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Abstract. Characterization of oregano in Argentina is limited.
They are normally known with fancy names, but it is not possible to
recognize whether they are genetically equivalent or not. This paper
presents a non-volatile polyphenol study of one of the subspecies of
Origanum vulgare, O. vulgare L. ssp. viridulum (Martrin-Donos) Nyman [= O. vulgare L. ssp. virens (Hoffmannsegg et Link) Ietswart].
The polyphenols 3-(3,4-dihydroxyphenyl)lactic acid, 3,4-dihydroxybenzoic acid, caffeic acid, 4-(3.4-dihydroxybenzoyloxymethyl)phenyl β-glucoside and rosmarinic acid were isolated and identified by
spectroscopic analysis from leaves and inflorescences of classified
material. In addition, the polyphenol profile of the hydroalcoholic
extract of this oregano was developed applying high performance
liquid chromatography (HPLC) with diode array detector (DAD),
and the identified compounds were located in the profile. The observation of the instrumental UV spectra revealed that this subspecies is also rich in flavone derivatives such as apigenin and luteolin
glycosides. The profile found appears repeatedly in other samples of
the same variety with different geographic origins, while differences
were observed in profiles of other taxonomical groups of oreganos.
This chemical profile is expected to be an additional support for botanists who differentiate origanum materials, especially when most of
the plant features have been lost in the culinary herb.
Keywords: Origanum vulgare L. ssp. viridulum; Polyphenols;
Phenyl glucosides; Flavone glycosides; HPLC-DAD profile.

Resumen. La escasa caracterización de los oréganos argentinos
hace que se los denomine en general con nombres de fantasía, sin
saber si son o no genéticamente equivalentes. En este trabajo se presenta el estudio de los polifenoles no volátiles de una de las subespecies de Origanum vulgare L., O. vulgare L. ssp. viridulum (Martrin-Donos) Nyman [= O. vulgare L. ssp. virens (Hoffmannsegg et
Link) Ietswart]. De hojas e inflorescencias de material clasificado, se
aislaron y se identificaron por análisis espectroscópico los polifenoles ácido 3-(3,4-dihidroxifenil)láctico, ácido 3,4-dihidroxibenzoico,
ácido cafeico, 4 -(3,4-dihidroxibenzoiloximetil)fenil β-glucósido y
ácido rosmarínico. Además, se desarrolló el perfil analítico de los polifenoles del extracto hidroalcohólico de este orégano, aplicando cromatografía líquida de alta resolución (CLAR) y detector con arreglo
de diodos (DAD) y los compuestos identificados se localizaron en el
perfil. La observación de los espectros UV generados por el instrumento, reveló que esta subespecie también es rica en derivados de
flavonas tales como glicósidos de apigenina y luteolina. El perfil encontrado apareció repetidamente en muestras de la misma variedad
con diferentes orígenes geográficos, y a la vez presenta diferencias
con el de otros grupos taxonómicos de oréganos. Se espera que este
perfil químico sea un aporte adicional a los botánicos que diferencian
materiales de orégano, especialmente cuando la mayoría de las características de la planta se han perdido en la especia comercial.
Palabras clave: Origanum vulgare L. ssp. viridulum; Polifenoles;
Fenil glucósidos; Glicósidos de flavonas; Perfil HPLC-DAD.
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INTRODUCTION
Several taxonomic groups belonging to Origanum genus
(among species, subspecies and hybrids) have been reported as cultivated in Argentine (Xifreda, 1983; Rouquaud &
Videla, 2000). However, different reports have assigned
different botanical names to the same type of “oregano”.
That reveals not only the complexity of the genus but also
the lack of knowledge we have on taxonomic aspects of the
production (Argüello et al., 2012). In turn, fantasy names
are used for cultivated varieties without taking into account
whether they are genetically equivalent or not (Farías et
al., 2010).
In Argentina, many efforts are being done to rationalize
and improve “oregano” spice production. Growing internal
and external commercial demands require the improvement
of yields and herb quality. The Agricultural and Technology
National Institute (INTA) proposed an Oregano National
Web for agricultural studies. Cordoba University groups are
also working in the same direction (Torres et al., 2010; Argüello et al., 2012). Other valuable efforts are Germoplasm
banks which have established morphological and quality
descriptors of Origanum spp. (Farías et al., 2010). Essential
oil yield and composition have also been studied (Dambolena
et al., 2010; Farías et al., 2010), but there are few studies about
non volatile fractions of Argentine oreganos.
Many works in Origanum spp. extracts have reported antioxidant, antimicrobial, anti-inflammatory and cell damaging
preventive activities (Shan et al., 2005; Yoshino et al., 2006;
Ibrahim et al., 2010). Polyphenolic compounds have been
found to be the active principles: rosmarinic acid (Petersend &
Simmons, 2003) and other caffeic acid esters (Hu et al., 2005),
other phenolic acids, (Kikuzaki & Nakatani, 1989; Hossain et
al., 2010) and phenyl glycosides (Nakatani & Kikuzaki, 1987;
Koukoulitsa et al., 2006). Flavonoids and their glycosides
(Hussein et al., 1982; Fecka & Turek, 2008; Chatzopoulou et
al., 2010)) have been identified in different oreganos.
The main purpose of this work was to report the identity
of major polyphenolics in leaf and inflorescence extracts of O.
vulgare L. ssp. viridulum (= O. vulgare L. ssp. virens) derived
from a clone preserved in Argentine Littoral Germplasm
Bank. Botanical descriptors like leaf shape, contour and base,
calix shape and surface, floral bract size, shape and surface,
inflorescence type and location have been established as characteristic descriptors on this clone (Farías et al., 2010).
Another aim was to develop a method to recognize those
compounds in different plant materials. High performance
liquid chromatography linked with diode array detection
(HPLC-DAD) has proved to be a useful technique for herbal
identification (Cai et al., 2012). In this study each one of the
identified compounds has been located as the corresponding
peak on an optimized HPLC – DAD chromatogram of a polar extract of this oregano.
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Knowing the chemical composition of Argentine oreganos
is important to (1) make decisions about production and (2)
get quality standards in our country and worldwide. A chromatographic method was applied to find a chemical profile
that may be used both (1) as a descriptor (with complementary information for oregano variety discrimination) and (2)
to control results in managing studies (Treutter, 2010). Polyphenols have been pointed out as chemical markers in some
species and their profiles seem to be less sensitive to environmental influences than to essential oil composition (Sztefanov
et al., 2003).

MATERIALS AND METHODS
Plant material. Origanum vulgare L. ssp. viridulum (Martrin-Donos) Nyman [= O. vulgare L. ssp. virens (Hoffmannsegg
et Link) Ietswaart] was kindly provided by Ing. Agr. Otto Brutti. It belongs to the Argentine Littoral Germplasm Bank collection (Escuela Agrotécnica “Las Delicias”, Secretaría de Producción de Entre Ríos y Facultad de Ciencias Agropecuarias,
UNER). This plant material is preserved there. It was identified
as O. vulgare L. ssp. virens (Hoffmannsegg et Link) Ietswart,
according to calix shape and bract size, among other features
(Ietswaart, 1980).
Other four tested samples were bought from plant growers
in Buenos Aires province looking for descriptors established
for O. vulgare L. ssp. virens. Afterwards, they were observed
and confirmed according to calyx and bract shapes, sizes and
surfaces (Ietswaart, 1980; Farías et al. 2010). A sample of O.
vulgare L ssp. virens classified by Ing. Agr. Xifreda was provided by Dr. Beatriz Varela (Facultad de Farmacia y Bioquímica
– Universidad de Buenos Aires).
Compound isolation and identification. All chemicals
and solvents used were analytical grade. Silica gel 60 (0.0400.063 mm) (for column chromatography) and TLC Silica gel
60 F254 Aluminium sheets were obtained from Merck (Darmstadt, Germany); Sephadex LH-20 was obtained from Pharmacia Biotech (Uppsala, Sweden).
Air dried, destemming and crushed flowering buds of O.
vulgare L. ssp. viridulum were refluxed for 1 hour with H2O/
MeOH 6:4. Methanol was evaporated in vacuo and the water
residue was successively subjected to ethyl acetate and n-butanol extraction, first at pH 8, thereafter at pH 3. Ethyl acetate
extract at pH 3 was evaporated and fractionated by column
chromatography over silica gel (eluted with chloroform-ethyl
acetate – methanol continuous gradient). After comparison by
thin layer chromatography (TLC) analysis with anisaldehide/
sulfuric acid or 3% ferric chloride in methanol as chromogenic
reactives, nine main fractions were obtained. Compounds (2)
(0.075 g) and (3) (0.010 g) were purified from fraction 3 by
rechromatography. Compound (11) (0.150 g) was purified
from fraction 6. Compound (1) was isolated from more polar
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fractions (F 8) after repurification on Sephadex LH-20 column chromatography. Butanolic acid extract at pH 3 residue
was fractioned on column chromatography on silica gel (ethyl
acetate-methanol-water gradient). Compounds (11) and (1)
were also found here in the early fractions. Compound (6a)
eluted in more polar fractions. Isolation of 6a was obtained
after repurification with Sephadex LH-20 column with
methanol (0.180 g). Compound 6a (0.080 g) was acetylated
with acetic anhydride in pyridine and then purified on column
chromatography on silica gel (Hexane-chloroform gradient)
to yield 0.040 g of Compound 6b (peracetate derivative of
6a) (Fig.1).
UV spectra and absorptions were recorded on a Shimadzu
PR-1 spectrophotometer. 1H-NMR and 13C-NMR spectra
were recorded on a Bruker AC 300 NMR spectrometer (Facultad de Farmacia y Bioquímica–Universidad de Buenos Aires).
High Performance Liquid Cromatography analysis. A
HPLC Konik 500-A system with UV detection was used for
routine investigation and a HPLC WATERS ALLIANCE
2695 system (Waters Corp., MA, USA), equipped with autosampler and a Photodiode Array Detector (PDA 2996) was
used to obtain online UV spectra of each peak. The separation
was performed on a Phenomenex Luna 5 μ C18 (2) 100 A
(250 mm × 4.6 mm, 5 μm) column for both systems. The mobile phase was: (A) formic acid 0.25% in water and (B) formic
acid 0.25% in methanol. The optimized gradient elution was
95% A at 0 minute, to 75% A at 8 minutes, to 65% A at 45
minutes, to 95% A at 50 minutes, then 15 minutes to recover
its initial condition. Flow rate was 1.0 mL/min and column
was at room temperature. The detection wavelength was set
at 280 nm.
All samples were dried and torn into pieces as the commercial materials. In the optimized method, 0.300 g plant material
were extracted with 10 mL of H2O: methanol 6:4 in 60 °C
water bath during 30 minutes, then at 90 °C during 15 minutes.
Extracts were centrifugated and taken to 10 mL. An aliquot
was filtered through 0.22 μm filter before HPLC analysis.
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also compared with an authentic standard.
4-(3,4-dihydroxybenzoyloxymethyl)phenyl β-glucoside
(6a): white solid 1H-NMR (ppm, D2O): 2.7-3.5 (m, 6H,
2’’,3’’,4’’ 5’’,6’’H-glucose); 4.70-4.77 (bs, 3H, 1’’-H, methylene); 6.55-6.60 (bd, 3H,2-, 3’-, 5’-H); 6.88 (d,2H, 2’-,6’-H);
6.95-7.2 (m, 2H, 6-, 5-H), according to literature data (Nakatani & Kikuzaki, 1987; Siebl et al., 1998).
4-(3,4-dihydroxybenzoyloxymethyl)phenyl β-glucoside
(6b) hexaacetate derivative: amorphous colourless solid ,1HNMR (ppm, CDCl3): 4.15 (dd J=2.2 and 12 Hz),1H, 6’-H);
4.30 (dd, J=5.4 and 12Hz),1H, 6’-H); 5.0 (d ( J= 6.5 Hz) 1H,
1’’-H); 5.18 (t, J=9.4 Hz, 1H, 2’’-H); 5.25-5.35 (m, 2H, 3’,4’-H); 5.30 (s, 2H, methylene); 7.02 (d ( J=8.6 Hz), 2H, 3’,5’-H); 7.29 (d ( J=8.5 Hz) 1H, 5-H); 7.38 (d ( J= 8.6 Hz),
2H, 2’-,6’-H); 7.88 (d ( J =1.2 Hz) 1H, 2-H); 7.97 (dd ( J=8.5
and 1.2 Hz),1H, 6-H); 13C-NMR (ppm, CDCl3): 62.5, 71.3,
74.8, 77.9, 78.1, 102.1 (6C, glucose moiety); 67.0 (methylene); 130.7 (2 protonated aromatic C); 117.7 (2 protonated
aromatic C); 168.1 (ester carbonyl) among other signals, according to literature data (Nakatani & Kikuzaki, 1987).

1

6a R = OH
6b R = COCH3

2

3

11

4 and 7 glycosides R = OH
5, 8, 9, 10 and 12 glycosides R = H

Fig. 1. Main polyphenolics of O. vulgare L. ssp. viridulum (= O.
vulgare L. ssp. virens) hydroalcoholic extract.
Fig. 1. Principales polifenoles del extracto hidroalcóholico de O. vulgare L. ssp. viridulum (= O. vulgare L. ssp. virens).

RESULTS
Phytochemical Analysis. Compounds 1, 2, 3, 6a and 11
structures are shown in Figure 1. The results are:
3-(3,4-dihydroxyphenyl)lactic acid (1): amorphous solid,
1
H-NMR (ppm, D2O): 2.85 (dd ( J=8 y 14 Hz),1H, 7a-H) ;
3.02 (dd ( J= 4 and 14 Hz), 1H, 7b-H); 4.20 (dd ( J= 4 y 8 Hz),
1H, 8-H); 6.72 (dd,( J=1.5 and 8 Hz) 6-H), 6.75 (d, J=8 Hz,
5-H); ), 6.85 (d, J=1,5 Hz, 2-H), according to literature (Siebl
et al., 1998).
3,4-dihydroxybenzoic acid (protocatechuic acid) (2), Caffeic acid (3), Rosmarinic acid (11): TLC and HPLC chromatographic mobility and 1H- and 13C- NMR (CD3OD)),
according to literature (Siebl et al., 1998). Compound 3 was

On-line UV spectra of flavone glycosides detected: Compounds (4) and (7) showed a typical UV spectra for luteolin
derivates and compounds (5), (8), (9), (10) and (12) showed a
typical UV spectra for apigenin derivates (Mabry et al., 1970).
Liquid chromatography analysis. A typical chromatogram of Origanum vulgare L ssp. viridulum extracted under
the conditions described above is shown in Figure 2. Retention times and UV data of compounds 1 to 12 are shown in
Table 1. The repeatability and reproducibility was assessed by
analyzing extract solutions of the sample in different days.
Relative standard deviation of retention times was always beFYTON ISSN 0031 9457 (2014) 83: 179-184
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Fig. 2. Origanum vulgare L. ssp. viridulum HPLC chromatogram, under the conditions described in the text. Compounds 1, 2, 3, 6
and 11 were isolated and their structures identified spectroscopically. Compound 3 was also compared with authentic standard. Compounds 4, 5, 7, 8, 9, 10 and 12 were tentatively characterized according to DAD spectra.
Fig. 2. Cromatograma de CLAR del O. vulgare L. ssp. viridulum en las condiciones descriptas en el texto. Los compuestos 1, 2, 3, 6 y 11
fueron aislados e identificados espectroscópicamente. El compuesto 3 se comparó además con estándar. Los compuestos 4, 5, 7, 8, 9, 10 y
12 fueron caracterizados tentativamente de acuerdo a su espectro UV con arreglo de diodos (DAD).

Table 1. Main polyphenolics in O. vulgare L. ssp. viridulum hydroalcoholic extract: UV (λ max, nm) and Retention times (minutes) under
the conditions described in the text.
Tabla 1. Principales polifenoles del extracto hidroalcóholico del O. vulgare L. ssp. viridulum: UV (λ máx, nm) y Tiempos de retención (minutos)
en las condiciones descriptas en el texto.

Number

Compound

1

3-(3,4-dihydroxyphenyl)lactic acid

2

3

3,4-dihydroxybenzoic acid (protocatechuic acid)
Caffeic acid

4
5

Unknown luteolin glycoside

Unknown apigenin glycoside

Retention time
(min)

UV data
(λ max , nm)

11.039

256, 292

15.912

254 (268 sh), 348
261, 293

9.846

14.963

20.323

280

291, 323
267, 337

6

4-(3,4-dihydroxybenzoyloxymethyl) phenyl β-glucoside

22.050

8

Unknown apigenin glycoside

26.668

265 (290sh), 335

32.015

265 (290sh), 335

39.854

267, 331

7

Unknown luteolin glycoside

24.440

9

Unknown apigenin glycoside

28.738

11

Rosmarinic acid

34.689

10
12
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Unknown apigenin glycoside
Unknown apigenin glycoside

254 (268sh), 346
267, 331
288, 325
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low 5.0%, showing that samples were stable and the HPLCDAD system was reliable. Identity and purity were assessed
by comparing UV spectra of the same peak in different chromatograms with correlation over 0.985.
Polar phenolic compounds were separated with a C18 reverse phase although a mobile phase gradient was necessary to
achieve peak resolution of the complex mixture in the extract.
The chosen UV wavelength (280nm) allowed the detection of
most phenolic compounds.
In our preliminary studies, similar chromatographic profiles
were obtained in extracts run in the same conditions from plants
classified after Iestewart as O. vulgare spp. virens (Plant materials). Only slight quantitative differences could be observed on
peak areas for assays of different O. vulgare L. ssp. viridulum (=
O. vulgare L. ssp. virens) populations, but no qualitative ones, as
expected to genetic expression (Treutter, 2010).

DISCUSSION
This phytochemical study describes major polar polyphenolics of O. vulgare L. ssp. viridulum (= O. vulgare L. ssp. virens). As a characteristic of the Lamiaceae family, rosmarinic
acid (11) can be detected (Petersen & Simmonds, 2003) as well
as protocatechuic acid (2) and caffeic acid (3) ( Janicsak et al.,
1999). The compound 3-(3,4-dihydroxyphenyl)lactic acid (1),
also known as danshensu, was found in this oregano and has
been identified in salvia (Hu et al., 2005). Hydroquinone and
its β-glucoside, arbutin, could not be found in this subespecies
although they had been isolated from “native” Origanum x applii
(González & Rolando, 2005).
In UV detection, absolute concentration of compounds depends not only on the peak area but also on the particular absorption of each compound at a given wavelength (280 nm).
However, compound 6a, identified as 4-(3,4-dihydroxybenzoyloxymethyl)phenyl β-glucoside (Fig. 1, Fig. 2) was undoubtedly
one of the major compounds of the hydroalcoholic extract of O.
vulgare L. ssp. viridulum. Characteristic signals in the proton
nuclear magnetic resonance (1H-NMR) spectra of the peracetate derivative 6b (singlet at 5.20 ppm for 2H-7’, doublets at
7.02 ppm for H-3’ and 5’ and 7.38 ppm for H-2’ and 6’) support
the structure assigned (Fig. 1), together with the remaining signals in 1H- and 13C-NMR. Some phenol glucosides have been
reported in origanum (Nakatani & Kikuzaki, 1987; Kikuzaki
& Nakatani, 1989; Koukoulista et al., 2010; Rao et al., 2011).
Compound 6a was first isolated from O. vulgare L. (Nakatani
& Kikuzaki, 1987) and exhibited important antioxidant activity.
The structure can be clearly distinguished from those of the
reported compounds origanol A and B (Rao et al., 2011) which
are esters of 3,4- dihydroxybenzylic alcohol 4-O-β-glucoside.
Many phenolic compounds of O. vulgare L. ssp. viridulum are
flavone glycosides. They can be pointed out by analyzing the online UV-DAD spectra (Mabry et al., 1970) as they appear in the
optimized HPLC chromatogram. They were found to be mainly
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luteolin and apigenin derivatives (Fig. 2, Table 1). Together they
represent a significant ratio of polyphenols in this variety. Many
mono or di-glycosides of luteolin and apigenin have been reported in the genus, not only O-glycosides but also C-glycosides
(Hussain & Markham, 1981; Hossain et al., 2010). Some of them
are isomeric. The UV spectra does not offer information about the
glycosidation extent. Therefore, further HPLC-mass spectrometry studies are required to provide a more complete identification.
The profile presented in Figure 2 is characteristic of O. vulgare L. ssp. viridulum (= O. vulgare L. ssp. virens). The identified compounds were located in the liquid chromatogram by
comparing retention times and superposed UV spectra of the
compounds. Once the appropriate conditions are given, this
method allows a rapid separation and characterization of phenols from hydroalcoholic extracts of this oregano.
The same profile was also found in different samples which,
according to botanical descriptors, had been classified as O.
vulgare L. ssp. viridulum [= O. vulgare L. ssp. virens (Hoffmannsegg et Link) Ietswaart]. Otherwise, some differences in
the chromatographic profile, obtained under equal conditions,
were found in oregano samples which had been classified as
belonging to other taxonomical groups.
Further investigation is being conducted to find out whether polyphenols can or cannot be suitable chemical markers of
taxonomical groups in O. vulgare subspecies and its hybrids,
which are mainly the materials cultivated in Argentina.
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