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ABSTRACT: Mint (Mentha sp.) is one of the important and economical vegetables with application in various 

medical and nutritional industries in the most parts of the world. Despite the abundant use of this plant, there is a 

little information about its tissue culture. In this study, In vitro regeneration of three Iranian Mentha species 

includes M.piperita, M.spicata, M.longifolia were investigated using shoot meristems, nodes, and leaves explants 

on MS salts and vitamins supplemented with various concentrations of BAP alone or with NAA. Eight weeks after 

cultivation, the results were statically analyzed by using SAS software. Leaves explants from M.spicata, 

M.longifolia varieties only produced callus and Leaves explants of M.piperita failed to generate shoots at any 

combination of BAP and NAA with necrosis of explants after few days of inoculation. It was found that shoot 

meristems and nodes were more potent for shoot regeneration as compared to leaf disk explants. The species 

M.piperita highest frequency of shoot regeneration from meristem and nodal segments were recorded on MS 

medium supplemented respectively with 1.5 mg/l BAP and 0.5 mg/l NAA and 1 mg/l BAP and 1.5 mg/l NAA. 

However shoot meristem explants produced more number of shoots, the regeneration of its leaf disk explants 

would be continued.    
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INTRODUCTION 

 

 Medicinal plants have long been the subject of human 

curiosity and need. The use of medicinal plants for health 

reasons started thousands of years ago and is still a part of 

medical practice in all countries of the world The genus 

Mentha belonging to family Lamiaceae includes large 

number of species that differ widely in their characteristics 

and ploidy level (Aftab and Sial, 1999). Mentha piperita 

cv Black Mitcham is one of the most widely cultivated 

peppermint species for oil production. The essential oil 

extracted from peppermint is used worldwide in the 

confectionary and pharmaceutical industries, especially for 

gum and oral hygiene products (Green, 1985). Like other 

crops, peppermint growth and oil production are affected 

by various abiotic and biotic stresses. For example, 

peppermint is highly susceptible to Verticillium wilt, a 

destructive disease caused by infection of the pathogen 

Verticillium dahliae (Berry and Thomas, 1961). Programs 

for crop improvement via conventional breeding have been 

unsuccessful in mint because commercial cultivars are 

pollen-sterile and have a high ploidy number. The genetic 

improvement of peppermint for increased Verticillium 

resistance has been achieved by irradiation mutation of 

rhizomes followed by clonal selection programs (Murray 

and Todd 1972; Larkin and Scowcroft 1981; Constabel 

1990; Croteau et al. 1991). 

However, the efficiency of this breeding method is low, 

and the selection and evaluation of new cultivars usually 

takes more than 10 y since progeny must have commercial 

oil qualities similar to existing industry standards. In more 

than a half century, only two new cultivars, Todd’s 
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Mitcham and Murray Mitcham (Xiaohuan et al. 2009) 

have been developed using this irradiation breeding, and 

farmers have not readily accepted these new cultivars 

since there have been unfavorable mutations. Genetic 

engineering offers a powerful tool for developing 

improved mint cultivars in a short period without altering 

favorable traits. An efficient regeneration system is 

necessary for successful genetic transformation. Previous 

research developed adventitious regeneration protocols for 

peppermint using leaf disk plant methods with the highest 

regeneration frequencies at 80% (Caissard, et al. 1990; 

Faure, et al. 1998; Niu, et al. 1998). Recently, internodes 

have shown high regeneration capacity in other species of 

Mentha (Poovaiah et al. 2006 a,b). In this study, we report 

a highly efficient and reproducible regeneration system for 

Mentha piperita, M.spicata, M.longifolia using shoot 

meristem, node and leaf disk segments as an explant 

source. This protocol will ensure a more successful genetic 

transformation protocol of Mentha piperita, M.spicata, 

M.longifolia. 

 

 

MATERIALS AND METHODS 

 

Plant material 

 Young M. piperita, M.spicata and M.longifolia plants 

(2-3 cm long) used as explants source were obtained from 

the botanical garden of the Department of Biological 

Sciences, Isfahan University of Thechnology, Isfahan, 

Iran. These plants were washed under running tap water 

followed by soaking in 5% Titron X100 (Sigma, USA) for 

5 min. Thereafter, the plants were rinsed in distilled water 

for several minutes. It was followed by surface 

sterilization using mercuric chloride (0.1%w/v) in laminar 

flow cabinet and rinsing with sterilized distilled water. The 

leaf disk, nodes and shoot meristems (3-4 mm) were 

excised from the sterilized plants while petiole margins 

were removed and were excised in 5 mm pieces. These 

explants were cultured on the MS medium and vitamins 

(Murashige and Skoog, 1962) containing various 

concentrations of N6-benzylaminopurine (BAP), kinetin 

(Kin) singly or in combination with naphthaleneacetic acid 

(NAA), 3% (w/v) sucrose and gelled with 0.8% agar 

(Merck). The pH of the medium was adjusted to 5.7 prior 

to addition of agar and was autoclaved at 104 KPa at 

121oC for 20 min. All cultures were kept in growth 

chambers at 26±1oC under 24 h light photoperiod using 

Philips day light florescent lamps under light intensity of 

10 000 lux. 

 

Experimental design and data analysis 

 Scoring was done after eight weeks of culture by 

counting all shoots on the explants. The shoots on each 

explants were carefully excised and rooted on half strength 

of MS basal salts and vitamins supplemented with various 

concentrations of N6-benzylaminopurine (BAP) and 

naphthalene acetic acid (NAA). After four weeks well 

rooted shoots (plantlets) were removed from the culture 

and rinsed with sterile distilled water to remove agar. Data 

were analyzed using the post hoc tests were performed 

using LSD Multiple Range Test with the help of SAS 

software. 

 

 

RESULTS AND DISCUSSION 

 

 Variation in shooting response was observed due to 

explants type and exogenous level of growth regulator in 

the medium. It was found that shoot meristems and nodes 

were more potent for shoot regeneration as compared to 

leaf disk explants. Among the three species used, 

M.longifolia and M.spicata callus were production but the 

species M.piperita in none treatments showed a tendency 

to produce callus. 

 As mentioned species M.spicata and M.longifolia at 

hormonal treatments applied in the production of green 

callus were relatively well according to Table (1) of the 

top leaf explants to produce callus than in the species of 

M.longifolia and M.spicata were obvious to mention that 

any regeneration medium containing BAP and NAA was 

not observed (Figure 1). 

Shoot regeneration of basil plants from leaf explants, 

Several cytokinin sources were evaluated at various 

concentration levels. BA, kinetin and zeatin were all 

ineffective at stimulating organogenesis and caused the 

development of only friable and light brown non-

morphogenic callus (Winthrop & James Simon, 2000). 

The highest frequency of shoot regeneration at 

M.longifolia from meristem segments was recorded on MS 

medium supplemented with 1.5 mg/l BAP (Table 2). 

Furthermore number of shoot regeneration 4.8 shoots per 

explants at M.piperita from nodal segments were recorded 

MS supplemented with 1.0 mg/l BAP (Table 2). 

 Addition of NAA in BAP containing medium was 

inhibitory and resulted in no to low regeneration from all 

two explants. At M.piperita 1.5 mg/l BAP with NAA 0.5 

mg/l, the highest frequency shooting response was 

observed from shoot meristem explants respectively and 

The highest frequency shooting response was observed 

from node explants respectively At M.piperita 1 mg/l BAP 

with NAA 1.5 mg/l, (Table 3). However Increasing 

conjugate concentration of NAA and BAP frequency shoot 

regeneration decreased. As for Table 3 can be  considered 

the most appropriate medium for the certain three species 

each of mint used in this study was to determine. Can be 

said of the root explants node and meristem in given 

species. Also given in Table (3) can be stated that the two 

explants meristem and the node root produce in terms of 

species M.piperita into species M.spicata and M.longifolia 

was superior. 
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 Minimal nutrient level may be effective for callogenic 

response or turning of cells into organ development 

(morphogenesis). There are very few reports that define 

direct organogenesis from different explants on half MS 

medium (Nhut et al., 2001; Martin, 2004). But addition of 

various plant growth regulators in the medium at 

appropriate level may influence organogenesis from any 

type of cells. In the present investigation, varying shoot 

regeneration was observed from different explants on ½ 

MS media but shooting response was not as high which 

may be due to use of half strength MS medium. Addition 

of plant growth regulator especially cytokinins may turn 

the somatic cells into somatic embryos either present in the 

minimal nutritional medium (Krikorian, 1995).  Different 

explants, when cultured on ½ MS medium supplemented 

with BAP or Kin, singly or in addition with NAA, showed 

varying response. Shoot meristems and nodal segments 

either produced single or multiple shoots with 10-85% 

response. Higher shooting response was observed when 

cytokinin was added to the medium while addition of 

auxin as a whole reduced the percentage response and 

mean number of shoots per explants. BAP and Kin have 

been reported to be better plant growth regulators for shoot 

induction from axillary buds and nodal segments when 

cultured on MS medium (Rech and Pires, 1986; 

Sunandakumari et al., 2004) while (Kukerja et al. 1991) 

reported that addition of NAA along with cytokinins 

resulted in more number of shoot emergence. The process 

of generation of buds/shoots was observed very low from 

petioles and internodal segments. Both explants normally 

generated single shoot per explants. No shooting response 

was observed from internode explants on Kin alone or 

with NAA; however petiole explants showed 5-10% shoot 

regeneration when cultured on ½ MS medium 

supplemented with Kin. (Li et al. 1999) and Van Eck and 

Kitto (1992) working on M. piperita immature leaf and 

leaf discs explants, respectively, reported formation of few 

shoots from explants. While (Pooviaiah et al. 2006) 

reported 85% shooting response from 1st and 2nd 

internode with mean number of 29 shoots/explant on 

modified MS medium supplemented with TDZ. IAA and 

IBA produced more number of roots on regenerated shoots 

compared to NAA. Sunandakumari et al. (2004) also got 

rooted plants on half strength MS medium with IBA (10.3 

roots/ shoot) but in our study different concentrations of 

IAA produced numerous roots. The present findings show 

that organogenic response in M. piperita may be achieved 

on half strength MS medium by using any type of explants 

with appropriate level of plant growth regulator. These 

findings may be helpful to produce M. piperita 

transformed plants.  

 
Table1. Teset LSD three species ( M piperita, M.spicata, M.longifolia) 

Genotype Average level Calluses 

M.longifolia 11.765a 

M.spicata 

M.piperita 

7.297b 

0 

 
Table 2. Effects reciprocal of various genotype and benzylaminopurine(BAP) growth regulators on shoot regeneration from various explants of M. piperita, M. 

spicata and M. longifolia 

Row Genotype 
Conc. 

BAP(mg/L) 

Number of shoot 

(Shoot meristem) 

Number of shoot 

(Node) 

1 M.Longifolia 0 2.4 2.4 

2 M.Longifolia 0.5 3.5 2.4 

3 M.Longifolia 1 8.1 3.7 

4 M.Longifolia 1.5 11.6 3.9 
5 M.Spicata 0 2.1 3.2 

6 M.Spicata 0.5 3.1 6.5 

7 M.Spicata 1 4.1 4.3 
8 M.Spicata 1.5 5.4 3.7 

9 M.Piperita 0 2 2.3 

10 M.Piperita 0.5 2.6 3.2 
11 M.Piperita 1 4.5 4.8 

12 M.Piperita 1.5 9.3 3.6 

 

Table 3. 

Row Genotype Conc. Number of shoot 

(Shoot meristem) 

Number of 

shoot (Node) 

Number of 

root(Meristem) 

Number of root 

(Node) 

1 M.Longifolia a1*b1 1 2 1.25 3.5 

2 M.Longifolia a1*b2 1.25 2.75 1.5 5 

3 M.Longifolia a1*b3 1.25 2.25 1.75 6 

4 M.Longifolia a1*b4 1.5 2.5 2 7.5 

5 M.Longifolia a2*b1 3 1.5 4.5 1.25 

6 M.Longifolia a2*b2 2.75 2.5 3.5 3.25 
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7 M.Longifolia a2*b3 4 3.5 2.75 2.25 

8 M.Longifolia a2*b4 2 2 3.75 1.5 

9 M.Longifolia a3*b1 5.25 6.25 4 0.25 

10 M.Longifolia a3*b2 3 3.5 4 1 

11 M.Longifolia a3*b3 3 2 4.25 1.75 

12 M.Longifolia a3*b4 21.25 3.5 7.5 4.25 

13 M.Longifolia a4*b1 24.75 5 3.25 1.25 

14 M.Longifolia a4*b2 14.75 3 3.75 1.5 

15 M.Longifolia a4*b3 3.25 5 3 2.75 

16 M.Longifolia a4*b4 3.75 2.5 2.75 2 

17 M.Spicata a1*b1 1 5.25 0.5 3.25 

18 M.Spicata a1*b2 1 3.25 0.75 5 

19 M.Spicata a1*b3 1.5 2 3 4.75 

20 M.Spicata a1*b4 1.25 2.5 3.75 4 

21 M.Spicata a2*b1 3.5 9.75 1.25 1.5 

22 M.Spicata a2*b2 3.5 4.5 4.25 3.5 

23 M.Spicata a2*b3 2.75 5.5 3 2 

24 M.Spicata a2*b4 3 6.25 6.5 2 

25 M.Spicata a3*b1 6 4.25 1.25 1.25 

26 M.Spicata a3*b2 2.75 3.25 1.75 3.5 

27 M.Spicata a3*b3 3 6.25 4.5 6 

28 M.Spicata a3*b4 4.75 3.75 8.75 3.5 

29 M.Spicata a4*b1 6.5 4 1.5 2.5 

30 M.Spicata a4*b2 8.75 3.25 3.5 4.25 

31 M.Spicata a4*b3 3.25 2.5 5.25 3.25 

32 M.Spicata a4*b4 3.25 5 3 5.9 

33 M.Piperita a1*b1 1 2 1 5.25 

34 M.Piperita a1*b2 1 2.7 1 4.7 

35 M.Piperita a1*b3 1 2 1.75 4 

36 M.Piperita a1*b4 1 2.5 2 4.5 

37 M.Piperita a2*b1 2.75 2 2.25 0.75 

38 M.Piperita a2*b2 2.25 2 3.25 3.5 

39 M.Piperita a2*b3 4.25 7 8.75 13 

40 M.Piperita a2*b4 1.5 2 14.25 7.5 

41 M.Piperita a3*b1 5.25 3.5 1.5 1 

42 M.Piperita a3*b2 7.75 1,75 3.25 2.75 

43 M.Piperita a3*b3 1 2 3.75 3.7 

44 M.Piperita a3*b4 4 12 3.25 8.5 

45 M.Piperita a4*b1 4.5 5.5 2 2.75 

46 M.Piperita a4*b2 26.5 4 3 4.25 

47 M.Piperita a4*b3 2.25 2.25 4.25 7.25 

48 M.Piperita a4*b4 4.25 2.7 3.25 6.7 

 

 
Figure 1. Regeneration calluses of leaf disk explants 
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Figure 2. Regeneration protocol for M.spicata using stem segments as an explants source 
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