the families. This seems

to confirm that, for example, BAs are present in F and S in

different secretory structures (Fig. 3E).

Figure 5. Percentage distribu-
tion as function of the time
of most representative MH
components of essential oil in
A (A), F (B), R (C) and S (D)
parts of F. campestris extracted
by MAHD method.
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In order to establish how each constituent of a family is

extracted, the same analysis was carried out for the most

representative components. For BA family, a parallel beha-

viour in each part of the plant was detected for the two

components, and hence, for example, as seen above, in A

and F two induction times (2 and 20 min) were observed

(Fig. 4B).

For MH family (Fig. 5), the principal components show

a sigmoidal trend in A, F and R parts. In S, the curves of two

components, pseudocumene and p-cymene, have two

induction periods (2 and 20 min). In R, a unique induction

period was observed (5 min), whereas in A and F two

induction periods (2 and 5 min) were observed.

For SH family, a more articulated situation can be

detected. The principal components have a sigmoidal trend

with different induction periods (2, 5, 10 and 20 min). In

Fig. 6, the trend of one representative compound of this

family is reported. As shown in the figure, the trend of

b-selinene presents one induction period at 2 min in all

parts of the plant and a second one at 10 and 20 min in A

and F, respectively. Furthermore, at 20 min the quantity of

b-selinene in A is greater than in F, and for extraction time

greater than 30 min, the quantity of b-selinene is most

abundant in F.

Similar results were obtained by the analysis of curves

for each component in the other parts of plants.

A further parameter that can be deduced by the above-

reported curves is the extraction rate, expressed as percent of

extract in the time unit (min). For example, the rate values

of some MH components in A (Fig. 5A) result to be 8.2, 7.9

and 7.8 for p-cymene, g-terpinene and terpinolene, respec-

tively. These very similar values could reflect the similar

values of boiling points of compounds (177, 183 and 1781C,

respectively).

However, rate values of 7.5 and 5.6 were calculated in F

(Fig. 5B) for p-cymene and g-terpinene, respectively. Thus, a

comparison of rate values in A and F seems to indicate that,

in the first case, the components were extracted either by the

same cell or by the cells having comparable permeability;

instead in the second case, different cells were implicated.

It is interesting to note that extraction values of 8.2, 7.5

and 10.0 were calculated for p-cymene in A, F and S,

respectively. This could be attributed to the different loca-

tions of cells present in different parts of plant.

3.3 Morphological changes of plant material after

extraction

SEM investigation of the different parts of F. campestris was

performed before and after the MAHD and the HD

extraction. As an example, same micrographs of the seed

surface are shown in Fig. 7.

Figure 7A is a micrograph of the untreated integument

that has the task to cloth and protect the seed, whereas Fig.

7B and C is the image of the seed after HD and MAHD

extraction, respectively. It can be seen that HD method gave

an effect of explosion integument and some cells of the

parenchyma reserve now were visible; MAHD extraction

instead caused the total removal of the integumental tissue

and damaged parenchymal cells.

SEM observation of F. campestris seems to confirm that

MAHD is an efficient and rapid method of oil extraction

causing, on 30 min only, a considerable physical change on

system tissue core on all organs of the plant analyzed.

Indeed, both constituents of external integumental or xylem

tissues, composed of strong lignified cells too, and internal

parenchymatous or secretory tissues clearly showed that the

cells are broken and damaged during MAHD treatment. On

the contrary, in some organs, the changes observed for HD

Figure 7. Scanning electron micrographs of F. campestris seeds: (A) untreated, (B) after HD for 4 h and (C) after MAHD for 30 min.

Figure 6. Percentage distribution as function of the time of
b-selinene representative SH component of essential oil in A (A),
F (B), R (C) and S (D) parts of F. campestris extracted by MAHD
method.
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extraction method, on 4 h, were less profound with respect

to those observed by MAHD on 30 min.

4 Concluding remarks

The collected data show that the used method (MAHD or

HD) for the extraction of essential oil from components

(aerial parts, flowers, roots and seed) of F. campestris
influences the composition of oils as well as the ease of

extraction.

The SEM analysis of the F. campestris, before and after

the extraction, showed that MAHD treatment makes deeper

morphological changes of plant material than the HD

method; this is in accordance to a more efficient extraction.

Moreover, the composition of the oil extract by means of

MAHD method at various times and the rate of extraction

process for the principal compounds in the various plant

components was determined. The results have shown that

the facility of extraction depends on location of cell in which

a substance is present.

This study was conducted using a self-assembled micro-

wave apparatus. It could be interesting to extend the study in a

dedicated batch or to continue microwave apparatus for the

scale-up in order to know the effect of the process parameters

in the microwave extraction of essential oils.
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