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Abstract

Rosmarinus officinalis 1. is an aromatic plant belonging to the LLamiaceae family widely distributed in the Mediterranean area. The
interest on this species is related to the multiple uses of the plant as a food ingredient, in the pharmaceutical and cosmetic indus-
tries. The chemical composition of essential oil (EO) from 5 accessions of R. officinalis 1.., collected monthly through a full year in
Sardinia, has been studied by gas chromatography (GC) and GC-mass spectrometry technique. The EO ranged from 0.29% to
0.89%. The qualitative determinations revealed the presence of 27 compounds belonging to 6 chemical groups (hydrocarbon
monoterpene, alcohols, aldehydes, ketones, esters, hydrocarbon sesquiterpene). Overall the GC-flame ionization detector analysis
showed the presence of 7 major compounds: a-pinene (26%-28%), camphene (5%-8%), 1,8-cineole (15%-25%), borneol (5%-
11%), camphor (3%-12%), verbenone (6%-15%), and bornyl acetate (4%-7%). Chromatographic data were also subjected to a

chemometric approach that evidenced discrimination of the samples according to the site of collection.
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Rosmarinus officinalis 1. is an aromatic and medicinal plant widely
spread in the Mediterranean area. Rosemary is a well-known
shrub with a typical strong smell, belonging to the Lamiaceae
family, which includes about 3500 plant species. This evergreen
plantis very abundant in the costal region of the Mediterranean,
and it is very common in Sardinia, where wild populations have
found a specific essential oil (EO) composition.1 The interest
on this species is associated with the multiple uses of the plant:
as aromatic plant, it is well appreciated for the culinary quality
of its leaves; as shrub, it is useful as ornamental plant in garden;
finally, the high production of phenol biological compounds
and EOs made rosemary the most used medicinal and aro-
matic plant wotldwide.? Antibacterial,z"5 antifungal,6’7 antican-
cer,”” and antioxidant'"" proprieties have been found in the
EO extracted from its leaves. The production of secondary
metabolites is affected, as in many other plants,'* by environ-
mental conditions; in literature are reported examples of the
variability of both polar fraction'” and volatile organic
compounds.'®*!”

On the basis of EO composition and the principal com-
pounds characterizing the volatile fraction of rosemary, 3 prin-
cipal chemotypes can be identified'®: chemotype I, with a high
content of 1,8-cineole; chemotype II, with a content of cam-
phor >20%; chemotype III, with a content of verbenone
>15%. Conventionally the chemotypes reported above are also

called cineoliferum, camphoriferum, and verbenoniferum,
respectively. Jordan et al'® reported high variability in rosemary
EO composition in wild populations based on several environ-
mental factors. The qualitative and quantitative composition
and yield of the EO are influenced by the place of origin,"”
environmental conditions,” plant development stage,”’ and
harvest time.”> More recently, studies have reported that even
the soil type and its composition could influence the EO pro-
2 Chemical

compositional and temporal variations in rosemary EO have

file of aromatic plant in the Mediterranean area.

been reported in southern Spain.” In this case, the chemical
variability of the EO profile was deeply influenced by geo-
graphical area.*
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Table 1. Seasonal Essential Oil (EO) Yield, Water Content (%), and Dry Weight (g) of Rosmarinus officinalis Accessions Collected From 5

Sampling Sites.
Accessions Season EO yield (%) Water (o) DW
RMD1 Spring 0.41 £0.03 59.00 + 6.85 414 £ 0.62
Summer 0.78 £ 0.27 35.52 £ 12.99 6.48 £1.33
Autumn 0.69 £0.11 49.13 £ 0.11 512+ 1.22
Winter 0.45+0.13 58.60 £ 3.07 4.15%0.30
RMD2 Spring 0.29 £0.10 57.84 + 6.00 4.26 £ 0.54
Summer 0.51 £0.22 43.07 £ 7.82 5.70 £0.78
Autumn 0.43 £0.25 49.11 £9.15 5.13 £ 0.91
Winter 0.33 £ 0.14 56.77 £ 1.89 4.34 +0.21
RMD3 Spring 0.55 £ 0.04 62.08 + 7.07 3.79£0.71
Summer 0.87 £ 0.11 48.14 £ 9.61 5.20 £0.96
Autumn 0.69 £ 0.14 53.15 + 7.17 4.66 £0.73
Winter 0.47 £ 0.09 63.25 £ 2.82 3.72+0.24
RPC Spring 0.49 £0.19 60.11 + 8.49 4.00 £0.83
Summer 0.89 = 0.08 33.20 £ 11.85 6.68 £ 1.19
Autumn 0.57 £0.14 51.89 + 10.81 511+ 1.19
Winter 0.34 £ 0.02 66.87 £ 1.05 2.99 £ 0.65
RCC Spring 0.82£0.28 55.06 + 5.22 4.49 £0.53
Summer 0.87 £ 0.31 34.61 £11.82 6.55+ 1.18
Autumn 0.74 £0.20 41.99 £17.52 582+ 1.78
Winter 0.68 = 0.03 60.73 + 4.24 3.99 £0.53
Probability level of significance (ANOVA)*
Season (A) <0.0001 <0.0001 <0.0001
Accession (B) <0.0001 n.s. n.s.
AXB n.s. n.s.

n.s., not significant.
Probability of significant ANOVA results was also reported.

“The analysis of variance (ANOVA) table shows the results of a 2-way ANOVA performed using season (A) and accession (B) as factors. Means separation was
performed by Fisher’s least significant difference (LSD) procedure (P < 0.05) and the LSD value is provided.

To the best of our knowledge, no previous studies have
explored the monthly variation in EO composition of R. offici-
nalis through a full year of exploration in Sardinia. The aim of
the study is to (i) assess the influence of meteorological condi-
tion on the qualitative and quantitative composition of EO in
a specific area of Sardinia and (ii) evaluate the effect of envi-
ronmental content in the EO profiles through monthly
observations.

The seasonal EO yield, water content, and DW from rose-
mary leaves and branch and the plant origin are reported in
Tables 1 and 2. The EO yield of all 5 R. officinalis accessions
ranged from 0.29% to 0.89%. The minimum EO percentage was
found in RMD2 sample while the highest EO content was found
in RPC accession. Overall, the analyzed plants showed the

Table 2. Rosmarinus officinalis 1. Sampling Sites.

highest EO percentage in summer in all accessions. The lowest
yield is recorded in winter (RMD3, RCC, RPC) and spring
(RMD1, RMD?2). Variation in the EO content based on the
accession and the season was statistically significant (P < 0.001).
As reported by Hassanzadeh et al,”’ the phenological stage of
rosemary has a significant impact on EO production. Before and
during full flowering stages, the authors reported the highest con-
tent of EOs in rosemary plants. R. officinalis flowering is highly
associated with the environmental conditions, and in particular,
this phenological stage tends to anticipate at low altitude and near
to the sea. In the coastal area, the flowering season starts in sum-
mer and proceeds until the beginning of winter. Therefore, the
maximum EO production corresponds to the summer-autumn
petiod, while the minimum EO production is associated with the

Code Locality Habitat Altitude (m a.s.l)) Longitude Latitude

RPC Porticciolo Sea 0 40°3826.5" N 8°11'09.1" E
RCC Capo Caccia Sea 0 40°34'57.7" N 8°10'17.9" E
RMD1 Monte Doglia Hill 400 40°37'36.6" N 8°14'46.8" E
RMD2 Monte Doglia Hill 400 40°37'34.8" N 8°14'32.7"E
RMD3 Monte Doglia Hill 200 40°37'03.6" N 8°14'17.8" E
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Table 3. Climatic Condition of the Sampling Site.

Climatic conditions Spring Summer Autumn Winter
Av. Temp 13.07 £ 4.15 24.29 £2.86 17.23 £ 3.80 9.44 £ 0.81
Av. Max. Temp 15.50 £2.22 24.65 £ 1.58 2295+ 4.55 14.26 £ 0.53
Av. Min. Temp 7.24 £ 2.89 1591 £ 1.19 11.69 £ 3.20 448 £ 1.16
Max. Temp 25.94 + 4.07 36.68 + 1.55 2829 +4.21 18.35 £ 0.96
Min. Temp 1.88 £3.79 11.23 £ 8.07 6.20 £ 4.04 -1.35+0.61
Rain (mm) 43.32£5.15 15.10 = 2.86 71.89 + 31.21 53.24 £ 26.87

Spring, summer, autumn, and winter average temperatures (average, Av. Temp; maximum, Av. Max. Temp; minimum, Av. Min. Temp), maximum and minimum

temperatures (Max. Temp, Min. Temp, respectively), and rain precipitation mm were obtained from the 1991 to 2016 data series. In table are reported the

average value £ the standard deviation.

vegetative stage that occurs in winter-spring™ The effect of the
maximum temperature of summer (36.7°C £ 3.1°C) and low rain
(15.1 £7 mm), as expected, induced a significant seasonal reduc-
tion of plant water content and a parallel increased DW in all the
tested accessions (Table 3). An opposite trend was observed
during winter, where the minimum temperature and higher water
availability (based on the rain precipitation) induced a consequent
increase in water content and decrease in DW. Both water per-
centage and DW were significantly affected by the season, while
the accession did not influence these 2 parameters.

The rosemary EO composition has been reported by sev-
162951 A total of 27 compounds, belong-
ing to 6 chemical groups (hydrocarbon monoterpene, alcohols,

eral research studies.

aldehydes, ketones, esters, hydrocarbon sesquiterpene), were
identified as reported in Table 4. Seven compounds represent
the predominant chemical fraction of rosemary EO: o-pinene,
camphene, 1,8-cineole, borneol, camphor, verbenone, bornyl
acetate (Table 4). The identified principal compounds are in
agreement with the Sardinian rosemary “a-pinenc\borneol\
bornyl acetate\verbenone” chemotype previously desctibed by
Pintore et al' and later by Angioni etal.”’ Accession and season
significantly affect the EO composition of R. officinalis. Despite
the fact that these compounds are highly represented in the
EO composition, only a few of them were produced differen-
tially based on accession and season. Camphene, 1,8-cineole,
borneol, camphor, and verbenone varied according to the
accession (Table 4).

As shown in Table 4, 15 compounds are produced differ-
ently based on the genotype. 3-Pinene, y-terpinene, a-terpino-
lene, and bornyl acetate significantly varied during the 4
seasons. B-Pinene and bornyl acetate showed the maximum
production during spring, while the lowest was found in
autumn (3.1 and 0.8; 6.8 and 4.8, respectively); y-terpinene and
terpinolene showed the highest production during summer
(0.8 and 0.7, respectively), while the minimum values (0) were
found in winter and autumn, respectively.

In addition, relative percentages of a-terpinolene and
bornyl acetate are influenced by both accession and seasonal
conditions. According to these data, it seems that the accession
and environmental conditions affect the EO composition of
both the principal and minor compounds.

Data on the volatile fraction obtained by internal normal-
ization of the FID chromatograms were subjected to multi-
variate analysis. The raw matrix composed of the volatile
organic compounds was detected and all the samples were
subjected to principal component analysis (PCA). Analyzing
the loading plot is possible to evaluate which variables mainly
contain the information able to discriminate the samples (the
farther from zero) and, in contrast, which variables are mainly
involved in increasing the noise of the model (the closer to
zero). Myrcene, camphor, geraniol, a-fenchene, frans-caryo-
phyllene, and ocimene were located closer to zero in the load-
ings plot meaning that their contribution to the discrimination
was not relevant. For this reason, those variables were removed
from the dataset and a new PCA was then performed. After
PCA of the new matrix, the explained variance of the first 2
components increased to about 40%. In the score plot, the
samples resulted partially separated in 3 groups in the plane
obtained by the first 2 principal components according to the
geographical area of the plant grown (Figure 1a). The influ-
ence on the model of each variable is reported in the loading
plot; a-campholenal, zso-borneol, and ¢s-carveol are character-
istic, with respect to the other samples, of MD plants since
they are located in the area corresponding to the MD samples
in the score plot; 1,8-cineole and a-terpineol are found in high
concentration, when compared with other samples, in RPC
samples, while the RCC samples are characterized by a high
amount of linalool, borneol, #pinocarveol, and verbenone
(Figure 1b). In contrast, the chemometric approach does not
highlight any discrimination between samples collected in the
different seasons.

In conclusion, the harvesting time of different R. officinalis
accessions significantly affected the EO yield and composition.
In summer, a general higher EO yield was observed for all
accessions compared to the other seasons. Besides the yield,
the EO composition also varied based on the accession and
season. Seven compounds (x-pinene, camphene, 1,8-cineole,
borneol, camphor, verbenone, bornyl acetate) were highly pro-
duced in all seasons with a dominant presence duting summer.
In addition to the major compounds, few minor compounds
showed a significant variation based on the period of the year.
These findings will be useful to efficiently select the best
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Table 4. The Main Constituents of Essential Oil of Rosemary as Affected by Growing Location and Harvest Season.

Accession Season
Compound RMD1 RMD2 RMD3 RPC RCC Spring Summer Autumn Winter RI
Hydrocarbons
a-Pinene 284+ 117 275+93 284+54 257+75 264+79 256%45 302+10.6 269+82 264+91 938
Camphene 83+22 81+11 84%+16 50%+07 79+17 74+20 7.6%£19 77+20 75%£20 951
B8-Pinene 22+%1.2 21+15 20+£12 16108 14+£10 31%1.1 1.8£1.0 08+05 18*£006 974
B-Myrcene 1.6t1.2 1.1£05 21+11 26*x16 27%x29 25+24 13+£0.5 1.8+14 26%1.8 993
Phellandrene 0.1+0.2 03+03 03£03 00£00 00x£01 02%£02 02%£03 01+03 01£02 999
A3-Carene 0.1+0.2 07+05 05+£04 00£00 00£00 02%£04 05%05 02+03 02%X04 1031
o-Terpinene 0.5+ 0.9 00+00 08%x10 0.0x£00 0.0x£00 00=%0.1 0.8+ 1.0 03+0.7 00x00 1014
8-Ocimene 0.0+ 0.0 00+00 00£00 02£03 01£04 01£03 00%00 00+0.0 0.0%£00 1050
y-Terpinene 03+03 05+04 03%£02 03+£03 05+04 05%+03 07+04 02+02 02%£02 1087
trans-Sabinene hydrate 0.0 +0.1 0000 0000 00x00 00x00 00£00 00=%0.1 00+0.0 00%£00 1071
o-Terpinolene 03+04 05+05 05+03 02+02 03+02 04+£03 0.7%05 02+01 02%£02 1108
a-Fenchene 0.0 = 0.0 00+00 00+x00 00+x00 00x00 00£00 0.0£0.0 00+0.0 00%£00 960
Alcohols
1,8-Cineole 155+£69 202%+93 156+51 248+82 153+6.8 18.0+£7.0 17.2+10.1 189%83 19.1+7.2 1040
Linalool 1.51£0.8 1.6+£05 09+04 144+08 23+05 1.7+08 13x0.8 1.4+£07 18+x08 1138
trans-Pinocarveol 0.0+ 0.1 00+01 0203 00+x00 03+03 01£03 01£03 00+01 02403 1143
Terpinen-4-ol 1.0 0.4 1.3£05 1.0+02 09+02 13+03 13+03 12%0.5 1.0£03 1.0+x03 1192
Borneol 54+ 21 74+26 93+39 59+18 11.2+£40 81+£32 78%50 71+34 84+£29 1171
o-Terpineol 1.6 £ 0.5 1.6+£06 16%x04 18%X06 15%X05 1705 15%£0.5 1.6+06 1.7+0.6 1197
B-Citronellol 0.0+ 0.0 01+02 00£00 00x00 00x00 00x£00 01%02 0.0+00 0.0x00 1226
iso-Borneol 31+3.6 1.7£19 08%£05 04£03 10£06 11+10 22%1.6 1.3£07 11+£06 1162
cis-Carveol 0.4%05 01+02 00£00 00£00 00x00 01£00 02%00 01+00 00x00 1215
Geraniol 0.1+0.2 01+01 00£00 00x£00 01x02 01£00 01£00 0.0+00 00x00 1228
Aldebydes
a-Campholenal 0.5+ 0.6 02+03 00£01 00£01 01£01 014+0.0 021£00 02%X00 01£00 1128
Ketones
Camphor 119+11.7 83+73 52+£29 119£90 32+£19 49+£02 76%x10 11.3+£08 87X£09 1142
Verbenone 75+53 61+40 11.8%£36 79+18 146%t55 107+31 83%£56 103%7.0 1+44 1201
Esters
Bornyl acetate 57+ 1.7 57+24 69+20 59+20 37+18 68+1.6 49122 48+21 58%24 1280
Sesquiterpenes
8-Caryophyllene 0.0+ 0.0 00+01 00£00 00£00 00£00 001+0.0 0.0%£0.0 00+0.0 00X£00 1420

RI, retention index on HP5 column.

Average values of 12 months and standard deviations are reported for each accession. In addition, the average seasonal values and standard deviations are also

reported. In bold are reported the most produced compounds.

season for the qualitative and quantitative composition of K.
officinalis EO.

Experimental

Sampling Sites, Plant Material, and Essential Oil
Extraction

Rosmarinus officinalis 1. was collected from 3 sampling sites in
the natural reserve of Capo Caccia (Alghero, Sassari, Italy)
(Table 1). Monthly collected aerial parts of each plant were
subjected daily to steam distillation according to the European
Pharmacopoeia protocol (2002). A sample of about 100 g pre-
cisely weighed R. officinalis leaves was subjected to hydrodistilla-
tion using a Clevenger-type apparatus for 2 hours. The yield of
the EOs was calculated on the dry weight. The dry weight was

determined by weighing a measured amount (about 10 g exactly
weighed) of fresh material for each sample, which was dried at
40°C in an oven until constant weight. The collected EOs were
dried under anhydrous sodium sulfate (Na,SO,) and then
stored under a nitrogen atmosphere at 4°C in amber glass vials
until use. Two samples were collected for each month. Results
in Table 4 are expressed as mean * standard deviation.

Chemicals and Reagents

Unless stated otherwise, all chemicals and reagents were supplied
by Sigma (Dorset, UK). For the following terpenoid compounds
commercial reference standards were used: a-pinene, verbenene,
B-pinene, myrcene, a-phellandrene, o-terpinene, p-cymene,
3-carene, limonene, 1,8-cineole, y-terpinene, terpinolene, linalool,



Melito et al.

Score Plot (37.8% of total variance)

Loading Plot (37.8% of total variance)
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Figure 1. Principal component analysis of volatile organic compounds from Rosmarinus officinalis populations. (a) Score plot, (b) loading plot.
Nomenclature of volatile compounds (variables): a-pinene, V1; camphene, V2; a-pinene, V3; a-phellandrene, V5; A3-carene, V06; a-terpinene,
V7; 1,8-cineole, V8; y-terpinene, V9; #rans-sabinene hydrate, V10, a-terpinolene, V11; linalool, V12; campholenal, V13; #rans-pinocarveol, V15;
borneol, V16; terpinen-4-ol, V17; a-terpineol, V18; verbenone, V19; iso-borneol, V20; cs-carveol, V21; bornyl acetate, V23; a-citronellol, V24.
Samples are listed according to the code reported in Table 1 (RPC, RCC, and RMD1, 2, and 3) and the months of collections (1-12).

camphor, borneol, terpinen-4-ol, a-terpineol, myrtenol, verben-
one, and bornyl acetate.

Gas Chromatography Mass Spectrometry Analysis

Gas chromatography (GC)-mass spectrometry (MS) analysis
of the EO in hexane (dilution ratio 1:100) was carried out
using an Agilent 7890 GC equipped with a Gerstel MPS
autosampler, coupled to an Agilent 7000C MSD detector.
Chromatographic separation was performed on a HP-5MS
capillary column (30 m X 0.25 mm, film thickness 0.17 um),
using the following temperature program: 60°C held for 3
minutes, then increased to 210°C at a rate of 4°C/min, then
held at 210°C for 15 minutes, before increasing to 300°C at
a rate of 10°C/min, and finally held at 300°C for 15 minutes.
Helium was used as the carrier gas at a constant flow of 1
ml./min.

A mixture of aliphatic hydrocarbons (C9-C23; Sigma-
Aldrich, USA) in #-hexane was injected under the abovemen-
tioned chromatographic conditions to calculate the linear
retention indices using the generalized equation of Van den
Dool and Kratz (1963): Ix = 100[( - 1)/ (tn +1 - tn) +n], where
#1s the retention time, x is the analyte, 7 is the number of car-
bons belonging to the alkane that elutes before the analyte, and
n + 1 is the number of carbons belonging to the alkane that
clutes after the analyte.

For data analysis, a Mass Hunter Workstation B.06.00 SP1
was used. Identification of the individual components was per-
formed by comparison with the co-injected pure compounds
(see the section “Chemicals and Reagents”) and by matching
the MS fragmentation patterns and retention indices with the
built-in libraries or literature data or commercial mass spectral
libraties (NIST/EPA/NIH 2008; HP1607 putchased from
Agilent Technologies).

Gas Chromatography-Flame lonization Detector Analysis

GC analysis of the EO in hexane (dilution ratio 1:100) was con-
ducted using an Agilent 4890N instrument equipped with a flame
ionization detector (FID) and a HP-5 capillary column (30 m X
0.25 mm, film thickness 0.17 um). The column temperature pro-
gram was the same as described above for the GC-MS analysis.
The constituent’s quantification in the R. gfficinalis EOs was
carried out using the internal standard method, injecting a solu-
tion of EOs in hexane (dilution ratio 1:200). A calibration curve
was built for each matching standard compound in the EOs.
When standards were unavailable, quantification was performed
with a calibration curve of a compound of the same class of
volatiles. Data were expressed in weight-to-weight percentage

(w/w%0).

Meteorological Conditions

Altitude level, geographic localization, and climatic conditions
were recorded (Tables 1 and 2). Meteorological data were pro-
vided by “Settore Idrografico della Regione Sardegna.”
Seasonal meteorological parameters were obtained for the
monthly data. Monthly precipitation and temperatures (aver-
age, maximum, and minimum) of historical series (1991-2010)
were considered (Table 2).

Statistical Analysis and Principal Component Analysis

Correlations of EO production and composition and seasonal
trends were calculated. All data were subjected to analysis of
variance. All meteorological variables were standardized before
the statistical analysis. Correlations were carried out by JMP 7
software (SAS Institute, Cary, NC, USA). GLM was run to
evaluate the effect of the variables.
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The multivariate analysis of samples was carried out sub-
jecting the GC-FID data to PCA. The relative percentages
of VOCs data of each EO were used to define a matrix 7z X
nwhere m are the samples and # the variables. The data were
centered and autoscaled before the PCA. All PCA analyses
performed with R-based software
designed by Chemometric group of Chemical Italian Society.

were chemometric

Authors’ Note

Sara Melito and Giacomo Luigi Petretto contributed equally to this
work.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this atticle.

Funding

The author(s) received no financial support for the research,
authorship, and/or publication of this article.

References

1. Pintore G, Usai M, Bradesi P, et al. Chemical composition and
antimicrobial activity of Rosmarinus officinalis L. oils from Sardinia
and Corsica. Flavour Fragr . 2002;17(1):15-19.

2. Rozman T, Jersek B. Antimicrobial activity of rosemary extracts
(Rosmarinus officinalis 1..) against different species of Listeria. Acta
Agric Slov. 2009;93(1):51-58.

3. Jiang Y, Wu N, Fu Y-J, et al. Chemical composition and antimi-
crobial activity of the essential oil of Rosemary. Environ Toxicol
Pharmacol. 2011;32(1):63-68.

4. Okoh OO, Sadimenko AP, Afolayan AJ. Comparative evaluation
of the antibacterial activities of the essential oils of Rosmarinus
officinalis 1. obtained by hydrodistillation and solvent free micro-
wave extraction methods. Food Chem. 2010;120(1):308-312.

5. Bogavac MA, Karaman MA, Sudi J], et al. Antimicrobial poten-
tial of Rosmarinus officinalis commercial essential oil in the treat-
ment of vaginal infections in pregnant women. Naz Prod Conmnn.
2017;12(1):127-130.

6. Soylu EM, Kurt S, Soylu S. I vitro and in vive antifungal activ-
ities of the essential oils of various plants against tomato
grey mould disease agent Botrytis cinerea. Int | Food Microbiol.
2010;143(3):183-189.

7. Pintore G, Marchetti M, Chessa M, et al. Rosmarinus officinalis
L.: chemical modifications of the essential oil and evaluation
of antioxidant and antimicrobial activity. Naz Prod Comniun.
2009;4(12):1685-1690.

8. Degner SC, Papoutsis AJ, Romagnolo DF. Health benefits of
traditional culinary and medicinal Mediterranean plants. In:
Ross Watson R, ed. Complementary and Alternative Therapies
and the Aging Population. New York, NY: E-Publishing Inc;
2009:541-562.

9. Russo A, Lombardo L, Troncoso N, Garbarino J, Cardile V. Ros-
marinus officinalis extract inhibits human melanoma cell growth.

lat Prod Commmun. 2009;4(12):1707-1710.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Pistelli I, Giovanelli S, D'Angiolillo F, et al. Antioxidant activ-
ity of several essential oils from different Rosmarinus offici-
nalis cultivars grown in Sanremo (Italy). Nat Prod Commun.
2018;13(9):1167-1170.

Garbarino JA, Troncoso N, Delpiano P, Carvajal L, Russo A.
Antioxidant activity analysis for the selection of Rosmarinus offici-
nalis L. Nat Prod Commun. 2006;1(12):1123-1128.

Ozcan MM, Arslan D, Derya A. Antioxidant effect of essential
oils of rosemary, clove and cinnamon on hazelnut and poppy oils.
Food Chem. 2011;129(1):171-174.

Zaouali Y, Bouzaine T, Boussaid M. Essential oils composi-
tion in two Rosmarinus officinalis 1.. varieties and incidence for
antimicrobial and antioxidant activities. Food Chem Toxicol.
2010;48(11):3144-3152.

Melito S, Petretto GL, Podani J, et al. Altitude and climate influ-
ence Helichrysum italicum sabsp. microphyllum essential oils compo-
sition. Ind Crops Prod. 2016;80:242-250.

Maldini M, Montoro P, Addis R, et al. A new approach to dis-
criminate Rosmarinus officinalis L. plants with antioxidant activity,
based on HPTLC fingerprint and targeted phenolic analysis com-
bined with PCA. Ind Crops Prod. 2016;94:665-672.

Jordan MJ, Lax V, Rota MC, Loran S, Sotomayor JA. Effect
of bioclimatic area on the essential oil composition and
antibacterial activity of Rosmarinus officinalis 1.. Food Control.
2013;30(2):463-468.

Lakusi¢ D, Ristic M, Slavkovska V, Lakusi¢ B. Seasonal var-
iations in the composition of the essential oils of rose-
mary (Rosmarinus  officinalis, lamiaceae). Nat Prod Commnn.
2013;8(1):131-134.

Napoli EM, Curcuruto G, Ruberto G. Screening of the essen-
tial oil composition of wild Sicilian rosemary. Biochenz Syst Ecol.
2010;38(4):659-670.

Jamshidi R, Afzali Z, Afzali D. Chemical composition of hydro-
distillation essential oil of rosemary in different origins in Iran
and comparison with other countries. A Eurasian | Agric Environ
Sei. 2009;5(1):78-81.

Moghtader M, Afzali D. Study of the antimicrobial proprie-
ties of the oil of rosemary. Am Eurasian | Agric Environ Sei.
2009;5(3):393-397.

Ruberto G, Baratta MT. Antioxidant activity of selected essen-
tial oil components in two lipid model systems. Food Chem.
2000;69(2):167-174.

Celiktas OY, Kocabas EEH, Bedir E, Sukan FV, Ozek T, Baser
KHC. Antimicrobial activities of methanol extracts and essen-
tial oils of Rosmarinus officinalis, depending on location and sea-
sonal variations. Food Chem. 2007;100(2):553-559.

Melito S, Sias A, Petretto GL., Chessa M, Pintore G, Porceddu
A. Genetic and metabolite diversity of Sardinian populations of
Helichrysum italicum. PLoS One. 2013;8(11):E79043.

Menghini L, Leporini L, Pintore G, Chessa M, Tirillini B. Essen-
tial oil content and composition of three sage varieties grown in
Central Italy. | Med Plant Res. 2013;7(9):480-489.

Salido S, Altarejos J, Nogueras M, Saanchez A, Luque P. Chemical
composition and seasonal variations of rosemary oil from south-

ern Spain. | Essent Oil Res. 2003;15(1):10-14.



Melito et al.

26.

27.

28.

Hassanzadeh P, Tajik H, Rohani SMR, Moradi M, Hashemi M,
Aliakbarlu ]. Effect of functional chitosan coating and gamma
irradiation on the shelf-life of chicken meat during refrigerated
storage. Radiat Phys Chem. 2017;141:103-109.

Mulas M, Mulas G. Cultivar selection from rosemary (Rosmarinus
officinalis 1..) spontaneous populations in the Mediterranean area.
Acta Hortie. 2005;676(676):127-133.

Gurbuz B, Bagdat RB, Uyanik M, Rezaciech KAP. Rosemary (Ros-
marinus officinalis 1..) cultivation studies under Ankara ecological
conditions. Ind Crops Prod. 2016;88:12-16.

29.

30.

31

Yosr Z, Hnia C, Rim T, Mohamed B. Changes in essential oil
composition and phenolic fraction in Rosmarinus officinalis 1.. var.
Hpicus Batt. organs during growth and incidence on the antioxi-
dant activity. Ind Crops Prod. 2013;43:412-419.

Lemos ME, Lemos MFE, Pacheco HP, Endringer DC, Scherer R.
Seasonality modifies rosemary’s composition and biological activ-
ity. Ind Crops Prod. 2015;70:41-47.

Angioni A, Barra A, Cereti E, et al. Chemical composition, plant
genetic differences, antimicrobial and antifungal activity investi-
gation of the essential oil of Rosmarinus officinalis 1.. | Agric Food
Chem. 2004;52(11):3530-3535.



	Seasonal Variation of Essential Oil in ﻿Rosmarinus officinalis﻿ Leaves in Sardinia
	Abstract
	Experimental
	Sampling Sites, Plant Material, and Essential Oil Extraction
	Chemicals and Reagents
	Gas Chromatography Mass Spectrometry Analysis
	Gas Chromatography-Flame Ionization Detector Analysis
	Meteorological Conditions
	Statistical Analysis and Principal Component Analysis
	Authors’ Note
	Declaration of Conflicting Interests
	Funding

	References


