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ABSTRACT
This study was designed to investigate the phenolic acid contents and
antioxidant activities of 14 clones of mint species (M. spicata, M.
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piperita, M. villoso nervata and M. dumetorum) that cultivated in Received  ®13.08.2020
Turkey. The phenolic acid contents were analysed using HPLC. The Accepted  :19.10.2020
antioxidant activities of these Mentha species were evaluated by free

radical scavenging activity (DDPH'), cation radical scavenging Eee};v:z;ds

activity (ABTS"*) and reducing power activity tests. Additionally, total
phenolic content of mint species was determined spectrophoto
metrically using Folin-Ciacelteau’s reagent. Phenolic acid contents of
Mentha were evaluated in two subclasses: benzoic acid and cinnamic
acid derivatives. The rosmarinic acid (which is cinnamic acid
derivative) was the main phenolic acid for all tested plant material
changing from 5482.6 to 31982.7 mg/kg dry weight concentrations. p-
hydroxy benzoic acid (ranging from 30.5 to 236.4 mg/kg dry weight)
and syringic acid (ranging from 95.4 to 375.2 mg/kg dry weight) were
most abundant benzoic acids derivatives found in tested mint clones.
According to DDPH® and ABTSe** test results, while M. villoso nervata
clone (originated from Osmaniye) has higher activity, M. spicata clone
(originated from Manisa) has lower activity among the other clones.
Reducing power activity of M. villoso nervata clone (originated from
Osmaniye) was highest and M. spicata clone (originated from Konya)
was lowest. It has been observed that the correlation between phenolic
acid derivatives and antioxidant activity varied depending on used
antioxidant activity methods. These results show that best Mentha for
human health in terms of both phenolic acid content and antioxidant
activity are the 3rd clone (M. spicata) and the 10th clone (M. villoso
nervata) genotypes.
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Kiiltiirti Yapilan Bazi Mentha Tiirlerinin HPLC ile Fenolik Asitlerin Tayini ve Antioksidan Kapasitesi
Belirlenmesi

OZET Aragtirma Makalesi

Bu ¢aligma, Tirkiye'de yetistirilen M. spicata, M. piperita, M. villoso

nervata ve M. dumetorum turlerine ait 14 nane klonlarmin fenolik Makale Tarihgesi

asit igerikleri ve antioksidan aktivitelerini arastirmak igin Gelig Tarihi : 13.08.2020
tasarlanmigtir. Fenolik asit igerikleri HPLC kullanilarak analiz Kabul Tarihi :19.10.2020

edilmigtir. Mentha tiirlerinin antioksidan aktiviteleri, serbest radikal

giderme aktivitesi (DDPH*), katyon radikal giderme aktivitesi Anahtar Kelimeler

(ABTS" *) ve indirgeme giicii aktivite testleri ile degerlendirilmistir.
Ek olarak, nane tiirlerinin toplam fenolik igerigi, Folin-
Ciacelteau'nun reaktifi kullanilarak spektrofotometrik olarak
belirlenmigtir. Nane tiirlerinin fenolik asit icerikleri benzoik ve
sinamik asit turevi olmak tizere iki alt simifta degerlendirilmigtir.
Rosmarinik asit (sinnamik asit tiirevi) konsantrasyonu, test edilen
tim bitki materyalleri i¢gin 5482.6'dan 31982.7 mg/kg kuru agirhik
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arasinda degigen ana fenolik asit olarak gézlemlenmistir. p-hidroksi
benzoik asit (30.5 ile 236.4 mg/kg kuru agirhik arasinda) ve siringik
asit (95.4 ile 375.2 mg/kg kuru agirhk arasinda), test edilen nane
klonlarinda en yliksek miktarda bulunan benzoik asit tiirevleridir.
DDPH* ve ABTSe** test sonucglarina gore M. villoso nervata tiri
(Osmaniye kaynakli klonu) daha yiiksek aktiviteye sahipken, M,
spicata tiri (Manisa kaynakli klonu) diger klonlar arasinda daha
disiik aktiviteye sahip oldugu gorulmiustir. M. villoso nervata tira
(Osmaniye kaynakl klonu) indirgeme giicii aktivitesi diigiik iken en
yiiksek aktiviteyi M. spicata tiirii (Konya kaynaklh klonu)
gostermigtir. Fenolik asit tirevleri ile antioksidan aktivite arasindaki
iligkinin, kullanilan antioksidan aktivite yontemlerine baglh olarak
degistigi gorulmistir. Elde edilen sonuclara goére hem fenolik asit
icerigi hem de antioksidan aktivite acisindan insan sagligi i¢in en
yararli nane tiiriiniin 3. klon (M. spicata) ve 10. klon (M. villoso

nervata) genotipleri oldugunu tespit edilmistir.

To Cite : Elmastas M, Kececi M, Geng¢ N, Beyathh N, Misirli D, Telci 1 2021. Determination of Phenolic Acids by HPLC and

Antioxidant Capacity of Some Cultivated Mentha Species. KSU J. Agric Nat 24 (3): 488-494.
https://doi.org/10.18016/ksutarimdoga.vi.780019.
INTRODUCTION research is therefore required on these species.

Labiate (Lamiaceae) with about 170-250 genera and
3000-3500 species considered one of the plant families
spread worldwide and specially on the Mediterranean
coast (Heywood et al. 1978; Baytop 1983). Mint is one
of the oldest cultivated members of this family. Mentha
species; In addition to being used in many civilizations
since ancient times, it is a kind of spice which is used
widely in Ottoman and Turkish medicine and it is
noticed as a plant which is used for treatment of many
kinds of diseases. Nowadays, mint is used for both
spices and medicinal purposes. M. spicata and M.
pIperita are among the most commonly cultivated and
used mint species in the world. At Turkey M.
dumetorum and M. villoso-nervata are the most
cultivated species.

In terms of human health, it is important to determine
the chemical content of nutrients. In recent years,
consumption of foods containing functional compounds
has been encouraged and became the focus of scientific
studies. Literature showed that mint species contain
compounds have biological activities such as anti-
inflammatory (Shen et al. 2011), antioxidants,
antibacterial (Lin et al. 2011) and cardioprotective
(Trivedi et al. 2011). Scientists believe that these
activities are due to existence of phenolic compounds.
Phenolic compounds are divided into flavonoids and
phenolic acids. Phenolic acids are natural antioxidants
that contribute to the colour, smell and taste of plants.
These compounds significantly affect the stability,
colour, odour, nutrient content and quality of foods
(Robbins 2003). Therefore, determination the amount
of phenolic acids in foods it is one of the important
issues.

According to literature search we cannot find any
study on the determination of the phenolic compounds
in M. villoso nervata and M. dumetorum species
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Demonstrating the phenolic acid content of these two
species will guide other studies about these species.
This study aimed to determine the phenolic acid
content of the cultivated clones belonging to M. villoso
nervata, M. dumetorum, M. spicata and M. piperita
species in Turkey. It’s expected that determination of
phenolic acid content and antioxidant activities of
these species will be helpful in the availability of
better-quality products in the markets.

MATERIALS and METHODS:
Chemicals and reagents

Ferric chloride (FeCls), 2,2-diphenyl-picrylhydrazyl
(DPPH), 2,2'-Azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid) diammonium salt (ABTS), potassium
ferricyanide KsFe(CN)s, trichloroacetic acid (TCA),
potassium dihydrogen phosphate (KH2PO4), sodium
carbonate (NazCOs) and Folin—Ciocalteu reagent were
obtained from Sigma-Aldrich (Sternheim, Germany).
6-hydroxy-2,5,7,8-tetramethyl-2-carboxylic acid
(Trolox) and gallic acid were purchased from Merck
(Istanbul, Turkey). All other solvents and chemicals
(analytical or HPLC grade) were obtained from Sigma-
Aldrich.

Plant materials

Mint species distributed in different regions in Turkey
examples used in breeding ecology adaptation studies
in Tokat was used in this study. The mint species
clones (Table 1) were obtained from research fields of
Department of Field Crops, Faculty of Agriculture,
Tokat Gaziosmanpasa University (Tokat, Turkey). Dry
sample of each species (5 g) ground in liquid nitrogen
using mortar and pestle. All samples were kept at 25
°C until extraction.
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Table 1. Species, the origin of used Mentha clones and yield

extracts.
Cizelgel. Kullanilan Mentha klonlarinin kokeni ve ekstre
verimleri.

Species (fi)l((i:e Origin (city) Z}iﬁll'gcts (%())f
1 Konya 12.00
2 Adiyaman - 1 17.50
3 Adiyaman - 2 23.00
4 Ankara - 1 18.00

M. spicata 5 Ankara - 2 13.50
6 Karaman 11.50
7 Elazig 10.50
8 Samsun 10.50
9 Manisa 11.50
10 Amasya 14.00

M. villoso-nervata 11 Osmaniye 10.50
12 Antalya 10.00

M. piperita 13 Gaziantep 14.50

M. dumetorum 14 Tokat 11.00

Preparation of extraction

Thirty millilitres of a methanol/dichloromethane
solution (4:1) was added to 500 mg of prepared plant
materials, the mixture was vortexed slightly for 1 min
and then sonicated for 30 min in ultrasonic bath then
centrifuged. The remaining solid residue was re-
extracted twice using same procedure. The collected
filtrates were pooled, concentrated under reduced
pressure at 40°C by a rotary evaporator. The extracts
were used for the determination of antioxidant
capacity and total phenolic compounds.

Determination of total phenolic content

Folin—Ciocalteu reagent was used to determine the
total phenolic constituent of extracts (Slinkard and
Singleton 1977). After adding 4.5 mL of distilled water
to 100 pl of stock solution (1 mg/mL), 100 ul of Folin-
Ciocalteu reagent was added. After 3 min 300 pl (1%)
NazCO3 were added. The mixture vortexed then
incubated for 2 hours under room conditions. The
absorbance was measured at 760 nm in a
spectrophotometer. Calibration curve was obtained
through using different concentrations of gallic acid
which used as standard. The results were given as
phenolic compound equivalent to g gallic acid/kg dry
plant.

Analysis of phenolic acids

Qualitative analysis of the phenolic acid’s derivatives
(Gallic acid (GA), protocatechuic acid (PA), p-
Hydroxybenzoic acid (p-HBA), vanillic acid (VA)
syringic acid (SA), caftaric acid (CTA), caffeic acid
(CFA), p-coumaric acid (p-CA), ferulic acid (FA),
cichoric acid (CCA), rosmarinic acid (RA) and cinnamic
acid (SIA)) in the samples were performed using an
HPLC-DAD (Shimadzu, Japan) system coupled with
an LC 20AT pump and SPDM20A model DAD detector.
The mobile phases consisted of solvent A (methanol)
and solvent B (1% formic acid in deionised water) was
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applied to reverse phase Dionex, Acclaim Polar
Advantage 120A° (150x4.60 mm, 3 um) C16 as follows:
0 min, 100% A and 0% B; 10 min, 60% A and 40% B;
and 17.5 min, 0% A and 100% B to wash and
equilibrate of the column. The flow rate was 1 mL/min,
and the column temperature was set to 30°C. Detection
was performed at 280 nm. Identification of individual
phenolic acids were performed through comparing
their retention times and spectra with known
standards. The amounts of individual phenolic acids
were calculated by using a calibration curve equation
for each one of the standards. The results were
expressed as milligram per kilogram of dry weight.

Determination of antioxidant activity
Free radical scavenging activity

The free radical scavenging activity were evaluated by
(DPPH*) according to the method described by Blois
(Blois, 1958). Samples at different concentrations (2.5-
10 pg/mL) and standard solutions were taken and
completed to 3 mL was with ethanol. Then DPPH"
solution (1.0 mL, 0.26 mM) were added. The reaction
mixture was vortexed thoroughly, left in the dark at
room temperature for 30 min and measured at 517 nm.
The activity was calculated by the following equation

Act1v1ty % = [(AbScontrol'Astample)/AbScontrol] x 100

Where Abscontrol and Abssample are the DPPH " radical +
ethanol and DPPH" radical + samples absorbance,
respectively. The inhibitory concentration (ICs0) of the
samples which needed to inhibit 50% of the DPPH
radicals obtained from the standard curve was
compared to that of standard antioxidant (Trolox).

Cation free radical scavenging activity

2,2”-Azino-bis (3-ethylbenzthiazoline-6-sulfonic acid)
(ABTS'+) cation radical scavenging activity
determined according to method described by Re and
colleagues (Re et al., 1999). Treatment of ABTS (2.0
mM) prepared in phosphate buffer (0.1 M, pH 7.4) with
potassium persulfate (K2S20s) in a ratio 1:2 (2.45 mM)
gave the ABTS'*, which kept at dark at room
temperature for 6 h. ABTS +-K2S20s solution (1.0 mL)
was added to each standard and extract solution at
different concentration (2.5-10 pg/mL). After 30 min of
incubation, the inhibition was calculated for each
concentration relative to a blank absorbance at 734
nm. Experiments were performed in triplicate. Cation
free radical scavenging activity was calculated as %
inhibition by the following equation:

ACthlty % = [(AbScontrol'AbSsample)/AbScontrol] x 100

Where Abscontrol and Abssample are the buffer + ABTS +-
K2S20s solution and buffer + ABTS +K2S20s solution
+ samples absorbance, respectively. The results were
plotted against the concentration activity. The ICso
was calculated by using the slope equation.
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Ferric reducing antioxidant power (FRAP)

The reducing power of the extracts was determined by
the method of Oyaizu (Oyaizu, 1986) with a slight
modification (Elmastas et al., 2006). Different
concentrations (2.5-10 pg/mL) of the extracts were
completed to 1.25 mL with phosphate buffer (0.2 M, pH
6.6) and 1.25 mL of (1%) potassium ferricyanide,
followed by incubation for 20 min at 50°C and then
received 1.25 mL of (10%) TCA to terminate the
reaction. The solution mixed with 0.25 mL (0.1%) FeCls
solution and the mixture vortexed vigorously. The
absorbance was measured at 700 nm. Increased
absorbance was evaluated as increased reducing
power. The results were expressed in pmol Trolox
Equivalent per gram extract.

Statistical analysis

All statistical analyses were performed using the SPSS
software (SPSS 15.0) program. Data are expressed as
mean values and standard deviations (SD) of the
triplicate results. Significant differences in groups

were indicated at p < 0.05. The correlation analysis
was performed by bivariate (Pearson’s) correlation test
at p < 0.05 significance level.

RESULTS and DISCUSSION
Total phenolic content

The highest phenolic content in the total phenolic
analysis was determined in clone 9 for M. spicata and
in clone 11 for M. villoso-nervata. While the highest
content for M. piperita was at clone 13.

Phenolic acids

Phenolic acid composition for the used mint species
clones were determined by HPLC. Firstly, the
calibration graph was drawn by wusing different
concentrations of the standards. The phenolic acids
and its amounts for each clone were determined using
the calibration equation. The results were given as
derivatives of benzoic acid and cinnamic acid (Table 2
and 3).

Table 2. Benzoic acid derivatives concentration in Mentha clones (mg/kg dry plant material).
Cizelge 2. Mentha klonlarindaki benzoik asit tiirevilerin konsantrasyonlar (mg/kg kuru bitki materyali).

Species Clone code GA PA p-HBA VA SA Total
1 0.0 9.6 145.8 67.5 259.6 482.5
2 0.0 3.0 103.7 65.0 254.2 425.8
3 0.0 3.0 183.1 183.1 315.8 685.0
4 0.0 16.4 174.8 0.0 247.6 438.8
M. spicata 5 0.0 10.4 30.4 46.0 188.0 274.7
6 0.0 15.5 115.4 0.0 95.4 226.3
7 0.0 2.4 96.3 0.0 326.4 425.1
8 85.2 26.1 30.5 28.2 232.7 402.7
9 48.9 10.7 70.3 40.7 207.9 378.4
10 0.0 3.3 142.6 0.0 304.3 450.2
M. villoso nervata 11 0.0 3.0 98.6 53.2 229.8 384.6
12 54.6 8.1 134.4 0.0 189.8 386.8
M. piperita 13 0.0 11.0 70.0 284.5 171.8 537.2
M. Dumetorum 14 0.0 11.3 236.4 161.6 280.9 690.1

Gallic acid (GA), protocatechuic acid (PA), p-Hydroxybenzoic acid (p-HBA), vanillic acid (VA) and syringic acid (SA).

Table 3. Cinnamic acid derivatives concentration in Mentha clones (mg/kg dry plant material).
Cizelge 3. Mentha klonlarindaki sinnamik asit tiirevlerinin konsantrasyonu (mg/kg kuru bitki materyali).

Species Clone code CTA CFA pCA FA CCA RA SIA Total
1 154.3 6.5 17.5 58.1 0.0 6213.8 75.4 6525.4
2 98.1 28.8 446.8 38.0 0.0 14309.0 268.9 15189.5
3 33.5 51.4 930.1 52.8 0.0 31982.7 603.7 33654.1
4 28.5 41.1 1095.3 58.5 0.0 15990.3 832.4 18046.0
M. spicata 5 28.3 3.7 782.2 25.4 0.0 12635.2 8.4 13483.0
6 186.7 9.7 194 71.9 0.0 9386.7 429.3 10103.5
7 165.0 17.1 51.4 57.9 0.0 10488.5 189.6 10969.3
8 59.1 1.3 87.1 27.4 0.0 9039.0 56.2 9269.9
9 130.8 3.0 13.9 34.7 0.0 7242.1 270.8 7695.2
10 140.8 9.0 43.0 47.5 0.0 16146.5 226.1 16612.8
M. villoso nervata 11 129.2 7.6 68.1 67.3 0.0 10200.9 520.4 10993.4
12 129.9 3.9 29.9 27.3 0.0 6577.1 19.5 6787.5
M. piperita 13 281.3 3.8 12494.4 67.4 0.0 5482.6 102.7 18432.2
M. dumetorum 14 87.1 2.8 6822.7 111.7 0.0 14474.4 186.9 21685.6

Caftaric acid (CTA), caffeic acid (CFA), p-coumaric acid (p-CA), ferulic acid (FA), cichoric acid (CCA), rosmarinic acid (RA) and

cinnamic acid (SIA).
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The highest benzoic acid derivatives content was
determined syringic acid and lowest was observed as
protocatechuic acid (Table 2). The highest cinnamic
acid derivatives content was observed as rosmarinic
acid in Mentha spicata clones (clonel-9) and cichoric
acid was not detected in the tested Mentha species
(Table 3).

Antioxidant activities

The values of free radical scavenging activity and
cation free radical scavenging activity were calculated
according to ICso, which is defined as the concentration
of sample necessary to obtain an activity of 50%.
Decreased ICs0 value meant higher activity. Reducing
power activity was calculated as pmol Trolox
equivalent/mg extract.

Free radical scavenging activity

As shown in Table 4 free radical scavenging activities
were given as ICso, except clones 1 (22.14 png/mL), 9
(33.20 pg/mL), and 12 (21.10 pg/mL), the other clones
have high activity specially clones 7 (9,13 ng/mL), clone

10 (8.94 pg/mL), and clonell (8.15 pg/mL) which
showed DPPH free radical scavenging activity close to
the standard material, Trolox (6.66 pg/mL).

In the study of Kanatt and colleagues on M. spicata,
the ICso0 value of free radical scavenging activity was
found to be 25.8 pg/mL. When we compare with M.
spicata clones (clones 1-9) in the study, if we exclude
the clone 9, other clones free radical scavenging
activities were higher more than results found by
Kanatt and colleagues (Kanatt et al., 2007).

Free radical scavenging activity of M. dumetorum
extract determined as 1.6 mg/mL (Ayar-Kayali et al.,
2009). Obtained results for M. dumetorum (clone 14)
(16,99 pg/mL) showed that free radical scavenging
activity was higher than the previous study (Table 4).

Cation free radical scavenging activity

All clones have high ABTS+ free radical scavenging
activity, clones 7 (3.29 pg/mL) and 11 (3.03 pg/mL)
show better activity than Trolox (3.14 png/mL) (Table
4). The lowest activity was observed in clone 9 (6.07
pg/mL).

Table 4. Antioxidant activities and total phenolic compound content in mint clones
Cizelged. Nane klonlarinin antioksidan aktiviteleri ve toplam fenolik bilesik icerikleri

Specios Clone DPPH ABTS FRAP '(gg:;ii)oun [ henolic
code (ICs0 pg/mL) (ICs0 pg/mL) (umol TE/mg Extract) (¢ GAE/kg DW)
1 22.14+0.24 4.92+0.10 3.21+0.18 9.01+0.08
2 13.06x£0.24 4.23+0.11 5.14+0.18 7.87+£0.07
3 11.25+0.25 3.62+0.12 5.42+0.19 8.10+0.08
4 14.03+£0.21 3.75+0.19 4.75+£0.18 7.72+0.05
M. spicata 5 18.22+0.20 4.76+0.16 4.51+0.19 8.23+£0.05
6 13.23+0.25 3.93+£0.12 3.93+0.18 9.02+0.09
7 9.13+0.21 3.29+0.09 6.72+0.19 7.89+0.21
8 14.30+0.26 4.56+0.12 5.93+0.19 9.56+0.12
9 33.20+0.23 6.07+0.11 3.84+0.19 10.91+0.09
M villoso 10 8.94+0.26 3.79+0.12 6.37+0.18 6.21+0.15
nervata 11 8.15+0.28 3.03+0.14 7.18+0.18 10.83+0.11
12 21.10+£0.26 4.41+0.16 3.96+0.19 7.92+0.09
M. piperita 13 13.110.24 3.49+0.11 5.19+0.18 5.6040.14
M. Dumetorum 14 15.80+0.27 4.57+0.13 5.09+0.18 7.51+0.10
Trolox 6.66+0.23 3.14+0.10

Reducing power activity

As shown in Table 4, clone 7 (6.72 pmol TE/mg
Extract), clone 10 (6.37 pmol TE/mg Extract), and
clone 11 (7.18 pmol TE/mg Extract) are higher than
other clones. The lowest activity is observed in clone 1
(3.21 umol TE/mg Extract).

Correlation and cluster analysis

Correlation analysis was used to explore the
relationship between the benzoic acid and cinnamic
acid derivatives of mint species and the antioxidant
variables (Table 5). Among benzoic acid derivatives we
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found medium positive correlation for GA with DPPH
and ABTS tests, PA with ABTS test and SA with
reducing power activity. The correlation was weak
positive for DPPH with PA and weak negative for
DPPH and ABTS with p-HBA, VA and SA. Also, for PA
with reducing power activity it was weak negative. For
the remaining values there was no correlation (Table
5).

For the cinnamic acid derivatives we determined
medium negative correlation for CFA with DPPH and
ABTS tests, RA with DPPH and FA and SIA with
ABTS. Weak negative correlation founded for DPPH
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with p-CA, FA and SIA; for ABTS with CTA, p-CA and
RA. The correlation of FA, RA and SIA with reducing
power activity were weak positive. While the
remaining values have no correlation (Table 5). For the
correlation between phenolic contents and antioxidant
capacity among the different methods some earlier
studies showed a strong positive correlation (Katsube

et al. 2004; Djeridane et al. 2006), other studies showed
poor correlation (Wong et al., 2006). Antioxidant
activity is not only linked with the materials of
experiments but also with the used solvents,
concentrations and time of reaction (Jayaprakasha et
al., 2001). All factors above may lead to the correlation
differences between this study and others.

Table 5. Correlation between benzoic acid derivatives and cinnamic acid derivatives with antioxidant activities.
Cizelge 6. Benzoik asit tiirevieri ve sinnamik asit tiirevierinin antioksidan aktivite ile korelasyonlari.

Correlation Antioxidant Activities
DPPH" ABTS + Reducing Power Activity
GA 0.4541 0.4775 0.0924
Benzoic acid PA 0.2603 0.3702 0.2877
derivatives pHBA 0.1315 0.1538 0.0981
VA 0.1048 0.1454 0.0090
SA 0.2902 0.2354 0.4740
CTA 0.0321 0.1960 0.0191
CFA 0.3434 0.3458 0.0928
Cinnamic acid pCA 0.1161 0.1695 0.0155
derivatives FA 0.2850 0.3125 0.1192
CCA 0.0000 0.0000 0.0000
RA 0.3905 0.2924 0.2473
SIA 0.2988 0.3514 0.1629

Gallic acid (GA), protocatechuic acid (PA), p-Hydroxybenzoic acid (p-HBA), vanillic acid (VA) and syringic acid (SA). Caftaric
acid (CTA), caffeic acid (CFA), p-coumaric acid (p-CA), ferulic acid (FA), cichoric acid (CCA), rosmarinic acid (RA) and cinnamic

acid (SIA).

In the clustering analysis (Table 5), except one clone,
the most abundant phenolic acid was found to be
rosmarinic acid. However, the other phenolic acids
were effective in grouping because the quantitative
change of this compound. The clones were divided into
two main groups. One of this main groups is the 3rd
clone. In this clone, the amount of rosmarinic acid was
quite high (31982.70 mg/kg dry plant), which was
different from other clones. The second main group
divided to two sub-groups. In clone 13, the difference
than other clones were the high level of p-coumaric
acid (12494.4 mg / kg dry plant). The remaining clones
were further divided into two groups from these clones
14 which have high ratio of rosmarinic acid as well as
p-coumaric acid. The other sub-groups are determined
by the change in the amount of rosmarinic acid. For
example, in clones 1, 12 and 9 of the same group,
rosmarinic acid ranges from 6213.80-7242.10mg/kg
dry plants, whereas clones 6, 8, 7 and 11 which are in
different group the amount ranged between 1284.40-
9039.00mg/kg dry plant. Similarly, clones 4, 10, 2 and
5 with close rosmarinic acid values (14770.25 mg/kg
dry plant) were in the same group. Hence, quantitative
values of rosmarinic acid, was found to be more
effective in grouping rather than the phenolic acids.

Mint is a widely used plant among the people.
Therefore, the determination of the change in the
amount of phenolic acids between the mint species and
their clones, revealing commercially useful clones and
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providing scientific literatures which shedding light on
future studies are so important issues. In this study,
the best mint for human health in terms of both
phenolic acid and antioxidant content are the clone 7
(M. spicata), clone 10 (M. villoso nervata) and clonell
(M. villoso nervata) genotypes. In terms of human
health, producers need to cultivate these mint types
and recommend them to consumers.
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