
Characterisation of Two South American Food
and Medicinal Plants by Chemometric
Methods based on their Multielemental
Composition
Miguel A. Cantarelli,a,b Roberto G. Pellerano,b Luis A. Del Vitto,c

Eduardo J. Marchevskyb,d and José M. Camiñaa,d*
Introduction – The chemometric characterisation of two plants frequently used as food and medicinal species, Achyrocline
satureioides and Achyrocline venosa (Asteraceae: Gnaphalieae), was carried out based on their mineral composition. Both
species, known by the common name of ‘marcelas’, are very similar in their morphological features but they have different
medicinal and food properties.
Objective – To develop multivariate models for the classification of A. satureiodes and A. venosa based on their mineral content.
Methodology – The analytic determinations were made by means of inductively coupled plasma optical emission spectrometry
from aerial parts of the plants. An internal standard was used to evaluate the accuracy in the sample treatment and the
recovery of toxic elements was studied. The multivariate methods used include principal components analysis, cluster analysis
and linear discriminant analysis.
Results – Classification for both A. satureioides and A. venosa was successful in all cases using only four variables: aluminium,
iron, magnesium and sulphur content. The concentrations of the following elements were determined: Al, As, Ba, Ca, Cd, Co, Cr,
Cu, Fe, K, La, Mg, Mn, Mo, Na, Ni, P, Pb, S, Sr, Ti, V, Y and Zn.
Conclusions – This method is useful to identify both species in raw material in order to detect eventual errors of selection.
Copyright © 2010 John Wiley & Sons, Ltd.
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Introduction
Over recent years there has been a significant increase in the use
of herbal medicine. Medical doctors are also prescribing herbal
teas and herbal extracts as a supplementary type of treatment for
everyday problems caused by modern civilisation. The use of
medicinal plants in both crude and prepared forms has greatly
increased (Eisenberg et al., 1998; Yeh et al., 2002), and although
herbal remedies are often perceived as being natural and there-
fore safe, they are not free from adverse effects (Ernst, 2002 a,b).
Considering the complexity of these drugs and their inherent
biological variation, it is necessary to evaluate their safety, effi-
cacy and quality (WHO, 1991).

Achyrocline satureioides (Lam.) DC. (Asteraceae : Gnaphalieae),
known under the common name of ‘Marcela’, is a South American
plant used as traditional medicine and also in the beverage
industry. It is used in infusions because of its digestive and anti-
spasmodic properties, and its extract is the base of some bitter
drinks that are widely consumed in the region known as
‘amargos’. Many studies have been carried out regarding the
chemical composition and properties of A. satureioides (Ruffa
et al., 2002; Kadarian et al., 2002; Gugliucci and Menini, 2002; De
Souza et al., 2002, 2004; Arredondo et al., 2004; Cosentino et al.,
2008), including its relation to weight loss (Dickel et al., 2007).
Because of the extensive use of this plant, the acute toxicity of its
extract in rats was determined (Rivera et al., 2004). The properties

of its essential oils such as trypanocydal (Rojas de Arias et al.,
1995) and mosquito repellent (Gillij et al., 2008) have been
proved. In view of such evidence, A. satureioides is an important
food and medicinal resource in Argentina, and hence a priority
plant for conservation studies (Martinez et al., 2006). In contrast,
A. venosa is not known regarding its nutritional and medicinal
properties, although it can be mistaken for A. satureioides due to
the similar morphological features, and wrongly used in the
food and beverage industry. Frequently, these two species are
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harvested together for medicinal and industrial purposes,
because only an experienced botanist can distinguish them. For
this reason, it is important to find a method to identify both
plants in order to avoid errors or adulterations that can affect
human health. Furthermore, there are no reports concerning the
major, minor, trace and toxic elements in A. satureioides and A.
venosa, although such knowledge is significant considering the
wide use of these plants in South America.

The presence of heavy metals in plants may cause serious
health problems including renal failure, chronic toxicity and liver
damage (Shaw et al., 1997; Andrew et al., 2003). According to the
World Health Organisation (WHO, 1991), the concentration of
lead, cadmium, chromium and other heavy metals must be con-
trolled in medicinal plants in order to ensure their safety. Thus,
the analysis of toxic and trace elements in food and medicinal
plants has been targeted by several research groups worldwide
(Abou-Arab and Abou Donia, 2000; Lemberkovics et al., 2002;
Marchisio et al., 2005; Maiga et al., 2005; Nookabkaew et al., 2006;
Gómez et al., 2007; Kara, 2009).

For the purposes of classification, the most commonly used
multivariate calibration methods (Massart et al., 1997; Mongay
Fernandez, 2005) are:

(1) Principal components analysis (PCA)—the original data are
reduced to few new variables, known as principal compo-
nents (PCs). This approach permits the detection of several
characteristics that cannot be seen in the original data, which
can help to identify the differences within the original data
and to obtain groups or families.

(2) Cluster analysis (CA) – based on the ability to establish rela-
tionships between data using different criteria of similitude.
The use of amalgamation and distance criteria permit the
construction of a tree or dendogram that shows the possible
groups and their differences.

(3) Linear discriminant analysis (LDA)—used to confirm the clas-
sification made through PCA or CA, which are unsupervised
methods, in which the origin of grouping cannot be con-
firmed and that grouping can proceed from an unknown
source. LDA is a supervised method that uses a model (dis-
criminant equations) that can classify mathematically differ-
ent groups within unknown samples (Mongay Fernandez,
2005).

This paper discusses the multielemental composition of A. sat-
ureioides and A. venosa, including Al, As, Ba, Ca, Cd, Co, Cr, Cu, Fe,
K, La, Mg, Mn, Mo, Na, Ni, P, Pb, S, Sr, Ti, V, Y and Zn, which were
analysed by inductively coupled plasma optical emission spec-
trometry (ICP-OES), and the classification of both plants by means
of the multivariate methods PCA, CA and LDA.

Experimental
Samples

Nineteen samples of each plant population (A. satureioides and A. venosa)
were harvested from the mountains near the city of San Luis, Argentina, at
850 m above sea level, in the summers of 2007 and 2008. The species
were authenticated by comparison with herbarium samples deposited at
the Universidad Nacional de San Luis (UNSL) and identified as follows:
Achyrocline satureioides (Lam.) DC (voucher specimen: L.A. Del Vitto no.
8603) and Achyrocline venosa Rusby (voucher specimen: L.A. Del Vitto & al.
no. 6765).

Reagents

Ultrapure nitric acid was acquired from Sigma (St. Louis, MO, USA). All
standard solutions were prepared using spectroscopic grade Merck
(Darmstadt, Germany) reagents. Ultrapure water (18.2 MW cm) was
obtained using a Barnstead Easy-Pure RF compact water system
(Dubuque, IA, USA).

Sample preparation and extraction

The aerial parts of the plants were dried in a oven at 75°C during approxi-
mately 24 h until constant weight. Afterwards the material was ground
using a Wiley 3379 series grinder and passed through a sieve (0.50 mm
diameter). The powder (2.0 g) was transferred to a porcelain crucible and
5 mL of indium solution (500 mg/L) was added as internal standard to
evaluate the degree of recovery. The mixture was covered with a cap and
reduced to ashes in a furnace at 500°C for 6 h. The ashes were dissolved
with 5.0 mL of concentrated nitric acid until the evolution of gases had
stopped. Then the solution was transferred to a 50 mL volumetric flask
and completed to the mark with deonised water (Abou-Arab and Abou
Donia, 2000; Maiga et al., 2005).

Analytical procedure

The concentrations of the 24 elements and internal standard were deter-
mined by direct nebulisation using a Varian ICP-OES model ICP-OES Vista
Pro, with a Czerny-Turner monocromator, holographic diffraction grid and
a VistaChip charge coupled device (CCD) array detector. The wavelengths
(nm) used for measurement of each element are indicated in Table 1.
Calibration curves for each element were constructed in triplicate using
five different concentrations. The regression coefficient (r2) values of such
curves ranged from 0.995 to 0.999.

Software

PCA was carried out using the Unscrambler 6.11 software package
(Trondheim, Norway). Cluster analysis was carried out using the InfoStat
software package (Córdoba, Argentina). For CA, the amalgamation crite-
rion was complete linkage and the selected distance was the Euclidean
one. For LDA, the InfoStat software was also employed.

Recovery assay

In order to demonstrate the validity of the analytical procedure, a recov-
ery study was carried out. A synthetic solution containing four toxic ele-
ments (Cr, Pb, Cd and As) was prepared and added to the dried samples

Table 1. Wavelengths used for ICP-OES analysis

Element Wavelengtha Element Wavelengtha

Al 308.215 Mn 257.610
As 193.696 Mo 202.032
Ba 455.403 Na 588.995
Ca 317.933 Ni 231.604
Cd 226.502 P 213.618
Co 228.616 Pb 220.353
Cr 267.716 S 181.972
Cu 324.754 Sr 181.972
Fe 259.940 Ti 337.280
In 303.963 V 292.402
K 766.491 Y 371.031
La 398.850 Zn 213.856
Mg 279.079

a Expressed in nm.
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(2.0 g) of Achyrocline venosa (Table 2). The extraction and analyses of the
concentrations of the four elements were determined according to the
protocol described earlier and the recovery percentage was determined.

Results and Discussion
Validation and recovery

The method of standard addition is considered as a validation
method (ICH, 1994; Prichard et al., 1996; Gómez et al., 2007). The
addition of indium as internal standard serves for evaluating the
recovery percentage as well as the losses in the ashing step (Kara,
2009). In the present work, the addition of indium was performed
prior to the mineralisation step and the mean recovery value was
98.2 � 3.1% (n = 38), similar to the results reported by Abou-Arab
and Abou Donia (2000). The recovery percentages obtained in
the four-metal-recovery assay were considered satisfactory
ranging from 98.7 to 102.0 % (Table 2).

Multielement composition analysis

Monitoring of toxic metals in crop and medicinal plants is par-
ticularly important in developing countries where such plants are
essential for the diet and health of the population (Maiga et al.,
2005). Table 3 shows the concentrations of the 24 elements
analysed in A. satureioides and A. venosa.

Both plants contained high concentrations of K, Ca, Mg, P and
S. The concentrations of K, Ca and Mg were similar to those
reported previously for Hungarian herbs (Lemberkovics et al.,
2002; 16276, 6281 and 1472 mg/kg, respectively), demonstrating
that these elements are the most abundant in medicinal plants.
In contrast, the concentrations of P and S in A. satureioides and A.
venosa were smaller compared with those of Hungarian herbs
(Lemberkovics et al., 2002; mean values: 2730 and 2085 mg/kg,
respectively).

The toxic elements Pb, Cr, Cd and As were also present in A.
satureioides and A. venosa respectively, although the concentra-
tions were below the permissible limits in foods, which are 10,
120, 0.3 and 4 mg/kg, respectively (WHO, 1991). The concentra-
tions of Pb, Cr and Cd were lower in comparison with those of
medicinal plants from Egypt (Abou-Arab and Abou Donia, 2000;
mean values: 3.87, 16.01 and 1.45 mg/kg, respectively), but
similar to those of Hungarian tea (Lemberkovics et al., 2002;
<1.26 mg/kg for Pb and Cd; 3.47 mg/kg for Cr).

All the other elements were present at low concentrations.
Table 4 shows the acceptable limits for Zn, Ni, Cu and Fe (Maiga

Table 2. Validation method for the recovery of toxic ele-
ments

Initial valuea Addeda Founda,b Recoveredc

Cr 4.52 � 0.82 2.0 6.56 102.0
Pb 2.06 � 0.13 1.5 3.54 98.7
Cd 0.21 � 0.02 0.3 0.51 100.0
As 0.58 � 0.21 1.0 1.57 99.0

a Concentration in mg/kg.
b Mean value (n = 7).
c [(found-initial)/added] ¥ 100.

Table 4. Permissible limits for medicinal herbs for Zn, Ni, Cu
and Fe; and concentration ranges of Al, Ba, and Sr found in A.
satuterioides and A. venosa

Element Limit

Zn 60a

Ni 10a

Cu 40a

Fe 45b

Range
ASa AVa

Al 52–1136 223–403
Ba 56–105 26–57
Sr 39–77 26–37

a Expressed in mg/kg.
b Expressed in mg per day.

Table 3. Concentrations of major, minor, trace and toxic elements in Achyrocline venosa and Achyrocline satureioides

Plants Element concentration (mg/kg dry weight )a

Al As Ba Ca Cd Co

A. venosa 324 � 42 0.58 � 0.14 45 � 8 6044 � 364 0.21 � 0.02 0.70 � 0.16
A. satureioides 606 � 169 0.96 � 0.32 66 � 10 7448 � 51 0.16 � 0.02 0.36 � 0.08

Cr Cu Fe K La Mg
A. venosa 4.52 � 0.55 17 � 2 482 � 14 10838 � 607 0.25 � 0.08 1699 � 238
A. satureioides 3.33 � 1.38 12 � 1 639 � 22 11737 � 812 1.75 � 0.47 1438 � 280

Mn Mo Na Ni P Pb
A. venosa 108 � 6 0.99 � 0.13 148 � 16 3.12 � 0.23 1672 � 161 2.06 � 0.09
A. satureioides 152 � 16 1.07 � 0.15 166 � 23 2.12 � 0.65 1228 � 177 1.96 � 0.28

S Sr Ti V Y Zn
A. venosa 1032 � 121 31 � 3 22 � 2 1.07 � 0.16 0.17 � 0.05 39 � 2
A. satureioides 732 � 40 44 � 8 25 � 2 1.43 � 0.40 0.41 � 0.11 28 � 5

a Average � standard deviation (n = 19).
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et al., 2005) and the concentration ranges for the nonessential
elements Al, Ba and Sr detected in A. satureioides and A. venosa.
Such concentrations were similar to those reported previously for
other species (Nookabkaew et al., 2006; mean values: 1124, 59.65
and 60.29 mg/kg, respectively). In A. venosa, the concentration of
Co was two-fold higher than that of herbal teas from Thailand
(Nookabkaew et al., 2006; mean value: 0.260 mg/kg) and Turkey
(Kara, 2009; mean value: 0.23 mg/kg), whereas in A. satureioides
the concentration of Co was comparable to those detected in the
same teas. The concentration of V was similar to that found in
herbs from Thailand (Nookabkaew et al., 2006; mean value:
0.84 mg/kg) and Argentina (Gómez et al., 2007; mean value:
1.29 mg/kg). The concentration of La in A. satureioides was five-
fold higher than in medicinal tea leaves from Turkey (Kara, 2009;
mean value: 0.37 mg/kg), whereas in A. venosa the concentration

of La was similar to that found in the same tea. The concentra-
tions of Ti and Mo were higher than those reported for other
herbal medicines (Lemberkovics et al., 2002; mean values: 2.02
and <0.05 mg/kg, respectively).

Principal component analysis

The PCA model was obtained using three PCs, which can explain
99% of the original information on the variables. Through this
model, it was possible to obtain a good classification. Figure 1
shows a 3D score plot, in which A. venosa is shown on the right
(samples 1–19) and A. satureioides is shown on the left (samples
20–38). The final model was obtained using as variables the ele-
ments Al, Fe, Mg and S present in the 38 samples (19 for each
species), since their influence is higher than that of the other
elements. Figure 2 shows a 3D loading plot, which explains the
influence of original variables on the model. S had an important
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Figure 1. Three-dimensional score plot for 38 samples of Achyrocline
genus: samples 1–19 belong to A. venosa (left group); samples 20–38
belong A. satureioides (right group).
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influence on PC1, while the influence of Mg, Al and Fe was not so
great. Al, Mg and S greatly influenced PC2, whereas Fe had little
influence. Regarding PC3, Mg was the most important variable,
followed by Al and Fe; S seemed to present little influence.

Cluster analysis

The dendogram (Fig. 3) shows the classification obtained for
A. venosa (samples 1–19) and A. satureioides (samples 20–38)
using the variables Al, Fe, Mg and S. Both plants were successfully
classified.

Linear discriminant analysis

Once again, Al, Fe, Mg and S were used as variables to confirm the
results obtained with PCA and CA. The classification of Achyrocline
plants according to LDA is shown in Table 5. Sixteen samples of
each species were used for the training step, while for the predic-
tion step only three samples of each species were used. All
samples were predicted in the correct form without error for both
cases in the training and prediction steps. The canonical discrimi-
nant function obtained using the variables mentioned was D =
-20.06 + 0.01 Al + 0.02 Fe—0.02 Mg—0.01 S (Mongay Fernandez,
2005).

The present work represents a valuable contribution for the
improvement of knowledge regarding the elemental composi-
tion of A. satureioides and A. venosa. In addition, it was demon-
strated that the two species, as well as their by-products, can be
classified by three different methods according to their use as food
and medicine. Hence the methods reported can be applied in the
quality control of these plants and their derivatives, to detect
possible adulterations or to avoid mistakes in the selection of raw
materials for the beverage and phytopharmaceutical industries.
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