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Abstract

Essential oils (EOs) from mint (Mentha spp.) are used in a variety of applications in the food,
cosmetics, and pharmaceutical industries. Therefore, not only EO content is a value-
determining factor, but also its composition. Various influencing factors, from genotype to
environment, and management were considered for this purpose and compiled as a review.
Studies on light conditions such as shading nets in the field and increased UV-B radiation
in the greenhouse showed changes in biomass, EO content, and composition. For example,
UV-B radiation significantly increased EO content. Furthermore, post-harvest experiments
on drying temperature and separation of stems and leaves showed significant differences
in EO content and composition between Mentha genotypes. Also genotype selection is
important as genotypes respond differently to management and environment. These results
indicate that yield increases are possible through genotype selection and optimal manage-
ment.

1. Introduction

Medicinal and aromatic plants are frequently used in the food, cosmetics, and pharma-
ceutical industries, which requires valuable ingredients with high quality (Anwar et al. 2019).
A widespread and widely used medicinal and aromatic plant is mint (Mentha spp.). Mentha
belongs to the Lamiaceae family and is a perennial aromatic herb that is found almost all
over the world (Saric-Kundalic et al. 2009). Mentha plants are cultivated for their essential
oil (EO). These EOs possess health-promoting properties, such as antimicrobial, antiviral,
and antioxidant effects (McKay and Blumberg 2006; Raut and Karuppayil 2014).

EOs in general consist of volatile compounds such as monoterpenes, sesquiterpenes, their
oxygenated derivatives, and phenylpropanoids (Saad et al. 2013). EO of peppermint, for
example, is mainly composed of monoterpenes (Maffei et al. 1989), in particular menthol
(30-55%), moderate proportions of its precursor menthone (14-32%), and low levels of the
minor compound pulegone (Europaisches Arzneibuch 2020). Pulegone is metabolized in
the liver to hepatotoxic menthofuran (Gordon et al. 1987). Therefore the pulegone content
should be below 1%, which is considered as non-toxic (Nair 2001). Therefore, not only the
total EO content is important but also the EO composition. Many factors affect the EO
quantity and quality, e.g. genetic, environmental, and management factors and their inter-
actions (Hatfield and Walthall 2015), as explored in this review, with a particular focus on
light.
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2. Current state of research

2.1. Genotypic differences

The genetic characteristics of Mentha play a decisive role in determining biomass yield, EO
content and composition. Mentha consists of 20 to 30 species as well as numerous sub-
species and hybrids (Lawrence 2006). The mint species differ not only in phenotype but
also in chemotype. Mentha genotypes are categorized into three chemotypes. The menthol
chemotype has menthol, menthone, and menthofuran as the main compounds of the EO,
as it is characteristic for M. x piperita L., M. longifolia L. and M. arvensis L. The carvone
chemotype has carvone, dihydrocarvone, and carveol as main compounds that are
characteristic for M. spicata L. and M. x rotundifolia L. There is also the linalool chemotype
comprising prominently linalool and linalyl acetate as found in M. aquatica var. citrata and
M. x piperita (L.) Huds. (Saric-Kundalic et al. 2009).

Significant differences in EO content were also found by Hussain et al. (2010). M. arvensis
showed the highest EO content with 17.0 + 1.1 g/kg dry matter (DM), followed by
M. x piperita with 12.2 £ 1.0 g/kg DM, and M. spicata with 12.0 + 1.0 g/kg DM, while
M. longifolia had the lowest EO content with 10.8 £ 1.2 g/lkg DM. The main compound in
M. arvensis was menthol, in M. x piperita menthone, in M. longifolia piperitenone oxide, and
in M. spicata carvone. Considerable variation was also observed within species. Within
M. aquatica, the EO content ranged from 0.20 to 1.94% v/w (0.20-1.94 mL/100 g DM) as
reported by Getahun et al. (2007) and Agostini et al. (2009).

2.2. Environmental factors

There are many different environmental factors that affect EO content and composition, e.g.
nutrient availability (Ostadi et al. 2020), precipitation (Khorasaninejad et al. 2011), soill
(Lakra 2020), pest and diseases (Kalra et al. 2001), and irradiation (Duriyaprapan and
Britten 1982). Furthermore, various EO compositions have been reported depending on the
country of harvest of M. aquatica (Asadollah-Pour et al. 2021). However, this chapter puts
a focus on irradiation and light. For example, increased UV-B radiation which occurs directly
or indirectly due to climate change, can lead to reduced shoot growth or changes in tissue
(Maffei and Scannerini 2000). Hubert et al. (2023b) investigated the EO content and physio-
logical response of M. x piperita 'Multimentha', M. x piperita 'Frankische Blaue', and
M. rotundifolia 'Apfelminze' under natural UV (100%), increased UV-B radiation (157% of
natural UV), and a shading regime using a green shading net (62% of natural UV). Under
increased UV-B radiation, all three genotypes showed the highest EO content, especially
'Multimentha' with 1.8 mL/100 g DM in contrast to shaded conditions with 1.35 mL/100 g
DM. Maffei et al. (1999) also determined a significant higher EO contentin M. piperita under
increased UV-A radiation. Souza et al. (2016) exposed M. arvensis L. to 137, 254, 406, and
543 pmol/m?s light intensity and analysed EO content and composition. Under
254 uymol/m?'s, M. arvensis L. produced an EO composition that is most suitable for the
commercial market, whereas lower levels of menthol and higher levels of pulegone were
produced under 542 pymol/m?/s.

2.3. Management and postharvest methods

Management is the most adaptable factor, important for responding to increasingly variable
climatic conditions (Cusack 2022). Management ranges from planting date to post-harvest
processes. Soltanbeigi et al. (2021) investigated the influence of planting time (spring or
autumn) on the EO of M. x piperita L. var. Black Mitcham and M. arvensis var. piperascens
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Holmes over a period of three years. The harvests were done twice each year at the
beginning of the budding stage at the same date for both M. genotypes. Plant height, dry
biomass, leaf dry weight, and EO vyield were significantly higher in spring planted plants
than in autumn planted plants, e.g. the EO yield for M. arvensis was 103.42 L/ha (spring
planting) and 84.71 L/ha (autumn planting). Rohloff et al. (2005) found the highest EO yield
in M. x piperita L. at full bloom with a mean of 2.39 mL/100 g DM. The valuable EO
compounds menthol (43-54%) and menthone (12-30%) reached also the highest proportion
at full bloom.

In addition to the planting time and harvest time, factors such as fertilisation, irrigation, weed
management, and post-harvest procedures also play an important role. For example,
Hubert et al. (2023a) investigated the influence of nitrogen (N) and zinc (Zn) fertilisation as
well as a combined fertilisation of N and Zn on three Mentha genotypes. Fertilisation with
increased N and N+Zn resulted in significantly higher values for growth, biomass, and EO
content than fertilisation with Zn and the standard fertilisation, while pure N fertilisation
resulted in the highest values. Sufficient water availability must also be ensured. Marino et
al. (2019) studied for a M. spicata L. genotype three irrigation regimes: no (lp), intermediate
(Iso), and full irrigation (l100; crop evapotranspiration minus total rainfall). The yield of the EO
compounds and compound classes were determined for the different irrigation regimes.
Monoterpenes were significantly more present in the lio variant (lo =14.5L EO/ha,
Iso = 16.8 L EO/ha, and lig0 = 22.3 L EQO/ha), while the Iso variant contained significantly
more sesquiterpenes (lo = 1.79 L EO/ha, Iso = 3.33 L EO/ha, and |10 = 1.91 L EO/ha). The
highest content of carvone, the main compound of M. spicata EO, was found in the l10o
variant (lo = 12.3 L/ha, Iso = 14.3 L/ha, and lioo = 17.6 L/ha). Furthermore, Karkanis et al.
(2018) found a significantly higher EO vyield in both M. x piperita and M. spicata due to the
use of herbicides for weed control. A further management approach is to use the colour of
a shading net to influence the EO content and composition. Hubert-Schéler et al. (2025)
examined the effect of red and blue shading nets on the EO content and composition of M.
x piperita 'Multimentha', M. x piperita 'Frankische Blaue', and M. rotundifolia 'Apfelminze’'.
Both red and blue shading were found to influence the physiology and EO content and
compositions of Mentha. While red shading promoted slightly higher p-menthone levels in
‘Frankische Blaue’ and ‘Multimentha’, blue shading slightly increased carvone levels in
‘Apfelminze’.

Another important part of management is post-harvest, e.g. the separation of leaves and
stems (Hubert et al. 2023c) or the drying process (Diaz-Maroto et al. 2023). Stanisavljevi¢
et al. (2010) investigated the impact of shade drying, and drying using a laboratory oven at
45 °C and a condensation oven at 35 °C on EO content and composition of M. longifolia L.
Huds. Highest EO content (1.1% DM) and highest proportion of the main compound
piperitone (71.7% DM) were found after drying with the condensation drying oven, followed
by the shade drying process (0.9% DM), and laboratory oven drying (0.6% DM). However,
undesired pulegone (1.4% DM) was identified after laboratory oven drying, while most
pharmacologically active compounds, like menthol, were present after shade drying.

3. Conclusion and Outlook

This compact review demonstrates that EO yield, content, and composition of Mentha spp.
are strongly influenced by genotype, environment, and management (Tab. 1). The
variations observed in biomass production, EO content, and composition under different
environment and management conditions highlight the importance of optimizing cultivation
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strategies that integrate genotype selection and clearly defined production goals.
Specifically, the significant increase in EO content under enhanced UV-B radiation suggests
that targeted manipulation of light quality and intensity could improve yield in controlled
environments and be used strategically to modulate EO content and composition. Shading
treatments influenced both biomass production and EO composition, and allow adaptation
to ongoing climatic changes by mitigating heat and radiation stress. Therefore, the use of
adaptive shading systems is recommended for heat-sensitive genotypes or regions ex-
posed to increasing temperature and irradiation extremes. Postharvest management also
plays a crucial role in EO content and composition. The drying temperature and the
separation of plant material in either fresh or dry states led to significant differences in EO
content among the tested Mentha genotypes, supporting the recommendation to apply
gentle drying regimes and genotype-adapted biomass handling to minimize EO losses and
preserve thermolabile compounds. This underscores the need to tailor postharvest treat-
ments to specific genotypes to maximize EO yield and maintain desirable chemical profiles
relevant for industrial and pharmaceutical applications.

Table 1. Overview of the genotype, environment, and management influences on Mentha.

EO content Getahun et al. 2007, Agostini et al. 2009,

Hussain et al. 2010
Genotype

EO composition Saric-Kundalic et al. 2009

Water and nutrient

requirements Duriyaprapan et al. 1986

Drought tolerance ~ Moshrefi-Araghi et al. 2023

Light Duriyaprapan and Britten 1982,
Maffei and Scannerini 2000, Hubert et al. 2023b,

Souza et al. 2016

Environment

Precipitation

Soil conditions
Nutrient avability
Pests and diseases
Symbionts

Khorasaninejad et al. 2011
Ringuelet et al. 2003, Lakra 2020
Ostadi et al. 2020

Kalra et al. 2001

del Rosario Cappellari et al. 2015

Management

Planting time
Weed control
Fertilisation
Irrigation
Shading
Harvest time

Post-harvest

Soltanbeigi et al. 2021
Karkanis et al. 2018
Hubert et al. 2023a
Marino et al. 2019
Hubert-Schdéler et al. 2024
Ronhloff et al. 2005
Stanisavljevi¢ et al. 2010,

Diaz-Maroto et al. 2023, Hubert et al. 2023c
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The observed genotype-specific responses to both environmental and management factors
underline the necessity of a targeted selection in Mentha breeding to develop well-adapted
genotypes for specific environments. Since different genotypes react differently to both
environmental and management factors, future research should focus on expanding the
range of investigated genotypes and systematically analyzing their interactions with these
factors. Additionally, further studies on the stability of EO composition under varying
environmental conditions are needed to ensure product consistency. A deeper under-
standing of these complex relationships will contribute to the development of optimized
cultivation and processing methods, supporting the sustainable and efficient production of
high-quality EOs for industrial and pharmaceutical applications.
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