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of the US type peppermint oil are menthol (36-46%), 
menthone (15-25%), isomenthone (2.0-4.5%), 1,8-cin-
eole (4.0-6%), menthofuran (1.5-6%), neo-menthol 
(2.5-4.5%), menthyl acetate (3.0-6.5%), and pulegone 
(0.5-2.5%) (ISO, 2006). Due to industrial demand, a ge-
netic improvement program was initiated for the devel-
opment of peppermint genotype having lesser content 
menthofuran (< 5%) in its essential oil through half-sib 
progeny selection. 
Though the number of high yielding varieties have been 
developed and released for commercial cultivation in 
due course of time, the knowledge regarding selection 
parameter for oil yield viz., genetic correlation, path 
analysis, and heritability are still unexplored (Kumar et 
al., 2004; Patra and Kumar, 2005). Thus, it is pertinent 
to assess the degree and magnitude of the character’s 
association and path coefficient to facilitate direct and 
indirect selection of important traits for genetic im-
provement. The present study was planned with < 5% 

1. Introduction

The aromatic herb peppermint (Mentha piperita L.) 
is widely distributed in temperate and sub-tem-
perate climatic regions of the world (Kumar et al., 

2014a). Leaves and the essential oil of peppermint are 
used in a wide range of applications in perfumery, cos-
metics, confectionery, flavoring, food, and pharmaceu-
tical industries (Kumar et al., 2015). The fresh herb on 
distillation yields an essential oil that contains a large 
variety of aroma chemicals in varying composition. The 
economic value and industrial demand of this aromatic 
crop invite the attention of plant breeders to develop 
high yielding variety to accomplish the desired market. 
The compound “menthofuran” is the characteristic phy-
to-molecule marker for differentiating peppermint oil 
from other mint oils (Kumar et al., 2014a). Based on the 
chromatographic profile, the characteristic components 
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Menthol rich with low menthofuran peppermint (Mentha piperita L.) genotype MPK-5 and their 
eight half-sib seed progenies were evaluated for different genetic parameters, namely coef-
ficient of variation, genetic advance, heritability, associations, and path analysis for different 
economic characters, viz., plant height, leaf length, leaf width, leaf: stem ratio, herb yield, es-
sential oil content (%), and contents of various essential oil constituents (quality traits) such 
as sabinene, myrcene, limonene, α-pinene, β-pinene, 1,8-cineole, menthone, menthofuran, 
neo-menthol, isomenthone, menthyl acetate, menthol, and pulegone. The phenotypic coeffi-
cient of variations (PCV) was found slightly higher than the genotypic coefficient of variations 
(GCV) for the characters studied, indicating that the apparent variation was not only due to 
genetic but also influenced by the growing environment for the expression of studied traits. 
The highest genotypic coefficients of variation (GCV) was noted for the character pulegone, 
followed by menthofuran and 1,8-cineole. High heritability coupled with high genetic advance 
was observed for menthol followed by pulegone demonstrating that these chemical compo-
sitions might be under non-additive genetic control. The genotypic correlations were higher 
than the phenotypic correlations for studied traits. The significant and positive associations of 
β-pinene with sabinene and 1,8-cineole; α-pinene with β-pinene, sabinene, and 1,8-cineole; 
menthyl acetate with neo-menthol; and sabinene with 1,8-cineole were noted. A high direct 
positive effect was also recorded between menthofuran and limonene.
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menthofuran containing genotypes MPK-5 (open-
pollinated seed progeny of variety Kukrail) to have an 
idea of inter-relationships between different characters 
for an appropriate selection strategy in M. piperita L.

2. Experimental

2.1. Plant materials and experimental design

The peppermint planting material comprises of parental 
genotype MPK-5 (developed as open-pollinated seed 
progeny of variety Kukrail in the year 2000) portraying 
characteristics of high menthol with low menthofuran 
(>1.0%) content, the ability of flowering and produc-
ing viable seeds and its eight half-sib seed progenies,  
named as MPK-5 (1), MPK-5 (2), MPK-5 (3), MPK-5 (5), 
MPK-5 (6), MPK-5 (7), MPK-5 (8), and MPK-5 (9) (Fig. 1). 
The experiment was laid in a randomized block design 
(RBD) with three replicates, each block comprised of 5 
rows at the space of 50 cm. This study was commenced 
in January and during the experiment, the soil of the 
experimental site was sandy-loam in texture, having a 
pH of 7.8. The fertilizers were applied in the ratio of 
60:40:40 kg N, P2O5, and K2O/ha, respectively.

2.2. Isolation and analysis of essential oil

On 110 days after planting, the fresh herbs were col-
lected from plants of middle length row to avoid bor-
der effect. The essential oil was distilled from 200 g of 
fresh herb using the Clevenger type apparatus, and 
the relevant oil content was estimated on a weight ba-
sis. The gas chromatography (GC) insrumentation was 
used to estimate oil quality traits, , namely α-pinene, 
β-pinene, sabinene, myrcene limonene, 1,8-cineole, 
menthone, menthofuran, iso-menthone, menthyl ace-
tate, neo-menthol, menthol and pulegone.

2.3. Gas chromatography (GC) and gas chromatogra-
phy-mass spectrometry (GC-MS) analysis

GC analysis of the essential oil was performed on Cen-
turion scientific gas chromatograph (model CS-5800), 
equipped with Supelcowax 10 (30 m × 0.25 mm in-
ternal diameter, film thickness 0.50 µm) and BP-5 (30 
m × 0.25 mm i.d., film thickness 0.25 µm) fused silica 
capillary columns and a flame ionization detector (FID). 
For Supelcowax 10 column, the oven temperature was 
programmed from 70 °C to 170 °C with a ramp of 4 °C/
min , then programmed to 240 °C with a ramp of 5 °C/
min with initial and final hold times of 5 and 15 min, re-
spectively. However, for BP-5 column oven temperature 
was programmed from 60 °C to 240 °C at the ramp of 
3 °C/min, with a final hold time of 10 min. Nitrogen was 
used as the carrier gas at 1.0 mL/min. The injector and 
detector temperatures were adjusted at 240 °C and 250 
°C, respectively. The sample of 0.2 µL was injected in the 
split mode (1:70).
Clarus 680 GC interfaced with a Clarus SQ 8C Quadru-
pole mass spectrometer of PerkinElmer fitted involving 
Elite-5 MS fused-silica capillary column (30 m × 0.25 

mm i.d., film thickness 0.25 µm) were employed in GC-
MS analysis of the peppermint oil. The temperature of 
the oven was programmed between 60 to 240 °C, at 3 
°C/min, and programmed to 270 °C at 5 °C/ min; the 
temperature of injector was 250 °C; the adjusted tem-
perature for transfer line and source temperatures was 
220 °C; injection size 0.03 µL neat; 1:50 was the split ra-
tio; He at 1.0 mL/min was the carrier gas; 70 eV was the 
ionization energy, and the mass scan varied over the 
range 40-450 amu. The retention index was employed 
for identification of the constituents in the essential oil, 
using a homologous series of n-alkanes (C7-C30 hydro-
carbons, Supelco Bellefonte, PA USA), MS Library search 
(NIST and WILEY), correlating with the literature pub-
lished (Adams, 2007). GC peak area (FID response) de-
termines the relative percentage of individual compo-
nents in the essential oil. 

2.4. Data collection and statistical analysis

The various morpho-metric characters, namely plant 
height, leaf length, leaf width, leaf: stem ratio, herb yield, 
oil content (%), and quality attributes viz. sabinene, 
myrcene, limonene, α-pinene, β-pinene, 1,8-cineole, 
menthone, menthofuran, neo-menthol, isomenthone, 
menthyl acetate, menthol, and pulegone were recorded 
at the maturity of the crop, i.e. 110 days from the day of 
planting for every four consecutive years (2011-2015). 
The pooled mean data were evaluated for correlation 
and path analysis following Dewey and Lu (1959) meth-
od. Variability was evaluated for different qualitative 
traits. The heritability and genetic advance were esti-
mated pursuing standard protocols. All the statistical 
parameters were analyzed through SPAR-1 software 
(IASRI, New Delhi). 

3. Results and Discussion 

3.1. Variance components and coefficients of variation

The quantified values (as a percentage) of different 
chemical constituents analyzed through gas chroma-
tography are shown in Table 1. The analysis of variance 
(ANOVA) revealed that the mean square of seed prog-
enies was found to be highly significant (P<0.01) for all 
the studied quantitative and qualitative traits except 
α-pinene, which was significant at 0.05 probability level 
(Table 2). Similarly, a significant variability among the 
agronomic traits and chemical constituents of essen-
tial oil have been previously studied among accessions/ 
genotypes of different crops including M. piperita (Ku-
mar et al., 2014b), Mentha arvensis L. (Venkatesha et al., 
2019b), Gaultheria procumbens L. (Nikolic et al., 2013), 
and Satureja horvatii (Bukvicki et al., 2014). The range 
of magnitudes for quantitative and qualitative traits 
was considerably more extensive, demonstrating the 
potential of exploring the variability in seed progenies 
for promoting genetic enhancement. The extent of the 
phenotypic coefficient of variation (PCV) was in-variably 
larger than genotypic coefficient of variation (GCV), in-
dicating that the apparent variation was not only due to 
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genetic but are also influenced by the impact of envi-
ronment for the expression of qualitative and quantita-
tive traits, while for qualitative traits the same values of 
phenotypic coefficient of variation (PCV) and genotyp-
ic coefficient of variation (GCV) indicated strict genetic 
control over these traits (Table 3). The finding of the 
higher phenotypic coefficient of variation (PCV) than 
the genotypic coefficient of variation (GCV) for quan-
titative and qualitative traits is supported by previous 
studies on Mentha spp. (Kumar et al., 2014b; Mishra et 
al., 2016; Venkatesha et al., 2019a; Venkatesha et al., 
2019b).
Heritability alone does not indicate the amount of ge-

netic improvement that would result in the selection of 
individual genotype. Hence, knowledge on heritability 
coupled with genetic advance helps predict gain under 
selection than heritability alone. The heritability and ge-
netic advance estimation were found to be superior for 
qualitative traits except for oil content and α-pinene, 
demonstrating that these traits might be under non-ad-
ditive genetic control. 

3.2. Association among characters

Awareness about character association plays a vital role
in deploying an indirect selection of the traits and for
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low heritability exhibiting traits.The estimates of the 
combinational situation and correlation may often be 
deceptive due to mutual cancellation of component 
traits; therefore, it is essential to study the path analy-
sis, associations and other selections parameters which 
will authenticate the causal relationship along with the 
degree of relationship (Vir and Gupta, 2001; Bhargava 
et al., 2003).
The genotypic correlations were higher than corre-
sponding phenotypic correlations for most of the 
character pairs studied (Table 4), demonstrating the in-
fluence of changing environment condition on relation-
ships with traits at genetic/phenotypic level (Singh and 
Khanna, 1993; Singh et al., 2003; Kumar et al., 2005). A 
similar observation has been obtained while studying 
the correlation coefficients among the menthofuran rich 
half-sib seed progenies of M. piperita L. (Kumar et al., 
2014b). The correlation coefficients between genotypic 
and phenotypic level among 19 characters described 
a highly significant and positive association between 
β-pinene with sabinene and 1,8-cineole; α-pinene with 
β-pinene, sabinene, and 1,8-cineole, whereas negative 
and highly significant genotypic associations were ob-
served between menthyl acetate and neo-menthol with 
pulegone; and menthone with menthofuran (Table 4). 
The plastidial biosynthesis of peppermint followed the 
methyl erythritol phosphate (MEP) pathway through 
the availability of C5 isoprenoid precursors, namely iso-
pentenyl diphosphate (IPP) and dimethylallyl diphos-
phate (DMAPP) (Eisenreich et al., 1997). The different 
magnitude and orientation of the correlation of major 
chemical constituents can be explained based on their 
biosynthetic pathway (Fig. 2). The product compounds 
which depend on the same precursor molecule might 
show negative association as they compete for the 
same precursor.

3.3. Path coefficient analysis

Path coefficient analysis and partitions trait association 
into direct and indirect effects were evaluated for de-
riving a genotypic correlation between the essential oil 
quality characters with menthofuran (Table 4). The path 
coefficient is an efficient selection strategy applied to 
study the direct/indirect association in the variables, 
further permitting/validating the components that af-
fect the correlation variable (Shipley, 1997; Scheiner et 
al., 2000). The path coefficient analyses for mentho-
furan content revealed that limonene expressed the 
positive maximum direct effect on menthofuran con-
tent (1.068) followed by menthyl acetate (0.602) and 
neo-menthol (0.467) (Fig. 3, Table 5). It suggests that 
the selection for limonene content would simultane-
ously enhance the menthofuran content. While on 
the other side, pulegone had the highest direct neg-
ative effect (-2.073) continued by menthone (-1.936), 
menthol (-0.643), and 1,8-cineole (-0.630) on men-
thofuran content. The menthone (-1.936) and men-
thol (-0.643) have negative direct effect and genotypic 
correlation with menthofuran in addition to negative 
indirect effect with leaf width, oil content, α-pinene, 
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Character Range Mean ± SE Gen.var Phe. Var GCV PCV GA HER(B)
Plant Height 56-68 60.88 ± 1.357 19.713 25.241 7.292 8.251 7.143 78.09
Leaf Length 3.93-5.40 4.80 ± 0.161 0.185 0.263 8.951 10.678 0.622 70.25
Leaf Width 2.23-3.23 285 ± 0.119 0.104 0.146 11.28 13.411 0.469 70.74
L/S ratio 01-1.40 1.15 ± 0.052 0.016 0.024 10.955 13.47 0.172 66.14
Oil content 0.23-0.48 0.34 ± 0.037 0.004 0.008 19.304 27.013 0.069 51.06
Herb yield kg/m2 3.1-11.86 9.56 ± 0.223 8.095 8.245 29.729 30.003 5.755 98.18
α-Pinene 0.34-0.61 0.41 ± 0.045 0.004 0.011 16.135 24.999 0.057 41.65
β-Pinene 0.46-1.00 0.57 ± 0.037 0.028 0.032 29.256 31.373 0.3 86.95
Sabinene 0.26-0.97 0.44 ± 0.028 0.046 0.048 48.544 49.811 0.421 94.97
Myrcene 0.28-2.17 0.83 ± 0.013 0.324 0.325 68.371 68.431 1.171 99.82
Limonene 1.87-8.05 3.43 ± 0.004 3.953 3.953 57.945 57.946 4.095 99.99
1,8-Cineole 0.24-7.57 2.10 ± 0.004 5.792 5.792 114.515 114.516 4.957 99.99
Menthone 1.91-15.07 9.17 ± 0.109 19.124 19.16 47.686 47.731 8.996 99.69
Menthofuran 0.18-6.08 1.57 ± 0.187 4.134 4.24 129.424 131.069 4.084 97.5
Isomenthone 0.71-2.72 1.83 ± 0.012 0.471 0.471 37.414 37.433 1.412 99.89
Menthyl acetate 0.34-3.91 2.75 ± 0.020 1.967 1.969 50.946 50.962 2.887 99.93
neo-Menthol 2.82-8.54 4.27 ± 0.030 4.451 4.454 49.303 49.318 4.344 99.93
Menthol 20.60-72.77 52.06 ± 0.381 348.855 349.292 35.877 35.899 38.427 99.87
Pulegone 0.44-46.24 11.47 ± 0.175 235.623 235.715 133.831 133.857 31.608 99.96

Table 3
Estimates of the genetic parameter in eight half-sib progeny of Mentha piperita L.

Fig. 2. Major constituents of the essential oils of peppermint (Mentha piperita L.) accessions. 

sabinene, neo-menthol, menthol and plant height, leaf 
length, leaf width, oil content, herb yield, α-pinene, 
sabinene, myrcene, limonene, menthol, and neo-men-
thol. The limonene had a maximum direct positive 
effect (1.068) and displayed a negative indirect effect 
with chemical constituents (qualitative traits) involving 
1,8-cineole (-0.454), menthyl acetate (-0.313), menthone 
(-0.301), pulegone (-0.199) and β-pinene (-0.135). Care-
ful examination of quality traits with the negative direct 
effect is needed for the selection strategies in the im-
provement of menthofuran content in the essential oil. 
In the present investigation, the half-sib breeding ap-
proach was explored to elevate the quality, quantity, and 
productivity in the M. piperita. Previous studies demon-
strated that genetic variability remains to hinder in the 
vegetatively propagated crops, further open-pollinated 
seed progenies (OPSP), hybridization and mutation 
breeding which could be considered as an approach for 
exploring variability among genotypes/varieties (Kumar 

et al., 2004; Patra and Kumar, 2005). The aforemen-
tioned authors reported that the essential oil content 
of OPSPs of variety Shivalik varies from 0.37 to 1.08. 
In the plant breeding strategies, the judicious selection 
is the primary objective practiced for higher yields and 
better quality attributes. Genotypic coefficient of varia-
tion (GCV), genetic advance, and broad-sense heritabil-
ity for quantity and quality attributes are presented in 
(Table 3). The genotypic coefficient of variation (GCV) of 
pulegone has been as high as 133.83%; selecting such 
characters offers an excellent opportunity for choosing 
desired progenies of MPK-5. The genotypic coefficient 
of variation (GCV) determines the nature and amount of 
variations, but the level of heritability is not determined 
based on these estimates. According to Burton and de 
Vane (1953), the estimates of the genotypic coefficient 
of variation concerning heritability provide a piece of 
better knowledge on the amount of genetic advance 
than via phenotypic selection. Here, the herb yield is 
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SPs) of the Mentha piperita cv. Kukrail. J. Med. Arom. 
Plant Sci. 26, 84-88.
Kumar, B., Singh, H.P., Kumar, Y., Patra N.K., 2005. Analy-
sis of characters associated with high oil yield and men-
thol content in menthol mint (Mentha arvensis) geno-
types. J. Med. Arom. Plant Sci. 27, 435-438.
Kumar, B., Shukla, A.K., Samad, A., 2014a. Development 
and characterization of the menthofuran-rich inter-spe-
cific hybrid peppermint variety CIMAP-Patra. Mol. 
Breed. 34, 717-724.
Kumar, B., Mali, H., Gupta, E., 2014b. Genetic variability, 
character association and path analysis for econom-
ic traits in menthofuran rich half-sib seed progeny of 
Mentha piperita L. Biomed. Res. Int. 2014, 1-7.
Kumar, B., Kumar, U., Yadav, H.K., 2015. Identification 
of EST-SSRs and molecular diversity analysis in Mentha 
piperita. Crop J. 3, 335-342.
Mishra, A., Lal, R.K., Chanotiya, C.S., Dhawan, S.S., 2016. 
Genetic elaborations of glandular and non-glandular 
trichomes in Mentha arvensis genotypes: assessing ge-
notypic and phenotypic correlations along with gene 
expressions. Protoplasma, doi: 10.1007/s00709-016-
1011-x. 2016.
Nikolic, M., Markovic, T., Mojovic, M., Pejin, B., Sav-
ic, A., Peric, T., Markovic, D., Stevic, T., Sokovic, M., 
2013. Chemical composition and biological activity of 
Gaultheria procumbens L. essential oil. Ind. Crop Prod. 
49, 561-567. 
Patra, N.K., Kumar, B., 2005. Study of genetic variation 
in open pollinated seed progenies (OPSPs) of the Men-
tha arvensis CV Shivalik-88. J. Med. Arom. Plant Sci. 27, 
539-543.
Scheiner, S.M., Mitchell, R.J., Callahan, H.S., 2000. Using 
path analysis to measure natural selection. J. Evolution 
Biol. 13, 423-433.
Shipley, B., 1997. Exploratory path analysis with appli-
cations in ecology and evolution. Am. Nat. 149, 1113-
1138.
Singh, S.P., Khanna, K.R., 1993. Path coefficient analy-
sis for opium and seed yield in opium poppy (P. som-
niferum L.). Genetika 25, 119-128.
Singh, S.P., Shukla, S., Yadav, H.K., Chatterji, A., 2003. 
Studies on different selection parameters in opium 
poppy (P. somniferum L.). J. Med. Arom. Plant Sci. 25, 
380-384.
Venkatesha, K.T., Singh, V.R., Padalia, R.C., Verma, R.S., 
Upadhyay, R.K., Kumar, R., Chauhan, A., 2019a. Genetic 
variability, D2 analysis and characters association among 
quantitative and qualitative traits of spearmint (Mentha 
spicata L.). Trends Phytochem. Res. 3(2), 101-108.
Venkatesha, K.T., Singh, V.R., Padalia, R.C., Upadhyay, 
R.K., Kumar, R., Chauhan, A., 2019b. Estimation of ge-
netic parameters for agro-economic traits and D2 anal-
ysis among the half-sib progeny of menthol mint (Men-
tha arvensis L.). SSRG-IJAE 6, 17-23. 
Vir, O.M., Gupta, V.P., 2001. Association among yield 
and yield contribution characters in Macrosperma x Mi-
crosperma derivatives of lentil. J. Crop Improv. 28, 78-
80.

under additive genetic control through high heritability 
along with high genetic advance; a further selection of 
these important traits could be an effective strategy. 

4. Concluding remarks

Considering together the genetic parameters, selec-
tion of pulegone, menthofuran, 1,8-cineole, and men-
thone could be used as promising criteria for selection 
in genetic improvement since these characters gener-
ally possess a high genotypic coefficient of variation, 
phenotypic coefficient of variation, heritability estimate, 
and genetic advance. Nevertheless, considering the cor-
relations along with the path analysis for the selection 
of low menthofuran content (%) via indirect selection, 
the limonene content should be a reliable and signifi-
cant parameter for the high yielding elite half-sib gen-
otypes selection with desirable menthofuran content. 
As demonstrated by the results of the present study, 
a potent breeding technique like selection in half-sib 
seed progenies has been able to ensure variability and 
improvement in the studied quantitative and qualitative 
traits.
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