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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.
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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
(SEME) [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-
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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. = 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), sl. 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
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Cooling water -« |\

Essential cil —

=

Optical fibre thermometer

_-plant

I_qugmgr_l'—’r isolator —
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Figure 1. Schematic representation of the microwave apparatus
used for MAHD.
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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 2min, the temperature system
achieves 100°C and the water starts evaporating. Following
condensation, the mixture essential oil-water is extracted
with n-pentane. The organic phase is evaporated at 35°C
under argon at atmospheric pressure and dried over anhy-
drous sodium sulphate. The essential oils are stored at 4°C
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
35°C under argon at atmospheric pressure and dried over
anhydrous sodium sulphate. The essential oils were stored
at 4°C under argon until used.

24 GC

Analytical GC was carried out on a Perkin-Elmer Sigma 115
gas chromatograph fitted with an HP-5 MS capillary column
(30m x 0.25 mm id, 0.25 um film thickness). Helium was
the carrier gas (1 mL/min). Column temperature was
initially kept at 40°C for 5min, then gradually increased
to 250°C at 2°C/min rate, held for 15 min and finally raised
to 270°C at 10°C/min. Diluted samples (1:100v/v, in
n-hexane) of 1 pL were injected at 250°C, manually and in
the splitless mode. Flame ionization detection (FID) was
performed at 280°C. Analysis was also run by using a fused
silica HP Innowax polyethylenglycol capillary column
(50 m x 0.20 mm id, 0.20 pm 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
(30m x 0.25 mm id, 0.33 pm 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
1s. GC conditions were as reported above; transfer line
temperature, 295°C.

www.jss-journal.com



485

Other Techniques

J. Sep. Sci. 2011, 34, 483-492

09-09 ‘SN Y 861¢ ¥6C1 1 1 A L0 70 JowAyy 124
SN Y 6LLL 1621 10 1’0 |euaIpeoaq-y'z-(z'9) I
SN Y 1651 0621 10 | 10 10 10 10 ale180e JAulog w
SN ‘Y 9.2l A 6C ya1e199e JAuaglap-so K%
SN Y 861 1521 Le 7y €€ 6 A 7’0 1 aielaoe [Auayueshiyy-sio or
SN ‘Y 2891 ¥4l (4] 90 G0 auouanies 68
SN ‘Y ceLl A4} 10 auoyuiadig 8¢
SN 1Y 7691 (174} €0 |eJaN £
SN Y 7081 ceel 10 10 10 apAyaple uiwng 9
SN 1Y Gl0¢ [Ax4} 1’0 apAyapesiuy-d [
09-00 ‘SN Y 86L1 Leel 1’0 7'l 70 90 €0 |018N €
SN ‘Y GeLl Liel 1’0 0 10 0 auouaqlap-suesy €e
SN Y Gv8lL Lzl 1’0 0 0 10 |oaniey-suesy 4%
SN Y gLl 8071 €0 1'0 3U0UB(IB\-SID e
SN 1Y 8191 Lozt €0 €0 L0 [ 1’0 80 |eueljes 0€
SIN 1Y 7081 %L1 20 JousA 67
09-09 ‘SN Y 9591 G6LL 4] 10 ajobensy 9z
SIN Y 9681 G8Ll 8l 60 0l 'l el 'l 0-g-uawAy-d Lz
SN Y yeLL 911 70 90 1’0 1’0 A 0 apAyaplezuaq [Ay3-y 9
SN Y 7891 9Ll 8l 70 €0 |ouayuesAiyg-(3) 74
SN ‘Y €891 ¢Sl 10 |jousqJap-sues] ¥z
SN 1Y ete1 8 Grll 7’0 70 'l auoAIeINg ford
SN Y €991 il 10 4] 10 |JouaqJap-sia w
SN 1Y G991 8ell 1 |08AIBIOUId-SUEL] 1z
SN ‘Y 8¢l el €0 80 90 S19 BuawIdQ-0je 0z
SN 1Y yesl 6cll 0 ,auouayiuesAiyy 6l
SN 1Y L8YL 8cll L0 10 €0 |eusjoydweq-o 8l
SN ‘Y 29l 6LLL 1’0 1’0 |0-1-uaip-g'z-eyius|N-d-suesy [l
09-00 'SIN Y €661 8601 10 joojeur 9]
SIN ‘14 €601 G0 1’0 0 20 auouaydwen-9 Gl
SN 1Y 6eyl 1601 €l rl auauawAy-d vl
29-00 'SIN Y GozlL 9301 4 0l 91 70 7l auajouldia] el
09-09 ‘SN Y Gz9L 5901 10 auouaydo1aoy rdl
29-03 ‘SN Y 96z LS01 Sy 1’0 A €6 6€¢ L9 auauidia) -4 Ll
09-0) ‘SN Y G9cl 6v01 70 L0 0 auawioo-g-(3) oL
09-09 'SIN Y 174 80l 70 60 80 auawi0-g-(7) 6
29-00 'SIN Y €0zl 0€0L G0 Al 90 auauowr 8
09-09 'SIN Y 8Lzl ¥eol L'y €9 20 0cL 8vl €q 14} auawhy-d L
SIN Y LS11 zlot 1 90 1 70 gl G0 ausaled-g-Q 9
09-09 ‘'SIN Y vLLL €66 ¥'C [A4 A €e auadAp G
SN ‘Y 6vCL G686 vl 0v A €l 1’0 1’0 4] auswnoopnasq 14
09-09 ‘SN Y cell €L6 90 €0 €0 ausulqes €
39-03 ‘SN Y o€zl 596 [\ auazuaqiAylawi]-6'¢’| 4
09-00 ‘SN Y GL0l 96 Gl 9¢ 60 €Y €0 0c 10 34 ausulg-© l
n_:<_>_w n_Iw n_I<_2I DIm n_I<_2u_ QIH_ n_:<_>_< n_1<
(aUoneayuap| Y 0l 1al%) eale yead 99 punodwoy Anuz

(POUIeW QHVIAl PuUe QH AQ peloelixs sujsedwes 4 4O |10 [eIJUSSSS 8y} Ul Sjusuodwod UleW 8y} JO UOIBOYIIUBP! PUB (%) JUNOWe 8Alje|eY 'L dqel

l.com

wWww.jss-journal

© 2011 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim



J. Sep. Sci. 2011, 34, 483-492

S. Riela et al.

486

SN Y 6022 L9l 10 ] [ojonnip-L 68

SIN 14 6817 0v9L (0] 70 [outped-1 88

SIN Y 122z Ge9lL 20 80 20 20 10 10 jous|nyedsos| 18

SN 'Y 8602 8091 10 auouadojdp-g 93

SN 1Y LL0Z G091 90 €0 70 €0 || apixoda auajnuwny 8

SIN 1Y 8607 (861 10 [o|nqo|9 8

29-09 ‘SIN ‘1Y 0512 0851 7t [ 9l €0 jous|nyeds €8
29-09 ‘'SIN 4 800C 6151 9¢ €9 L't (¥4 5 92 gl gl apixo aus||AydoAie) 8
SN 1Y 1502 G961 €0 |opa] 18

I 0502 0951 50 60 9 8l 80 50 80 90 |opjosaN-(3) 08

SIN 14 9102 €661 6l 50 50 i 20 |0-g-uaedog-0-s/2 6L

SN Y w6l 0551 20 50 z0 20 10 80 auaiode(ed-g 8L

SN Y 816l LtGL 60 67 20 20 70 €0 'L aualooee)-o LL

SN 1Y eLLl 9z51 4 Ge oL 7l el Gl ey 4 auauipey-Q 9

SIN Y 911 Gl§L €0 10 auauipe)-4 St

SN 1Y Ll 861 'L 9l L0 90 0l i 5 Lo auaulag-© L

N 7191 06¥1 10 ausleng-g gL

SN ‘Y veLL 681 ] 50 auaipue|jaydinbsasojohoig-rde i

SN Y v0LL 8Lyl 10 10 10 auajoinniy-A I

SIN 14 9Ll Lyl 20 80 20 L'e 10 g 8uaioewiay 0L

SN Y SLLL Gyl L0 6l L0 L0 8l x4 67 4 auaullas-¢g 69

SN 'Y 991 upl 10 auaunfing-A 89

SN 1Y 1991 €911 1 auaIpuapewo.y-oje 19

SN Y 1891 95l ] 10 10 auauljag-A 99

SN Y 6891 GGl 70 aua|oInnjy-© 9

SIN Y 6391 GGl 1] 20 70 €0 L0 10 aua|nWNH-© 9

SN ‘Y 1981 Gl 50 auojaoe |Aueiag €9

SIN Y €191 414} 10 auasauied-g-(7) 29

SIN 14 7591 Gevl 10 70 10 70 auawalz-A 19

SN Y L6l vevL ] ] aualeng-o 09

SIN Y 1791 gerl ] 10 auaIppIMA 65

719l g 10 A4 e 9¢ Ll 9l 0§ 6 aua||AydoAie)-g¢ 85

SN ‘Y 0vS1 Loyl 10 aualadA) L5

29-07 ‘SN ‘Y 8661 66€L 10 Jayis |Ayrew jouabing 95
SIN Y 0091 18¢1 €0 9l i €t 50 auawa|3-g [T

SN 1Y L¥5L 8¢l 20 4] auagaqn)-g 5

SN 1Y L6l LLEL 10 auaedo)-o €g

SN Y 8t8L gGeL 20 auauidibuoi-o 4

J9-09 ‘SN 981z £a6el 1'0 |ouabng 1§
SN Y 9yl z5eL 20 'l auagagny-r 05

SN ‘Y 8761 9gel zl8 v'e 76t ey 967 (43 apAyaplezuagiAyawil]-9'y'g 6

SN Y 8zel 70 81e1908 |Auiwng 8y

SN ‘Y 281 GlEL 10 |eualpedaq-y'z-(39) Ly

29-09 ‘SIN ‘Y G681 80€L 4] 1'6Z LS 09 6€ 97 ¥4 98¢ apAyaplezuagiAyawil]-6'y'g 9y
09-00 ‘SN ‘Y L6LL 2061 'L 20 Ll 4 60 0l auousydolaae Axoyis|\-d Gt

n_x<_>_w n_:w n_:<_>_m_ n_xm n_x<_>_u_ n_zn_ n_I<_>_< n_x<
(eloneaynuap| AL %) eale yead 979 punodwoy Au3

penunuo) ‘L sjqeL

l.com

wWww.jss-journal

© 2011 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim



487

Other Techniques

J. Sep. Sci. 2011, 34, 483-492

‘pal4IIUBPI JOU IBWOS| (4

‘punodwod 213UaYINE YHM U0[308[ul-09 ‘)H-0) pue wnipads ssew ‘GIA ‘Xapul uonusdy ‘|y (@

‘xemouu| d4H (p

‘uwin|od SNl 6-dH (2

"%G0°0 ueyl ssa| ‘eoedy 7 (q

'Spaas ‘S pue s1004 ‘Y ‘s1omo|} ‘4 sued |euse ‘v (e

6666 6'€6 £€6 GbS L'€8 16 0'€6 798 L6 spunoduwiod jo junouwe [ejo]
SN Y 0oL ooLg L0 70 aUBU0IBLIUBH 1zl
SN 1Y 000€ 000¢ 1 1 auejuooeL| 0zl
SN 1Y 0062 0062 1 A4 10 (i) L0 ] L0 10 BUBSOIBUON 6Ll
SIN 1Y 810 628C 10 €0 20 10 ] ausjenbg 8Ll
29-09 ‘SN 1Y 0082 0082 1 1 8Ues02e10(Q LLL
09-00 ‘SN Y 0042 0042 | 12 20 20 20 20 auesooeyday 9Ll
29-07 ‘SN ‘Y 009¢ 009z ] 1 10 aUeS0IBXdH GlLL
J9-09 ‘SN H 005¢ 0052 Tl Al 1’0 1'0 Al 1'0 auesooejusd vll
29-00 'SIN Y oove 0072 1'0 1 10 8ues0oeNd) Ll
29-00 ‘SN “id 00€Z 00€2 70 10 20 aues0oll| 7l
09-00 ‘SN Y GeGC 91T 10 J81sa |Aysa proe olousipedspeldg-zL'e-(zz) Ll
SN 1Y (474 8elT 1 1 10 ajoyisQ oLl
09-09 ‘SN “iH 00l 001z (] 8Ues021UaH 601
29-09 ‘SN 1Y 5052 5807 10 18158 |Aylaw proe oloualpedapeldg-gl'e-(z7) 801
09-00 ‘SN Y 0002 0002 1 aues0dIay 101
29-09 ‘SN Y (5744 661 10 ajeouedapexay |Ay3 901
29-07 ‘SN ‘id LE6Z 1561 1 18158 |Aya proe alouedapexay S0L
SN 1Y 79 6761 90 103Ayd-(7) 01
29-09 ‘SN 1Y 802 6261 10 Jaisa |Aysaw proe olouedapexay €0l
S E 68€Z 816l 50 auojaoe |Asauie4-(37) 0l
SN ‘Y [F¥4 Gi8L 'L 10 auojaoe|AsauiejoipAyexay L0l
SN ‘Y 6081 ] auaipeihydoa 001
29-09 ‘SN Y 008L 0081 1 auedapejdQ 66
SIN 1Y 611 20 8U828peIQ-| 86
09-09 ‘SN Y 659¢ 911 10 1 ajeozuaq |Azuag L6
SN 1Y 69€Z 441! 10 |osaule4-(37) 9
SIN 1Y 9522 L1191 €0 80 70 0L L0 ausjepe) 6
SN 1Y 8591 €0 80 €0 |ouB|0Isly 6
Y E 9691 20 0"Hs e 6
SIN 1Y L8l €691 10 60 50 50 |ouBI8|BA-0-512 6
SIN 1Y (744 7591 €0 €0 60 |outpeg-© 16
SN 'Y 7191 70 0%Hsg e 06
n_:<_>_w n_Iw n_=<_>_m_ D:I n_=<_2n_ n_Iu_ n_:<_>_< n_x<
(cuoneaynuap| el wld %) eale yead 29 punodwo) Anug

penunuo) °L a|qeL

l.com

wWww.jss-journal

© 2011 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim



488 S. Riela et al.
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 (Cg—C,g) 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.

OHC
ferulol derivatives

2,4,6-trimethylbenzaldehyde

2,4,5-trimethylbenzaldehyde

© 2011 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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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 3h. 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

4+ |OHC

Figure 2. Hypothesized forma-
tion of 2,45- and 2,4,6-
trimethylbenzaldehyde
isomers.

www.jss-journal.com
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o plant analyzed, was observed. Furthermore, it was interest-
ing to note that the percentage of the constituents of oils
o
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Figure 4. Percentage distribution as function of the time of 2,4,5-
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(B) in the different parts of F. campestris extracted by MAHD
method.

© 2011 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

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.
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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 y-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).
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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).
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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 (5min), 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 2min 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 P-selinene is most
abundant in F.

Similar results were obtained by the analysis of curves
for each component in the other parts of plants.

Area (%)
bt

0 5 10 15 m 25 a0
time (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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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, y-terpinene and terpinolene, respec-
tively. These very similar values could reflect the similar
values of boiling points of compounds (177, 183 and 178°C,
respectively).

However, rate values of 7.5 and 5.6 were calculated in F
(Fig. 5B) for p-cymene and y-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.
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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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