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Abstract

An improved HPLC method is reported for the determination of rosemary’s principal phenolic antioxidants, rosmarinic and carnosic acids,
providing a fast and simultaneous determination for both of them by using a solid phase column. The analysis was performed with fresh methanoli
extractions ofRosmarinus officinalis. To quantify the amount of antioxidants in a fast and reproducible way by means of UV-vis absorption
measurements, a spectrophotometric multi-wavelength calibration curve was constructed based on the antioxidant contents obtained with fl
recently developed HPLC method. This UV—-vis methodology can be extended to the determination of other compounds and herbs if the restriction
mentioned in the text are respected.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction oregano, rosemary, sag&alvia officinalis) [14,15] or lemon
balm (Melissa officinalis) [16]. Other phenolic antioxidants of
An antioxidant may be roughly defined as “any substance&ommercial interest are those from grape seeds, pine bark, and
that when present at low concentrations, lower than the oxidizsome fruit fractions rich in gallic acid. For most of these, there
able compound to be protected, significantly delays or inhibitare no analytical methodologies able to resolve two or more
its oxidation”. There are two basic categories of antioxidantsantioxidants or active principles simultaneously in a fast and
natural and synthetic, the second ones have been found to caysecise way. When production is based on these types of herbal
long-term toxicological effects, including carcinogenidity2]. materials, the lack of such a methodology could be critical for
Consequently, there is an increasing interest in finding naturallthe development of product quality control and procedures.
occurring antioxidants for food and medicinal applications. The Currently, the HPLC determination of natural compounds
extraction of natural substances to replace synthetic food presas time consuming, requires a large sample and entails liquid
vatives has become increasingly more imporf@rtl0]. There  extraction with an organic solvefi]. We present a fast chro-
is also a growing number of potential uses and new commematographic methodology and a clean and inexpensive spec-
cial products being obtained from materials traditionally used asrophotometric analytical model intended to analyze simultane-
condiments. Currently, most of the interest is focusing on phenosusly different phenolic antioxidants presen®irvfficinalis.
lic antioxidants of herbal origin. Among these are carvacrol and The reported analytical procedures were applied to quantify
thymol from oregano Qriganum vulgare) [11]; thymol from  rosemary phenolic antioxidants. A lengthy study of the seasonal
thyme (Thymus vulgaris) [12]; carnosic acid (CA) from rose- antioxidant behaviour profile of five accessions of rosemary was
mary (Rosmarinus officinalis) [13]; rosmarinic acid (RA) from made. A dozen seed-raised accessions (individual by individ-
ual) and more than a hundred genetically uniform accessions
are being studied according to their antioxidant content. The
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Fig. 1. Chemical structures of three of the phenolic antioxidants present in rosemary methanolic extracts: carnosic acid, CA; carnosol, GjrancoasfeA.

the existing techniques, direct spectroscopies are the preferré®. Sample preparation

ones, with UV-vis methodologies being the ones that are most

used because of their simplicity and wide availability]. NIR Freshrosemary samples were dried &t@ a forced air cir-

methodologies have also been applied in principal componermulation oven (Memmert ULM 500), leaves were manually sepa-

analysis, PCA, authentication and quantificatip@], but they  rated and ground in a vertical hammer mill (Peruzzo Milly model

require specialized and expensive equipment and software. 85.010) at 12,000 rpm and 0.8 mm mesh. Sample humidity was

addition, the construction of calibration curves requires a veryetermined employing a Sartorius MA30 infrared system. Fifty

large number of experimental measurements. milligrams of the ground sample were extracted during 5 min
Carnosic acid is the major component in the phenolic diterwith 25 ml of methanol or methanol:water in an EIma LC30H

penoid fraction fromR. officinalis leaves, with the highest ultrasonic bath, avoiding warming. Before the analysis, samples

antioxidant activity[13,15,19] The other abietane diterpene were centrifuged for 3 min at 3,500 rpm (Damon/IEC Division,

present in rosemary extracts is carnosol (C). In aged samplesodel IEC HN-SII).

and extracts, increasing amounts of this compound are observed,

which is in accordance with the carnosic acid degradation pro2.3. Instrumentals

file proposed16]. The other active antioxidant present in this

herb is hydro-soluble rosmarinic ackeig. 1shows the chemical The instrumental setup used for analytical HPLC was con-

structures of the previously mentioned antioxidants. ducted with a Merck-HITACHI LaChrom system, with a L-7100
pump combined with a 10 mm pre-column and a 100—4.6 mm

2. Experimental Merck Chromolith Performance RP-18e, a Merck-HITACHI
photodiode array detector DAD L-7450. The system was con-

2.1. Materials trolled with HPLC D-7000 software with a D-7000 data inter-
face.

Rosmarinic acid and carnosic acid, used as standards, were For the spectral analysis, a Unicam UV500 UV-vis spec-
obtained from Addipharma and Sigma, respectively. The watetrophotometer controlled with Software Vision 32-bit Version
used was Milli-Q quality, methanol and acetonitrile (MeCN) 1.10 was used. From the absorption spectra of sample solutions,
were from Merck and HPLC grade. Inorganic reagents fromabsorbances at 230, 270, 280 and 330 nm were obtained.
Merck were PA quality.

Plant accessions were kindly borrowed from the special col2.4. Chromatographic conditions
lection used by BOTANE Ltd. to establish its crops and were
collected throughout Chile and other countries. If possible, A binary MeCN-HO acidified gradient was used for elu-
accessions were clonally propagated in order to maintain genettion. Two different procedures were developed. Method |, for
uniformity. simultaneous resolution of the three compounds of interest

Each accession was propagated and established in a gred@A, C, RA), the solvents A and B were MeCN>8-HzPOy
house and then transplanted to square-shaped blocks of 36 in@65.1%:34.9%:0.02%) and MeCN-=B-H3PO; (22%:78%:
viduals. Accessions were planted in November 2001 at lllapel, i.25%), respectively. At a flow of 1.5 ml/min, the eluent con-
the north central Chile, about 250 Km north of Santiagg43L  sisted of 100% B during the initial 2 min, then, the percent of
S; 7P07W; 391 m.a.s.l.). Sampling was performed in a randomsolvent A was increased to 100% at 2.1 min and remained at this
pattern in the square shaped blocks and on freshly grown matgercentage during the next 6 min. At 8.1 min the percent of sol-
rial. In order to have more varied sources of antioxidant contentent B was again increased to 100%, where it remained the last
sampling was made in all seasons. The accessions propagatrhin of run time. With this method the retention times were, for
from seeds were sampled individually in order to select the modRA # =2.7 min, for Cz; =5.7 min and for CAy, = 6.6 min. This
promising ones. method requires sample extraction with methanol:water (2:1),
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Fig. 2. Chromatograms obtained with Method | at 230 and 330 nm.

in order to extract all lipo-soluble and hydro-soluble antioxi-2.5. Statistical analysis
dants. The peak labelled as RA mainly consists of rosmarinic

acid, however low concentrations of some of its derivatives Equation coefficients and statistical parameters of performed
are also present. Consequently, several shoulders can be semmrelations were obtained by multilinear correlation analy-
around peak20]. Results obtained with this method are shownsis with STAT VIEW 5.0 (SAS Institute Inc.). Results agree
in Fig. 2 Method 1, this chromatographic procedure is isocraticfavourably with the-statistic of descriptors.
with solvent A as eluent during 6 min. The retention times were,
for C #=1.8 min and for CA =2.5 min. With this procedure, 3, Results and discussion
hydro-soluble compounds are not resolved, so sample extraction
was simply performed with methanol. A typical chromatogram  The amount of the antioxidants studied (CA and RA) present

obtained with this method is shown fifig. 3.

in fresh rosemary extracts of fresh leaves was determined by

The detection wavelengths selected to quantify CA and RAsing the chromatographic methodology I, described above. As
were 230 and 330 nm, respectively, in order to avoid mobilementionedFig. 2 shows typical chromatograms obtained with
phase absorption. (The selection corresponds to a shoulder of

CA absorption and a maximum of RA, as can be sedfign4.)
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Fig. 3. Chromatogram obtained with Method Il at 230 nm.
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Fig. 4. Absorption spectra of carnosic acid, CA (dashed line) and rosmarinic

acid, RA (solid line).
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Table 1
Correlation equation of carnosic acid content using dry basis weight of leaves with the absorbance at three different wavelengths, staifgticafolgsarameters
and fitting are included

CA content (%) =Co + aA230+ bA270+ cA3z30

Co a b c
(0.194+0.51) (3.86+£0.28) —(4.70£0.95) —(1.37+£0.46)
t-statistic 0.374 13.817 —4.945 —0.492
P (two-tailed) 0.7121 <0.0001 <0.0001 0.0067
VIF 4.31 15.87 8.85
N=27 R=0.964 SD=0.384 F=99.65

this procedure at 230 and 330 nm. As can be seen the Merakuantification[17,26] Considering the fact that our samples
solid phase columns RP 18 allow very good resolution in a shortontain a large number of unknown components, we decided not
analysis time. The proposed analysis for simultaneous resolutidie employ the procedures associated with multivariate analysis.
of lipophillic and hydrophillic antioxidants (Method |) is faster The samples’ spectra always displayed a similar shape with dif-
than the previously reported ones (this kind of analysis used to bfierences in the relative magnitude of absorbance at each wave-
time consuming, lasting 30 or more minut§s},21-23] Typi- length.

cal HPLC methodologies reported for quantification of abietane The general equation employed has the form shown i1gqg.
diterpenoids (determination of only carnosic acid and carnosolJ he antioxidant content determined by HPLC was the dependent
require at least 20 mif24]. Method Il allows the resolution of variable of the multiparametric equation. The independent vari-
CA and C in only 6 min of analysis. As mentioned in Sectthn ables (absorption at each wavelength) were normalized accord-
rosmarinic acid is present in small quantities because of its lowng to dry mass and sample dilution.

solubility in the extraction solvent, methanol, and it also appears

in the front of elution, so it is not resolved. In the presence ofContent (%)= Co + aA230+ bA270+ cA2g0+ dA330 ()
water, CA shows low stability, so pure methanol was used to

perform extraction (when some percent of water is present fowhere the parametety is the intercept and parametersb, ¢
extraction, samples must be analyzed quickly in order to avoidndd correspond to the input at each wavelength to the content
or reduce conversion of CA to C). Studies of CA solutions sta-of the compound to be guantified.

bility are reported by Thorsen and Hildebraf24]. The HPLC Statistical analysis for correlation equation performed for
methodologies that were developed show a percentage coeffGA content rejects the absorption at 280 nm, meaning that only
cient of variation in the order of 3.5%. three of the four independent variables are significant. The val-

The values obtained for the CA content, show high variabil-ues obtained for each wavelength, its statistical descriptors and
ity between the different accessions, with percentages rangirtpe statistical parameters for the whole treatment are shown in
from 2% to 8% on dry basis weight. This result indicates that thélable 1 The intercepCyp takes a value near zero, corresponding
ability or capability of CA generation by rosemary is particu- to the absence of CA when the absorption is null. The parameter
larly dependent on its genetic origin, considering homogeneouassociated with the absorbance at 230 nm indicates an important
seasonal, geographical and agronomic parameters, conclusiangut of CA at this wavelength. Clearly, the absorptions at 270
previously reported by other authof21,25] At this point, and 330 with negative contribution correspond to the presence
it must be emphasized that carnosol is a compound usuallyf compounds other than CA. The absorption at 270 nm is prob-
measured in rosemary samples, but it mostly occurs with thably due to the presence of chlorophylls or essential oils and the
degradation of carnosic acid. Its presence in high concentratiorse at 330 nm corresponds to the presence of RA. The standard
indicates either sample aging or bad manipulation, which is wherror for each parameter is somewhat high, but good enough to
only small amounts of carnosol are expected in fresh extracts gferform a fast and adequate quantificatiestatistic andP are
fresh samples. Contents of carnosol in our samples were usstatistically satisfactory parameters. The high VIF values, over
ally under the detection limit and consequently no spectroscopi8.0, indicate some extent of CA absorption at all wavelengths.
curves were made. The overall statistical quality parameters for fitting equation are

The absorbance spectrum of the different samples wagood, theR-value is 0.964, SD is small (0.384) aiitis very
recorded, and four wavelengths (230, 270, 280 and 330 nmigh (99.649).
were used to perform the multiparametric analysis. The wave- The quality of the fit with experimental data can be seen
length selection criteria was to use intense absorption band® Fig. 5 where contents calculated with the multiparametric
preferably maxima, of the analyzed compounds and possiblequation that was obtained are plotted against experimentally
interferents. Wavelengths corresponding to maxima undemeasured contents.
215nm were discarded considering the proximity of solvents For the antioxidant RA, the multiparametric study rejects the
cutoff and overpopulation of the region. Several procedureparameters associated with two wavelengths, leaving only the
in multivariate UV analysis have been reported, indicatingabsorbances obtained at 270 and 330 nm in the correlation. The
different options for wavelength selection in order to improveresulting equation is shown ifable 2 The interceptCp has a
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Fig. 5. Plot of the multi-wavelength fit (three wavelengths equation) against thé&ig. 6. Plot of the multi-wavelength fit (two wavelengths equation) against the
experimental values of carnosic acid content, including the residuals plot.  €xperimental values of rosmarinic acid content, including the residuals plot.

value near zero, while the negative parameter associated Wiﬂ1 Conclusions
the absorbance at 270 nm is due to the presence of chlorophylls. . .
The parameter corresponding to the absorbance at 330 nm i%The reported chromat_ographlc procedure employs a SOI'q
the RA contribution to the absorbance. This correlation show§ 25€ column and perm|t§ avety fast separation of_carn05|c
lower standard errors and batbtatistic and® are better than for acid, camosol and rosmarinic acid, in less than ten minutes of

CA correlation. The independent parameters still show high V”._aniarlz.sls}. ¢ q h d luti d
values, due to the reasons stated above. The overall statistical ' "> 'a>t Procedure Snows a very good resolution and was

quality parameters are good, tRevalue in this case is 0.978 eveloped to perform simultaneous determination of lipophillic

SDis very small (0.085) an#l is very high (268.96), indicating and hydrophillic ar!tioxidants present in_the sample.
a high-quality correlation equation. An UV-vis multi-wavelength calibration curve can be con-

structed with a subset of samples, if the content of the compounds

Fig. 6shows the experimental results obtained when employ-]c int tis Kk UVvi i then b q
ing this fitting equation. of interest is known. UV—vis measurements can then be use

The measured percent coefficient of variation for spectroit0 quantify these compounds in a fast and reproducible form.

scopic procedures is 1.1% for CA, and 2.5% for RA, being bothSampIes of the same nature_ (extractipns .Of dried _Ieaves, for
lower than the value determined for HPLC methodology. example) must be emplo_yed in the calibration and in the sub-
Attempts to include samples of commercial extracts and dr)?

rosemary samplestogether with our own extractsinthe same cat

relation were always unfruitful. The presence of some absorbin X . .

compounds or the absence of others yields a different distrib _ontentldurln.g hgrvest, orraw matgrlal quality control of extract

tion of absorbing species, making the multiparametric equatio%md_uc“on’ y|e_ld|ng results almost instantaneously once the cal-

rather inadequate. If raw material and extraction procedure ar ration curve is ready.

maintained, the construction of a multiparametric calibration

curve could probably be extended to any group of natural comAcknowledgments
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nknown compounds. The procedure is appropriate for obtain-
g an accurate routine and near field analysis of compound

Table 2

Correlation equation of rosmarinic acid content using dry basis weight of leaves

with the absorbance at two different wavelengths, statistical descriptors foReferences
parameters and fitting are included

[1] P. Bermond, in: B.F.J. Hudson (Ed.), Biological Effects of Food Antiox-
idants Used as Food Additives, Elsevier Applied Science, London, 1990,

Co a b p. 253.
2] M. Namiki, Crit. Rev. Food Sci. Nutr. 29 (1990) 273.

RA content (%) =Co +aA270+ bA330

[
o (0.11£0.12) —(0.84+0.15) (1.28:0.09) [3] Q.Y. Chen, H. Shi, C.T. Ho, J. Am. Oil Chem. Soc. 69 (1992) 999.
r-statistic 0.915 —5.685 13.717 [4] R. Oberdieck, Fleischwirtschaft 84 (2004) 91.
P (two-tailed) 0.3691 <0.0001 <0.0001 [5] V. Reddy, A. Urooj, A. Kumar, Food Chem. 90 (2005) 317.
VIF 7.04 7.04 [6] A. Valenzuela, J. Sanhueza, S. Nieto, Grasas Y Aceites 54 (2003) 295.
N=28 R=0.978 SD=0.085 F=268.96 [7] L.R. Nissen, L. Mansson, G. Bertelsen, T. Huynh-Ba, L.H. Sklbsted, J.

Agric. Food Chem. 48 (2000) 5548.




N. Troncoso et al. / J. Chromatogr. A 1100 (2005) 20-25 25

[8] M. Karpinska, J. Borowski, M. Danowska-Oziewicz, Food Chem. 72 [17] G. Ragno, G. loele, A. Risoli, Anal. Chim. Acta 512 (2004) 173.
(2001) 5. [18] H. Schulz, B. Steuer, H. Kruger, W. Schutze, W. Junghanns, B. Wein-

[9] E.N. Frankel, Fett-Lipid 101 (1999) 450. reich, Z. Arns. Gew. Pfl. 6 (2001) 79.

[10] H.L. Madsen, G. Bertelsen, Trends Food Sci. Technol. 6 (1995) 271. [19] O.l. Aruoma, B. Halliwell, R. Aeschbach, J. Loligers, Xenobiotica 22

[11] L. Pizzale, R. Bortolomeazzi, S. Vichi, E. Uberegger, L.S. Conte, J. Sci. (1992) 257.

Food Agric. 82 (2002) 1645. [20] M. Petersen, M.S.J. Simmonds, Phytochemistry 62 (2003) 121.
[12] K. Miura, H. Kikuzaki, N. Nakatani, J. Agric. Food Chem. 50 (2002) [21] C.R.L. Wellwood, R.A. Cole, J. Agric. Food Chem. 52 (2004) 6101.
1845. [22] J.P. Yuan, H. Chen, F. Chen, J. Agric. Food Chem. 46 (1998)
[13] E.N. Frankel, S.W. Huang, R. Aeschbach, E. Prior, J. Agric. Food Chem. 2651.
44 (1996) 131. [23] M.J. del Bano, J. Lorente, J. Castillo, O. Benavente-Garcia, J.A. del Rio,
[14] F. Areias, P. Valentao, P.B. Andrade, F. Ferreres, R.M. Seabra, J. Agric. ~ A. Ortuno, K.W. Quirin, D. Gerard, J. Agric. Food Chem. 51 (2003)
Food Chem. 48 (2000) 6081. 4247.
[15] M.E. Cuvelier, C. Berset, H. Richard, J. Agric. Food Chem. 42 (1994)[24] M.A. Thorsen, K.S. Hildebrandt, J. Chromatogr. A 995 (2003) 119-
665. 125.

[16] S.S. Herodez, M. Hadolin, M. Skerget, Z. Knez, Food Chem. 80 (2003)25] S. Munne-Bosch, S. Nogues, L. Alegre, New Phytol. 144 (1999) 109.
275. [26] C. Vetuschi, G. Ragno, Anal. Lett. 35 (2002) 559.



	Fast high performance liquid chromatography and ultraviolet-visible quantification of principal phenolic antioxidants in fresh rosemary
	Introduction
	Experimental
	Materials
	Sample preparation
	Instrumentals
	Chromatographic conditions
	Statistical analysis

	Results and discussion
	Conclusions
	Acknowledgments
	References


