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ABSTRACT: Genus Origanum is an aromatic plant used in folk medicine and as a culinary herb,
whose composition of volatile compounds is influenced by the type of species and geographical
locations. This research evaluates the effect of altitude on the composition of volatile compounds
and the contents of carvacrol and thymol of Origanum x majoricum Cambess and Origanum
majorana L. Fifty samples of both species were recollected from different altitudes (2,500 — 3,500 MASL)
of the Southern PerG and analyzed by solid-phase microextraction integrated to gas
chromatography-mass spectrometry. The principal component analysis was used to differentiate
the plants rich in thymol and carvacrol. Peruvian oregano presented 30 different volatile compounds
between some monoterpenes (>30%) and some sesquiterpenes (>5%). The thymol and carvacrol
contents of O. majorana and O. majoricum varied between 0.38 and 16.47% and 0.44 and 11.16%,
respectively. Interestingly an inverse correlation of the concentration of thymol and carvacrol with
their precursors (p-cymene and y-terpinene) was also observed. Altitudes between 3,000 and 3,200 MASL
favors the high proportions of volatile compounds. The data obtained contribute to planning programs
for the selection of species and agricultural conditions that allow obtaining a better quality of
oregano essential oil.
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INTRODUCTION

Species of the genus Origanum (tribe Mentheae,
Labiatae family), commonly named “oregano” are
aromatic plants widely distributed in several countries of

Origanum

majorana;  Volatile  compounds;

Latin American. Brazil, Mexico, and Per( present the highest
production of this crop reaching 7,500; 6,000 and 4,000
tons/year; respectively [1]. Oregano
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is used as a culinary ingredient worldwide due to its
sensorial attributes and preservation effects [2]
Additionally, due to its bioactive potential,
pharmaceutical industry has shown interest in this vegetal
raw material [3,4].

Genus Origanum is characterized by its high
morphological and chemical variability which has given
rise to a confusion in its correct taxonomic identification
[5]. Origanum x majoricum Cambess and Origanum
majorana L. are two species of the forty-nine species
identified to date, whose essential oil content can vary
between 6 and 10 mL per 100 g dry weight [6]. This
essential oil is located in glandular trichomes of the leaf,
which consists of various volatile compounds, alcohols,
esters and aromatic substances [7]. The volatile
compounds such as monoterpenes, sesquiterpenes, and
oxygenated derivatives are responsible of the aroma and
antioxidant properties of these species [8,9]. The species
of Origanum are characterized by have a high
concentration of hydrocarbon and oxygenated terpenes
(> 50% peak area), followed by some sesquiterpenes
(between 5 and 15% peak area) and a low proportion
of phenolic terpenes (<5% peak area) [10]. Interesting, these
species accumulates important concentrations of phenolic
monoterpenes deriving from the cymyl-pathway (mainly
carvacrol and thymol and their biosynthetic precursors
y-terpinene and p-cymene) [11]. These compounds are
responsible of the characteristic aroma of oregano and
additionally  they  have important antioxidant,
antimicrobial, expectorant, antispasmodic and
antibacterial effects [12, 13]. However, the content of
the volatile compounds may vary according to the area,
the climate and the harvest season [14]. Additionally,
the flowering stage is characterized because during this
period Origanum presents the highest concentration of
volatile compounds [15].

Different methods can be used to obtain volatile
compounds; these include steam distillation, Soxhlet
extraction, simultaneous distillation-extraction, supercritical
fluid extraction, and Solid-Phase Micro Extraction (SPME).
In this sense, SPME allows absorbing volatile compounds
without ~ promoting  the  oxidation,  hydrolysis,
and isomerization of monoterpenes and sesquiterpenes
due to the low extraction temperatures (~40 °C) [16, 17].
However, the wuse SPME could present some
disadvantages such as the low affinity and adsorption
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to volatile compounds due to the limited presence of active
sites in the fiber, decreasing their recovery [18].
Subsequently, all these compounds can be identified
by gas chromatography and mass spectroscopy [19].

The principal components analysis (PCA) is a
mathematical algorithm that reduces the dimensionality
of the data at two principal components, along which
the variation in the data is maximal [14]. This technique
has been used to correlate volatile compounds
(e.g., thymol and carvacrol) with the species of Origanum

Currently, there are not many reports about the
effect of altitude and type of species on the content of
volatile compounds present in the species of
Origanum. This information is critical to develop
feasible strategies which ensure the production of
oregano with high contents of thymol and carvacrol.
The present work identified the volatile compounds
of two species (Origanum xmajoricum C. and
Origanum  majorana L.) by solid phase
microextraction-gas chromatography-mass
spectroscopy (SPME-GC-MS) and evaluated the
existence of some correlation between the content
of these compounds (thymol and carvacrol) and
the geographical distribution (altitude).

EXPERIMENTAL SECTION
Samples

Fifty fresh samples (whole plant) of Origanum
x marjorana C. and Origanum majuricum L. were collected
during the flowering phase in March 2015,
from different locations of the district of Torata, Region
Moquegua from southern Peru, placed between 2500
and 3500 MASL (meters above sea level) (Table 1 and Fig.
1). After collection, all the samples were transported
in microperforated paper and placed under shade (15 °C)
for further chemical analysis.

Identification of volatile compounds by SPME and
GC-MS

Volatile compounds of oregano samples were
absorbed in a triple SPME fiber of CARBOXEN / DVB /
PDMS (Sigma Aldrich, Steinheim, Germany) with
a thickness of 50/30 pm. Before each analysis, the fibers
were activated at 260 °C for 30 minutes, following
the manufacturer's instructions. Then ~ 6 g of sample
were placed in a glass chamber of 500 mL volume conditioned
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Table 1: Zones where O. x majoricum and O. majorana L. were recollected.
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@ample N Site collection Code g::g,?g;n(j r? Q/II“Atg(Ij_e) Sample N° collseiéfion Code g:;(;?gtrin(j r(]: E?\\/II“Atg(Ijj
1 Torata T1 O. x majoricum 3403.8 26 San June S10 O. majorana L. 3173
2 Torata T2 O. x majoricum 3405.5 27 San June S11 O. x majoricum 3144
3 Torata T3 O. majorana L. 3403.6 28 San June S12 O. x majoricum 3206
4 Torata T4 O. majorana L 3406.7 29 San June S13 O. majorana L. 3194
5 Torata T5 O. majorana L. 3410.4 30 San June S14 O. majorana L 3231
6 Torata T6 O. majorana L 3385.5 31 San June S15 O. majorana L. 3219
7 Torata T7 O. x majoricum 3384.9 32 San June S16 O. majorana L 3278
8 Torata T8 O. x majoricum 3435.4 33 San June S17 O. x majoricum 3342
9 Torata T9 O. x majoricum 3463.7 34 San June S18 O. x majoricum 3380
10 Torata T10 O. majorana L. 3473 35 San June S19 O. x majoricum 3371
11 Torata T11 O. majorana L 3482 36 San June S20 O. x majoricum 3376
12 Torata T12 O. majorana L 3413.2 37 San June S21 O. x majoricum 3402
13 Torata T13 O. majorana L. 3428.3 38 San June S22 O. x majoricum 3418
14 Torata T14 O. majorana L 3402 39 San June S23 O. x majoricum 3414
15 Doce quebradas D1 O. majorana L 2173.7 40 San June S24 O. x majoricum 3389
16 Doce quebradas D2 O. majorana L. 21745 41 Otora 01 O. x majoricum 3472.02
17 San June S1 O. majorana L 3184.8 42 Otora 02 O. x majoricum 3463.25
18 San June S2 O. majorana L 3185.5 43 Otora 03 O. x majoricum 3441.26
19 San June S3 O. majorana L 3183.6 44 Otora 04 O. x majoricum 3445.24
20 San June S4 O. x majoricum 3176.7 45 Porobaya P1 O. x majoricum 2612.2
21 San June S5 O. x majoricum 3170.4 46 Porobaya p2 O. x majoricum 2621.2
22 San June S6 O. x majoricum 3205.5 47 Porobaya P3 O. x majoricum 2763.8
23 San June S7 O. x majoricum 3304.9 48 Porobaya P4 O. x majoricum 2734.9
24 San June S8 O. majorana L. 3135.4 49 Porobaya P5 O. x majoricum 2735.7

k 25 San June S9 O. majorana L 3063.7 50 Porobaya P6 O. x majoricum 2612.&

*MASL: meters above sea level.

with 3 entrances for the SPMEs. The chamber by GC-MS using the following method: i) Program

was equilibrated at 40 °C in order to saturate it with
the volatile compounds. After that, the SPMEs were exposed
to the chamber (~ 15 min) to capture the volatile
compounds. The analysis was done directly on dry
material without grinding and the SPME fiber captured
the volatilized compounds in the headspace
of the chamber. Subsequently, the fibers were heated at
260 °C for 5 min in the gas chromatograph injector to desorb
the volatiles. The desorbed compounds were analyzed
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temperature of the oven: 40 ° C for 2 minutes. 40 - 150 °C
at 5 °C/min, 150 - 170 °C at 10 °C/min, 170 -250 °C
at 30 °C/min and at 250° C for 2 minutes; ii) Flow:
0.9 mL / min; iii) Injector temperature: 260 °C; iv) Flow
division mode: Splitless (without division); v) A column
HP-5ms ((5% -phenyl) -methylpolysiloxane) of 30 m long
with 0.25 mm internal diameter and 0.25 pm thick
stationary phase; vi) Equipment and detector: Agilent
7890B chromatograph with MultiMode Injector (MMI)
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Fig. 1: Site collection of the district of Torata, Region
Moquegua — Per.

and selective quadrupole mass detector, Agilent 5977C
with electron ionization at 70eV.

For the identification of volatile compounds, we used
the NIST 2011 mass spectrums library, laboratory
standards and the comparison of linear retention indexes.
The purity was further evaluated using the AMDIS
mass spectral deconvolution software version 2.68.
The quantification of % areas under the peaks of
the chromatogram was made with the help of the Chem
Station program version F.01.00.1903 of Agilent.

For each compound obtained, the experimental
retention index was calculated from a sample of
calibration standards of linear alkanes (C8 to C20 -
Sigma-Aldrich). Also, to verify the identity of the
compounds, the retention times and fragmentation
profiles were compared with the respective standards.

Statistical Analyses

Principal Component Analysis (PCA) was applied
using the following variables such as y-terpinene, p-
cymene, thymol, and carvacrol to provide an overview of
the ability to associate groups according to the volatile
compounds of the different geographic zones of
collection and spices of Origanum. Windows 4.0
statistical software (Statpoint Technologies, Inc.,
Virginia, USA) was used for this analysis
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RESULTS AND DISCUSSION

Fifty individual plants (twenty-nine from O. x
majoricum and twenty-one from O. majorana L.)
were analyzed to identify their volatile compounds. Additionally,
the effect of the altitude (msnm) on the thymol and
carvacrol content of samples was determined by PCA.

Identification of volatile compounds in spices of
oregano

Thirty different volatile compounds were identified in
fifty samples of O. majorana L. and O. x majoricum
collected from different sites of Moquegua Region (Table
1 and Fig. 1). Then, the compounds were classified
according to their chemical structure such as
monoterpenes hydrocarbons, oxygenated monoterpenes,
sesquiterpenes hydrocarbons and phenolic monoterpenes
(Table 2 and Supplementary material).

O. majorana L. presented between 0.09 and 18.08%
of monoterpenes hydrocarbons, with majority presence of
a-terpinene (>5%) and p-cymene (>4%). Oxygenated
monoterpenes were determined in a range between 0 and
20.33% with predominance of linalool (>15%). Phenolic
monoterpenes content varied between 0.01 and 16.47 %
presenting an inversely proportional relationship between
thymol and carvacrol. Contrary, the content of
sesquiterpenes hydrocarbons was relatively low between
0.02 and 8.07%.

On the other hand, O. x majoricum samples contained
lower amounts of monoterpenes hydrocarbons (<12.9%)
and phenolic monoterpenes (<11.5%) compared to O.
majorana L. samples (~21%), while the content of
sesquiterpenes hydrocarbons was similar in both species
(Table 2 and Supplementary material).

The variation between volatile compounds observed
in O. majorana L and O. x majoricum could be associated
to the different metabolic pathways of the cymyl-
compounds (p-cymene, y-terpinene, thymol methyl
ether, carvacrol methyl ether, thymoquinone, thymol
and carvacrol), sabinyl-compounds (sabinene, trans-/cis-
sabinene hydrate) and linalool/acyclic linalyl acetate [11].
These metabolic pathways are known as mevalonic acid
(MVA) and methylerythritol phosphate (MEP).
The MVA pathway gives rise to volatile sesquiterpenes,
while the MEP pathway provides precursors to volatile
hemiterpenes, monoterpenes and diterpenes [20].
Additionally, the composition of volatile compounds
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Table 2: Volatile compounds identified in some samples of Origanum, whose percentage of phenolic monoterpenes is > 10%

/ % peak area \

Compounds Tr LRI O. majorana L. O. x majoricum

T10 S3 S13 S15 S18 S23 S7 P6

Monoterpenes hydrocarbons

a-thujene 7.78 920 1.37 1.02 0.86 0.65 0.91 1.03 1.08 1.27

o -pinene 7.96 926 0.20 0.20 0.19 0.17 0.22 0.22 0.20 0.28
sabinene 9.18 968 2.93 211 1.30 117 1.80 201 2.10 2.56

B -myrcene 9.76 989 1.70 151 1.04 0.80 1.52 1.38 1.03 1.26
a -phellandrene 10.12 1001 1.00 1.00 0.84 0.76 0.62 0.77 0.45 112
a -terpinene 10.52 1014 4.50 4.77 3.31 2.76 3.78 4.13 2.66 4.39
p-cymene 10.79 1022 9.24 3.84 2.06 3.08 3.92 224 1.39 4.93
(2)-p-ocimene 11.22 1036 1.59 2.03 1.55 1.74 2.61 2.39 1.18 0.36
(E)- B-ocimene 11.53 1047 0.49 0.65 0.67 0.63 2.19 1.73 0.55 0.28
y -terpinene 11.87 1058 9.06 8.95 6.01 0.36 0.70 0.63 5.18 6.54
limonene 10.90 1026 4.34 3.28 1.98 5.37 8.42 7.37 1.55 2.98
terpinolene 12.73 1085 1.69 181 1.44 1.28 1.49 1.68 1.04 1.89

Oxygenated monoterpenes

1-octen-3-ol 9.41 977 0.34 0.42 0.26 018 034 | 046 0.37 0.33
cis-sabinene hydrate | 12.09 1064 1.94 1.86 1.42 1.78 253 | 1.99 1.58 1.86
”a”ﬁ;j"“rgitge”e 13.11 1097 . . . - - - - .
linalool 13.14 1100 17.89 16.62 10.70 11.37 1832 | 1845 | 2043 | 1558
terpinen-4-ol 15.47 1179 451 5.85 5.80 7.04 6.68 3.69 2.81 9.03
a -terpineol 15.84 1191 2.42 2.80 2.80 2.72 305 | 242 3.02 -
thymol methyl ether | 17.09 1236 3.23 3.76 4.60 4.48 2.99 421 4.22 2.96
car"acert?]'errnethy' 17.34 1246 4.66 5.04 5.94 6.11 562 | 612 6.45 531
Linalyl acetate 17.69 1259 6.86 8.16 10.93 1.83 087 | 056 | 11.75 | 759
thymoquinone 17.51 1251 0.64 0.66 1.14 6.21 9.81 10.11 0.46 0.54
Phenolic monoterpenes
thymol 18.72 1295 10.11 10.06 13.54 16.47 960 | 1000 | 11.16 | 1152
carvacrol 18.96 1303 118 0.38 055 0.83 047 | 047 0.44 111

Sesquiterpenes hydrocarbons

caryophyllene 22.14 1422 431 6.05 8.07 7.42 471 7.66 8.52 597
Aromadendrene 22.61 1441 0.46 0.81 2.25 1.22 0.77 1.16 1.80 0.77
humulene 22.98 1455.2 0.59 0.90 1.59 1.48 0.72 112 1.32 0.48
alloaromadendrene 23.15 1462.4 1.95 0.11 0.26 0.21 0.11 0.12 0.15 0.22
o -muroleno 24.06 14.98.9 0.21 3.95 7.34 6.63 3.96 521 6.35 2.96
f3-bisabolene 24.31 1510.3 0.00 0.15 0.34 4.26 0.10 0.16 0.14 0.16

The values (relative peak area percent) represent averages of three determinations. LRI: Linear retention index relative. Tr: retention time (min)
relative to standard mixture of n-alkanes.
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Fig. 2: Thymol and carvacrol content in the samples recollected.

present in the essential oil of can vary depending on the
species type, agricultural practices, soil type, climatic
conditions and harvest time.

T10, S3, S13 and S15 for O. majorana L. and S18,
S23, S7 and P6 for O. x majoricum presented the highest
content (>10%) of phenolic monoterpenes (Table 2).
These compounds play a key role
in the aroma and bioactive properties of the essential oil
of oregano [17,21]. Nevertheless, it is important to mention
that phenolic monoterpenes such as thymol and carvacrol
are also considered oxygenated monoterpenes due to
the presence of oxygen in their chemical structure which
could explain their antioxidant properties [22].

Analysis of the thymol and carvacrol content

The samples of O. majorana L. presented relative
higher concentrations of thymol (from 4.28 to 16.47%)
compared to O. x majoricum samples (from 2.05 to 11.52 %).
The content of carvacrol was low in both species
(< 7% and < 4% respectively), however only the samples
de O. x majoricum (O1, O2 and 0O4) showed high
proportions of carvacrol (from 4.21 to 7.91%) with
respect to thymol (Fig. 2a & 2b). Because of the high
amount of thymol presents in both species, these
can be considered an attractive raw material for food,
pharmaceutical and cosmetic industries [23].

The inverse relation found between the contents of thymol
and carvacrol could be associated to the fact that these volatile
compounds present different precursors (p-cymene and
a-terpinene for thymol and carvacrol, respectively) [24,25].
The low concentrations of carvacrol detected both in
O. x majoricum and O. majorana L. samples can be associated
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with a decreasing in the a-terpinene content (Table 2) cause
by a phenomenon of oxidation and hydroxylation of
p-cymene [26]. Samples of O. x majoricum and O. majorana
L. showed high proportions of p-cymene and y-terpinene
(> 15%). The low temperatures in fall would reduce
the hydrolase enzyme activity resulting in an accumulation
of p-cymene and y -terpinene [27].

PCA 1 and PCA 2 analyses of O. majorana L.
explained the 75.96% of the variability of the results with
50.14 and 25.82% respectively. PC1 and PC2 allowed
to separate the plants rich in thymol and carvacrol,
respectively. Only S9 showed high concentrations in both
compounds. With respect to O. x majoricum, the PCA 1
and PCA 2 explained the 82.14% of the variability of the
results with 62.02 and 20.10% respectively. Only O4, 02
and O1 samples were rich in carvacrol. Additionally, both
for O. majorana L. and O. x majoricum; PCA clearly
distinguished the inverse correlation between thymol
and carvacrol and their respective precursors (Fig. 3a & 3b).

Effect of the altitude on thymol and carvacrol content

Depending on the geographic altitude differences
in the content of thymol and carvacrol in O. x majoricum
and O. majorana L. were observed (Fig. 4a & 4b).
Altitudes between 3,000 and 3,200 MASL promoted
important concentrations of thymol and carvacrol
between 16.4% and 7.9 %, respectively. On the other
hand, altitudes above 3200 MASL reduced their
presences. This behavior was reported in other studies
which found the positive effect of altitude on the content
of thymol and carvacrol in oregano grown between
100 and 2,500 MASL [27,28].
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Fig. 3: Principal components analysis (PCA) that groups the zones according to their thymol and carvacrol content.
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CONCLUSIONS

Species of O. x majoricum and O. majorana L.
showed a wide diversity in the composition of volatiles,
with important amount of thymol (>11 % and > 16%
respectively) and low concentrations of carvacrol
(from 0 to 4.62 %and from 0 to 7.9 %, respectively). The
variability in the composition was probably caused by
differences in the geographical area of collection
(altitude) as well as the spice types. Additionally, samples
collected at altitudes between 3,000 and 3,200 MASL
showed the highest content of thymol and carvacrol
(between 16.4% and 7.9 %, respectively). Thus,
the microclimatic variation might act as an important
force in the selection of specialized genotypes to obtain
a good quality essential oil.
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% peak area

~

Compounds Tr LRI

T1 T2 T3 T4 T5 T6 T7 T8 T9 T10
Monoterpenes hydrocarbons
a-thujene 7.78 920 1.16 1.23 1.10 1.06 1.23 1.65 2.02 161 2.22 1.37
a-pinene 7.96 926 0.17 0.21 016 | 019 | 017 | 019 | 0.20 0.24 0.46 0.20
Sabinene 9.18 968 231 247 1.93 256 | 234 | 276 | 379 3.50 4.56 2.93
B-myrcene 9.76 989 141 1.33 177 1.84 1.62 1.59 191 1.62 1.42 1.70
a —phellandrene 10.12 1001 111 146 | 213 150 | 3.81 334 1.18 147 0.98 1.00
o —terpinene 10.52 1014 4.69 5.24 7.40 5.40 11.79 | 12.86 | 6.30 7.36 551 4,50
p-cymene 10.79 1022 2.70 231 5.80 5.99 7.07 7.56 9.03 9.46 5.06 9.24
Limonene 10.90 1026 291 340 | 454 | 442 7.28 6.89 | 5.05 5.05 424 | 434
(2)- p — ocimene 11.22 1036 2.03 1.74 0.92 1.70 1.85 0.69 1.08 1.04 1.30 1.59
(E)- B —ocimene 11.53 1047 0.66 | 0.59 0.51 | 0.52 0.57 | 033 | 040 0.36 0.33 0.49
y-terpinene 11.87 1058 8.11 8.34 | 10.85 9.43 16.64 | 17.66 | 12.57 12.57 10.67 9.06
Terpinolene 12.73 1085 1.87 1.96 3.32 1.95 3.57 3.98 1.98 2.25 1.73 1.69
Oxygenated monoterpenes
1-octen-3-ol 9.41 977 063 | 056 | 032 | 024 | 020 | 0.00 | 0.28 0.28 0.45 0.34
(Z)-sabinene hydrate 12.09 1064 2.12 1.62 1.34 1.72 1.05 1.40 1.86 2.33 2.07 1.94
(E)-sabinene hydrate 13.11 1097 0.00 | 0.00 | 743 | 1380 | 6.32 646 | 1570 | 16.91 0.00 0.00
Linalool 13.14 1100 10.44 | 15.63 1.16 1.14 1.59 1.00 0.73 0.66 21.63 | 17.89
terpinen-4-ol 15.47 1179 7.81 8.20 | 13.60 8.60 6.74 8.60 451 5.99 3.74 451
o —terpineol 15.84 1191 3.64 | 387 348 334 1.90 1.92 2.24 1.99 2.40 242
thymol methy! ether 17.09 1236 3.57 3.04 2.90 4.05 2.80 1.87 3.13 2.97 3.01 3.23
carvacrol methyl ether 17.34 1246 6.28 5.27 5.41 5.00 2.78 2.78 3.99 3.53 3.37 4.66
Thymoquinone 17.51 1251 0.52 0.37 016 | 038 | 019 | 011 | 0.39 0.34 0.00 0.64
Linalyl acetate 17.69 1259 1041 | 887 5.20 6.85 | 3.97 331 | 5.75 5.89 0.67 6.86
Phenolic monoterpenes
Thymol 18.72 1295 8.73 7.71 6.94 6.68 6.23 6.32 8.05 6.05 6.45 10.11
Carvacrol 18.96 1303 054 | 048 | 053 | 028 | 019 | 035 | 043 0.24 0.00 1.18
Sesquiterpenes hydrocarbons
Caryophyllene 22.14 1422 6.94 6.20 5.77 5.26 411 311 441 3.26 9.19 431
Aromadendrene 22.61 1441 117 1.10 0.59 0.54 0.57 0.31 0.45 0.30 0.35 0.46
a-humulene 22.98 145516 | 1.04 | 085 | 0.74 | 068 | 056 | 0.37 0.56 0.42 3.96 0.59
Alloaromadendrene 23.15 1462.36 | 0.13 | 0.09 010 | 0.09 | 011 | 006 | 0.08 0.06 0.78 1.95
a —muroleno 24.06 1498.88 | 4.32 3.05 1.27 176 | 0.84 | 051 1.06 0.93 0.51 0.21
k 3 —bisabolene 24.31 1510.3 0.22 0.18 0.18 0.23 0.15 0.07 0.25 0.10 2.19 0.0y

The values (relative peak area percent) represent averages of three determinations. LRI: Linear retention index relative; Tr: retention time (min)
relative to standard mixture of n-alkanes.

252

Research Article



Iran. J. Chem. Chem. Eng.

Effect of the Altitude Geographic and Species Type ...

Vol. 39, No. 1, 2020
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% peak area

~

Compounds Tr LRI
T11 T12 T13 T14 S1 S2 S3 S4 S5 S6
Monoterpenes hydrocarbons
a-thujene 7.78 920 0.44 1.75 1.95 2.25 2.20 1.53 1.02 1.28 177 0.91
a-pinene 7.96 926 0.09 023 | 0.27 036 | 030 | 029 | 020 | 0.25 0.22 0.18
Sabinene 9.18 968 0.86 274 | 315 | 381 385 | 3.18 211 | 2.39 3.53 2.13
B-myrcene 9.76 989 211 1.73 1.15 1.48 1.85 1.73 151 197 1.10 1.68
a —phellandrene 10.12 1001 5.73 1.25 113 1.32 1.82 0.81 1.00 1.28 0.81 1.65
o —terpinene 10.52 1014 12.68 | 4.78 5.67 5.43 6.84 3.79 477 5.50 5.55 8.96
p-cymene 10.79 1022 7.51 5.67 4.60 4.99 8.05 4.85 3.84 8.82 5.87 11.15
Limonene 10.90 1026 7.80 370 | 326 | 410 | 494 | 3.01 328 | 443 3.17 5.10
(2)- p — ocimene 11.22 1036 1.60 1.72 0.45 0.93 1.16 1.67 2.03 1.84 1.50 2.01
(E)- B —ocimene 11.53 1047 0.69 0.66 | 0.29 046 | 050 | 053 | 065 | 0.62 0.37 0.40
y-terpinene 11.87 1058 18.08 | 8.07 | 874 | 847 | 1205 | 8.90 8.95 | 12.40 | 10.40 | 14.26
Terpinolene 12.73 1085 4.62 1.99 2.08 1.99 2.54 1.30 1.81 1.88 1.92 3.15
Oxygenated monoterpenes
1-octen-3-ol 9.41 977 0.20 0.53 | 000 | 031 | 033 | 0.26 | 042 0.00 0.37 0.35
(Z)-sabinene hydrate 12.09 1064 0.50 191 2.27 1.68 1.84 2.15 1.86 2.39 291 2.33
(E)-sabinene hydrate 13.11 1097 0.00 0.00 | 0.00 | 000 | 000 | 0.00 | 000 | 0.00 0.00 6.96
Linalool 13.14 1100 153 17.35 | 19.10 | 16.50 | 15.64 | 20.67 | 16.62 | 13.56 | 21.82 1.73
terpinen-4-ol 15.47 1179 5.65 6.16 6.03 | 5.82 3.77 | 458 585 | 8.06 6.26 | 10.85
o —terpineol 15.84 1191 0.91 2.78 2.59 2.98 229 | 220 280 | 2.02 2.22 1.78
thymol methy! ether 17.09 1236 5.56 4.12 3.32 4.23 2.69 3.30 3.76 2.85 2.60 291
carvacrol methyl ether 17.34 1246 7.04 6.12 4.85 5.13 4.14 5.16 5.04 4.98 3.13 4.08
Thymoquinone 17.51 1251 0.00 0.37 0.40 0.37 0.44 0.57 0.66 0.82 0.66 0.74
Linalyl acetate 17.69 1259 1.86 8.93 8.41 9.01 5.62 9.14 8.16 5.94 6.51 217
Phenolic monoterpenes
Thymol 18.72 1295 5.18 6.33 7.32 7.05 9.69 8.80 10.06 | 5.72 7.72 5.12
Carvacrol 18.96 1303 0.00 041 | 046 | 025 | 042 0.67 | 038 | 0.25 0.15 0.13
Sesquiterpenes hydrocarbons
Caryophyllene 22.14 1422 6.37 5.55 6.86 5.78 3.75 5.25 6.05 5.52 4.53 431
Aromadendrene 22.61 1441 0.66 0.92 1.05 1.08 0.56 0.88 0.81 0.61 0.77 0.31
a-humulene 22.98 1455.16 | 0.57 0.68 | 0.91 0.78 | 053 | 0.74 | 090 | 0.67 0.64 0.54
Alloaromadendrene 23.15 1462.36 0.11 0.10 0.08 0.13 0.08 0.10 0.11 0.11 0.12 0.12
a —muroleno 24.06 1498.88 | 0.84 | 2.37 238 | 2.22 159 | 311 | 3.95 | 218 2.37 0.90
3 —bisabolene 24.31 1510.3 0.17 0.15 0.11 0.14 0.14 0.18 0.15 0.12 0.11 0.58
The values (relative peak area percent) represent averages of three determinations.
LRI: Linear retention index relative; Tr: retention time (min) relative to standard mixture of n-alkanes.
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% peak area \

Compounds Tr LRI

S7 S8 S9 S10 S11 S12 S13 S14 S15 S16
Monoterpenes hydrocarbons
a-thujene 7.78 920 1.08 1.66 141 0.93 1.35 2.10 0.86 1.10 0.65 1.03
a-pinene 7.96 926 0.20 0.19 0.26 0.25 0.30 0.32 0.19 0.21 0.17 0.15
Sabinene 9.18 968 2.10 2.67 2.70 1.85 2.46 3.55 1.30 2.29 117 2.08
B-myrcene 9.76 989 1.03 1.62 1.20 1.35 1.19 1.44 1.04 1.35 0.80 1.08
o —phellandrene 10.12 1001 0.45 111 0.83 1.33 0.86 1.86 0.84 0.78 0.76 1.01
o —terpinene 10.52 1014 2.66 4.36 4.79 6.19 431 7.25 331 3.96 2.76 5.03
p-cymene 10.79 1022 1.39 2.67 2.83 4.44 291 9.02 2.06 7.52 3.08 7.35
Limonene 10.90 1026 1.55 2.95 2.54 3.63 2.69 531 1.98 2.98 1.74 3.57
(2)- B — ocimene 11.22 1036 1.18 1.83 1.64 1.62 1.68 181 1.55 0.86 0.63 0.87
(E)- B —ocimene 11.53 1047 0.55 0.91 0.61 0.58 0.62 0.64 0.67 041 0.36 0.37
y-terpinene 11.87 1058 5.18 7.39 9.04 11.01 8.24 11.76 6.01 8.53 5.37 9.17
Terpinolene 12.73 1085 1.04 1.84 1.69 2.18 1.61 2.84 1.44 151 1.28 211
Oxygenated monoterpenes
1-octen-3-ol 9.41 977 0.37 0.36 0.31 0.24 0.36 0.51 0.26 0.26 0.18 0.18
(Z)-sabinene hydrate 12.09 1064 1.58 157 211 221 2.08 2.85 142 2.30 1.78 247
(E)-sabinene hydrate | 13.11 1097 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Linalool 13.14 1100 20.43 | 1493 | 20.33 14.68 20.13 13.97 10.70 19.81 11.37 14.31
terpinen-4-ol 15.47 1179 2.81 4.24 0.05 7.82 3.63 8.65 5.80 5.83 7.04 9.48
o —terpineol 15.84 1191 3.02 2.78 431 294 2.49 1.85 2.80 2.62 2.72 294
thymol methyl ether 17.09 1236 4.22 4.69 2.57 3.04 413 2.96 4.60 3.09 4.48 3.16
Car"afert%'err"‘*thy' 1734 | 1246 | 645 | 691 | 333 | 446 | 522 | 414 | 594 | 499 | 611 | 525
Thymoquinone 17.51 1251 0.46 0.49 4.90 0.76 0.55 0.68 1.14 0.69 1.83 0.80
Linalyl acetate 17.69 1259 11.75 9.55 0.47 8.44 9.20 3.37 10.93 9.97 6.21 6.20
Phenolic monoterpenes
Thymol 18.72 1295 11.16 8.36 10.35 8.37 8.91 4.62 13.54 6.43 16.47 7.11
Carvacrol 18.96 1303 0.44 0.35 791 0.35 0.25 0.18 0.55 0.23 0.83 0.37
Sesquiterpenes hydrocarbons
Caryophyllene 22.14 1422 8.52 7.94 0.26 4.60 6.78 414 8.07 6.85 7.42 8.55
Aromadendrene 22.61 1441 1.80 171 6.21 0.76 1.24 0.52 2.25 0.49 1.22 0.52
a-humulene 2298 | 1455.16 1.32 1.17 1.13 0.68 1.03 0.52 1.59 0.86 1.48 1.16
Alloaromadendrene 2315 | 1462.36 0.15 0.15 0.93 0.09 0.12 0.08 0.26 0.11 0.21 0.14
o —muroleno 24.06 | 14.98.88 | 6.35 471 0.11 2.79 4.98 114 7.34 2.85 6.63 1.99
k 3 —bisabolene 24.31 1510.3 0.14 0.19 417 0.17 0.13 0.73 0.34 0.21 4.26 0.21/

The values (relative peak area percent) represent averages of three determinations.
LRI: Linear retention index relative; Tr::retention time (min) relative to standard mixture of n-alkanes.
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% peak area \

Compounds Tr LRI

S17 S18 S19 S20 S21 S22 S23 S24 D1 D2
Monoterpenes hydrocarbons
a-thujene 7.78 920 1.87 0.91 1.52 0.95 0.95 0.75 1.03 1.44 1.89 1.05
a-pinene 7.96 926 0.32 0.22 0.36 0.32 0.32 0.26 0.22 0.24 0.38 0.24
Sabinene 9.18 968 3.01 1.80 2.27 221 221 1.29 2.01 2.50 3.70 2.37
B-myrcene 9.76 989 151 1.52 1.86 1.32 1.32 1.36 1.38 1.14 1.77 1.61
o —phellandrene 10.12 1001 1.68 0.62 2.04 0.92 0.92 1.27 0.77 1.59 1.58 1.12
o —terpinene 10.52 1014 6.90 3.78 6.21 455 4.55 5.76 4.13 6.81 7.01 4.85
p-cymene 10.79 1022 4.72 3.92 4.24 5.85 5.85 4.50 2.24 5.92 9.05 4.79
Limonene 10.9 1026 4.38 2.61 4.56 3.32 3.32 3.46 2.39 3.94 5.42 3.63
(2)- B — ocimene 11.22 1036 1.75 2.19 1.85 1.26 1.26 157 1.73 1.29 2.09 1.09
(E)- B —ocimene 11.53 1047 0.76 0.70 0.81 0.46 0.46 0.68 0.63 0.52 0.39 0.44
y-terpinene 11.87 1058 10.66 842 | 10.48 9.39 9.39 9.89 7.37 10.69 10.84 8.43
Terpinolene 12.73 1085 2.65 1.49 2.26 1.64 1.64 2.27 1.68 2.64 2.37 1.90
Oxygenated monoterpenes
1-octen-3-ol 9.41 977 0.34 0.34 0.27 0.27 0.27 0.32 0.46 0.26 0.97 0.26
(Z2)-sabinene hydrate | 12.09 1064 251 2.53 2.05 2.68 2.68 2.24 1.99 2.20 2.27 1.70
(E)-sabinene hydrate | 13.11 1097 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 16.01
Linalool 13.14 1100 15.27 18.32 | 10.91 20.17 20.17 12.75 18.45 14.97 14.07 1.23
terpinen-4-ol 15.47 1179 7.12 6.68 9.43 6.30 6.30 9.07 3.69 9.21 8.80 6.77
o —terpineol 15.84 1191 2.56 3.05 3.28 2.19 2.19 2.20 242 2.98 3.70 3.32
thymol methyl ether | 17.09 1236 3.42 2.99 3.12 3.59 3.59 3.69 421 3.08 334 3.78
Car"afert%'err"‘*thy' 17.34 | 1246 412 | 562 | 481 | 515 | 515 | 545 | 612 | 429 | 3.73 5.27
Thymoquinone 17.51 1251 0.56 0.87 0.69 0.49 0.49 1.03 0.56 0.46 0.16 0.31
Linalyl acetate 17.69 1259 6.98 9.81 7.27 9.07 9.07 8.87 10.11 6.89 2.65 9.05
Phenolic monoterpenes
Thymol 18.72 1295 5.54 9.60 7.96 6.33 6.33 9.18 10.00 4.40 4.28 7.70
Carvacrol 18.96 1303 0.17 0.47 0.36 0.22 0.22 0.44 0.47 1.60 0.32 0.41
Sesquiterpenes hydrocarbons
Caryophyllene 22.14 1422 5.43 471 5.04 5.90 5.90 5.22 7.66 5.23 4.87 6.63
Aromadendrene 22.61 1441 1.06 0.77 1.19 0.46 0.46 0.69 1.16 0.64 0.48 0.68
a-humulene 22.98 | 1455.16 0.79 0.72 0.70 0.79 0.79 0.69 1.12 0.70 0.55 0.95
Alloaromadendrene 23.15 | 1462.36 0.11 0.11 0.13 0.10 0.10 0.11 0.12 0.10 0.00 0.09
o —muroleno 24.06 | 14.98.88 2.25 3.96 191 2.75 2.75 2.72 521 171 1.35 3.20
k 3 —bisabolene 24.31 1510.3 0.13 0.10 0.15 0.16 0.16 0.14 0.16 0.20 0.09 0.21/

The values (relative peak area percent) represent averages of three determinations.
LRI: Linear retention index relative; Tr: retention time (min) relative to standard mixture of n-alkanes.
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Supplementary material 1A (continue): Compounds identified in the samples of Origanum

% peak area \
Compounds Tr LRI
o1 02 03 04 P1 P2 P3 P4 P5 P6
Monoterpenes hydrocarbons
a-thujene 7.78 920 241 229 | 1.23 1.24 1.54 1.83 0.76 157 1.49 127
a-pinene 7.96 926 0.34 039 | 017 | 0.20 0.30 0.37 0.22 0.23 031 0.28
Sabinene 9.18 968 3.82 427 | 214 | 272 3.57 3.98 1.72 2.74 2.83 2.56
B-myrcene 9.76 989 131 143 | 148 154 1.55 1.78 0.81 143 1.29 1.26
a —phellandrene 10.12 1001 1.59 128 | 223 | 1.74 1.19 1.19 0.57 1.57 0.87 1.12
o —terpinene 10.52 1014 6.95 739 | 7.04 6.84 6.38 5.80 3.57 6.43 4.75 4.39
p-cymene 10.79 1022 11.15 | 11.29 | 5.03 4.96 9.27 751 181 3.86 10.12 4.93
Limonene 10.9 1026 5.02 502 | 483 | 459 5.24 4.82 1.97 4.01 4.08 2.98
(2)- p — ocimene 11.22 1036 0.92 0.68 | 1.36 131 241 245 111 1.64 0.85 0.36
(E)- B —ocimene 11.53 1047 0.38 0.26 | 050 | 043 0.57 0.49 0.26 0.55 031 0.28
y-terpinene 11.87 1058 10.27 | 11.01 | 9.80 | 10.19 | 11.03 10.19 531 9.50 8.06 6.54
Terpinolene 12.73 1085 2.88 2.68 | 2.67 2.59 2.50 1.96 1.19 2.56 2.05 1.89
Oxygenated monoterpenes

1-octen-3-ol 9.41 977 0.37 0.37 | 057 | 031 0.65 0.79 0.36 0.56 0.48 0.33
(Z)-sabinene hydrate | 12.09 1064 2.28 262 | 1.33 2.01 3.53 2.33 1.36 1.99 1.98 1.86
(E)-sabinene hydrate | 13.11 1097 13.00 | 17.36 | 9.90 | 13.88 0.00 0.00 0.00 0.00 0.00 0.00
Linalool 13.14 1100 0.74 0.63 | 1.33 1.65 19.24 18.08 10.13 14.01 13.25 15.58
terpinen-4-ol 15.47 1179 2.63 213 | 981 | 3.36 6.48 6.09 2.77 7.56 9.84 9.03

o —terpineol 15.84 1191 2.90 242 | 337 | 294 0.13 2.65 1.15 2.94 3.40 -
thymol methyl ether | 17.09 1236 5.52 481 | 360 | 5.36 3.06 37 1.82 3.67 3.55 2.96
Ca“’acert‘r’]'err“ethy' 17.34 1246 020 | 016 | 558 | 019 | 470 | 558 | 235 | 589 | 595 531
Thymogquinone 17.51 1251 4.85 499 | 0.25 6.01 0.57 0.33 0.09 0.30 0.41 0.54
Linalyl acetate 17.69 1259 4.59 3.64 | 599 | 6.00 3.56 4.05 331 7.46 5.88 7.59

Phenolic monoterpenes
Thymol 18.72 1295 0.28 0.18 | 7.46 0.34 4.28 5.10 2.05 6.01 8.26 11.52
Carvacrol 18.96 1303 4.62 421 | 0.35 5.83 0.20 0.24 0.07 0.29 0.56 111
Sesquiterpenes hydrocarbons
Caryophyllene 22.14 1422 0.43 0.29 | 5.79 0.53 4.30 3.06 2.75 6.45 4.99 5.97
Aromadendrene 22.61 1441 0.58 0.52 | 0.92 0.77 0.37 0.60 0.28 111 0.53 0.77
a-humulene 22.98 1455.16 0.19 0.14 | 0.77 | 0.09 0.52 0.76 0.33 0.89 0.62 0.48
Alloaromadendrene | 23.15 1462.36 0.84 0.84 | 0.10 1.78 0.07 0.20 1.02 0.12 0.24 0.22
a —muroleno 24.06 14.98.88 0.10 0.08 | 1.99 | 013 1.45 1.92 0.04 2.89 1.54 2.96
k 8 —bisabolene 2431 1510.3 0.00 0.00 | 0.17 | 0.00 0.44 0.66 50.00 0.14 0.20 0.16/

The values (relative peak area percent) represent averages of three determinations.
LRI: Linear retention index relative; Tr: retention time (min) relative to standard mixture of n-alkanes.
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