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Comparative Chemical Evaluation of Commercially Available Mint

Hydrosols Produced in Fars Province, Iran

Abstract

Background: Hydrosols of Mentha species are a common beverage among Iranians. The product quality
may differ depending on the type of material used and the distillation process. However, despite the many
investigations on the chemical composition of different mint essential oils, the co-produced hydrosols
have rarely been evaluated. Objectives: This study evaluated and compared the chemical composition
of 10 mint hydrosol samples purchased from local markets of Fars province, Iran, to Mentha piperita
and Mentha spicata authentic hydrosols. Materials and Methods: Essential oils of the samples were
extracted via liquid-liquid extraction by petroleum ether and analyzed using gas chromatography—flame
ionisation detector (GC-FID) and gas chromatography—mass spectrometry (GC-MS). Hydrosols were
then clustered based on their components. Results and Conclusion: Approximately 91.3%—100% of the
components and overall 31 constituents were identified with the majority of oxygenated monoterpenes.
Menthol, (R)-(—)-carvone, and piperitenone were the three different major compounds in the market
samples. High percentages of menthol and carvone in many samples suggest that each product could be
biologically active, and moreover, could be a valuable water-soluble source of their constituents. However,
lack of chemical evaluation and standardization in this industry leads to inconsistency in quality and
undermines the credibility of the industry.
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Key message: Although Iran is a pioneer in producing aromatic waters, the quality control of these
products is still unsatisfactory by means of chemical composition. Reaching to a set of key standards
will lead to greater value of these products.

Aromatic waters are widely consumed as
a beverage among Iranians. During recent
years, they are extensively produced by many
traditional and industrial companies and are
finding their way in the market as natural and
cheap pharmacological, flavoring, or cosmetic
ingredients. Mint hydrosols are one of the
best-selling hydrosol products all around
the country. Genus Mentha (Lamiaceae) is
best known for its aroma and essential oils!®
and has long been consumed to treat various
diseases such as irritable bowel syndrome,
flatulence, jaundice, diarrhea, catarrh, and
nasal congestion in colds.

Introduction

The many biological activities of aromatic
plants have a close relation to the chemical
composition of their volatile oils."! Distillation
is the most frequent method practiced for
extracting the essential oil of many fragrant
plants. During distillation, proportions of the
water soluble components of the essential oil
enter the water phase, producing hydrosols
with a pleasant aroma. Unique biological
and organoleptic properties of hydrosols
have granted them much credit in a wide
range of industries such as food, flavoring,
cooking, cosmetic, perfumery, aromatherapy,

and medicine.’”? Compounds passing into
the aqueous phase are mainly oxygenated
terpenes. They are responsible for the herbal
scent and organoleptic properties?®! and have
greater biological activity compared to the
remaining hydrocarbon terpenes.* They are
milder than essential oils and do not cause
skin irritation and headaches.?!
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Genus Mentha is represented by seven
species in Iran,!” and the aromatic properties
of its many species are highly dependent
on various factors such as ecotype, climate
and geographical conditions, and cultivation
practices.”® In addition to the variety of the raw
material, different distillation processes may
also affect the hydrosol product. Screenings
have revealed that even the time of collection
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during distillation may affect the odor and chemical composition
of the hydrosol.’? Counterfeit synthetic or semisynthetic
products found in the market should also be considered.
Adulteration is not uncommon for costly hydrosols. Man-
made low value products by adding different natural/synthetic
essences or chemical components to water or fortifying a
natural hydrosol by adding desired chemicals are made by
unauthorized producers.

It is clear that standardization of these products will help to
ensure their quality, potential applications, and safety. However,
unfortunately, there is neither legal definition nor grade or
standards for hydrosols by industry, scientific community,
international standard organization (ISO), and ANFOR
(Association French Normalization Organization Regulation).”]
Documentation and evaluation of the hydrosols by chemical
means could be a major step toward authentic products and
honoring extra credit to this industry. The objective of this
study was to analyze and compare the chemical composition
diversity of 10 different mint hydrosols from local markets of
Fars province, Iran, and two authentic Mentha piperita and
M. spicata samples.

Materials and Methods
Hydrosol and plant material

Ten different brands of mint hydrosol were randomly purchased
from local markets of Fars province, Iran, and numbered from
M, toM,,.

To prepare M. piperita and M. spicata authorized hydrosols,
aerial parts of the plants were harvested from the experimental
garden of Faculty of Pharmacy, Shiraz, Iran, in November
2015. The specimen vouchers (M. piperita, MPPRC-95-1
and M. spicata, MPPRC-95-2) were kept at Medicinal Plant
Processing Research Center, Shiraz University of Medical
Sciences, Shiraz, Iran.

Extraction of Mentha piperita and Mentha spicata
hydrosol

To assemble field distillation without cohabitation, S0 mg of
the air-dried and powdered plant material was subjected to a
full glass hydro-distillation apparatus for 3h. The distillates
were directly diverted to a collection flask so that essential oil
and hydrosol were obtained simultaneously. The hydrosol was
then separated from the essential oil by a separation funnel.

Essential oil recovering and concentration

To obtain the essential oil fraction of the hydrosol samples,
liquid-liquid extraction technique was performed. Using a
liquid extractor, 500 mL of hydrosols were recovered in 400 mL
petroleum ether as an organic solvent at 40°C. For better
extraction, after 4 h, the remains of the hydrosol were replaced
by fresh sample and the process was repeated. The organic
phase was then concentrated by a rotary evaporator (Heidolph
Instruments, Schwabach, Germany) in 30°C under very low
vacuum pressure to the volume of 10 mL. Remaining traces of

water in the organic layer were dried over anhydrous sodium
sulfate (Merck, Darmstadt, Germany). Each concentrated
sample was kept in amber glass vials and in a cool place until use.

Gas chromatography—mass spectrometry analysis

Analysis of all samples was performed using gas
chromatography—flame ionisation detector (GC-FID) Agilent
Technologies, model 7890A, Santa Clara, USA apparatus
attached to HP-5 ((5%-Phenyl)-methylpolysiloxane) column
(30 m x 0.32 mm [.D., 0.25 um film thickness). Nitrogen was
used as carrier gas (flow rate: 1 mL/min, split ratio: 1:30). The
injector and detector temperatures were adjusted at 250°C
and 280°C, respectively. Column temperature was linearly
programmed from 60°C to 250°C (at rate of 5°/min) and was
held at 250°C for 10 min. Essential oil samples in petroleum
ether (approximately 1%) were consecutively injected to the
system.

By using the same method, constituents of the samples were
identified via gas chromatography—mass spectrometry (GC-
MS) (Agilent Technologies 7890 gas chromatograph coupled
with an Agilent Technologies model 5975C mass detector). The
apparatus was equipped with an HP5-MS capillary column
(30 m x 0.25 mm 1.D., 0.25 um film thickness). The carrier
gas was selected as helium with a flow rate of 1 mL/min. Mass
spectrometer operated in electron ionization mode at 70eV,
and the mass scan ranged from 30 to 600 m/z. Kovats retention
index was calculated for individual compounds using retention
times of the reference n-alkanes (C7-C20). Identification of
constituents was based on their calculated Kovats retention
indices compared to Adams libraries and also based on the
comparison of their mass spectra with those of authentic
samples or with data already available in the literature.

Statistical analysis

To cluster hydrosols of different companies based on their
components, hierarchical cluster analysis (HCA) and principal
component analysis (PCA) methods were carried out using
Minitab 17 software (Minitab, State College, Pennsylvania).

Results and Discussion

The essential oils of 10 commercially available mint hydrosols
and authenticated M. piperita and M. spicata hydrosols were
analyzed by GC/MS [Figures 1-3]. The simultaneous use of
mass spectra and retention (Kovats) index matching led to the
identification of 31 components representing 91.3%—100% of the
total oil content [Table 1]. As expected, oxygenated monoterpenes
were the main class of the chemical structures. HCA and PCA
[Figures 4 and 5] between different samples indicated three
subgroups, each of which was characterized by a principal
compound; (R)-(—)-Carvone, menthol, and piperitenone. It
should be noted that the results of each individual compound
were limited by its diffusion coefficient and solubility in the
organic phase and evaporation rate under the very low vacuum.!'”

As shown in Table 1, the amount of carvone ranged from 38.95%
to 61.94% in the carvone subgroup (M,, M,, M, M, M, and
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M. spicata). Carvone derivatives such as carvomenthone,
neo-dihydrocarveol, dihydrocarvone, and carveol were also
detected in high amounts in this subsection. Menthol was
the major compound of M. piperita, M, and M, (67.9%,
49.07%, and 31.05%, respectively). However, M, | by moderate
amounts of carvone (23%) was distinguished from M. piperita
and M, [Table 1] [Figure 4]. High portions of menthone were
also found in these samples. In the third subcategory, the
piperitenone content with a small variation was 41.73%, 42.4%,
and 42.61%, in samples M, M, and M,, respectively. Sample
M, contains noticeable amounts of thymol (23%), which
suggest contamination with plants such as Thymus spp.l'! or
Zataria multiflora Boiss.!'”

Each crop contains different types and amounts of soluble
fragrances. The major constituents and their quantity determine
the product quality. (R)-(—)-Carvone is the most abundant
compound in the volatile oil obtained from a number of
mint species, particularly, spearmint oill"®! with a minimum
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of 51%,"* and menthol is recorded to make up 29%—48%
of peppermint essential 0il.l'"] They are widely used in food
and perfumery industries due to their flavoring and fragrance
properties, and also in pharmaceutical products used for colic,
sour throat, and local pains.!'*!! Piperitenone and piperitone are
common compounds in essential oils of Mentha spp., however,
in low amounts. There are rare cases, which have reported
piperitenone as a major constituent,!'”? although piperitenone
oxide is reported to be the main constituent of M. longifolia
essential oil in some cases.!'*!"]

In many parts of the world, hydrosols are often going to the
drains as waste in the distillation process and their analyses
are the subject of a limited number of publications.?? The
economic value of the hydrophilic essential oil fractions of
aromatic oils that escape into the hydrosols was estimated to be
worth US$50-US$100 million in India.?! In this article, high
amounts of menthol (67%) and (R)-(—)-carvone (52.2%) were
observed in the authentic M. piperita and M. spicata hydrosols,
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Figure 1: The gas chromatogram of M, hydrosol

Figure 3: The gas chromatogram of M,
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Figure 2: The gas chromatogram of Mentha piperita
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Figure 4: Dendrogram obtained by hierarchical cluster analysis based on the Euclidean distance between groups of essential oils of 10 mint hydrosols.
Components that characterize the major subgroups are indicated
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Figure 5: PC1/PC2 score plot by principal component analysis on the calibration set

respectively. This indicates that these side products could be a good alternatives to nonpolar volatile oils where they have
beneficial economic source for valuable compounds such as limitation of use. Different mint essential oils have shown

menthol and carvone. good antibacterial effects® and are fungicidal against the

Today with the emerging trend of using mild food preservation ~ plant pathogen (Fusarium sporotrichioides) responsible for
based on natural sources, aqueous phase hydrosols are ~ damaging crops.?¥ Testing inhibitory effects of different
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hydrosols against Salmonella typhimurium and Escherichia
coli O157:H7 inoculated into apple and carrots have shown
that plant hydrosols can be used as a convenient sanitizing
agent during the washing of fresh-cut fruits and vegetables.**!
Hydrosols are also used as mild pharmaceutical products
for infants’ colic relief. Moreover, nowadays aromatherapy
practitioners are using hydrosols as mild bioactive ingredients
in complementary alternative medicinal modality.?*

Iran with its rich variety of aromatic plants is a pioneer in
producing essential oils and hydrosols. Although to this
day, unfortunately, it has not been able to achieve its global
status and take full advantage of the industry. One of the
main drawbacks is that neither the chemical composition nor
the concentration of hydrosols’ major soluble constituents
is determined. Like any other industry, standardization is
a crucial factor when hydrosols are going to be used for a
specific pharmacological or biological purpose. For instance,
the effectiveness of hydrosols as natural antimicrobials depends
on the major soluble aromatics and whether or not they are in
the range of the minimum inhibitory concentration/minimum
lethal concentration of the microbe. Application of hydrosols
in pharmaceutical or skin care products requires evaluated
hydrosols to ensure that the amount of the soluble aromatics
is enough for showing desired effects, and on the contrary, not
high enough to cause adverse effects.

Conclusion

The results of this research have made it clear that there is
a variation of chemical composition among mint hydrosols
due to using different raw materials or distillation processes.
This inconsistency in the products indicates lack of sufficient
quality control by means of chemical composition. It is
absolutely clear that developing relevant standards by the
Iranian National Standards Organization for aromatic waters
will help to ensure the consistency, safety, and effectiveness of
the products. There is no doubt that high quality standardized
products would have an important impact on the use of all
potentials of the hydrosol industry and will lead to a more
thriving industry.
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