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ABSTRACT

A reversed phase HPLC procedure is proposed for the deter-
mination of eight phenolic compounds (2-O-glucosilcoumaric
acid, o-coumaric acid, rosmarinic acid, apigenin-7-O-glucoside,
coumarin, herniarin, luteolin, and apigenin) in lavender.  The
chromatographic separation was achieved using a reversed–phase
Spherisorb ODS 2 (5 µm particle size: 25.0 x 0.46 cm) column.
From the several extractive solvents assayed, only ethanol was
able to extract all the mentioned compounds.  Best resolution was
obtained using a gradient of water-formic acid (19:1) and ace-
tonitrile.  Ten samples were subjected to quantification, all of
them showing a common composition pattern.

INTRODUCTION

Lavender (Lavandula officinalis Chaix, L. spica Lois, L. vera D. C., L.
angustifolia Mill. ssp. angustifolia, or L. officinalis Chaicah) is a species cul-
tivated as a garden ornamental, as a source of essential oil largely used in per-
fumery, or as a condiment (non-alcoholic beverages, ice-creams, candies,
chewing-gums).1 The flowers are also present in several mixtures of medici-
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nal plants used in phytotherapy, where they act as an aromatizing or for its own
medicinal properties.  In fact, lavender has been used to treat flatulent dys-
pepsia2 or as a light sedative.3 In folk medicine, its infusions are used as a
diuretic and spasmolytic.3

The quality control of this species is made official, e. g. in the French phar-
macopoeia,4 where the chemical control is made by the TLC search of several
constituents from the volatile oil.  HPLC is now looked at as a more reliable and
simple technique for routine analysis, and has the advantage of being easily
adapted to quantification of individual compounds.

Since phenolic compounds are widespread in nature and have been suc-
cessfully applied to quality control of several foodstuffs,5 we tried to put at
work, a methodology based on HPLC of the phenolic compounds of lavender
that can also be used on a quantitative level.

Several extracts were prepared and analysed by HPLC using the eluents
more usually described for the analysis of phenolics.6 Subsequently, HPLC
conditions were adjusted in order to obtain better resolution and applied to the
analysis of 10 samples.

EXPERIMENTAL

Plant Samples and Standards

Plant samples were commercially available or collected in the North lit-
toral of Portugal (Table 1).  Authentic standards were obtained from Sigma
Chemical Co. or from Extrasynthése.  2-O-Glucosylcoumaric acid was identi-
fied by comparing its RT and UV spectrum with 2-O-glucosylcoumaric acid
present in a purified fraction of Melilotus officinalis, and by identification of
hydrolysis products.

Extraction of Phenolic Compounds from Plants

For analytical purposes, 3g of lavender flowers were ground and extracted
twice, with 50 mL of ethanol, 15 min each time, at room temperature, with agi-
tation.  The extract obtained was taken to dryness under reduced pressure at
30°C.  The residue was dissolved in 1 mL of methanol and 20 µL were analysed
by HPLC.  The entire protocol was repeated using petroleum ether, chloroform,
ethyl ether, ethyl acetate, acetone, methanol, ethanol 80% and 30%, and boiling
water.

For quantification purposes, 3g of each sample were ground to pass
through a 910 µm sieve and extracted, at room temperature, with agitation,
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using ethanol: 50 mL for 15 min, followed by 50 mL (10 min) and, finally, 25
mL for 5 min.  The three extracts were gathered, filtered, and taken to dryness
under reduced pressure at 30°C.  The residue was dissolved in 2 mL of
methanol and 20 µL was analysed by HPLC.

HPLC Analysis of Phenolic Compounds

Separation of phenolic compounds was achieved with an analytical HPLC
unit (Gilson), using a reversed-phase Spherisorb ODS 2 (5 µm particle size;
25.0 x 0.46 cm) column.  For analytical purposes, the solvent system used
(gradient nº 1) was a gradient of water/formic acid (19:1) (A) and methanol
(B). The gradient was as follows: 0 min- 30% B; 15 min - 30% B; 20 min –
40% B; 30 min – 45% B; 50 min – 60% B; 51 min – 80% B; 52 min – 80% B.
Elution was performed at a solvent flow rate of 1 mL/min.  Detection was
accomplished with a diode-array detector and chromatograms were recorded at
280, 320, and 350 nm.  The different phenolic compounds were identified by
comparing their retention times and UV-vis spectra in the 200-400 nm range
with authentic standards.

For quantitative purposes, the solvent system (gradient nº2) used was a
gradient of water/formic acid (19:1) (A) and acetonitrile (B).  The gradient was
as follows: 0 min – 17% B; 35 min – 23% B; 52 min – 49% B.  Elution was per-
formed at a solvent flow rate of 1 mL/min.  Quantification of phenolics was
achieved by the absorbance recorded in the chromatograms relative to external
standards at 320 nm.  2-O-Glucosylcoumaric acid was quantified as o-coumaric
acid.

RESULTS AND DISCUSSION

Bearing in mind that lavender has no characteristic chemical marker, we
must consider that a species is, at best, characterised as having a higher number
of compounds than can be identified in it.  So, the samples were initially sub-
jected to extraction by several solvents, in order to choose what solvent was
able to extract a higher number of compounds, preferably identified by stan-
dards commercially available.  All the extracts were analysed using gradient nº
1.  The extract obtained with petroleum ether was characterised by the presence
of coumarin and herniarin (Figure 1-A) and, on increasing the polarity of the
solvents, other compounds, namely phenolic acids and flavonoids, began to be
detected on the chromatograms (Figure 1-B and 2).  On the first part of the
chromatograms of the more polar extracts, a set of signals are observed that
exhibited the UV characteristics of the glycosyl derivatives of coumaric acid;
two of them already described in this species (2-O-glucosylcoumaric acid and
2-O-glucosyl-4-methoxycoumaric acid).7
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Figure 1. HPLC profile of a lavender sample (gradient nº 1), extracted with petroleum
ether (A) and ethyl ether (B).  Detection at 320 nm. Peaks: (2) o-coumaric acid; 
(3) coumarin; (6) herniarin; (7) luteolin and (8) apigenin.
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Figure 2. HPLC profile of a lavender sample extracted with ethanol with gradient nº 1 (A)
and gradient nº 2 (B).  Detection at 320 nm.  Peaks: (1) 2-O-glucosilcoumaric acid; (2) 
o-coumaric acid; (3) coumarin; (4) rosmarinic acid; (5) apigenin 7-O-glucoside; (6) her-
niarin; (7) luteolin and (8) apigenin.
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The solvent that exhibited the higher number of compounds was ethanol
(Figure 2).  On using this solvent, it was possible to identify almost all the phe-
nolic compounds so far described to exist in the species (2-O-glucosyl-
coumaric acid, o-coumaric acid, coumarin, rosmarinic acid, herniarin, lute-
olin)3,8,9 and, still, apigenin and an apigenin derivative.  The signal due to the
apigenin derivative can be atributed either to apigenin 7-glucoside or to api-
genin 7-rutinoside, since both compounds have the same UV spectra and the
same RT in gradient nº 1.  The resolution obtained with this gradient is not
very good and, therefore, not quite suited to qualitative analysis.  Besides, the
signals of the glycosyl derivatives of coumaric acid are split by the cis/trans
isomerism, which adds an unnecessary complexity to the chromatogram.  So,
several other eluent systems were tried and best results were obtained employ-
ing acetonitrile and gradient nº2. (Figure 2-B).  On using this gradient,
coumarin and rosmarinic acid are well resolved; the coumaric acid derivatives
are not split and it is possible to guarantee that compound 5 is apigenin 7-glu-
coside, since the two possible apigenin derivatives have different RT with this
gradient (Table 2).  A mixture of the seven quantified compounds was run with
this gradient (Figure 3).

For quantification purposes, and in order to guarantee a full extraction of
the phenolic compounds and the repeatability of the method, one sample was
subjected to a set of six extraction conditions, using different times and vol-
umes of solvent (data not shown).  Best results were obtained using a three-
fold extraction (see EXPERIMENTAL).  The tested analytical conditions 
were applied to several samples collected during 1998 and 1999 in the littoral
North of Portugal and to four commercially available samples (Table 1).
Quantification was performed at 320 nm, a wavelength at which all the com-
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pounds are detected and can be quantified by the software available.  The use
of only one wavelength makes routine analysis more feasible, allowing the
quantification of all the compounds in one run, even when a diode-array is not
available.

All the samples showed a common pattern of compounds, where the most
abundant phenolics are 2-O-glucosilcoumaric acid and rosmarinic acid, while
o-coumaric acid and luteolin are the minor ones (Figure 4).  As can be seen, a
reasonable proportion is observed among compounds 2, 3, 4, 5, 7, and 8, both
in samples collected by us, or in samples from the market.  With this last set of
samples, and probably due to natural hydrolysis occurring during storage, a rel-
ative decrease is observed on 2-O-glucosylcoumaric acid, which is transformed
to coumarin, and an increase of herniarin is also observed that can be due to the
hydrolysis of compounds observed in the first part of the chromatogram,
namely to the referred 2-O-glucosyl-4-methoxycoumaric acid.

Another striking fact, is that samples commercially obtained showed
higher amounts of phenolics.  Although, the geographical origin of the com-
mercial samples is unknown, they are probably cultivated in the South of
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Figure 3. HPLC of a solution of standards commercially available (gradient nº 2).
Detection at 320 nm.  Peaks: (2) o-coumaric acid; (3) coumarin; (4) rosmarinic acid; (5)
apigenin 7-O-glucoside; (6) herniarin; (7) luteolin and (8) apigenin.
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Portugal or even imported from other countries, since it is a known fact that
lavender is a shrub of Mediterranean climates.

In conclusion, this study suggests that the technique herein is quite useful
for the analysis of phenolic compounds in lavender, allowing its quality control.
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Figure 4. Phenolic amounts in samples of known origin (A) and commercially avail-
able (B): (1) 2-O-glucosilcoumaric acid; (2) o-coumaric acid; (3) coumarin; (4) ros-
marinic acid; (5) apigenin 7-O-glucoside; (6) herniarin; (7) luteolin and (8) apigenin.
Results are means of 6 (A) and 4 (B) replicates, and standard error bars are on top of
each column.
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