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ABSTRACT: This study evaluated the influence of seasonality in essential oil (EO) chemical composition of Mentha x piperita L. and Mentha
viridis L. grown in southeast of Brazil. Leaves were collected from November 2011 until August 2013, in the middle of the following seasons:
Spring (November), Summer (February), Autumn (May) and Winter (August). EO extraction was carried out by hydrodistillation in Clevenger
apparatus for 1 hour. Chemical composition of EO was analyzed by GC-FID and GC-MS. The EO content and its chemical composition
were influenced by seasonality in both species. The highest EO content was obtained for M. x piperita during spring (4.26%) and for M.
viridis during spring (3.30%) and summer (3.70%). Mentha x piperita increased menthol (16.31 to 41.26%), neomenthol (3.02 to 6.39%) and
menthone (5.56 to 41.58%) contents during spring and summer, respectively. Whereas, M. viridis EO content did not show a quality response
pattern in relation to seasonality. Therefore, harvest time for M. x piperita is recommended during spring, and for M. viridis is recommended
during spring and summer.
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Variacdo sazonal no teor e perfil quimico do d6leo essencial de menta no sudeste do Brasil

RESUMO: O estudo teve como objetivo avaliar a influéncia da sazonalidade na composi¢do quimica do 6leo essencial (OE) de Mentha
x piperita L. e Mentha viridis L. cultivadas no sudeste do Brasil. As folhas foram coletadas de novembro de 2011 até agosto de 2013, em
meados das seguintes estagoes: primavera (novembro), verdo (fevereiro), outono (maio) e inverno (agosto). A extrag¢do do OE foi realizada
por hidrodestilagdo em aparelho de Clevenger por uma hora. A composi¢do quimica do EO foi analisada por GC-FID and GC-MS. O teor de
OE e sua composi¢do quimica foram influenciados pela sazonalidade em ambas as espécies. O maior teor de OE foi obtido para M. x piperita
na primavera (4,26%) e para M. viridis na primavera (3,30%) e verdo (3,70%). Mentha x piperita aumentou o contetido de mentol (16,31 a
41,26%), neomentol (3,02 a 6,39%) e mentona (5,56 a 41,58%) durante a primavera e o verdo, respectivamente. Ja o conteudo de OE de M.
viridis ndo apresentou padrdo de resposta de qualidade em rela¢do a sazonalidade. Portanto, a colheita para M. x piperita é recomendada
durante a primavera, e para M. viridis é recomendada durante a primavera e verdo.

Palavras-chave: planta medicinal, Mentha x piperita, Mentha viridis, mentol, linalol.

INTRODUCTION (POOVAIAH et al., 2006; KIZIL et al., 2010).

Additionally, the use of EO has been increased by

Species from Mentha genus (Lamiaceae)
are globally known for their medicinal and aromatic
properties, which promote a greater demand of raw
materials. Mint species are broadly used in traditional
medicine, but also have a great economic importance.
Their essential oil (EO) has antimicrobial, antioxidant,
larvicidal and cytotoxic activities (GONCALVES
et al., 2009; MKADDEM et al., 2009; RAMOS et
al., 2017). Those EOs are widely explored in food
industry, pharmaceutics, cosmetics and perfumery
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different means, including its use in agriculture as
botanical insecticides; and also as food preservative
and disinfectants in food industry (ANUAR et al.,
2019; CAMPOS et al., 2019; FALCO et al., 2019).
The EO chemical composition of Mentha
X piperita is constituted by oxygenated monoterpenes
such as menthol, menthone, menthofuran, menthyl
acetate and 1,8-cineole (KIZIL et al., 2010; RAMOS
etal., 2017). It can also be reported in its composition
limonene, carvone, neoisomenthol, B-caryophyllene,
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myrcene, a-pinene and B-pinene (GONCALVES et
al., 2009). In the EO of M. viridis is also reported
a rich composition of monoterpenes, particularly
limonene, carvone, 1,8-cineole, terpinen-4-ol and
a-terpineol (KUMAR et al., 2011).

Qualitative and quantitative determination
of those monoterpenes regulates the quality and
commercial value of EOs. For instance, a high
quality EO of M. x piperita consists predominantly of
menthol (30-55%), a moderate content of its precursor
menthone (14-32%) and a low content of pulegone
(<4%), menthofuran (1-9%) and menthyl acetate
(2.8-10%) (BEHN et al., 2010). When working with
medicinal plants, is important to know that the EO
chemical composition can change significantly due to
different variables; such as environmental conditions
and plant phenology. Once its composition change,
the biological activity can also change (EHLERT et
al., 2013; SILVA et al., 2015; LEMOS et al., 2017).
Hence, this is an essential subject that needs to be
assessed for EO production and its application.
Studies have been performed to demonstrate the
seasonal influences on biosynthesis and chemical
composition of EO (LEMOS et al., 2017; GAD et al.,
2019). Including differences observed in the genus
Mentha in different regions of the world (HUSSAIN
et al, 2010; SANTOS et al., 2012; NIKSIC et al.,
2014; ZOUARI-BOUASSIDA et al., 2018)

Brazil is a large country with very diverse
geographical areas, thus varying environmental
conditions. Therefore, seasonal differences will affect
the EO production by medicinal plants. Relevant
studies verify these effects on EO content and
quality, contributing to a better understanding of the
EO production and obtaining quality plant material
(VERMA et al., 2014). In this way, this study to
evaluated the effect of seasonality on EO content and
chemical composition of M. x piperita and M. viridis
in the southeast region of Brazil.

MATERIALS AND METHODS

The experiment was performed over the
span of two years (from November 2011 until August
2013), in Lavras, Minas Gerais, Brazil (21° 14’S and
45° 00°W, 918 m altitude). The weather is classified
as type Cwa, with dry winter and prevalent rainfall
during summer (JUNIOR et al., 2012). Figure 1
shows the climatic data observed during the period
of the experiment.

Plantlets of M. x piperita and M. viridis
were obtained by microcuttings (4 - 6 cm long),
which were grown in trays with commercial substrate

Hortplant® in a greenhouse, with constant irrigation.
The donor plants were identified by the botanist Dr.
Manuel Losada Gavilanes. After 30 days, the plantlets
were transplanted to 6x1.20 m beds, previously
fertilized with poultry manure. The exsiccates of
M. viridis (Mentol Mint CEN47647) and Mentha
x piperita (cv. Grapefruit Mint CEN47639 X cv.
Mint Persian Field CEN47646) are deposited in
the herbarium of the National Center for Genetic
Resources and Biotechnology - CENARGEN /
EMBRAPA , Brasilia DF.

The experiment was conducted during
two consecutive years, with a single harvest
at 8:00 am per season in each year. EOs were
obtained from fresh leaves for both species. Leaves
were harvested randomly in the middle of each
season: November/2011 (spring), February/2012
(summer), May/2012 (autumn) and August/2012
(winter); second year: November/2012 (spring),
February/2012 (summer), May/2013 (autumn) and
August/2013 (winter).

EO extraction was performed by
hydrodistillation for 90 minutes using the Clevenger
apparatus (GONCALVES et al., 2009; SILVA et al.,
2019) and 4 extractions per treatment was done.
The EO content was determined by the dry leaf
mass to EO mass (%) ratio. Quantitative analysis
of the EO was performed by gas chromatography
coupled with a flame ionization detector (GC-FID)
in an Agilent® 7890A system equipped with DB-Wax
capillary column (30 m length x 0.25 mm internal
diameter x film thickness of 0.25 pm) (Agilent
J&W). The technical parameters of the chemical
analysis were adjusted according to SILVA et al.
(2019) and OLIVEIRA et al. (2021). Helium was
used as carrier gas at 1.0 mL/min, temperatures of
the injector and detector were maintained at 220 °C
and 240 °C, respectively. The initial oven temperature
was set in 60 °C, isothermal for 2 min, followed by
a temperature ramp of 3 °C/min to 190 °C, followed
by a ramp of 10 °C/min to 230 °C. The oil was
diluted in ethyl acetate (1% v/v) and automatically
injected into the chromatograph using volume of
1.0 pL injection in split injection mode at a ratio of
50:1. The analysis was performed in triplicate (n=3)
and the results expressed by mean of the percentage
of normalized area relative to the chromatographic
peaks + standard deviation. The EO qualitative
analyzes were performed by gas chromatography
coupled to mass selective detector (GC-MS), using
a Agilent® 5975C equipment operated by electronic
impact ionization at 70eV in scan mode at a speed
1.0 scan/s, with acquisition of a mass range of 40-
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Figure 1 - Regional climate variation during the experimental period (from November 2011 to August 2013): (A) Insolation
and relative humidity data; (B) Precipitation and temperature data. Source: Climatological Station of Universidade
Federal de Lavras.

400m/z. The chromatographic conditions were the
same used in quantitative analysis.

The components were identified by
comparing their retention index with tabulated data
and the GC-MS obtained mass spectra to the library
database NIST/ EPA/ NIH. Linear retention indices
were calculated by injection of a series of n-alkanes
solution (C8-C20) (Sigma Chemical Co., St. Louis,
MO) in the same column and condition as above,
using the equation proposed by VAN DEN DOOL &
KRATZ (1963).

The software SISVAR® (FERREIRA,
2011) was used for the statistical analysis. Tukey test
at 5% probability was used to compare the means.

Standardized data of three replicate (compound
contents of M. x piperita and M. viridis) were subjected
to multivariate analysis. Principal component analysis
(PCA) was presented in graphic biplot using Statistica
software, version 13.5 (StatSoft, Tulsa, OK). The
identified chemical compounds and respective
contents were transformed by the PCA in orthogonal
latent variables, which are linear combinations of all
original variables (BARTHOLOMEW, 2010).

RESULTS AND DISCUSSION

The seasonality influenced both mint
species EO content (Figure 2). The highest EO

Ciéncia Rural, v.51, n.11, 2021.



4 Alvarenga et al.

A 54
4.26 a
.
=
2 4 -
=
S 2.86 b
=3 3 ] 2.00b
S = 2.30b
= l
=
g 2 4 l
o
(=]
=
1 -
0 = T T T ]
Spring Summer Autumn Winter
B .
~—
g, 3.71a
= 3.30 ab
=3
<
=2 3
S 2.38 be
= 1.43c¢
g
3 2 S
w2
=2
=
1 | ‘
O = T T T 1
Spring Summer Autumn Winter
Figure 2 - Essential oil content from Mentha x piperita (A) and Mentha viridis (B) harvested in
different seasons (spring, summer, autumn and winter). Means (+standard deviation)
followed by the same letter do not differ in Tukey’s test (P>0.05).

content for M. x piperita was obtained during spring
(4.26%) and for M. viridis during spring (3.30%)
and summer (3.70%) harvests. Similar results were
obtained in different studies, where it reported a higher
EO content during spring and summer seasons, in
contrast to autumn and winter (DESCHAMPS et al.,
2008; SANTOS et al., 2012; LEMOS et al., 2017).
During spring (September to December) and summer
(December to March) higher insolation (incidence of
UV radiation), temperatures and precipitations were
observed compared to autumn (March to June) and
winter (June to September) (Figure 1). Such conditions
may provide an increase in the photosynthetic activity
and growth of species, contributing with a greater
amount of carbon skeletons to produce secondary

metabolites (SANTOS et al., 2012). According to
SINGH & SHARMA (2015), the role of light and
temperature in modulating a range of terpenoids and
the corresponding transcripts has been reported, but
there is no universal behavior and it varies depending
upon the type of metabolites as well as plant species.

Additionally, these findings may be
associated with species phenology, which is highly
influenced by seasons. During spring and summer
harvest, for both years, M. x piperita and M. viridis
were in the bloom stage. Some authors claim that mint
species tend to produce more EO content during this
phase (DESCHAMPS et al., 2008; HUSSAIN et al.,
2010; SANTOS et al., 2012; ZOUARI-BOUASSIDA
et al., 2018). Since mono- and sesquiterpenes
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compounds present in EOs play an important role in
attraction of pollinators and protection against photo-
oxidative and oxidative stress, insects and thermo-
protection (PAOLINI et al., 2010; REHMAN et al.,
2016). Such event can be explained by the need to
increase the production of secondary metabolites for
reproduction and protection during this period.

The chemical composition of the EOs of
M. x piperita and M. viridis are shown in tables 1
and 2, respectively. A range of 68.12 to 96.17% of
total components was identified for both EO samples.
Oxigenated monoterpene was the most abundant
class of volatile compounds in the analyzed samples,
ranging from 66.91 to 92.13% for M. x piperita
and 78.76 to 88.47% for M. viridis. Many of these
molecules have an especially important biological
activity, being important the antimicrobial, antifungal,
antioxidant, anti-inflammatory, insecticide, analgesic,
anticancer and cytotoxic (NORIEGA, 2020).
Results showed that EO composition of M. piperita

and M. viridis were influenced qualitatively and
quantitatively according to the season and year
harvest period (Table 1 and 2). The major compounds
identified in M. x piperita EO were menthol (16.31
- 41.26%) and menthone (5.56 - 41.58%), and in
M. viridis EO were linalool (45.18 - 52.23%) and
carvone (13.20 to 21.28%). According to NORIEGA
(2020), menthol is one of the most used compounds
in the food, cosmetic, pharmaceutical industries,
and pesticides, and its aromatic properties are very
well known. Menthone is used as perfume and
flavor compositions, linalool in perfumery instead of
Bergamot or French lavender oil, since it has similar
odor and carvone as flavor in liqueurs, perfumery and
oral hygiene products (GRACINDO et al., 20006).
Concerning qualitative analysis, in the EO of
M. x piperita 1,8-cineole was not detected during spring
and summer of the second year, while menthofuran was
detected just during spring of the first year; and summer
and winter of the second year. For M. viridis EO

Table 1 - Seasonal variation of the chemical composition of Mentha x piperita L. essential oil growth in southeast of Brazil in two

consecutive years (November 2011 to August 2013).

%Area = SD

Compounds IR? Spring Summer----- Autumn Winter:

1 st 2nd 15( 2nd 15( 2nd 1 st 2nd

Year Year Year Year Year Year Year Year
Limonene 1202 1.04£0.17 3512049  1.10£0.10 2874052 0674021 1214057 1065021 123028
1,8-Cineole 1213 4.38+0.31 nd 420+0.61 nd 3.49+0.62 0294005 1204025  0.12+0.04
Menthone 1460  19.0041.76  4158+1.78 17014263 17494147  556+1.86 890£190 18574130  8.56+141
Menthofuran 1478 3.14+0.39 nd nd 11.46+0.75 nd nd nd 4.13+6.95
iso-Menthone 1487  2.67+0.09 4512012  232+0.11 23740.12 1.5640.57 1384042 2454085  0.6620.12
;‘ICZ‘:;?:“*‘O] 1527 0.69+0.10  055:0.15  1.63+0.10 0.39+0.06 2.06+0.12 1194030 1733008 436021
Menthyl
rotats 1561  10.96£1.28  5.06+095 1875+074 6274078  27.184215 18974572  27.92+1.16 52244243
;Sc‘;ﬁ:mh"l 1576 0.52£0.06  026+0.04 090003 036+0.04 1.1340.10 066£0.19  1.16£0.06 167007
Neomenthol 1599  5.66+0.18  3.59+023 6394041 4.1840.10 52240.15 3914045 4412009  3.02+0.18
Neoisomenthol 1638  0.15£0.02  234+0.15  0.79+020 2.66+021 1.024027 2634089 1712019  027+0.03
Menthol 1645 41262095 2955:0.19  388842.16  4039+047 3536073 28984369  3099+0.16  1631£1.80
EyalrnzEsien 1.04 3.51 1.10 2.87 067 121 1.06 123
monoterpenes
Oxygenated 90.32 88.68 91.88 86.81 82.57 6691 90.14 92.13
monoterpenes
Total identified (%) 91.36 92.19 92.98 89.68 8324 68.12 912 9336

“Retention index on n-alkane series (Cs-Cy) DB-Wax column in order of elution. SD: standard deviation (#=3), nd: not detected.
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Table 2 - Seasonal variation of the chemical composition of Mentha viridis L. essential oil growth in southeast of Brazil in two

consecutive years (November 2011 to August 2013).

%Area = SD

Compounds IRa Spring Summer: Autumn Winter:
Ist 2nd 1st 2nd Ist 2nd 1st 2nd
Year Year Year Year Year Year Year Year
Limonene 1202 0244008 0694006  093+0.18  055:0.15 0342024 0674033 0474036 nd
1,8-Cineole 1213 0812014 1814006 1774008  156:020 0944043  185£037 0712034 058024
y-Terpinene 1245 040007 0655009 0544012  082+0.19  028+0.13 0562020  030£0.15  0.13+0.04
3-Octanone 1255 1012019  150£0.11  LI33028 1424018  079:033 2384057 1042045  039+0.10
3-Octanol 1401 6944041 7362065  941£108 6995043 9324030 6002043 3444027  491+0.80
g;g;feabme“e 1469 8424087 9914026  1L174070 9533044  1199:025 1086060 11.112046  112241.00
35;13’?“3’1 1489 0812005  073+002 076003 0812001  089:002 0774003 074005 104004
Linalool 1555 52234063 48084049 49204149 49074045  49.88+092 47324078  4994:1.00  45.18+126
g 1589 2274031 1665024 1494049 174033  154x0.11  1.89£029 1758016 2254046
Caryophyllene
Terpinen-4-ol 1602 4794054 3844023 3644057 4374028 3142012 3284039 3343020  4.13£022
g:z/l[emh‘l'e“‘ 1697 2194012 1265002 145021 1254007 1514001 1212005  209:009  1.49:0.14
Carvone 1724 15514025 13864037 13204125  1506+093 14862072 1578047 2128+092 1881081
Hydrogenated 0.64 134 147 137 062 123 0.77 0.13
monoterpenes
Oxygenated monoterpenes 83.95 78.76 80.52 80.84 8232 80.3 88.47 81.41
Hydrogenated 227 1.6 149 1.74 1.54 1.89 175 225
sesquiterpenes
Others compoundsb 8.76 9.59 113 922 11 9.15 5.18 6.34
Total identified (%) 95.62 9135 94.78 93.17 9548 957 96.17 90.13

“Retention index on n-alkane series (Cs-Ca) DB-Wax column in order of elution. SD: standard deviation (7=3), nd: not detected.

®Alcohol, ketone and aliphatic ester.

composition the constituent limonene was not detected
during winter season in the second year.

For M. x piperita constituents, the highest
and lowest value reported for menthol was during
spring of the first year and winter of the second
year, respectively (Table 1 and Figure 3). While for
menthone the highest value was found during spring
of the second year and the lowest was found during
autumn of the first year. According to TSASI et al.
(2017), the essential oil content in the varieties of
Ocimum basilicum L. decreased gradually after the
successive harvests. Despite this observation, the
individual components like linalool and eugenol seem
to follow an opposite pattern. The most expressive
season variation for M. x piperita constituents was
observed for menthyl acetate content. There was

a decrease in menthyl acetate from the first to the
second year, respectively during spring (10.96% and
5.00%), summer (18.75% and 6.27%) and autumn
(27.18% and 18.97%). Conversely, menthyl acetate
content increased during winter comparing the first
(27.92%) to the second year (52.24%), reaching the
highest content of menthyl acetate for all samples.
Depending on environmental conditions,
menthone may be reduced to menthol by menthone
reductase enzyme or oxidized to menthofuran,
and the product of menthol acetylation is menthyl
acetate (CROTEAU et al., 2005; GRULOVA et al.,
2015). An inverse relationship between menthol and
menthone (an increase in menthol and a decrease in
menthone content) occurs only when the plant is in
the juvenile stage (SANTOS et al., 2012). Such a

Ciéncia Rural, v.51, n.11, 2021.
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autumn and winter).

Figure 3 - Principal component analysis of the compounds of M. x piperita harvested in different seasons (spring, summer,

pattern was observed in our results, since menthol
content was higher in the first year (Table 1 and
Figure 3). Furthermore, the synthesis of menthone
reductase enzyme is most pronounced during the
bloom stage (MONTEIRO et al., 2011). This was
reflected in our results when species were in bloom
stage during spring and summer; where menthone
content was higher during this period in the second
year (Table 1 and Figure 3). Additionally, the results
indicate that the effect of seasonality in the EO
chemical composition is also related to its influence
on the development of the species. Monoterpenes
accumulation in M. x piperita is closely related
to plant development stages, and both yield and
composition of their essential oils are propitious by
the time of flowering, which occurs mainly in warmer
seasons and with higher precipitation (GRULOVA
et al., 2015). Additionally, the reduction of menthyl
acetate during spring and summer season allows
a high quality EO. High values of menthyl acetate,
present in the EOs of Mentha spp., is believed to
cause oxidation and organoleptic interference on the
EOs by changing their quality and pharmacological
function (SANTOS et al., 2012). The qualitative and
quantitative compositions of essential oil determine

the quality and commercial value. Hence, according
to our results harvesting this species during spring
and summer will provide a lower content in menthyl
acetate and a higher content in menthol in EO.

Mentha viridis EO also shows seasonal
and annual variations (Table 2 and Figure 4). The
great variation was observed in linalool (45.18 -
52.23%), carvone (13.20 to 21.28%), trans-sabinene
hydrate (8.42 - 11.99%), 3-octanol (3.44 to 9.41%)
and terpinen-4-ol (3.14 - 4.79%) (Table 2). SILVA et
al. (2015) reported similar contents of these volatile
compounds in the essential oil from M. viridis.
Linalool and carvone were the ones with a bigger
range in values, compared to the others (Table 2).
The lower values reported for linalool were during
autumn and winter, both in the second year. While for
carvone, its accumulation was greater during winter
season, independent of the year (Figure 4).

From all major constituents, linalool is the
major compound reported in M. viridis EO; once its
content reaches 50% of the entire EO composition.
So, for M. viridis species will be considerable to
harvest leaves for EO extraction during the seasons
when linalool content is higher. Hence, according to
our results the best period would be during spring,

Ciéncia Rural, v.51, n.11, 2021.
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and winter).

Figure 4 - Principal component analysis of the compounds of M. viridis harvested in different seasons (spring, summer, autumn

which coincides with the higher EO content achieved
in this study for this species.

CONCLUSION

Seasonal variation influences the EO
contentand chemical composition of Menthax piperita
and M. viridis. The highest content was obtained for
M. x piperita during spring and for M. viridis during
spring and summer. Changes in chemical composition
during the seasons were more pronounced for M. x
piperita than for M. viridis. Oxigenated monoterpene
was the most abundant class of volatile compounds in
both species. The major compounds identified were
menthol and menthone for M. x piperita, and linalool
and carvone for M. viridis. Menthol and menthone
contents were increased in Mentha x piperita during
spring and summer. In Mentha viridis, lower linalool
content was reported during autumn and winter,
and the higher accumulation of carvone was during
winter season.
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