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Extended Abstract

Background: The genetic diversity of plant species and their relationship with wild species is
very important to improve the yield of crops. The first step in the improvement of medicinal
plants is to identify and collect endemic genotypes., which are very important in the selection of
cultivars due to their adaptability to the climate of the region. Mentha longifolia is one of the
important endemic medicinal plants of Iran, which is used in various pharmaceutical, food, and
cosmetic industries. Essential oil, phenolic compounds, flavonoids, and other compounds (such
as steroids and ceramides) are important chemical compounds in the oregano plant. The
morphological diversity, essential oil, and antioxidant activity of 20 M. longifolia genotypes in
West and East Azerbaijan provinces were investigated in this study. On the one hand, this
research aims to know the potential and range of diversity of M. longifolia genotypes in its
natural habitats in West Azarbaijan and East Azarbaijan provinces. On the other hand, the
regions with superior genotypes in terms of these traits are introduced for use in breeding
programs.

Methods: The plant samples were collected from some areas of two northwestern provinces of
Iran (West Azerbaijan and East Azerbaijan) in the spring of 2022. the morphological traits of
the plant (11 quantitative traits), including plant height, inflorescence length, crown diameter,
stem diameter, internode length, leaf length, leaf width, number of leaves, number of
inflorescences, fresh weight, dry weight, and the number of sub-branches were evaluated in the
flowering season. After drying the plant samples, the essential oil was extracted using a
Clevenger system, and the essential oil samples were transferred to Urmia University Jihad to
identify the compounds by gas chromatography. Plant samples were extracted by the ultrasonic
method. Antioxidant activity was evaluated by the DPPH method. All the obtained data were
analyzed with three repetitions based on a completely random design using SPSS software. The
LSD test was used to compare the mean data. Data were clustered based on Ward's method and
Euclidean distance square measure. Principal component analysis (PCA) was performed on the
data, and the correlation between the studied traits was examined by R software.

Results: The results of ANOVA showed that the genotypes collected from different regions
were significantly different in terms of plant height, inflorescence length, crown diameter, stem
diameter, internode length, leaf length, leaf width, the number of leaves, the number of
inflorescences, fresh weight, dry weight, and the number of sub-branches (P < 0.01). The results
of the analysis of the percentage and chemical composition of essential oil indicated that the
type of genotype significantly affected the amount of these compounds in different genotypes of
M. longifolia (P < 0.01). Among the studied genotypes, the highest percentage of essential oil
and the amount of Trans-Caryophyllene and Germacrene D compounds were found in G18 from
the Irang region of Tabriz. The highest amount of Alpha-Terpineol and Spathulenol was found
in G16 from the Aghajari region of Maragheh. A significant difference in antioxidant activity
was observed between different genotypes of mint. The maximum antioxidant activity (80.81%)
was observed in G3 from the Hachesu area in Shahindej. Based on Ward's cluster analysis, the
genotypes were divided into three main groups. G1 alone was placed in a separate group due to
the high content of Spathulenol and high antioxidant activity. The second group included most
of the genotypes (G2, G3, G5, G16, G19, G17, G20, G12, G14, G4, G6, G8, G11, G13, G9, G7,
and G10) and containing moderate levels of morphological traits, essential oil components, and
antioxi dant activity. G15 and G18 were placed in the third group. The prominent features of
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these genotypes were high values of length and the number of inflorescences, length and width
of leaves, the number of leaves, fresh and dry weights of the plant, the number of sub-branches,
percentage of essential oil, alpha-Humulene, trans-Caryophyllene and GermacreneD, and
antioxidant activity. Using PCA, 21 primary variables were determined in the form of two
principal components.The first and second components explained 40% and 19% of the total
variance, respectively. The results of correlation analysis revealed a positive and significant
correlation between the percentage of essential oil and some morphological traits, the
percentage of essential oil and Germacrene D, trans-Caryophyllene, beta-Farnesene, and
isomenthon contents, as well as antioxidant activity and morphological traits.

Conclusion: The findings of this study showed that G15 belonging to Maragheh with an
altitude of 1776 m had the highest number of leaves, length and width of leaves, fresh weight,
dry weight, number of sub-branches, internode length, and number of inflorescences compared
to the other genotypes.Therefore, it can be concluded that this genotype has a priority for
breeding, domestication, and crop cultivation projects and is suitable for its introduction to the
market as a medicinal plant. In addition, the results showed that the highest percentage of
essential oil and the amount of compounds, such as Germacrene D, Trans-Caryophyllene,
Spathulenol, Beta-Farnesene, and Alpha-Terpineol, were obtained in genotypes from high
altitudes.
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Table 1. Geographical information of sampling location of Mentha longifolia genotypes

Average Annual Average annual

Temperature (°C) prec(irgintqa)tion Height (m) Lorjj;ﬁijiude Latitude Province Locality Code
“Ei:”;;ﬁlﬂ‘ ( bk u;fulijn () glis)! Ul @iz o ol S5l gor e s
Fo she) s
16.6 262.9 169 aeczaarr 304 W;S:;Ajgfﬁlﬁ” Bzfiﬂm}';h | Gl
16.6 262.9 1356 46°13432° 952 W;i’“ji?ﬁiﬁ” Bo“fﬂlsm'fgf”d' G2
160 2176 wse 40030 Teay ezl “:w/jw cs
160 2176 1348 4602 364 W;i’“ji?ﬁiﬁ” ShiC" g’f ﬂaiad G4
160 2176 1339 4ec28013 308 W;S;Ajgfflﬁ” Sha?t?wzsﬂébad G5
, N 37° 25' East Azerbaijan Bonab/ Alqu

16.8 149.15 1306 46°5' 35.34 S N ot G6
16.8 149.15 1330 46°63510° b Ejjifzue&fj)i? Bona%;?‘g:;lfzorg 67
168 149.15 1287 4641078 b Ejj;f‘f&f’j? Bonﬂg"ﬂ;‘?f&mek G8
171 143.86 1359 eyl S Ejj;fzeﬁ?j? Aﬁiﬁz/ﬂalqifh Go
171 waee  owu RS Fge Epmum ARPWIEE ow
171 143.86 1280 ¥ S Ejj;f‘f&ﬁi? Ajitfg/r;"\fir:fad 611
16.4 175.75 1596 o i Ejjfie&acjjr Ma'fﬁlfﬁxa”ar G12
16.4 175.75 1829 e S Ejjiff&?’j? Mal g{ gszf lagh G13
164 175.75 1679 4 e Ejj;f‘f&f’jr Malkmggf}szhhad Gl4
152 174.82 1776 o2 P Ejjifzue&adﬁ? Maraggﬂmawu"aq G15
15.2 174.82 1737 e T3¢ Ejjiff&?’j? Mazngﬁ,/ Qﬁ:je” G16
15.2 174.82 1810 s e Ejj;fie&?j? Marfigﬂifﬁmh 617
121 283.8 2026 s LA Ejifzegadﬁ? Tag‘ij /'),:‘?q G18
121 2838 2255 e SR Ejifzeﬁgi? Tabﬂ;‘f)a:f”aq G19
121 283.8 230 0732478 e Ejj;f‘ze&adj)ir Tabrj;iagi;g'zan G20
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Table 2. Analysis of variance of the morphological traits of different Mentha longifolia genotypes

S.0.vV
PH CD IL IN IL LB LL LW LN DW FW  Df &l
Oy

Genotype
w59)

26.30 0.13 10.47 5.28 0.39 10.78 0.43 0.08 37.08 0.71 248 40 Erlf;

1565.70"  3.53™ 1272  1840.87"  24.713"  690.50™  15.99™ 350" 266151  592.51™  3490.5" 19

CV%
6.33 12.15 17.4 12.73 9.39 15.55 12.80 14.61 6.47 6.57 4.56 - oyl
Ol poss

Syl ime pas g /o0 g o/ Jloin] o jd oy dme BB a5y ™ g e
** * and ns: respectively, significant difference at the probability level of 0.01 and 0.05 and non-significance.
U5 Jgbo dN 03] S slass oL 20,S5ke Jgbo LB 2o 48 a5Ls dlaws kL 25y Jobo LW 15y (oye LW 15y i DW 185y SiS 59 FW gy 5 59
PH a5y 15, (CD gl plab oIL o3
Fresh weight: FW, Dry weight: DW, Leaf number: LN, Leaf weight: LW, Leaf lenght: LL, Latral branches: LB, Internode length: IL, Infloresence
number: IN, Infloresence lengh: IL, Crown diameter: CD, Plant height: PH

B cilizo slacuig; ST ol cdld g bl olows SluS 5 uilsl doyd uibyly 455 =Y s>
Table 3. Analysis of variance of the of essential oil %, chemical composition of essential oil and antioxidant activity
of different Mentha longifolia genotypes

S0V

1SO AT BF a-h SP Cl TC GD EO AO Df s e

Genotype
]
0.00 0.0002 0.0003 0.00038 0.00025 0.0002 0.0005 0.00037 0.002 41.667 40 Eurargr

4.37" 6.23" 0.11™ 0.089™ 0.25" 13.93" 7.16™ 0.59™ 0.054™ 1159.20™ 19

CV%
cope
Sl

1.53 2.16 6.77 7.49 0.58 0.52 0.88 4.00 12.77 13.38 -

Sy ime pas g /o0 g o[ Jlain] pdaw jd )l e MBI 5 5ay NS g % v

** * and ns: respectively, significant difference at the probability level of 0.01 and 0.05 and non-significance. )
«a-h: a-humulene SP :Spathulenol Cl : Cis Isopulegone « TC : Trans-Caryophyllene .GD : Germacrene D EO : yilwl ao)d A0 : SlawsT sl culed
1SO : Isomenthon AT : Alpha-Terpineol BF :Beta-Farnesene

Antioxidant activity : AO, Essential oil : EO, Germacrene D: GD, Trans-Caryophyllene : TC, Cis Isopulegone : CI, Spathulenol : SP, a-humulene :
a-h, Beta-Farnesene : BF, Alpha-Terpineol : AT, Isomenthon : ISO

Wgy cilize Sheuisl] (Sejglsdrge Slho By (odog digy e slacalyy Sl (ke dulio =¥ Joao
Table 4. Comparisons mean of morphological traits of different genotypes of Mentha longifolia geno

Gen;t‘;gg FW (g) D(‘é‘; LN LW LL LB IL IN IL cD PH
GL 9367 3283 203.66° 2.63® 800°  36.00° 320 2066° 4167 3667  6500°

G2 39.35¢  12.40° 131.66° 2.33° 4839 32.33% 6.13*9  30.00 8.00°¢*  533® 116.33°
G3 21.67° 7.80°  70.00°  2.16°  7.26“ 10.33%  6.63%" 2.00¢ 5239  4.16% 75.66°

G4 14.41' 5.43' 2466 1.26" 3.10' 5.66% 3.79Y  12.339 5339 280" 42.669
G5 20.03¢" 7.79°  59.00"  2.16°  6.10¢ 29.00% 8.63°  23.33° 13.00*  4.33% 102.33°
G6 15.17"  6.049"  26.66" 1.66@  4.80¢ 15.009 570" 266"  7.33%%* 216" 61.00°
G7 16.169"  7.33°9"  45.00" 1.60¢ 5.289 11.00%  6.66™"  34.00° 6.16*9  3.00" 76.33¢
G8 16.23%"  6.28""  35.66"  2.16° 4.16%"  14.669" 4.67" 133" 6.53% 2.00' 53.00
G9 16.56%"  6.109"  38.33"  1.70®  4.40% 11.00%  5.13% 1.33 9.66°  2.16" 54.00
G10  18.08™"  6.54™"  59.66" 233  6.76% 21.33"  6.92® 4233 9.33" 433« 92.66°
Gl1 14.22'  6.51" 14.00¢ 0.96" 3.23" 20.66™ 5979 333« 7.83%* 2609 53.00
G12 18.86°" 5.89"  67.00" 1219 4.33% 18.3"" 2800 8.33" 8.63*  3.00" 59.00¢
G13 10.48 3120 22.66" 1509 4.13 11.66% 513" 433 5.10" 2.06' 51.66"

Gl4 18.58"  7.42¢9"  68.00  1.16%"  4.569 11.66" 327" 6.00™%  6.16*9  3.00M 42.339
G15 124.63*  53.83% 339.33° 4,73 10.83* 65.00° 14.00° 84.66% 8.66°  5.67* 100.3*
G16 19.80° 7.82¢"  7866° 324 8.10% 28.66® 10.10° 11.00"% 6.50°¢"®  3.00" 90.66°
Gl7 17939 715"  §0.66™  3.23*°  876° 17.33%"  10.33°  9.00*" 5.76°9  3.239 95.33%
G18 110.47° 4525 335.33° 4.50* 10.06% 54.33° 7.22° 8333 823"  493% 96.00™
G19 20.79 75779  89.33° 3.70°  8.70° 12.66™ 8.68° 13.33" 7.33®*" 3079 98.33™
G20 20.30%" 8.89° 57.33¢ 2.96* 7.93™ 23.33"  10.16°  6.66™ 5.239  2.96¢ 91.00¢

2opd Y Jlain ] gla 43 gxe * bl go bjlass 55 ixe BB pas sdind (L5 gt b 4> Siglie g >
Means with the same letter are not significantly different by Duncan's multiple range test at (P< 0.05). ™: significant at 0.01 probability level.
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Table 5. Comparisons mean of antioxidant activity, essential oil % and its some components of different Mentha
longifolia genotypes

1SO(%) ('\%T) BF (%) a-h(%)  SP (%) (%) CI TC (%) GD (%) EO (%) AO (%) G %)
1.297 0.19" 0.09 0.0" 0.42¢ 7.22° 0.89" 0.19" 0.43™ 37.22" engt]\-/pes
1.07¢ 0.24% 0.25° 0.19" 0.329 2.58 1.28° 0.42% 0.48%¢ 29.920n G2
0.0° 0.18' 0.32° 0.28' 0.37" 3.01" 2.07' 0.59' 0.12' 81.80% G3
A A I A

. .24 . . . 1. .97 . .15 77.27 5
8 % g o gx dw m @ Gn o uw ¢

. . .24 .24 .5l A4 1. . . 5.45 7
1.95° 0.70 0.25° 0.34° 0.0/ 0.0° 2.699 0.96° 0.199" 72.26%¢ G8
0.0° 0.85° 0.26° 0.35° 0.0/ 0.0° 2.80" 1.03° 0.249 64.96° G9
oo e W R i g ok ger

1. 4 .34 . 4 . .51 .75 .34 49.87 11
2.67° 3.42° 0.45° 0.40° 0.0 4.90° 4.74° 0.97° 0.46" 32.849" G12
1.03' 0.81¢ 0.09 0.0' 0.0/ 3.249 172" 0.54 0.49%® 27.49M G13
1.14 0.0m 0.46° 0.32% 0.329 3.269 2.89¢ 0.90¢ 0.50% 27.00™ Gl4
2.60° 0.29 0.27¢ 0.30° 0.61° 4.12¢ 2.22 0.58' 0.40% 41.60" G15
2.32¢ 5.99° 0.41° 0.40° 1.06° 3.77° 3.66% 0.85° 0.32¢ 53.28% Gl6
1.82" 0.75° 0.09 0.42° 0.0/ 3.67" 2.64" 0.62" 0.42°c 38.68™" G17
0.64™ 0.609 0.78% 0.52° 0.0/ 1.04" 7.29% 1.98° 0.55% 19.70' G18
1.24' 0.0m 0.25% 0.17" 0.0 .81° 1.74™ 0.699 0.50% 26.52M G19
0.20" 0.0m 0.18' 0.19" 0.0/ 0.0° 2.14% 0.70¢ 0.50* 27.00" G20

Significance
1159.20™ 0.054™ 0.59™ 7.16™ 13.93™ 0.25™ 0.089™ 0.11™ 6.23" 4.37 Genotypesc.is;

41.667 0.002 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 E%;r

oy ) Jleis! zolaw 4y dme * bl oo bylass o Jd dxe NS pas onimd Ui ety 4D Cglitie Bgy>
Means with the same letter are not significantly different by Duncan's multiple range test at (P< 0.05). ™: significant at 0.01 probability level.
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Figure 1. Classification diagram of different Mentha genotypes based on morphological characteristics, essential oil
components and antioxidant activity
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Figure 2. Dendrogram resulting from cluster analysis of different Mentha genotypes based on morphological
characteristics, essential oil components and antioxidant activity.
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Figure 3. Correlation analysis between morphological traits, essential oil components and antioxidant activity in different Mentha
longifolia genotypes.

bl (ehy cats 5 025 ol (Mol slaofyy el
o) ol o glgie 4 l5k 4 ol (Byme il g cogdyl
9 owlwl Moy s db Gl @l abb e culie
Trans-Germacrene D ,la  <olSy ol
Beta-Farnesene Spathulenol .Caryophyllene
YU olels)l b slacws; & by Alpha-Terpineol.
9 3 e (Slio b olS sl liee (o e g
Cuo LSl olS S 5 5 (g 9 oS Sy poye 9 Job
0P sl Jouily 4 a5 b 5 5k 4 25 ()l
@l QLS 55 aiej 3 ol oy Jlod 3blie 5 598
s 9 (2lS cbaiS Slels b sl (wlsl gyl
Sleogad o Glag) Gblie aej 0 p¥ el <
bl el iy Sacuig] By g dagl (Bldes
Hyol looged zgy 9 (LS laguilul j oslatul (o
Dgud 4;'..&31))_3 [md‘ )’l Lg)b)go%

References

IS S
b slapodly p)f Bi> can pge Globdl o jiege |l
B g Pdng) bl coyp 2385 29)h )
g Nl laaly ) lagl 208 Ca iy slocdsi
LSL"’Q){)K C«.Lcdu g Ay Lol L’hul u_cl)) AIWAY
Lwly cpl 30 oYU Jawsly ccalise bS5 2939 5 dasio
5 oy SlawSl sl cdld ( So3edsdy0e lan )l
dex Gl byl cov basS  uilel @luS s
Gl o byd o 51 glar)] plas  aulBl Lol 5 o8l
Bblie bl 5 lolis oot Hob adlas oyl
i) L85 g ymie Olao Y | 5y cuigy b
o byd daw 5l e WWYE el )| b aclo o (3l G15
SUES (jg 5 Oy Sp s 9 Job oSy olas oyl
Comd (3 5 i g 0,55ke Jobo ¢ 2 )8 slaasls ol g
Cor gl ol el Gl W og bowigl ple 4

Afkar, S. (2021). Evaluation of morphological traits and anti-microbial activity of local ecotypes of Mentha longifolia
in Lorestan, Iran. Iranian Journal of Rangelands and Forests Plant Breeding and Genetic Research, 29(1), 96-107.

Aggarwal, B. B., & Kunnumakkara, A. B., gEds.). (2009). Molecular targets and therapeutic uses of spices: modern
uses for ancient medicine. World Scientific.

Ahmad, N., Fazal, H., Ahmad, I., & Abbasi, B. H. (2012). Free radical scavenging (DPPH) potential in nine Mentha
species. Toxicol. Industrial Health. 28(1), 83-89. https://doi.org/10.1177/0748233711407238.

Barzin, G., Mazooji, A., & Salimpour, F. (2014). Essential oil composition of four varieties of Mentha longifolia L.
from northern parts of Iran. International Journal of Plant, Animal and Environmental Sciences, 4(2), 639-643.
Batubara, 1., Komariah, K., Sandrawati, A., & Nurcholis, W. (2020). Genotype selection for phytochemical content
and pharmacological activities in ethanol extracts of fifteen t?;pes of Orthosiphon aristatus (Blume) Mig. leaves

using chemometric analysis. Scientific Reports, 10(1), 20945. https://doi.org/10.1038/s41598-020-77991-2.

Chiou, A., Karathanos, V. T., Mylona, A, Salta, F. N., Preventi, F., & Andrikopoulos, N. K. (2007). Currants (Vitis
vinifera L.) content of simple phenolics and antioxidant activity. Food chemistry, 102(2), 516-522.
https://doi.org/10.1016/j.foodchem.2006.06.009.

Eftekhari, A., Khusro, A., Ahmadian, E., Dizaj, S. M., Hasanzadeh, A., Cucchiarini, M. (2021). Phytochemical and
nutra-pharmaceutical attributes of Mentha spp.: A comprehensive review. Arabian Journal of Chemistry, 14(5),
103106. https://doi.org/10.1016/j.arabjc.2021.103106.

Fahmideh, L., Mazaraie, A., & Tavakoli, M. (2019). Total Phenol/Flavonoid Content, Antibacterial and DPPH Free
ﬁ\?{cal Scavenging Activities of Medicinal Plants. Journal of Agricultural Science and Technology, 21(6), 1459-

Farzaei, M. H., Bahramsoltani, R., Ghobadi, A., Farzaei, F., & Najafi, F. (2017). Pharmacological activity of Mentha
longifolia and its phytoconstituents. Journal of Traditional Chinese Medicine, 37(5), 710-720.
https://doi.org/10.1016/S0254-6272(17)30327-8.

Feizi, H., Hoseeini, Z., Vatandoost Jertoodeh, S., & AIi[i)]anah, M. (2017). Essential oil composition of Mentha
longifolia L. Hudson. in different parts of Fars and Khorasan Razavi provinces. Eco-phytochemical Journal of
Medicinal Plants, 5(1), 30-39.

Golparvar, A. R., HadiPanah, A., Gheisari, M. M., Salehi, S., Khaliliazar, R., & Ghasemi, O. (2017). Comparative
analysis of chemical composition of Mentha longifolia (L.) Huds. Journal of Medicinal Herbs, 7(4), 235-241.
Haikal, A., EI-Neketi, M., Awadin, W. F., Hassan, M. A., & Gohar, A. A. (2022?. Essential oils from wild Mentha
longifolia subspecies typhoides and subspecies schimperi: Burn wound healing and antimicrobial candidates.

Journal of King Saud University - Science, 34(8), 102356. https://doi.org/10.1016/j.jksus.2022.102356.


https://doi.org/10.1038/s41598-020-77991-2
https://doi.org/10.1016/j.arabjc.2021.103106
https://doi.org/10.1016/S0254-6272(17)30327-8

P ple Juailly) g acls M o 5 i o5 s 433
e V¥ Y o)l femapls Sl /el ool oMol sl ings,

Hajlaoui, H., Snoussi, M., Ben Jannet, H., Mighri, Z., & Bakhrouf, A. (2008). Comparison of chemical composition
and antimicrobial activities of Mentha longifolia L. ssp. longifolia essential oil from two Tunisian localities
(Gabes and Sidi Bouzid). Annals of microbiology., 58, 513-520. https://doi.org/10.1007/BF03175551.

Hemati, K.H., Sharifani, M., Kalati, H., & Badiee, P. (2006). Flavenid content of Hawthorn (Crataeguus monogyna)
in Iran. ISHS Acta Hort. 765: XXVII International Horticultural Congress -International Symposium on Plants as
Food and Medicine: The Utilization and Development of Horticultural Plants for Human Health.

Heydari, A., Hadian, J., Esmaeili, H., Kanani, M. R., Mirjalili, M. H., & Sarkhosh, A. (2019). Introduction of
Thymus daenensis into cultivate.on: Analysis of agro-morgholo ical, phytochemical and genetic diversity of
cultivated clones. Industrial Crops and Products, 131, 14-24. https://doi.org/10.1016/j.indcrop.2019.01.033.

Jamzad, M., Jamzad, Z., Mokhber, F., Ziareh, S., & Yari, M. (2013). Variation in essential oil composition of Mentha
longifolia var. chlorodichtya Rech. f. and Ziziﬁhora clinopodiodes Lam. growing in different habitats. Journal of
Medicinal Plants Research, 7(22), 1618-1623. https://doi.org/10.5897/JMPR12.710.

Kheiry, A., Baharmast, Z., Sanikhani, M., & Soleimani, A. %OZO). Study and comparison of morphological and
phytochemical traits of Mentha pulegium L. in different habitats of Guilan province. Eco-phytochemical Journal
of Medicinal Plants, 8(2), 60-75.

Loépez, V., Martin, S., Gomez-Serranillos, M. P., Carretero, M. E., Jager, A. K., & Calvo, M. L. (2010).
Neuroprotective and neurochemical properties of mint extracts. Phytotherapy Research, 24(6), 869-874.
https://doi.org/10.1002/ptr.3037.

Mahajan, M., Kuiry, R., & Pal, P. K. (2020). Understanding the consequence of environmental stress for
accumulation of secondary metabolites in medicinal and aromatic plants. Journal of Applied Research on
Medicinal and Aromatic Plants, 18, 100255.

Mikaili, P., Mojaverrostami, S., Moloudizargari, M., & Aghajanshakeri, S. (2013). Pharmacological and therapeutic
effects of Mentha Longifolia L. and its main constituent, menthol. Ancient Science of Life, 33(2),

ht(tfs://dm.org/131. 10.4103/0257-7941.139059. ) ) B

Mkaddem, M., Bougjila, J., Ennajar, M., Lebrihi, A., Mathieu, F., & Romdhane, M. (2009). Chemical composition
and antimicrobial and antioxidant activities of Mentha (longifolia L. and viridis) essential oils. Journal of Food
Science, 74(7), M358-M363. https://doi.org/10.1111/j.1750-3841.2009.01272 .

Moetamedipoor, S. A., Saharkhiz, M. J., Khosravi, A. R. & Jowkar, A. (2021). Essential oil chemical diversity of
Iranian mints. Industrial Crops and Products. 172, 114039 (2021). https://doi.org/lO.lOlG/j.indcro .2021.114039.

Moshrefi Araghi, A., Nemati, S. H., Shoor, M., Azizi Arani, M., & Moshtaghi, N.§ 019). Influence of water stress on
agro-morphological traits and essential oil content among Iranian genotypes of Mentha longifolia. Proceedings of
the National Academy of Sciences, India Section B: Biological Sciences, 89, 1219-1230.
https://doi.org/10.1007/s40011-018-1042-5.

Motiee, M., & Abdoli, M. (2021). C_han?_es in essential oil comFosition of pepgermint SMentha X piperita L.) affected

bwe'aSt extract and salicylic acid foliar application. Journal of Medicinal Plants, 20(79), 47-58. )

MozF? a_rlar)1, V. 1998. A Dictionary of Iranian Plant Names. Farhang Moaser Publishers, Tehran, Iran. 671 pp. (in

ersian).

Nakajima, J. I., Tanaka, I., Seo, S., Yamazaki, M., & Saito, K. (2004). LC/PDA/ESI-MS profiling and radical
scavenging activity of anthocyanins in various berries. Journal of Biomedicine and Biotechnology, 2004(5), 241.

Naqgvi, M. R., Qarayazi, B., and Hosseini Salekdeh, Q., (2014). Molecular markers, Tehran University Press, 334

pages.

Nikavar, B., Ali, N. A, & Kamalnezhad, M. (2008). Evaluation of the antioxidant fro erties of five Mentha
specieslranian Journal of Pharmaceutical Research. 7(3), 203-209. https://doi.org/10.22037/ijpr.2010.766.

Okut, N., Yagmur, M., Selcuk, N., & Yildirim, B. (2017). Chemical composition of essential oil of Mentha longifolia
L. subsp. longifolia growing wild. https://hdl.handle.net/20.500.12513/4164.

Omidbaigi, R., Hassani, A., & Sefidkon, F. 32003). Essential oil content and composition of sweet basil (Ocimum
basilicum) at different irrigation regimes. Journal of Essential oil Bearing plants, 6(2), 104-108.

Patonay, K., & Németh-Zamboriné, E. (2021). Horsemint as a potential raw material for the food industry: survey on
the chemistry of a less studied mint species. Phytochemistry Reviews, 20(3), 631-652.
https://doi.org/10.1007/s11101-020-09718-0.

Patonay, K., & Németh-Zamboriné, E. (2021). Horsemint as a potential raw material for the food industry: Survey on
the  chemistr of a less studied mint species. Phytochemistry  Reviews, 20(3), 631-652.
https://doi.org/10.1007/s11101-020-09718-0.

Rahimi, M. H., Aharizad, S., & Mohebalipour, N. (2017). Evaluation of genetic diversity in populations of lemon
balm (Melissa officinalis L.) in terms of agronomic traits, essential oil and citral concentration. Iranian Journal of
Rangelands and Forests Plant Breeding and Genetic Research, 25(2), 271-288.

Ramasar, R., Naidoo, Y., Dewir, Y. H., & El-Banna, A. N. (2022). Seasonal Change in Phytochemical Composition
and Biological Activities of Carissa macrocarpa (Eckl.) A. DC. Leaf Extract. Horticulture, 8(9), 780.
https://doi.org/10.3390/horticulturae8090780.

Ranjbar, G. A. €2023). Effect of drought stress on antioxidant enzyme activities, proline content and some
morghological traits in different castor bean ecotypes (Ricinus communis L.). Journal of Plant Process and
Function, 11(47), 267-282.

Saqib, S., Ullah, F., Naeem, M., Younas, M., Ayaz, A., Ali, S., & Zaman, W. (2022). Mentha: Nutritional and Health
Attributes to Treat Various Ailments Including Cardiovascular Diseases. Molecules, 27(19), 6728.
https://doi.org/10.3390/molecules27196728. o - o

Sharopov, F. S., Sulaimonova, V. A., & Setzer, W. N. (2012). Essential oil composition of Mentha longifolia from
wild populations growing in Tajikistan, Journal of Medicinally Active Plants, 1(2), PP: 76-84.
https://doi.org/10.7275/R5736NTN.

Srivastava, AW., & Shym, S. (2002. Citrus: Climate and soil. International Book Distributing
Company, Lucknow, Uttar Pradesh, India, p. 559.

Yavari, A. (2022). Study on essential oil variability of Salvia sharifii Rech. f. & esfand. in different natural habitats of
Hormozgan Province. Eco-phytochemical Journal of Medicinal Plants, 9(4), 33-47.

Zargoosh, Z., Ghavam, M., Bacchetta, G., & Tavili, A. (2019). Effects of ecological factors on the antioxidant
potential and total phenol content of Scrophularia striata Boiss. Scientific Reports, 9(1), 1-15.


https://doi.org/10.1016/j.indcrop.2019.01.033
https://doi.org/10.22037/ijpr.2010.766
https://doi.org/10.1007/s11101-020-09718-0
https://doi.org/10.3390/horticulturae8090780
https://doi.org/10.3390/molecules27196728
https://doi.org/10.7275/R5736NTN



