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Abstract: The aim of the present work was to optimize the main experimental variables of a procedure using HS-SPME/GC-MS as the
analytical methodology to establish the profile of the volatile compounds present in aerial parts of Hedeoma multiflorum Benth. The
influence of the type of fiber, equilibrium time, extraction time and extraction temperature on the composition of the volatile compounds
was determined using response surface methodology (RSM), and the parameters of the models were corroborated by multiple linear
regressions. The results showed that the regression models generated adequately explained the data variation and represented the
relationships between the parameters and their responses. The optimal analysis conditions from the contour plots were established
(DVB/CAR/PDMS fiber, with a 10 min equilibrium time, 10 min extraction time, and 40°C). Under these conditions, 41 volatile
components in the whole plant were determined, which represents more than those reported using hydrodistillation.

Keywords: Hedeoma multiflorum; HS-SPME/GC-MS; Volatile organic compounds; Response surface methodology.

Resumen: El objetivo del presente trabajo fue optimizar las principales variables experimentales de un procedimiento HS-SPME/GC para
establecer el perfil de compuestos volatiles presentes en la parte aérea de Hedeoma multiflorum Benth. Se determind la influencia de las
variables tipo de fibra, tiempo de equilibrio, tiempo de extraccion y temperatura de extraccion sobre la composicion de los volatiles,
utilizando una met odologia de superficie de respuesta (RSM) y los parametros del modelo se corroboraron por regresion lineal maltiple.
Los resultados demostraron que los modelos de regresion generados explican adecuadamente la variacion de los datos y representaron
significativamente las relaciones reales entre los parametros y sus respuestas. Las condiciones dptimas de analisis fueron establecidas
(DVB/CAR/PDMS, con un tiempo de equilibrio de 10 minutos, un tiempo de extraccion de 10 minutos y trabajando a 40°C). Utilizando esta
metodologia, se determinaron 41 componentes volatiles en planta entera, mas que los reportados mediante hidrodestilacion.
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INTRODUCTION

The Hedeoma Pers. genus (Lamiaceae) includes
about 43 species of annual or perennial herbs
distributed throughout America. A species of this
genus is used in North America to prepare herbal tea
or as a spice (Viveros-Valdez et al., 2008). In
Argentina, there are three species that grow in
different environments: Hedeoma multiflorum
Benth., Hedeoma medium Epling, and Hedeoma
mandonianum Wedd. (Slanis & Bulacio, 2005), with
the first one of these known as “tomillo de las
sierras”, which is a perennial endemic herb that is
grown in dry, calcareous soils and good lighting
situations (Barboza et al., 2006). Infusions of this
herb are used in folk medicine for digestive and anti-
spasmodic purposes (Goleniowski et al., 2006).
Research studies have revealed that this aromatic
plant has in vitro antioxidant and cytotoxic properties
(Dadé et al., 2011). In addition, due its desirable
flavor, the flowers, leaves, and stems are blended
with other species, particularly llex paraguariensis,
in the manufacturing of “yerba mate” a composite
used in a traditional infusion in Argentina and
neighboring countries (Dade et al., 2009).

Different analytical methods have been
developed to determine the compounds that
contribute to flavor in plants, such as solvent
extraction and hydrodistillation, among others.
However, these methods are laborious and time-
consuming as they require a lot of samples. Also, due
to the long interval time required between sample
preparations and obtaining the essential oil, the
enzymatic degradation process that occurs during this
time period can lead to erroneous conclusions being
made about the original characteristics of the original
aroma (Mazida et al., 2005). In the literature, we
have found reports on essential oil analysis from
hydrodistillation of the aerial parts of H. multiflorum,
(Diaz et al., 2010; van Baren et al., 2010), but none
on the composition of the VOCs present in each
aerial parts.

An ideal sample preparation technique for
evaluating volatile compounds should be simple, fast,
inexpensive and compatible with a range of analytical
instrumentations. In this sense, the HS-SPME
technique provides many advantages, as it is easily
automatized, simple to manage, inexpensive to set
up, and does not use any organic solvents (Mendes et
al., 2012). As the HS-SPME mechanism is based on
the equilibrium of analytes among three phases (fiber
coating, headspace and sample), the analysis of
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headspace volatile compounds by HS-SPME is
highly affected by the vapor pressure of the volatile
compounds in the vial. Related to this, the main
variables that influence the vapor pressure and
equilibrium of the volatile components in the
headspace have been reported to be extraction
temperature, headspace equilibrium time and
extraction time (Zhang et al., 2009; Fatemi et al.,
2013). Other parameters which affect the extraction
process include fiber type, salting, pH, desorption
time, temperature and sample amount (Sousa et al.,
2006; Moreira et al., 2016). However, although an
increase in extraction temperature increases the rate
of extraction, it can decrease the distribution constant
and in addition cause a decrease in the sensitivity of
the extraction process (King et al., 2003). For these
reasons, a adequate balance between sensitivity and
extraction rate with respect to the extraction
temperature can only be achieved through an rigorous
optimization ~of the  parameters  involved
(Balasubramanian & Panigrahi, 2011).

On the other hand, response surface
methodology (RSM) allows the effects of many
explanatory variables and their interactions on the
response variables to be evaluated (Loi et al., 2010),
with it being widely used in research, in particular for
the optimization of the analysis conditions, as it
permits the optimal working conditions to be attained
from a lower number of determinations than by
performing a univariate study (Ma et al. 2013).
However, the main objective of the present work was
to optimize HS-SPME conditions for the analysis of
VOCs present in fresh aerial parts of Hedeoma
multiflorum, with the effects of the variables (fiber
type, extraction temperature, and equilibrium and
extraction time) being interpreted using a
multivariate analysis.

MATERIALS AND METHODS

Standards and materials

Standard solutions of n-alkanes Ces-Caso, linalool,
menthone, pulegone and B-caryophillene were
acquired from Sigma-Aldrich (Argentina). The
SPME fibers, Divinylbenzene/Carboxen/Polydime-
thylsiloxane  (DVB/CAR/PDMS, 50/30  um),
Polydimethylsiloxane/Divinylbenzene (PDMS/DVB,
65 um), Carboxen/Polydimethylsiloxane
(CAR/PDMS, 85 um), Polydimethysiloxane (PDMS,
100 um) and Polyacrylate (PA, 85 pum) used in this
study to extract the volatile compounds from the
samples, and also the SPME holder for manual
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sampling, were purchased from Supelco (Sigma-
Aldrich, Argentina).

Plant samples

Specimens of H. multiflorum Benth were collected in
the Sierras de Coérdoba, Argentina. A whole plant
was deposited in the Museo Boténico of the Facultad
de Ciencias Exactas, Fisicas y Naturales de la
Universidad Nacional de Cordoba (Register Number
CORD 7069).

Solid-phase microextraction

To perform this analysis, samples (100+0.1 mg) of
fresh aerial parts previously chopped up were placed
in glass vials of 20 cm3, which were sealed with
Viton septa and aluminum seals provided by Supelco
(Sigma-Aldrich, Argentina). The extraction was
performed by placing the vial in a thermostatic water
bath with a temperature accuracy of + 0.2°C
(PolyScience 8005). The SPME extractions were
carried out from the headspace (HS) of the samples,
after optimization, according to the following
conditions: DVB/CAR/PDMS (50/30 um) fiber;
equilibrium; extraction time of 10 min; and extraction
temperature of 40°C. Following volatile compound
microextraction, the fiber was then inserted directly
into the GC injector for 5 min. All extractions were
performed in triplicate. Significant differences were
determined for the results of the analysis using a
parametric ANOVA and Tukey’s test (0=0.05) on the
aerial parts separately (flowers, leaves and stems).

Gas chromatography
Analyses were performed using a gas chromatograph
Buck Scientific Model 910/310 equipped with a
flame ionization detector, a manual injection port
operating in splitless mode and a ZB-5 capillary
column (30 m x 0.25 mm ID x 0.25 pm film).

The identification of the volatile components
was performed using a gas chromatograph HP 5890
Series Il equipped with a manual injection port
operating in a splitless mode and coupled to an HP
5970 Mass Detector, with the column used being an
HP-5 capillary column (30 m x 0.25 mm ID x 0.25
um film). The mass spectrometer was operated at 70
eV, and the spectra were recorded in the range of m/z
50-550 amu in the acquisition mode "scan-full”. The
data processing system used was the HP-MS
ChemStation including database Wiley 275. The GC
conditions were: injector: 225°C; initial temperature:
40°C (5 min); final temperature: 200°C (5 min);
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heating rate: 5°C/min; and interface: 230°C. The
carrier gas in GC-FID was N2 99.99% (5 psi) and in
GC-MS was He 99.99% (5 psi).

The volatile compounds were identified by
comparing their mass spectra with library data (match
>90) and by the determination of the respective
Kovat retention index (KI), using a homologous
series of n-alkanes Cg-Cao. The retention indices were
compared with values reported in the literature for
similar chromatographic columns (NIST, 2018;
Pherobase, 2018). The percentage of individual peaks
was obtained by peak area normalization measured
without correction factors. All determinations were
performed in triplicate, and the variation coefficient
was less than 10%. Significant differences were
determined using parametric ANOVA and Tukey’s
test (0=0.05).

Optimization of the SPME conditions

The type of fiber coating which had the highest
affinity for the wvolatile compounds from H.
multiflorum was the first parameter to be evaluated in
this study, using a univariate method (Mesquita et al.,
2017). Five types of fiber coating were exposed to
the headspace from the same amount of sample
(100.0 mg), temperature (40°C), equilibrium time (10
min) and extraction time (10 min). The comparison
made for the five types of fiber coatings was based
on the total peak area (extraction efficiency) and the
number of detected peaks. Each experiment was
performed in triplicate and reproducibility (% RSD)
presented an error of less than 10% in all cases.
Significant differences were determined using
parametric ANOVA and Tukey's test (a=0.05).

The effect of three SPME independent
variables, namely, extraction temperature (xi, 30-70
°C), equilibrium time (x2, 10-60 min) and extraction
time (X3, 10-60 min) were evaluated using the
response surface methodology (RSM). A total 45
treatments were analyzed for the optimization
procedure, based on a three-factor central composite
design (CCD). The levels employed in these
experiments are listed in Table 1. The response
evaluated for all experiments was the total sum of
peak areas. The response surface model was used is
expressed by the following equation (Bezerra et al.,
2008):

V= _En + Z _S[X,‘ + &
i=1

where Y is the response value predicted by the
model; X; are independent variables (extraction
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temperature, equilibrium and extraction time); Bois a
constant; Bi is the linear coefficient, and ¢ is the
residual associated to the experiments. The statistical
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experimental design and optimization calculations

were performed using Infostat v2018 and Minitab 17

software.

Table No. 1
Variables levels used for screening for central composite design (CCD) optimization of
the extraction method by SPME of H. multiflorum

Variable

Coded variable

-1 0 +1

Extraction temperature, °C 30 50 70
Equilibrium time, min 10 35 60
Exposition time, min 10 35 60

RESULTS AND DISCUSSION

HS-SPME optimization

The comparison among the five types of fiber
coatings was based on the total peak area (extraction
efficiency) and the number of detected peaks.
According to the results obtained, the
DVB/CAR/PDMS fiber extracted a significantly
greater total peak area (p<0.05) (Figure No. 1). The

2.21E+09

1.70E+09

1.19E+094

Area

6.78E+08

number of compounds was the same in all cases, with
the extraction efficiency of the five tested fibers
having the following order (based on the results of
the ANOVA test): DVB/CAR/PDMS > PDMS > PA
= PDMS/DVB = CAR/PDMS. Thus,
DVB/CAR/PDMS was selected for the following
optimization assays and for the determination of the
volatile profile of H. multiflorum.

H

h

1.68E+08
PA PDMS

PDMS/DVB CAR/PDMS

DVB/CAR/PDMS
Fiber

Figure No. 1
Influence of the type of HS-SPME fiber coatings on the extraction efficiency of
the VOCs considering total area of the peaks
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After selecting the type of fiber coating, the
influence of extraction temperature, equilibrium time
and extraction time factors in the HS-SPME variables
was evaluated through response surface models
(RSM). The results of RSM showed that the
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estimated regression coefficients for the response
variables fitted the following equation, with the
significance of the factors being confirmed by
ANOVA (p<0.05) for all factors:

¥ =92E09 —8.3E07 X, —6.1E07 X, — 6.BE07 X3+ 2.6

Each response (Y) was assessed as a function
of the main, linear and interaction effects of
extraction temperature (x1), equilibrium time (x2) and
extraction time (x3) (R?=0.77). In this way, all the
response variables could be accurately explained by
the response-surface model as a function of the three
SPME variables studied, with the results showing
that the model was significant (F=48.7 and p<0.05).
It is also important to assess the fitted model in order
to ensure that it provides a sufficient approximation
to the results obtained under the experimental
conditions (Anderson-Cook et al., 2009). The
normality of the data was analyzed using a normal
probability plot of the residuals and taking into
account the difference between the observed values
and those predicted from the regression. It was found
that the experimental points were normally
distributed around the curve, indicating that the
normality assumption was satisfied. A determination

Residual values

3.9E+09  48E+09  5.7E409
Predicted values

@)

coefficient (R?) of 0.8623 was obtained for this
model, which indicated a good fit between the
observed and the predicted response values (Cheong
et al., 2010). The plot of the residual versus the
predicted values (Figure No. 2) revealed that the
residuals were scattered randomly around zero and
did not have outliers, because all of the values were
within the accepted range (-3 to +3) for the validation
of the model (Roriz et al., 2009). Thus, the analysis
of variance results were valid, since the model
assumptions were satisfied.

For the graphical representation of the
functions of this design, graphs which describe the
individual and cumulative effects of the variables
tested and their effect on the response were used.
Figure No. 3 shows the response surface graph in a
three-dimensional plane for the regression model
fitted to the data.

0.00E+00 2.00E+09 4.00E+09 6.00E+09 8.00E+09

Observed values

Figure No. 2
(a) Plot of the residual versus the predicted values for the validation of the Response Surface Methodology
(RSM) model; (b) Plot of observed values versus predicted ones from the RSM equation

Regression coefficients and graphs show that the high
level of these response tended to increase with
decreasing extraction temperature, equilibrium and
extraction time. The effect of the extraction time
revealed that, although a longer extraction time
favored the occupation of more sites on the fiber by
analyte molecules, a prolonged time when all sites
are occupied can cause desorption (Ma et al., 2013).

With respect to the effect of temperature, in general,
heating provides energy for analyte molecules to
overcome the energy barriers that tie them to the
matrix (Alexandrou et al., 1992). This will enhance
the mass transfer process, increase the vapour
pressure of the analytes (Ho et al., 2006), and thereby
facilitate the release of analytes into the headspace
(Zhang et al., 2009). However, in this case, the

Boletin Latinoamericano y del Caribe de Plantas Medicinales y Aromaticas/496



Vazquez et al.

concentration of total area decreases with increasing
extraction temperature (Figure No. 2). Although high
temperature is good for the release of analytes from
their matrix, it can adversely affect the adsorption of
analytes by the coating due to decrease in the
partition coefficients. Therefore less quantity is
extracted when the temperature increases (Ma et al.,

6000000000
Total area

4000000000

2000000000

Extraction time, min

(@)

6000000000

Total area

4000000000

2000000000

Total area
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2013). In our study, the final optimum conditions
predicted to result in the most desirable equilibrium
headspace concentrations for H. multiflorum volatile
compounds were found to be 10 min equilibrium
time, 10 min extraction time and 40°C extraction
temperature using a DVB/CAR/PDMS fiber.

6000000000

— =
Vaeaeray
A
-t Ve 75
Sy

4000000000

Y i
=G

2000000000

20
a0 30

Equilibrium time, min

(b)

(d)

Figure No. 3
Response surface plots of significant interaction effects on total area of (p<0.05): (a) equilibrium and
extraction time; (b) equilibrium time and temperature; (c) temperature and extraction time; (d) 3D surface
plot for total area from Central Composite Design.

Characterization of volatile compounds from
Hedeoma mutiflorum

The HS-SPME/GC-MS optimized method was
applied to the analysis of the volatile compound
profiles from H. multiflorum aerial parts (whole
plant, and flowers, leaves and stems separately).
Table No. 2 shows all identified volatile compounds,
their retention index (RI) and the relative
composition average of each compound in the
samples. A total of 47 volatile compounds were
identified in the whole plant, with pulegone (47.8%),

cis-isopulegone (14.5%) and menthone (10.8%)
being found at the greatest proportions.

The analysis of aerial parts separately
revealed some differences, with the most important
ones being that: 39 compounds were found in leaves
and flowers, and 35 in stems; flowers had a lower
menthone proportion (7.2%) than leaves (9.8%) or
stems (10.8%); leaves had less isomenthone (2.0%)
than flowers (3.8%) or stems (3.4%); and stems had a
higher proportion of pulegone (56.9%) than leaves
(52.1%) or flowers (45.1%). Some other less
important significant differences were also found.
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Table No. 2
Identified volatile compounds from H. multiflorum using HS-SPME

. Whol Flower Leav m
Chemical group Compound? plantoo/ec>2 g}ozi S ::'/izgs Sot/gzyss RIg* RIg®
pulegone* 47.8 45.1 52.1 56.9 1250 1249
cis-isopulegone 145 134 15.0 124 1184 1181
menthone* 10.8 7.2 9.8? 10.8? 1156 1153
isomenthyl acetate 6.0 2.82 0.9° 1.2 1280 1280
isomenthone 3.0 3.8 2.0 3.4 1170 1166
neoisomenthol 15 05 ND ND 1195 1192
Oxygenated linalool* 04 0.4? 0.1° 0.2 1102 1103
monoterpenes piperitenone 0.2 0.6 0.52 0.2 1343 1339
piperitone 0.2 0.82 0.2b 0.82 1265 1264
a-terpineol 0.2 0.2 ND ND 1199 1196
menthyl acetate 0.1 0.52 0.1b 0.2v 1307 1310
piperitenone oxide 0.1 0.32 0.3% 0.1° 1373 1369
myrtenyl acetate 0.1 0.2 0.2 0.1 1323 1322
cis-limonene oxyde 0.1 ND 0.1 ND 1142 1140

Total % 85.2 75.7 81.2 86.3
limonene 0.9 3.52 2.6 1.9¢ 1030 1033
3-p-menthene 0.4 3.3? 0.1b ND 992 993
Monoterpenes a-pinene 0.3 ND 0.1 ND 933 948
B-myrcene 0.1 0.2 0.1 0.1 983 983
B-pinene 0.1 ND 0.1 ND 976 980

Total % 1.6 7.0 3.0 2.0
bicyclogermacrene 2.7 452 4.42 2.6 1499 1498
B-elemene 15 0.2 0.3 0.3 1382 1391
germacrene D 1.3 0.5° 1.42 0.8° 1490 1485
y-cadinene 1.0 0.3 0.2 0.1 1507 1511
bicycloelemene 0.9 1.72 1.72 0.9° 1333 1334
aromadendrene 0.9 15 14 13 1448 1446
a-cadinene 0.7 0.2 0.1 0.1 1540 1539
a-amorphene 0.4 1.32 0.5° 0.4° 1484 1481
d-cadinene 0.4 1.0 0.7 0.7 1523 1525
B-caryophyllene* 0.4 0.6 0.6 1.0 1427 1430
germacrene A 0.4 0.1° 0.42 0.42 1486 1484
allo-aromadendrene 0.3 0.6 0.5 0.4 1455 1450
[-cubebene 0.3 0.4 0.4 0.3 1437 1432
Sesquiterpenes a-bourbonene 0.3 ND ND ND 1391 1384
a-copaene 0.2 1.6 1.3 11 1398 1400
a-guaiene 0.2 0.4 0.3 0.2 1438 1438
a-cubebene 0.2 0.3 0.2 0.1 1349 1345
B-bourbonene 0.2 0.2 0.2 ND 1402 1407
d-selinene 0.2 ND 0.3 0.2 1493 1493
y-muurolene 0.1 0.72 0.2° 0.1° 1469 1467
ar-curcumene 0.1 0.5 ND ND 1479 1472
a-calacorene 0.1 0.1 0.1 0.03 1547 1546
isoledene 0.1 ND ND ND 1368 1373
a-ylangene 0.1 ND ND ND 1388 1387
a-selinene 0.1 ND 0.1 0.1 1491 1485
cadina-1,4-diene 0.1 ND 0.1 0.1 1539 1539
B-cadinene ND 0.5 0.4 0.3 1517 1520

Total % 13.1 17.0 15.8 11.6
Oxygenated cedrol 0.04 0.2 ND 0.06 1620 1618
sesquiterpenes farnesol 0.05 0.07 ND ND 1746 1742

Total, % 0.1 0.2 - 0.1

! Identified using NIST mass spectral database (match over 85%) and retention index (RI) agrees with literature values (Machiels & Istasse, 2003); 2
Quantified by GC-FID; 2 Different letters indicate significant differences of the ANOVA with Tukey test (p <0.05); 4 Relative retention index
calculated in relation to the retention time of n-alkane (Cs—Cao) series; ° Literature relative retention index; * Compounds also identified by
comparison with Sigma-Aldrich standards; ND: Not detected.
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Figure No. 4 shows the chromatogram from H.
multiflorum whole plant as an example over 12-32
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min and also the expanded minor peak images.
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38- u-selinene
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5- limonene

6- linalool
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9- isomenthone
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11- neoisomenthol
12- o-terpineol

19- piperitenone
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22- piperitenone oxide
23- g-ylengene
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26- a-copaene
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13- pulegone 29- B-cubebene

14- piperitone 30- a-guaiene

15- isomenthyl acetate 31- aromadendrene
16- menthyl acetate 32- allo-aromadendrene

Figure No. 4
Chromatogram from H. multoflorum whole plant over 12-32 min by HS-SPME using DVB/CAR/PDMS
fiber. The figures on the tops show enlarged minor peaks

The volatile compounds from H. multiflorum
whole plant were terpenoids, with a high percentage
of oxygenated monoterpenes  (85.2%) and
sequiterpenes (13.1%) being found. At a lower
amount, monoterpenes (1.6%) and oxygenated
sesquiterpenes (0.1%) were also observed. Based on
the chemical composition of volatiles, it can be stated
that the main biosynthetic pathways were
methylerythritol phosphate (MEP) from pituvate
(monoterpenes), and mevalonic acid (MVA) from
acetyl CoA (sesquiterpenes), which are shown in
Figure No. 5 (Dudareva et al., 2013). The chemical
structures of the main volatile compounds from H.
multiflorum and their biosynthetic routes are shown
in Figure No. 6 (Croteau et al., 2005).

Most of the identified volatile compounds
matched those reported for the essential oil of
Argentine species of H. multiflorum (Koroch et al.,
1999; van Baren et al., 2010). However, in our study,
a greater number of volatiles was identified (47 vs.
11). These results are in agreement with other
investigations, where larger amounts of volatiles

were obtained by HS-SPME in comparison with
hydrodistillation for a large variety of vegetables
(Stashenko et al., 2004). These differences were
related to the loss of volatiles due to the high
temperatures required in the hydrodistillation
process, compared to the low temperatures used in
HS-SPME (Mohammadhosseini & Nekoei, 2014;
Zanousi et al., 2016).

This pattern of chemical composition found
is in accordance with previous studies conducted on
the essential oils of this species (Koroch et al., 1999;
van Baren et al., 2010). In all cases, pulegone was the
main component, although van Baren (2010) found
that there is a great seasonal variability in the
percentage composition of volatiles, especially
pulegone, menthone and isomenthone, which are in
such equilibrium that when pulegone increases they
diminish menthone and isomenthone and vice versa.
Therefore, the differences in the percentage
composition found may be due to edaphoclimatic
factors.
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Figure No. 5
Biosynthetic routes of mono- and sesquiterpenes. Abbreviations: MVA, mevalonic acid;
MEP, methyleritritol phosphate; IPP, isopentenylpyrophosphate; DMAPP, dimethylallylpyrophosphate;
GDP, geranyldiphosphate; FPP, farnesylpyrophosphate
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Figure No. 6

Pathway of cis-isopulegone, pulegone, menthone and isomenthone biosynthesis according to Croteau et al.
(2005). Abbreviations: GDP, geranyldiphosphate; OPP denotes the diphosphate moiety
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CONCLUSIONS

The optimum HS-SPME conditions for the extraction
of volatile compounds in H. multiflorum, which
significantly ~ contributed to the multivariate
regression models using a comprehensive
experimental design, were determined in order to
study the effect of the SPME variables; namely,
equilibrium time, extraction time and extraction
temperature. The response-surface analysis showed
significant relationships (p<0.05) between the SPME
variables and the  component  headspace
concentrations, with regression equations of
relatively high R? values (>0.7). The type of fiber
coating which had the highest affinity for the volatile
compounds was evaluated using a univariate method.
Extraction using DVB/CAR/PDMS fiber; a 10 min
equilibrium time; a 10 min extraction time; and an
extraction temperature of 40°C was predicted to
result in the most favorable equilibrium headspace
concentrations for all volatile compounds in this
study. The HS-SPME optimized method, coupled
with GC analysis, was able to identify 47 VOCs in
the whole plant, which represented more than that
reported using hydrodistillation. In addition, due to
the small amount of sample needed, the VOC
composition in the aerial parts could be determined
separately  (flowers, leaves and stems). The
methodology reported here can be used for quality
control analyses of commercial samples of H.
multiflorum.

ACKNOWLEDGMENTS
This study has been carried out with financial support
from the Universidad Catélica de Cdrdoba.

REFERENCES

Alexandrou N, Lawrence MJ, Pawliszyn J. 1992,
Cleanup of complex organic mixtures using
supercritical fluids and selective adsorbents.
Anal Chem 64: 301 - 311.
https://doi.org/10.1021/ac00027a011

Anderson-Cook CM, Borror CM, Montgomery DC.
2009. Response surface design evaluation
and comparison, J Stat Plann Inference
139: 629 - 641.
https://doi.org/10.1016/j.jspi.2008.04.004

Balasubramanian S, Panigrahi S. 2011. Solid-phase
microextraction (SPME) techniques for
quality characterization of food products: a
review. Food Bioprocess Technol 4: 1 - 26.
https://doi.org/10.1007/s11947-009-0299-3

Multivariate optimization of SPME for characterization of VOCs in H. multiflorum

Barboza GE, Cantero J.J., Nufiez CO, Ariza Espinar
L. 2006. Flora Medicinal de la Provincia de
Cordoba. Ed. Museo Botanico, Argentina.

Bezerra MA, Santelli RE, Oliveira EP, Villar LS,
Escaleira LA. 2008. Response surface
methodology (RSM) as a tool for
optimization in analytical chemistry. Talanta
76: 965 - 977.
https://doi.org/10.1016/j.talanta.2008.05.019

Cheong KW, Tan CP, Mirhosseini H, Hamid NSA,
Osman A, Basri M. 2010. Equilibrium
headspace analysis of volatile flavor
compounds extracted from soursop (Annona
muricata) using solid-phase microextraction.
Food Res Int 43: 1267 - 1276.
https://doi.org/10.1016/j.foodres.2010.03.001

Croteau RB, Davis EM, Ringer KL, Wildung MR.
2005. () - Menthol biosynthesis and
molecular genetics. Naturwissenschaften
92: 562 - 577.
https://doi.org/10.1007/s00114-005-0055-0

Dade MM, Fioravanti DE, Schinella GR, Tournier
HA. 2009. Total antioxidant capacity and
polyphenol content of 21 aqueous extracts
obtained from native plants of Traslasierra
valley (Argentina). Bol Latinoam Caribe
Plant Med Aromat 8: 529 - 539.

Dadé MM, Schinella GR, Fioravanti DE,
AlfioTournier H. 2011. Antioxidant and
cytotoxic properties of an aqueous extract
from the Argentinean plant Hedeoma
multiflorum. Pharmaceut Biol 49: 633 - 639.
https://doi.org/10.3109/13880209.2010.526949

Diaz MS, Figueroa AC, Palacio L, Goleniowski ME.
2010. “In vitro” Hedeoma multiflorum Benth
propagation in response to different
nutritional conditions. Mol Med Chem 21:
17 - 20.

Dudareva N, Klempien A, Muhlemann JK, Kaplan I.
2013. Biosynthesis, function and metabolic
engineering of plant volatile organic
compounds. New Phytologist 198: 16 - 32.
https://doi.org/10.1111/nph.12145

Fatemi MH, Kouchakpour H, Malekzadeh H. 2013.
Chemometrics  optimization of volatile
organic compounds analysis in water by
static headspace gas chromatography mass
spectrometry. Hydrol Curr Res 4: 100 - 153.
https://doi.org/10.4172/2157-7587.1000153

Goleniowski ME, Bongiovanni GA, Palacio L,
Nufiez CO, Cantero JJ. 2006. Medicinal

Boletin Latinoamericano y del Caribe de Plantas Medicinales y Aromaticas/501


https://doi.org/10.1021/ac00027a011
https://doi.org/10.1016/j.jspi.2008.04.004
https://doi.org/10.1007/s11947-009-0299-3
https://doi.org/10.1016/j.talanta.2008.05.019
https://doi.org/10.1016/j.foodres.2010.03.001
https://doi.org/10.1007/s00114-005-0055-0
https://doi.org/10.3109/13880209.2010.526949
https://doi.org/10.1111/nph.12145
https://doi.org/10.4172/2157-7587.1000153

Vazquez et al.

plants from the “Sierra de Comechingones”,
Argentina. J Ethnopharmacol 107: 324 -
341.

https://doi.org/10.1016/j.jep.2006.07.026

Ho CW, Wan Aida WM, Maskat MY, Osman H.
2006. Optimization of headspace solid phase
microextraction  (HS-SPME) for gas
chromatography mass spectrometry (GC-MS)
analysis of aroma compound in palm sugar
(Arenga pinnata). J Food Comp Anal 19:
822 - 830.
https://doi.org/10.1016/j.jfca.2006.05.003

King AJ, Readman JW, Zhou JL. 2003. The
application of solid-phase micro-extraction
(SPME) to the analysis of polycyclic
aromatic hydrocarbons (PAHS). Environ
Geochem Health 25: 69 - 75.

Koroch, AR, Juliani HR Jr, Trippi VS, Juliani HR.
1999. Chemical constituents of the essential
oil of Hedeoma multiflorum Benth.
(Lamiaceae). J Essent Oil Res 11: 165 - 166.
https://doi.org/10.1080/10412905.1999.9701100

Loi CC, Boo HC, Mohamed AS, Ariffin AA. 2010.
Application of headspace solidphase
microextraction and gas chromatography for
the analysis of furfural in crude palm oil. J
Am Qil Chem Soc 87: 607 - 613.
https://doi.org/10.1007/s11746-009-1534-9

Ma QL, Hamid N, Bekhit AED, Robertson J, Law
TF. 2013. Optimization of headspace solid
phase microextraction (HS-SPME) for gas
chromatography mass spectrometry (GC-
MS) analysis of aroma compounds in cooked
beef using response surface methodology.
Microchem J 111: 16 - 24.
https://doi.org/10.1016/j.microc.2012.10.007

Machiels D, Istasse L. 2003. Evaluation of two
commercial  solid-phase  microextraction
fiores for the analysis of target aroma
compounds in cooked beef meat. Talanta 61:
529 - 537.
https://doi.org/10.1016/50039-9140(03)00319-9

Mazida MM, Salleh MM, Osman H. 2005. Analysis
of volatile aroma compounds of fresh chilli
(Capsicum annuum) during stages of
maturity using solid phase microextraction
(SPME). J Food Comp Anal 18: 427 - 437.
https://doi.org/10.1016/j.jfca.2004.02.001

Mendes B, Goncalves J, Camara. 2012. Effectiveness
of high-throughput miniaturized sorbent- and
solid phase microextraction techniques
combined with gas chromatography—mass

Multivariate optimization of SPME for characterization of VOCs in H. multiflorum

spectrometry analysis for a rapid screening of
volatile and semivolatile composition of
wines: A comparative study. Talanta 88: 79
-94.
https://doi.org/10.1016/j.talanta.2011.10.010

Mesquita PR, Nunes EC, dos Santos FN, Bastos LP,
Costa MA, Rodrigues FDM, de Andrade JB.
2017. Discrimination of Eugenia uniflora L.
biotypes based on volatile compounds in
leaves using HS-SPME/GC-MS and
chemometric analysis. Microchem J 130: 79
- 87.
https://doi.org/10.1016/j.microc.2016.08.005

Mohammadhosseini M, Nekoei M. 2014. Chemical
compositions of the essential oils and volatile
compounds from the aerial parts of Ferula
ovina using hydrodistillation, MAHD, SFME
and HS-SPME methods. J Essent Oil Bear
Plants 17: 747 - 757.
https://doi.org/10.1080/0972060x.2014.884951

Moreira N, Lopes P, Cabral M, De Pinho, PG. 2016.
HS-SPME/GC-MS methodologies for the
analysis of volatile compounds in cork
material. Eur Food Res Technol 242: 457 -
466.
https://doi.org/10.1007/s00217-016-2636-x

National Institute of Standards and Technology
NIST. 2018.
https://webbook.nist.gov/chemistry/

Pherobase. 2018. http://www.pherobase.com/

Roriz MS, Osma JF, Teixeira JA, Couto SR. 2009.
Application of response surface
methodological —approach to  optimise
Reactive Black 5 decolouration by crude
laccase from Trametes pubescens. J
Hazardous Mat 169: 691 - 696.
https://doi.org/10.1016/j.jhazmat.2009.03.150

Slanis AC, Bulacio E. 2005. Hedeoma mandonianum
(Lamiaceae) en Argentina. Bol Soc Arg Bot
40:3-4.

Sousa ET, Rodrigues FDM, Martins CC, de Oliveira
FS, de P Pereira PA, de Andrade JB. 2006.
Multivariate optimization and HS-
SPME/GC-MS analysis of VOCs in red,
yellow and purple varieties of Capsicum
chinense sp. peppers. Microchem J 82: 142 -
149.
https://doi.org/10.1016/j.microc.2006.01.017

Stashenko EE, Jaramillo BE, Martinez JR. 2004.
Comparison of different extraction methods
for the analysis of wvolatile secondary
metabolites of Lippia alba (Mill.) NE Brown,

Boletin Latinoamericano y del Caribe de Plantas Medicinales y Aromaticas/502


https://doi.org/10.1016/j.jep.2006.07.026
https://doi.org/10.1016/j.jfca.2006.05.003
https://doi.org/10.1080/10412905.1999.9701100
https://doi.org/10.1007/s11746-009-1534-9
https://doi.org/10.1016/j.microc.2012.10.007
https://doi.org/10.1016/s0039-9140(03)00319-9
https://doi.org/10.1016/j.jfca.2004.02.001
https://doi.org/10.1016/j.talanta.2011.10.010
https://doi.org/10.1016/j.microc.2016.08.005
https://doi.org/10.1080/0972060x.2014.884951
https://doi.org/10.1007/s00217-016-2636-x
https://webbook.nist.gov/chemistry/
http://www.pherobase.com/
https://doi.org/10.1016/j.jhazmat.2009.03.150
https://doi.org/10.1016/j.microc.2006.01.017

Vazquez et al.

grown in Colombia, and evaluation of its in
vitro antioxidant activity. J
Chromatography A 1025: 93 - 103.
https://doi.org/10.1016/j.chroma.2003.10.058

van Baren CM, Sanguinetti S, Lira PDL, Bandoni

AL, Juarez MA, Elechosa MA, Molina AM,
Fernandez EA, Martinez E. 2010. El aceite
esencial de Hedeoma multiflora Benth.
(Lamiaceae) de poblaciones naturales en la
provincia de San Luis, Argentina. Estudio
comparativo. Dominguezia 26: 13 - 20.

Viveros-Valdez E, Rivas-Morales C, Carranza-

Rosales P, Mendoza S, Schmeda-Hirschmann
G. 2008. Free radical scavengers from the
Mexican herbal tea “poleo” (Hedeoma
drummondii). Zeitschrift far
Naturforschung C 63: 341 - 346.
https://doi.org/10.1515/znc-2008-5-606

Multivariate optimization of SPME for characterization of VOCs in H. multiflorum

Zanousi MBP, Nekoei M, Mohammadhosseini M.

2016. Composition of the essential oils and
volatile fractions of Artemisia absinthium by
three  different  extraction = methods:
Hydrodistillation, solvent-free microwave
extraction and headspace solid-phase
microextraction combined with a novel
QSRR evaluation. J Essent Oil Bear Plants
19: 1561 - 1581.

https://doi.org/10.1080/0972060x.2014.1001139

Zhang Y, Gao B, Zhang M, Shi J, Xu Y. 2009.

Headspace solid-phase microextraction gas
chromatography—mass spectrometry analysis
of the volatile components of longan
(Dimocarpus longan Lour.). Eur Food Res
Technol 229: 457 - 465.
https://doi.org/10.1007/s00217-009-1076-2

Boletin Latinoamericano y del Caribe de Plantas Medicinales y Aromaticas/503


https://doi.org/10.1016/j.chroma.2003.10.058
https://doi.org/10.1515/znc-2008-5-606
https://doi.org/10.1080/0972060x.2014.1001139
https://doi.org/10.1007/s00217-009-1076-2

