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IMPROVEMENT OF THE IN VITRO DEVELOPMENT
OF Mentha piperita L. AND Mentha longifolia (L.) Huds. VARIETIES

VOICU Diana, CIOBOIU Olivia

Abstract. Peppermint varieties are representative regarding therapeutical properties. The aim of this paper was to study the in vitro
germination and micropropagation potential of two mint cultivars, namely Mentha piperita and M. longifolia. In vitro germination of
Mentha longifolia seeds has been stimulated with gibberellic acid. Using an experimental system with two stages of three months, we
obtained 50 microshoots per culture from every variety. Two variants of the basal Murashige - Skoog medium supplemented with
benzyl adenine (BAP), 1 - naphthylacetic acid and yeast extract have been optimal for in vitro microshoot multiplication of the both
cultivars. The proportions of the growth factors differed, i.e. 5:1:100 mg/L for Mentha piperita and 3:0.5:100 mg/L for M. longifolia.
The capacity of both mint cultivars to maintain their viability for a long period between transfer on a fresh culture medium was evident.
We developed an in vitro conservation strategy and obtained an increased number of regenerants that can ensure a considerable amount
of biomass to cover the required vegetal material useful in cosmetic and pharmaceutical industry.

Keywords: Mentha longifolia in vitro culture, microshoots, Mentha piperita in vitro growth factors, in vitro plant conservation,
aromatic and medicinal plants.

Rezumat. Optimizarea dezvoltarii in vitro la varietitile Mentha piperita L. si Mentha longifolia (L.) Huds. Scopul
lucrarii noastre a fost acela de a studia capacitatea de germinare in vitro si micropropagare la doua varietati ale genului Mentha, si
anume Mentha piperita si Mentha longifolia. Germinarea semintelor de Mentha longifolia a fost stimulata cu acid giberelic. Utilizand
un sistem experimental in doud etape a cate trei luni, am obtinut 50 microlastari per cultura pentru fiecare varietate. S-au dovedit a fi
optime doud variante ale mediului bazal Murashige - Skoog, suplimentate cu benzil adenind, acid naftil acetic si extract de drojdie.
Fiecare varietate a avut o0 evolutie favorabild pe variante continind concentratii diferite ale acestor factori de crestere. Pentru
multiplicarea lastarilor Mentha piperita, s-a dovedit a fi optim raportul 5: 1 : 100 mg/L de citokinina (BAP), auxind (ANA) si extract
de drojdie iar pentru Mentha longifolia, raportul de 3: 0.5, 100 mg/L din acesti elicitori. A fost evidenta capacitatea ambelor varietiti
de a-si pastra viabilitatea pe o perioada indelungata de timp intre efectuarea de subculturi pe mediu proaspat. Am dezvoltat o
metodologie de conservare in vitro si am obtinut un numar mare de regeneranti ce asigura o cantitate de biomasa apreciabila care sa
acopere necesarul de material vegetal util in industria cosmetica si farmaceutica.

Cuvinte cheie: cultura in vitro la Mentha longifolia, microlastari, factori de crestere in vitro pentru Mentha piperita, conservarea in
vitro la plante, plante aromatice si medicinale.

INTRODUCTION

The Mentha genus of the Lamiaceae Family comprises a wide range of varieties (Fig. 1; BRAHMI et al., 2017).
Recent reviews analyse Mentha piperita L. as a therapeutic herb useful for producing nutraceutical, cosmetics and
pharmaceuticals (HUDZ et al., 2023). GOMEZ et coworkers (2015) studied the in vitro production of plantlets and the
capacity of multiplication of eight species of mint plant, namely M. piperita, M. suaveolens, M. canadensis, M. longiflora,
M. aquatica, M. arvensis, M. gracilis and M. spicata by five successive 30-day subcultures. Mentha longifolia L.
(Lamiaceae) contain a wide variety of volatile oils (OKUT et al., 2017) with main components such as the limonene and
carvone both in stems (15.3 and 15.1 %, respectively) and leaves (5.8 and 7.9 %, respectively) (BERTOLI et al., 2011);
the plantlets obtained in vitro have a content of bioactive constituents that is safer than in field mature plants. The total
yield of essential oils can be increased with the addition of cytokinins to the basal in vitro culture medium (SANTORO
et al., 2013). Biotechnologies as protoplast fusions between some cultivars of mint as peppermint (Mentha piperita L. cv
Black Mitcham) and spearmint (Mentha spicata L. cv Native Spearmint) may be used to generate novel mint germplasm
with high-quality oil and also resistance to verticillium wilt. (KRASNYANSKI et al., 1998). PGR treatment with indole
acetic acid (IAA) and salicylic acid in M. spicata, M. longifolia and M. piperita increases the concentrations of some
important volatile metabolites such as monoterpenes, sesquiterpenes, esters, ethers, ketones, phenols and carboxicyclic
compounds (KUNDU et al., 2021).

Optimal concentrations of growth factors were added to the MS basal medium for the in vitro sprouting of the plant.

Different variants of the in vitro culture medium, fortified with growth factors in different proportions, have been
used by scientists. In this context, SHARMA et al., 2019 obtained maximum sprouting, avoiding the callus phase on an
MS medium supplemented with 3.0 mg/L BAP and 1.5 mg/L kinetin with an average number of shoots per explant of 20
+0.5. SIDHU et coworkers (2019) obtained about 70-80 shoots per culture after 6 weeks when the MS medium contained
2.00-3.00 mg/L kinetin and 1.00 mg/L IAA. An equally good response was observed when kinetin was replaced with
BAP (2-3 mg/L) and the 1AA level was reduced to 0.25 mg/L in the medium. BAP and Kin are better plant growth
regulators for shoot induction when cultured on an MS medium and the addition of NAA along with cytokinins enhanced
the number of shoots (SARWAR et al., 2009). On the other hand, according to ZARKI & ELMTILI (2012), shoot tips
have proven to be the most effective in shoots proliferation, with high proliferation rate (100 %) and shoot humber (14
shoots per explants), using an MS medium supplemented with 0.5 mg/L BAP.
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M. aquatica M. longifolia M. spicata M. rotundifolia M. arvensis
(Water mint) {Horse mint) (Spearmint) (Apple mint) (Japaneese mint)

Figure 1. Varieties of the genus Mentha illustrated by BRAHMI et al., (2017).
MATERIAL AND METHODS

For the in vitro germination of Mentha longifolia (L.) Huds., we used seeds purchased from the online store
www.semintelegumeflori.ro. For Mentha piperita L. in vitro multiplication, we used meristems sampled from the apical
part of the plants purchased from the market place.

In order to fulfil aseptic conditions, seeds of Mentha longifolia and fragments of the apical stems of Mentha
piperita mature plants have been washed previously with running tap water for 30 minutes, then, in the laminar flow
bench, they have been submerged in a range of solutions of ethanol 70 % for 1 minute, mercuric chloride of 0.1 % for
three minutes and rinsed with sterile bi-distilled water after these stages. The capacity of in vitro multiplication of these
aromatic plants has been stimulated with the growth factors benzyl adenine (BAP), gibberellic acid and yeast extract as
an elicitor added to the basal MS formula (Murashige - Skoog, 1962). The reactivity of in vitro vegetal inoculi has been
tested in six variants of in vitro culture media, namely: I) MS supplemented with 1 mg/ L BAP and 1 mg/L gibberellic
acid, Il) MS with 1 mg/l BAP + 0.5 gibberellic acid, 111) MS supplemented with 3 mg/L BAP and 1 mg/L gibberellic
acid, 1V) MS variant supplemented with 3 mg/L BAP + 0.5 mg/L NAA + 100 mg/L yeast extract, V) MS variant
supplemented with 5 mg/L BAP + 1 mg/L NAA + 100 mg/L yeast extract VI) MS + 3 BAP + 0.5 IAA VII) MS + 1.5
IBA. The length and the number of regenerants per explant cultivated has been evaluated. In one variant used by us we
modified the method of MANIK et al., (2012) by adding 100 ml yeast extract to the listed components. For germination,
we used Petri dishes with a small diameter of 6 cm, then we transferred the shoots to Erlenmeyer dishes with a capacity
of 500 ml, a height of 18 cm and a diameter of 6 cm. After inoculation, the in vitro culture dishes, in a series of ten per
experiment, have been placed in the growth chamber.

RESULTS AND DISCUSSIONS

Mentha longifolia seeds started to germinate on basal Murashige - Skoog culture medium after one week; the
germination of Mentha longifolia seeds reached a 80 % percentage; the differentiation of shoots started on a variant of
nutritive culture medium with 1 mg/L gibberellic acid and 1 mg/L BAP; regarding the effect of growth regulation factors
on the germination of seeds, ELHINDI et al., (2016) elaborated a successful methodology for overcoming seed dormancy
and optimizing seed germination to peppermint by soaking seeds in gibberellic acid before inoculating them on the culture
medium. With gibberellic acid, DHORAN & GUDADHE, 2012 increased seed germination by 47%. NAA has been
reported to increase seed germination of Mentha arvensis by 32.3%.

In the subsequent stages we multiplicated shoots for Mentha longifolia on MS with 1 mg/L gibberellic acid and
3 mg/L BAP, then continued on MS variants with 3 mg/L BAP, 0.5 mg/L NAA and 100 mg/L yeast extract. The results
of MANIK et al, 2012 revealed that a high shoot length is achieved with 3 mg/L BAP and 0.5 mg/L NAA. In the first
three months, an active adventitious shoot formation was obvious for both species as in the experiments of
ZAGORSKAYA & YEGOROVA, 2018, that used as in vitro stimulators of growth 1 mg/L BAP and 0.5 mg/L IAA. The
in vitro response regarding shoot initiation was dependent on the culture media composition and the concentration of the
added growth regulators. According to AKTER & HOQUE (2018), in vitro cultures require lower concentrations of BAP
as 1 mg/L in order to be initiated and micropropagated. Assessing the effect of cytokinins and auxins on shoot
development for Mentha, the results of previous researchers revealed that a good reactivity on media containing BAP
(150p1/50ml) as cytokinin and NAA (20u1/50ml) as auxin can be obtained (KHAN et al., 2021). TULY et al. (2015) used
BAP (1 mg/l) and NAA (1 mg/l) as growth regulators, for a shoot regeneration protocol, 55 days after inoculation, with
an efficient in vitro response. MEHTA et al. (2012) mention that shoot multiplication in vitro for Mentha piperita has
been accomplished by adding the growth regulator BAP in 2 mg/L concentration; 2.5 mg/L of BAP produces a significant
number of shoots starting from the embryogenic callus of Mentha spicata (SAMANTARAY et al., 2012). 0.5 mg/L IBA
(indolyl-3-butyric acid) induced lateral shoots (EYCZKO et al., 2020). SHELEPOVA et al., (2021) stimulated the
development of numerous lateral shoots of Mentha cultivars using 0.5 mg/L BAP. SHARAN et al. (2014) also used a
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higher quantity of BAP than NAA, obtaining adventitious bud regeneration from internode explants that can assure
micropropagation of Mentha (Fig. 2a, b).

According to the results of ISLAM et al., (2017), a 3 mg/L BAP concentration stimulates the highest number of
shoots per explants while the highest root proliferation is assured by 1.5 mg/L IBA added to the basal MS medium. M.
piperita has been maintained in the in vitro culture in storage for at least six months on a slow growth 1/2 MS medium
supplemented with 4.0% sorbitol (ZAYOVA et al., 2021). We obtained similar results to RANDOMIR et al. (2022)
regarding some aspects of in vitro culture: the shoots of peppermint have the ability to develop roots along the shoots,
and the rooting phase can be unnecessary. RADOMIR et al.,, 2022 obtained a high multiplication rate (7.12
shoots/explants) and a length of the shoots of (8.11 cm) on the MS medium supplemented with 1 mg/L BAP to Mentha
piperita. Our regenerants of peppermint have been growing in length in Erlenmeyer dishes, reaching the length of the
dish culture, of about 18 cm while Mentha longifolia reached a lengths of 12 - 15 cm (Figs. 3a, b and 4a, b). Clusters of
shoots have a long beard aspect at Mentha longifolia (Fig. 3a). Every explant from the Erlenmeyer dish was surrounded
by a bunch of lateral shoots (Fig. 3b) that in time became jointed in about 50 shoots. We used a subculturing period of
three months. Images 3 - 5 presents different successive stages of inoculi development. Using an experimental system
with two stages of three months, we obtained 50 microshoots per culture dish from every variety. Two variants of the
basal Murashige - Skoog medium supplemented with benzyl adenine (BAP), 1-naphthylacetic acid and yeast extract have
been optimal for in vitro microshoot multiplication of both cultivars. The proportions of the growth factors were different,
namely 5:1:100 mg/L for Mentha piperita (Fig. 5) and 3: 0.5: 100 mg/L for Mentha longifolia (Fig. 3). Mentha piperita
rooted and multiplicated on two variants of MS supplemented with 1.5 mg/L IBA, and MS + 3 BAP + 0.5 IAA (Fig. 6).
Comparing the two different genotypes, the different colour shade was highlighted as light green for Mentha longifolia
(Fig. 3) and dark green for Mentha piperita (Fig. 5); the thickness of the shoot stems also differed, which was stronger in
the case of Mentha piperita. All the variants of the in vitro culture medium stimulated lateral shoot formation, but the
variant with yeast extract stimulated the increase of the interval of subculturing and the number of lateral shoots. The
capacity of both mint cultivars to maintain their viability for a long period between transfer on a fresh culture medium
was obvious. The two varieties have in vitro micropropagation potential; all nutritive variants presented a positive effect
on inducing shoot morphogenesis to Mentha longifolia; regarding Mentha piperita, the variant with the highest
concentration of BAP and NAA beside yeast extract triggered the morphogenetic response in shooting development and
multiplication, as well as the variant with cytokin BAP and indole acetic acid (3:0.5). We developed an in vitro
conservation strategy and obtained an increased number of regenerants that can ensure a considerable amount of biomass
to cover the required vegetal material useful in the cosmetic and pharmaceutical industry.
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Figure 2a. Seeds of Mentha longifolia germinated on Murashige - Skoog;
b. shoots germinated and differentiated on MS, with the addition of BAP 1 mg/L and 1 mg/L gibberellic acid.
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Figure 3a. Clusters of Mentha longifolia adventitious lateral shoots regenerated on MS supplemented with 3 mg/L BAP mg/L,
0.5 mg/L NAA and 100 mg/L yeast extract. b. light green bunch of Mentha longifolia regenerated shoots.

193



VOICU Diana CIOBOIU Olivia

Figure 4a. 40 shoots of Mentha longifolia detached from the bunch.
b. morphometric parameters of Mentha longifolia shoots.

Figure 5. Mentha piperita shoots, differentiated on an MS variant, supplemented
with 5 mg/L BAP + 1 mg/L NAA + 100 mg/L yeast extract.

Figure 6. Mentha piperita shoots multiplicated on MS supplemented with 1.5 mg/L IBA and MS with 3 BAP + 0.5 IAA.

CONCLUSIONS

The shoot regeneration frequency depends on the culture medium variant used and the type of explant. The
cultures of the Mentha piperita and Mentha longifolia mint varieties have the capacity to maintain their viability in vitro
by subculturing at three months for a period of 12 months. The tissue cultures can be initiated from seeds for Mentha
longifolia or fragments of the peppermint donor plant, stimulated with gibberellic acid, BAP, NAA and yeast extract and
propagated for a long period on the optimal variants of MS. The protocol drawn up for medium term micropropagation

can be applied to stimulate the obtaining of an appreciable amount of vegetal material used in the cosmetic and
pharmaceutic industry.

ACKNOWLEDGMENTS

This paper was supported by project RO1567 - IBB06/2023 from the Bucharest Institute of Biology of the
Romanian Academy.

194



Muzeul Olteniei Craiova. Oltenia. Studii si comunicari. Stiintele Naturii. Tom. 40, No. 1/2024 ISSN 1454-6914

REFERENCES

ABDELRAHMAN R. A., ELTORKY M. G., EL-MOKADEM H. E., HASSAN H. M. 2019. Experimental research on
the production of rosmarinic acid from different Ocimum basilicumin vitro cultures. Middle East Journal Applied
Science. Scimago Press. London. 9(2): 434-442.

AKTER K. T. & HOQUE M. A. 2018. In vitro shoot regeneration of mint (Mentha sp. I.) using different types of explants
and levels of benzylaminopurine. Bangladesh Journal Agril. Res. University Press. Bangladesh. 43(4): 703-716.

BERTOLI A., LEONARDI M., KRZYZANOWSKA J., OLESZEK W., PISTELLI L 2011. Mentha longifolia in vitro
cultures as safe source of flavouring ingredients. Acta Biochimica Polonica. University Press. Poznan. 58(4):
581-587.

BRAHMI F., KHODIR M., CHIBANE DUEZ P. 2017. Chemical Composition and Biological Activities of Mentha
Species. Aromatic and Medicinal Plants. Back to Nature Press. London. 3: 47-49.

DHORAN V. S. & GUDADHE S. 2012. Effect of plant growth regulators on seed germination and seedling vigour in
Asparagus sprengeri Regelin. Int. Research Journal of Biological Sciences. International Science Community
Association Press. London. 1(7): 6-10.

ELHINDI K. M., DEWIR Y. H.,, ASRAR AW., ABDEL-SALAM E., EL-DIN A. S., MOHAMED AL. I. 2016.
Improvement of seed germination in three medicinal plant species by plant growth regulators. Hortscience.
Scimago Press. London. 51(7): 887- 891.

GOMES H. T., BARTOS P. M. C., MARTINS A. E., OMARI S., DOMINGUES DE OLIVEIRA, SCHERWINSKI-
PEREIRA J. E. 2015. Assessment of mint (Mentha spp.) species for large-scale production of plantlets by
micropropagation. Acta Scientiarum. Biological Sciences. University Press. Maringa. 37(4): 405-410.

HUDZ N., KOBYLINSKA L., POKAJEWICZ K., HORCINOVA SEDLACKOVA, V, FEDIN R., VOLOSHYN M.,
MYSKIV I, BRINDZA J., WIECZOREK P. P., LIPOK J. 2023 Mentha piperita: Essential oil and extracts, their
biological activities, and perspectives on the development of new medicinal and cosmetic products. Molecules.
MDPI Press. London. 28: 7444,

KHAN S., SHENDE S. M., BONDE D. R. 2021. In vitro propagation of mint (Mentha). World journal of pharmacy and
pharmaceutical sciences. Juniper Publishers. London. 10(2): 1688-1692.

KRASNYANSKI S., BALL T. M., SINK K. C. 1998. Somatic hybridization in mint: identification and characterization
of Mentha piperita (1) (+) M. spicata hybrid plants. Theoretical and Applied Genetics. Springer. Berlin. 96: 683-
687.

KUNDU M., BISWAS M., BHATTACHARJEE A., DAS S. 2021. Volatile profiles of three Mentha species and the
effect of plant growth regulators (PGRs) on the volatile organic compounds (VOCs) in Mentha spicata. Journal
of herbs, spices and medicinal plants. Taylor & Francis Press. London. 27(4): 396-410.

LYCZKO J., PIOTROWSKI K., KOLASA K., GALEK R., SZUMNY A. 2020. Micropropagation and the potential
influence of plant growth regulators on volatile organic compound composition. Molecules. MDPI Press.
London. 25: 2652.

MANIK S. R., GHULAM M., YATOO I., ZAHOOR AH., NATHAR V. N. 2012. Direct organogenesis of Mentha
piperata L. from shoot tip, nodal and sucker explants Journal of Agricultural Technology. Taylor & Francis
Press. London. 8(2): 663-669.

MEHTA J., NARUKA R., SAIN M., DWIVEDI A., SHARMA D., MIRZA J. 2012. An efcient protocol for clonal
micropropagation of Mentha piperita L. (Pipperment). Asian Journal of Plant Science and Research. MedPub.
London. 2:518-523.

NIU W. & ZHAO Y. 2012 Effects of different hormone pretreatments on the germination of Mentha arvensis
(Peppermint) seeds. Medicinal plant. Science Press. London. 3: 64-66.

OKUT N., YAGMUR M., SELCUK N., YILDIRIM B. 2017. Chemical composition of essential oil of Mentha longifolia
L. subsp. longifolia growing wild. Pakistan Journal of Botany. University Press. Karachi. 49(2): 525-529.

RADOMIR A. M., STAN R., PANDELEA M. L., VIZITIU D. E. 2022. In vitro multiplication of Mentha piperita L. and
comparative evaluation of some biochemical compounds in plants regenerated by micropropagation and
conventional method. Acta Scientarium Poloronum Hortorum Cultus. Scimago Press. Budapesta. 21(4): 45-52.

RAFIQUL ISLAM A. T. M., MONIRUL ISLAM M. D., FIROZ ALAM M. 2017. “Rapid in vitro Clonal Propagation of
Herbal Spice, Mentha piperita L. Using Shoot Tip and Nodal Explants”. Research in Plant Sciences. Science
and Education Publishing. London. 5(1): 43-50

SAMANTARAY A, SIAL P., KAR M. 2012. Micropropagation and biochemical analysis of Spearmint (Mentha
spicata). Indian Journal of Innovations and Developments. Scimago Press. New Delhi. 1: 489-93.

SANTORO M. V., NIEVAS F., ZYGADLO J., GIORDANO W., BANCHIO E. 2013 Effects of growth regulators on
biomass and the production of secondary metabolites in peppermint (Mentha piperita) micropropagated in vitro
American Journal of Plant Sciences. Wiley Press. New York. 4: 49-55.

SARWAR S., ZIA M., RIAZ-UR-REHMAN, ZARRIN FATIMA, RIAZ AHMAD SIAL, CHAUDHARY M. 2009. In
vitro direct regeneration in mint from different explants on half strength MS medium. African Journal of
Biotechnology. Academic Press. Tunis. 8(18): 4667-4671.

195



VOICU Diana CIOBOIU Olivia

SHARAN A. K., DUBEY S. R.,, KUMARI S., CHANDRA V., BHOLA P. SINGH, KUMAR G. 2014 Effect of
combination of different hormones on Micro propagation of Mentha sps. Annals of Plant Sciences. Academic
Press. London. 3(10): 837-844.

SHARMA M., SHARMA T., SALGOTRA R. K., GUPTA M., SINGH A. K., GUPT M. 2019 Development of an
effective protocol for in vitro multiplication of peppermint (Mentha piperita) Indian Journal of Agricultural
Sciences. Scimago Press. New Delhi. 89(11): 1975-1988.

SHELEPOVA O. V., DILOVAROVA T. A., GULEVICH A. A, OLEKHNOVICH L .S., SHIROKOVA A. V.,
USHAKOVA |. T., ZHURAVLEVA E. V., KONOVALOVA L. N., BARANOVA E. N. 2021 Chemical
components and biological activities of essential oils of Mentha x piperita L. from field - grown and field -
acclimated after in vitro propagation plants. Agronomy. Academic Press. London. 11: 2314.

SIDHU G. S., MALHOTRAP. K., MENON R. 2019 Rapid and mass multiplication of three peppermint (Mentha piperita
L.) collections through in vitro propagation. Agricultural Research Journal. Springer. Berlin. 56(1): 33-39.

TULY J. A,, HOQUE M. A., HOSSAIN M. M. 2015 In vitro shoot regeneration of mint (Mentha sp.) using different
explants and genotypes. Annals of Bangladesh Agriculture. Published by Bangabandhu Sheikh Mujibur Rahman
Agricultural University. Bangladesh. 19: 53-64.

ZAGORSKAYA M. & YEGOROVA N. 2018 Effect of prolonged cultivation on the micropropagation in vitro of mint
cultivars and breeding samples. BIO Web of Conferences 11, 00049, Prospects of Development and Challenges
of Modern Botany. University Press. London: 15-25.

ZARKI K., BEN L., ELMTILI N. 2012 Micro-propagation of Mentha pulegium L. through high-frequency shoots-tip and
nodal explants culture. Moroccan Journal Biology. University Press. Rabat. 8(9): 39-50.

ZAYOVA E., KIROVA E., GENEVA M. 2021 Optimized cultural conditions for rapid in vitro propagation and
conservation of Mentha piperita L. Comptes Rendus. Academy Bulgarian of Science. Scimago Press. Plovdiv.
74: 945- 954,

Voicu Diana
Bucharest Institute of Biology, Romanian Academy,
Spl. Independentei No. 296, sect. 6, 060031, Bucharest, Romania.
E-mails: diana.voicu@ibiol.ro; voicudyiana@gmail.com

Cioboiu Olivia

The Oltenia Museum, Craiova, Str. Popa Sapca, No. 8, 200422, Craiova, Romania.
E-mails: oliviacioboiu@gmail.com; cioboiu.olivia@yahoo.com

Received: April 12, 2024
Accepted: August 06, 2024

196


mailto:diana.voicu@ibiol.ro

