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ABSTRACT

The chemical composition dlatricaria chamomillaL. andNepeta catarid_. essential oils was determined by
GC-MS on an apolar stationary phase by compari$timeocharacteristic fragmentation patterns withsth of
the Wiley 275L database. The GC-MS chromatogrants wempared with those obtained by fast GC equipped
with a direct resistively heated column (Ultra Rslstdule 5% phenyl, 5 m x 0.1 mm, 0.1 pum film thieks).
Analytical conditions were optimised to reach adjpeak resolution (split ratio = 1:100), with arsgytime
lower than 5 mirversus35-45 min required by conventional GC-MS. The @sbmatographic method was
completely validated for the analysis of mono- aadquiterpene compounds. Essential oils were then
fractionated by column chromatography packed wiltbasgel. Three main fractions with high degreepafity

in E-B-farnesene were isolated from the oil of thamomilla.One fraction enriched in (B)-nepetalactone and
one enriched ifl-caryophyllene were obtained from the oilMfcataria. These semiochemical compounds
could act as attractants of aphid's predators anasjioids.

Keywords: Aphids ;Matricaria chamomilla ; Nepeta catariakast GC; Method validatiorfE-B-Farnesend3-
Caryophyllene; Nepetalactone; Fractionation

1. Introduction

Since a few years, essential oils and their carestis with semiochemical properties are more ang: meed for
insect control in integrated pest management progta encounter or drastically reduce the pesticide
treatments [1-4]. There are many advantages ftatisg semiochemicals from plant matrixes, like #ssential
oil fractionation technique, rather than by a cteahsynthesis: the compounds of interest are natnokecules,
the fractionation process is fast and simple tolé@ment and the production costs are low. For suppupthis
technique, it is necessary to work with state-ef#int analytical instrument for the determinationd ¢he
quantification of products, like fast gas chromatpdny. Indeed, it is particularly suitable wheragge number
of fractions have to be checked.

In the present study, the main goals consist ilaigw aphid pheromones molecules from a plants®and
formulating them to attract aphid predators angérasitoids on the infested fields$-Farnesene (EBF) and
(Z,E)-nepetalactone are respectively, the alarm andekeal pheromones of many aphids species [5-7].
Moreover,p-caryophyllene is a molecule of interest havindgdmaal activity against aphid reproduction [2] and
was identified as the aggregation pheromone ofian lady beetlélarmonia axyridig8]. One of the main
interest of these compounds is that they couldsaeittractants and oviposition inductors of sontedap
predatorsEpisyrphus balteatuBe Geer (Diptera: Syrphidae)) and parasitofsishidius erviHaliday
(Hymenoptera: Braconidae)) [9-13]. The essentiabbMatricaria chamomillaL. (Asteraceae), popularly
known as German chamomile (other synonykatricaria recutitalL. andChamomilla recutitd.), was
reported to contain a high proportionfi-farnesene. The percentage of this compound canivdnction of
the cultivar, the chemotype and the manufacturioggss [14], and the part of the plant [15,16]E}Z,
Nepetalactone anfgtcaryophyllene are present as the major constiguarthe essential oil dMepeta catarid..
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(catnip oil) (Lamiaceae) [17,18]. Another isomemefetalactones Z)-form, is present in small proportions in
the catnip essential oil and is reported to bellepeto cockroaches [18].

The fractionation of these essential oils by ligoadumn chromatography, with pentane as elutionest] is a
fast and simple separation method to isolate grofippmponents (monoterpenes, sesquiterpenes, oaiapk
compounds, etc.). The solvent, with a low-bowlirgnp, could be evaporated rapidly without significéoss of
compounds of interest. The isolationeef-farnesene from essential oil . chamomillaby this technique was
reported by Bungert et al. [19]. The method progdsgethese authors combined adsorption chromatbgrapd
argenta-tion HPLC and is quite laborious. The pdoce we describe here is faster and leads to atkFitfa
farnesene purification for performing biologicast®

As for most volatile terpenoids of essential dilg}-farnesene, nepetalactones @rchryophyllene are generally
analysed by conventional GC and GC-MS, but GC aicalymethods are still time consuming, principdty

the analysis of a great number of essential odttivas. The necessity for fast GC methods is grgvian routine
analyses with repeatable and reproducible resthis.efficiency of the fast GC technique with a dire
resistively heated column (ultra fast module-GC}¥wamonstrated for the analyses of various typsamfples:
essential oils, pesticides, lipids, etc. [20-22].

The present research describes a completely vatidast GC method for the analysis and the quaatiéin in
less than 5 min of different mono- and sesquitegpeifhe method proposed herein could be easilgposed to
other components of essential oils. The fast methaslvalidated in term of repeatability, reprodilitih
linearity, accuracy, selectivity and limits of detien (LOD)/quantification (LOQ). The sample capgg@nd the
column efficiency were also evaluated respectiweith the evolution of the number of theoreticadtek in
function of the amount of sample injected, and i Van Deemter plots. The gain of analytical tismabout
of a factor ten compared with conventional GC, withoptimal peak resolution. The original GLC metho
described in the present paper allows very higbupnput and is of particular interest for the stoflglow
release formulations (ongoing investigations).

2. Experimental
2.1. Chemicals and materials

Essential oil oM. chamomillawas purchased from Vossen & Co. (Brussels, Belgiama) was originated from
Nepal (lot no. CHA0O6MI0406). Essential oil Nf cataria was purchased from APT-Aromatiques (Saint-
Saturnin les Apt, France) and was originated fregemEe (lot no. 18007).

E-B-Farnesene from chemical synthesis was kindly segfy Dr. S. Bartram and Prof. W. Boland (Max Rlan
Institute for Chemical Ecology, Jena, GermafyLaryophyllenen-butylbenzeneg-pinene and longifolene as
reference compounds were purchased from SigmaehdBornem, Belgium). The purity of the referenees
determined by fast GC. Solution of each compounsl pvapared im-hexane at an approximate concentration of
1 pg/ul. Three replicates were analysed. A liseférence compounds mean purities, with standar@diiens
(SDs) and relative standard deviations (RSDs)\isrgin Table 1.

2.2. GC-MS analyses

Conventional GC-MS analyses were carried out ohexmo Trace GC Ultra coupled with a Thermo Trace MS
Finnigan mass-selective detector (Thermo Electromp@ Interscience, Louvain-la-Neuve, Belgium) and
equipped with an Optima 5 MS (Macherey-Nagel) ¢apilcolumn (30 m x 0.32 mm I.D., 0.25 um film
thickness). The oven temperature program was t@diat 40°C, held for 5 min then raised first a€ffiin to
230°C, raised in a second ramp at 30 °C/min to €88ith a final hold at this temperature for 5 m@arrier

gas: He, constant flow rate of 1.5 ml/min. Injentimlume: 1 pl. Split ratio = 1:20. Injection terawire:

240 °C. Interface temperature: 280 °C. MS deteatian performed with electron impact (El) mode ae¥0by
operating in the full-scan acquisition mode in 350 amu range. The identification of the voéatil
compounds was performed by comparing the obtaireskrspectra with those from the Wiley 275L spectral
library.

Retention indicesl] were determined relative to the retention timiea series oh-alkane standards (C9-C30,
Sigma, 0.025 pg/ul in-hexane), measured under the chromatographic éomslidescribed above, and
compared with literature values [23].
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Tablel : Purity of reference compounds.

Compound Mean purity (%) SD RSD(%)
E-B-Farnesene 98.17 0.0009 0.10
B-Caryophyllene  94.67 0.0071 0.75
Longifolene 98.01 0.0003 0.03
n-Butylbenzene  100.00 0.0000 0.00
Limonene 100.00 0.0000 0.00
a-Pinene 100.00 0.0000 0.00

2.3. Fast GC analyses

Fast GC analyses were carried out on a Thermo B#tsa Trace GC gas chromatograph operated with a
split/splitless injector and a Thermo AS 3000 aaogler (Thermo Electron Corp.). The GC system ispmapd
with an Ultra fast module (UFM) incorporating aetit resistively heated column (Thermo Electron Qorp
UFC-5, 5% phenyl, 5m x 0.1 mm I.D., 0.1 um filnicttmess. The following chromatographic conditions a
those of the fast GC validation method. Tempergbuogram of UFM : initial temperature at 40°C, hédd 0.1
min, ramp 1 at 30°C/min to 95°C, ramp 2 at 35°C/tin55°C, ramp 3 at 200°C/min to 280°C, held fér 0
min. Injection temperature: 240°C. Injection volurtigul. Carrier gas: He, at constant flow rate &f @l/min.
Split ratio = 1:100. Detection: the GC unit hadghkfrequency fast flame ionization detection (FEystem
(300 Hz), at 250°C. Hflow: 35 ml/min; air flow: 350 ml/min; makeup géew (N,): 30 ml/min. Data
processing was by Chromcard software (Version 2.3.3

2.4. NMR spectra

All NMR spectra were recorded on Varian VNMR syst@0, 400 and 600 MHz) spectrometers operating at
14.1 T or 9.4T for 20 pl of sample diluted in 7AMACDCI;. The signal of solvent was used as internal
reference of chemical displacemetti:(7.26 ppm>C: 77.16 ppm).

2.5. Essential oils fractionation and purificatio

Liquid column chromatographic separation of essénils was used to obtain fractions enriched impgounds
of interest. For that purpose, 1 ml (0.9306 gMorchamomillaand 0.9525 g foN. cataria)of essential oil was
fractionated over 11 g of silica gel G60 (70-23Gmeef. no. 815330.1, from Macherey-Nagel) presipuaried
during 16 h at 120°C and packed in a glass colurbmgm I.D.) with glass wool plug at the bottom. &ssal

oil of M. chamomillawas eluted with 125 mi-pentane to yield five fractions respectively, &f 20, 45, 25 and
20 ml. Essential oil of Ncatariawas first eluted with 125 nm-pentane to yield four fractions respectively, of
20, 40, 50 and 15 ml, followed by a second elusitap with 70 mh-pentane : diethyl ether (80:20) leading to
two fractions of 35 ml each. Fifty microlitres affdrent fractions were diluted 30 timesnrhexane prior to
GC-MS and fast GC analyses.

Solvent-free purified compounds were obtainedraftaporation of solvents from fractions at atmasjth
pressure and at 40°C with a Blichi rotatory evaponaithout vacuum. Solvent-free fractions were @itliinn-
hexane and analysed at fast GC.

Fig. 1.: Chromatogram of reference compounds and interrmadddrds analysed with optimised fast GC method.
For analysis conditions, see text.
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2.6. Method validation

The validation of the method for the quantificatmfnvolatile compounds (mono- and sesquiterpenas) done
for two ranges of concentrations (Range 1: 0.008@ug/ul, Range 2: 0.080-1.000 pg/ul). Longifolames
used as internal standard for the sesquiterpeneaoents E-p-farnesene anfl-caryophyllene)n-Butylbenzene
was used as internal standard for the monotergénemene andi-pinene). This molecule has close molecular
weight and is chromatographically well resolvedhia prementioned conditions. Calibration curvesewer
obtained by plotting the ratio of analysed pealalr8. peak areaersusthe concentration ratio (analysed
component/l.S.). For the first range, the concéioimaof longifolene 1.S. was at 0.0497 pg/pl and th
concentration ofi-butylbenzene |.S. was at 0.0534 pg/ul. For thersgcange, the longifolene and the
butylbenzene concentrations were at 0.4966 pghlDabB40 pg/ul, respectively. For the calibrationves of
each component, six standard solutions from O ptg/@1100 pg/pl im-hexane (Range 1) and six standard
solutions from 0 pug/ul to 1.000 pg/ulnrhexane (Range 2) were used as data points. Edbk @R
concentration levels were analysed in triplicatiee €alibration curves were calculated using thehotkbf least
squares fit analysis. The linearity was consideasfactory when correlation coefficient)(was higher than
0.996 [24].

The accuracy of the method was expressed as th€%)abetween the assigned value and the measateael v
The accuracy was judged satisfactory when comphsédeen 90% and 110% [24].

The precision was evaluated by the determinatidhefepeatability and the reproducibility. To maasthe
repeatability, 10 replicates of a sample were a®alyat 0.05 pg/pl and 0.5 pg/ul, for the first dresecond
range of concentrations respectively, on the saayebgt one analysn(= 10). To define the reproducibility, 10
replicates at 0.05 pg/pl and 10 at 0.5 pg/ul, vaeedysed five times on 5 days#£ 50). Maximum allowed
values (%) for repeatability and reproducibilityreelepending on the concentration (AOAC norm, 2006)
(Range 1 : repeatability of 8%, reproducibilityld%; Range 2: repeatability of 6%, reproducibitifyl 2%).

The limit of detection (LOD) is the lowest quantdf/a substance that can be distinguished frontvlgmek
within a stated confidence limit (LOD = 3§k for eight replicates of blank. The limit of qudiciation (LOQ)
was arbitrarily set at 2LOD.

The selectivity of the method was defined with skéectivity factor(a) between the two nearest peaks
(longifolene ang-caryophyllene):

4
@ = (tRﬁcaryophyllene >
tﬁlongifolene
where {' are the reduced retention times.

2.7. Calculation of direct resistively heated cotu(FM) efficiency

The analytical performances of the UFM column wagtermined with the calculation of theoretical gfain
function of the quantity of component injectedtie thromatographic column. For each compound, 12
guantities were injected in triplicate from 0.08togb0 ng range. The mean value of the numbereafretical
plates for the three replicates was plotted in fioncof the quantity injected on the column.

The height of theoretical plates was calculatecefoch component in function of the carrier gasaiglo0.5 ng
of all components were injected on the column fbrélocities ranging from 6.70 cm/s to 66.49 criilwee
replicates were realised. The mean value of thghheif theoretical plates was plotted in functidrih@ carrier
gas velocity.

3. Results and discussion

The first part of this study concerns the validatid the fast GC analytical method for the quacsifion of
monoterpene and sesquiterpene hydrocarbons wittathelation and study of theoretical plates, while latter
part deals with the purification of semiochemicaipounds from essential oils lgf. chamomillaandN.
cataria.
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3.1. Fast GC analytical method validation

Fig. 1 shows the chromatogram obtained with the@&3 analytical method for the reference compouynés
pinene, limonenek-p-farnesene anfl-caryophyllene) and the internal standardbutylbenzene and
longifolene for monoterpenes and sesquiterpenspeotively. The concentrations of these compourets at
0.500 pg/ul im-hexane. Another solution of reference compounds avelysed at 0.050 pg/ulirhexane. In
each case, good separation of analytes was achigtledcceptable peak resolution and symmetry withtotal
runtime of 5 min, with a split ratio of 1:100.

The linearity of the method is summarised in Tdbiehich shows calibration data and detection lirfats
reference compounds in the two working ranges {6tpdrom 0.008 pg/pl to 0.100 pg/pl and 6 poimnesif
0.080 pg/pl to 1.000 pg/pk;= 3), as well as the accuracy of the calibratiorves. The linearity of the
calibration curves was validated with tRecoefficients largely upper than 0.996 and with @rebbs's test
where reduced residual are lower than 2.754 inlatesealue [25]. The results show that within thdicated
concentration ranges, there was a good correlatbneen peak area and concentration of compournds. T
accuracy of calibration curves was dependent ofpmamds and ranges of concentration. The obsenledsja
close to 100%, are comprised in the theoreticadpiable limits (90-110%), and give a very stronguaacy for
each compound in the two ranges of concentratibims.LOD and LOQ values are expressed in pg. Theg we
calculated accounting for the dispersibility offgifplank replicates. As shown in Table 2, the valaee
dependent of the ranges of concentration and thgoands. The lowest values of LOD and LOQ areBfor
caryophyllene with 0.74 pg and 1.48 pg, respedctivel

Table 3 shows the precision of the method with a¢gdeility and reproducibility for each compoundwab
concentrations (mean concentration of each rafge) RSDs for repeatability were lower than the galaf the
AOAC norm which requires 8% and 6%, for the fistldhe second range of concentrations, respectikely
the reproducibility, the RSDs were lower than 163%d 42% for the ranges 1 and 2. These RSD valuegaye
good and show strong repeatability and reproduitilof the method for each reference compoundsywbrest
beinga-pinene with RSDs repeatability at 2.07% and 1.7&8%ranges 1 and 2 respectively, and with RSDs
reproducibility at 3.48% and 7.51% for ranges 1 an@onsidering these results, the precision ofabeGC
method was widely satisfactory at both high and émrcentrations.

The selectivity of the method is expressed inT4dhdes the selectivity factdun) between the two nearest peaks,
longifolene ang-caryophyllene, presented with SDs and RSDs. Tleetbéty was good withw at 1.016 for
both ranges of concentrations.

3.2. Analytical performances of UFM column

Fig. 2 shows the evolution of the number of theoatplates in function of the quantity of compoandjected
on the UFM column. The number of plates is higloersesquiterpenes than for monoterpenes, the i@tent
times of sesquiterpenes being longer. As it casdes, the maximum theoretical plate number is eonsintil a
threshold amount of sample. It was determinedftivahe monoterpenes, quantities of up to 10 nghean
accomodated without affecting chromatographic rggmi, while for the sesquiterpenes the same esfou
values below 1 ng. The injection of higher quaesitied to fronting peak distorsions.

The efficiency of analyses in function of velocisyshown in Fig. 3 where Van Deemter plots (derifrech
experimental data) were drawn, with the heightebtetical plates in function of carrier gas velp¢cm/s) for
monoterpene and sesquiterpene reference compolimeleptimal height of a theoretical plate corresfemhat
the minimum value off in the curve Hp,,. For the two groups of components (monoterpends an
sesquiterpenes), th,;, value is obtained at a velocity of 35.86 crilg;, is at 0.036 mm, 0.017 mm and 0.014
mm, fora-pinene, limonene anatbutylbenzene, respectively. The validation of inethod was realised at a
velocity of 43.94 cm/s, near optimal velocity, wihiallows faster analyses without affecting theoéficy of the
separation.

3.3. Analysis of essential oils

Essential oils oM. chamomillaandN. catariawere analysed by GC-MS (5 pg/ulnrhexane) to determine
their compositions in compounds of interdsf3-farnesenep-caryophyllene andZE)-nepetalactone.

The essential oil composition bf. chamomillawvas dominated by monoterpene and sesquiterpene
hydrocarbons: 16 hydrocarbon sesquiterpenes (59,&xygenated sesquiterpenes (31.63%), 7 hydvooar
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monoterpenes (1.25%) and 3 oxygenated monoter-gerEo). Through comparison of the retention index
with those of the literature [23] and El mass sgeof each peak with the library, it was possiblédentify 41
individual components, representing 99.57% of theltamount (Table 5). The major peaks observedan
chromatogram were attributed to sesquiterpenesivftfarnesene (42.59%)E(E)-a-farnesene (8.32%),
germa-crene D (2.93%), bicyclogermacrene (1.99%8nm@azulene (1.18%) and oxygenated sesquiterpeties wi
a-bisabololoxide A (21.2%)-bisabolone oxide A (4.53%) andbisabolol oxide B (4.43%). Two
sesquiterpenes representing 0.33% and 0.10%, tesggcremained unknown.

Fig. 2.: Number of theoretical plates (N) in functiontieé quantity of compounds injected on the UltratFas
Module column. (A) B-farnesene, (Bp-caryophyllene, (C) longifolene, (D) n-butyl-benee(E) limonene and
(F) a-pinene.
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Table 2: Linearity data for the fast GC validation method.

E-pB-Farnesene p-Caryophyllene Limonene a-Pinene
Range (ug/ul) 0.008-0.100 0.080-1.000 0.008-0.100 0.080-1.000 0.008-0.100 0.080-1.000 0.008-0.100 0.080-1.000
Equation of the  y =0.959%- 0.0028 y =0.955&+ 0.0053 y =0.838%k+ 0.0030 y =0.840&+ 0.0056 Yy =0.976%+ 0.0024 y=0.9696+ 0.0019 y =0.8004 + 0.0012 y = 0.809%-0.0013
calibration curve
r? 0.9998 0.9999 0.9998 0.9999 0.9998 0.9999 0.9988 0.9993
Reduced residual 2.668 1.866 2.147 1.880 2.394 1.826 2.134 2.276
(Grubb's test)
Accuracy of 99.19 99.86 99.77 99.90 100.85 100.67 103.65 102.36
calibration curves
(%)*
Internal standard Longifolene Longifolene Longifolene Longifolene n-Butyl-benzene n-Butyl-benzene n-Butyl-benzene n-Butyl-benzene
LOD (pg) 2.38 2.40 1.79 0.74 2.43 1.37 211 2.05
LOQ(pg) 4.76 4.80 3.58 1.48 4.86 2.74 4.22 4.10

@ Bias (%)between the measured value and the theoretica valu

Table 3: Precision of the fast GC method expressed as rap#igy and reproducibility.

E-p-Farnesene

p-Caryophyllene  Limonene a-Pinene

Concentration (ug/ul)

0.050

Repeatability (RSD, %) 1.16

Reproducibility (RSD,

%) 3.00

0.500
0.70
2.82

0.05
0.43
0.89

0 0.500
0.12
0.81

0.050 0.500 0.050 0.500
0.70 0.42 207 1.78
198 189 348 7.51

Table 4: Selectivity of the fast GC method

Concentration range: 0.008-0.100 pg/; Concentration range: 0.080-1.000 pg/ul

Selectivity factor(«)
between
longifolene and
B-caryophyllene

SD

RSD (%)

1.016

0.001
0.07

1.016

0.001
0.07
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Table 5: Constituents of the essential oil of Matricaria at@milla identified by GC-MS.

No. Components Retention time Retention index %
(min) (measured)
1 a-Pinene 9.92 922 0.03
2 Sabinene 11.38 965 0.04
3 6-Methyl-5-hepten-2-one 11.83 977 0.03
4 2-Pentylfuran 12.08 988 0.05
5 p-Cymene 13.14 1018 0.11
6 Limonene 13.34 1024 0.10
7 trans-p-Ocimene 13.74 1036 0.11
8 cis-p-Ocimene 14.08 1046 0.69
9 y-Terpinene 14.36 1054 0.17
10 Artemesia ketone 14.44 1057 0.32
11  Artemesia alcohol 15.20 1079 0.06
12 Isoborneol 17.68 1153 0.03
13 4,8-Dimethylnona-3,8-  20.87 1262 0.04
dien-2-one
14  a-Copaene 23.78 1365 0.04
15 B-Maaliene 23.88 1369 0.07
16 oa-lsocomene 24.06 1376 0.26
17 pB-Elemene 24.19 1382 0.07
18 Sativene 24.55 1397 0.04
19 a-Gurjunene 24.69 1403 0.04
20 p-Caryophyllene 24.89 1411 0.17
21 Aromadendrene 25.40 1433 0.07
22 E-p-Farnesene 25.95 1456 42.59
23 Not identified 26.15 1465 0.10
sesquiterpene (MW: 204)
24  Germacréne D 26.47 1478 2.93
25 B-Selinene 26.59 1483 0.22
26 (Z,E)-o-Farnesene 26.77 1491 0.83
27 Bicyclogermacrene 26.85 1494 1.99
28 (E,E)-a-Farnesene 27.13 1506 8.32
29 §-Cadinene 27.48 1521 0.18
30 Sesquirosefuran 28.15 1549 0.18
31 Not identified 28.33 1157 0.33
sesquiterpene (MW: 204)
32 transNerolidol 28.39 1559 0.17
33 Dehydronerolidol 28.46 1562 0.09
34 Dendrolasin 28.63 1569 0.21
35 Spathulenol 28.71 1573 0.63
36  Globulol 28.85 1578 0.23
37 a-Bisabololoxide B 30.52 1649 4.43
38 o-Bisabolone oxide A 31.10 1673 4.53
39 Chamazulene 32.08 1715 1.18
40 a-Bisabololoxide A 32.55 1735 21.16
41 cis-ene-yne-Dicyclo ether 35.15 1802 5.94
42  transene-yne-Dicyclo 35.30 1807 0.99
ether
43  (E)-Phytol 39.79 2107 0.23

The bold values consist in the major constituehti®essential oils.
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Table 6 shows the composition of tRecatariaessential oil. Twenty components were identifiedr{ass
spectra and retention index comparison). Among fteewere oxygenated sesquiterpenes (77.17%), 2
hydrocarbon sesquiterpenes (10.53%), 9 hydrocarmmoterpenes (2.84%) and 2 oxygenated monoterpenes
(0.09%). The main identified constituents of tresential oil are 487a,7au-nepetalactone ((E)-nepetalactone
or 4aS,7SaR-nepetalactone) (73.27%);caryophyllene (9.72%B-caryophyllene oxide (1.819%xis-B-

ocimene (1.64%) and 4&B,7ax-nepetalactone (1.10%). Three isomers of nepetalactvere present in the
essential oil oN. cataria,but could not be identified with absolute configioa certainty by GC-MS. The
stereoisomery of (Z,E)-nepetalactone was confirtnetH and*C NMR spectrometry (data not shown) and by
comparison of the chemicC displacements with those of the literature [2&n minor compounds of the
essential oil could not be identified with the dpaldibrary and retention index.

The essential oils were then analysed by fast G&wodFM column of the same polarity as in GC-MSofap
stationary phase). The retention times of the corapts of interest from the essential oils were caneg to
those of the reference compounds. Figs. 4 andd@tréme patterns, respectively of thke chamomillaand theN.
cataria essential oils, under study analysed by GC-MS asti®C, together with a list of their charactetisti
components. With conventional GC-MS, analysis twas about 40 min, while for fast GC it was lessitba
min, with the same chromatographic profile and Eintesolution.

Table 6: Constituents of the essential oil of Nepeta cataténtified by GC-MS.

No. Components Retention time (min) Retention index %
(measured)

1 a-Thujene 9.72 916 0.01
2 a-Pinene 9.92 922 0.05
3 Sabinene 11.37 965 0.10
4 B-Pinene 11.44 967 0.24
5 B-Myrcene 12.12 987 0.02
6 Limonene 13.34 1024 0.28
7 transB-Ocimene 13.74 1036 0.47
8 cis-p-Ocimene 14.08 1046 1.64
9 Linalool 15.71 1095 0.05
10  o-Terpineol 18.47 1177 0.04
11  Not identified monoterpene (MW: 13€ 19.09 1196 0.54
12 Not identified monoterpene (MW: 13€19.78 1216 0.03
13  Not identified monoterpene (MW: 13€ 19.88 1219 0.12
14  Not identified monoterpene (MW: 13€ 20.74 1245 0.10
15 (4aa,7a,7aa)-Nepetalactone 23.51 1353 73.27
16  (4an,70,78)-Nepetalactone 23.94 1371 0.44
17  (4aa,7B,7aa)-Nepetalactone 24.07 1377 1.10
18 Dihydronepetalactone 24.56 1397 0.46
19  p-Caryophyllene 24.89 1411 9.72
20  o-Humulene 25.77 1449 0.81
21  Not identified 27.82 7.82
22  Benzoate (2)-3-hexen-l-ol 28.48 1551 0.07
23  p-Caryophyllene oxide 28.87 1579 1.81
24 Humulene epoxide Il 29.45 1604 0.09
25  Not identified 32.46 0.06
26  Not identified 33.69 0.05
27  Not identified 33.76 0.03
28  Not identified 33.91 0.38
29  Not identified 34.00 0.13
30 6,10,14-Trimethyl-2-pentadecanone 34.59 1840 0.07

The bold values consist in the major constitueth® essential oils
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Fig. 4.. Profiles of a Matricaria chamomilla essential analysed by GC-MS (a) and fast GC (b). For asay
conditions see text. List of the main componefsE{s-farnesene; (2) germacrene D; (3) bicyclogermacrene
(4) (E,E)u-farnesene; (5x-bisabolol oxide B; (6)-bisabolone oxide A; (7) chamazulene; §8isabolol oxide
A; (9) cis-ene-yne-dicycloether.
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Fig. 5.: Profiles of a Nepeta cataria essential oil arssyg by GC-MS (a) and fast GC (b). For analysis
conditions see text. List of the main componens{4,E)-nepetalactone; (2) (E,Z)-nepetalactong;i3
caryophyllene; (4) unknown compound; fS¢aryophyllene oxide.
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Table 7: Major components of Matricaria chamomilla fractiofleean + SD of triplicate).

Matricaria F1 F2 F3 F4 F5
chamomilla
Composition SD Composition SD  Composition  SD Composition SD  Composition SD
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
Sum of 4.38 1.32 2.73 0.58 0 0 0 0 0 0
monoterpenes
E-pB-Farnesene 51.79 0.68 74.90 2.28 79.61 0.06 76.78 1.50 68.99 2.16
(E,E)- 3.98 0.40 9.20 1.91 14.34 0.81 20.86 0.87 25.22 1.63
Farnesene
Germacrene D 7.52 0.18 5.79 0.41 1.25 0.51 0 0 0 0
Chamazulene 0 0 0 0 0 0 0.69 0.66 4,52 2.44
Table 8 : Major components of Nepeta cataria fractions (me&D of triplicate).
Nepeta cataria F1 F2 F3 F4 F5 F6

Composition SD Composition SD Composition

SD Composition SD

Composition SD

Composition SD

(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
(Z,B)- 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 96.97 1.70 84.63 12.5
Nepetalactone 9
(E,2)- 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.19 0.32 14.96 13.1
Nepetalactone 5
B-Caryophyllene 0.00 0.00 79.54 4.68 26.88 25.86 0.00 0.00 0.00 0.00 0.00 0.00
Caryophyllene  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.19 0.39 0.10 0.18

oxide

3.4. Essential oils fractionation

Tables 7 and 8 present the mean composition (%) ®SD3) of M. chamomillaandN. catariafractions

recovered of elution on adsorption chromatograptd/solvent evaporation. The fractions were analgsefhst
GC and the identification of peaks was realised¢dayparison of the different retention times. Asah be seen,
each fraction differs from the original oil in ikromatographic profile and in the percentage efcnstituents.

Five fractions were collected ft. chamomillabased on the evolution & p-farnesene percentage in function

of n-pentane solvent elution volume-f-farnesene is present in each fraction and wasyalassociated with

(E,E)-o-farnesene. Germacrene D was also associated ihpamneentage to the two previous cited compounds
in the three first fractions. F3 has the highekittiee percentage d-p-farnesene (79.61%) and, for this reason,
is the most interesting in this study. The perogaaf € E)-a-farnesene grows from F1 (3.98%) to F5 (25.22%),

with a mean value of 14.34% in F3. Chamazulenedeteacted in fraction F4 (0.69%), but clearly appdan
F5 (4.52%) with a blue coloration of the fractidmis compound also served as coloured indicatanduhe
fractionation process to stop the elution; the petage oE-B-farnesene decreasing with the apparition of
chamazulene.

The fractionation oN. catariaessential oil was reached in two elution steps.firheelution withn-pentane
allowed the collection (four fractions from F1 td)Fof non-polar compounds suchfasaryophyllene in very
high proportion as regards the percentage of thigpound in the pure essential oil (9.72%). Theesfor
caryophyllene is mainly present in fraction F2 @t54% purity. The same fractionation process oritearo
catnip oil from the USA led to totally pufecaryophyllene (>99.9% by fast GC) (data not showhpg second
fractionation step (two fractions, F5 and F6) waaised with a more polar elution solvent mixpentane 80%,
diethylether 20%) to collect nepetalactone isoméraction F5 was enriched to 96.97% inHnepetalactone,
the aphid sexual pheromone, with caryophyllene éx®19%) as associated compound.

Compared with the pure essential oils, fractionsioled by column chromatography are more concetriat
compounds of interest. This purification technidgebto the isolation and the collection of variguadarity
compounds (monoterpenes, sesquiterpenes, oxyger@atgubunds, etc.) in a very fast way. Flash
chromatography is currently developed to obtairifiger compounds at higher scale and shows identé&sallts.
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It is noteworthy that such fractionation and fa§ @nalyses are powerful and simple methods to gednd
analyse essential oils constituents.
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