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ABSTRACT

Mewthr piperitg L. (Family, Lamiaceas; Swmonym: & balsauea Wild, commonly kivn as peppenuint) is a nataal bybead (0 syuiwica -
M spizang) with nnoense therapennc wses (oldest Known medicna) phan species, “madicinal plant of the vear 20047, known as “heirba
Bueua™ oeaning pood herb) apam fom possessing other potentisl nses (23 faoring apenr from chewing oum o after dmner mints, i
cosmetics il phasmaceutical products). The plant specbes 1 a perennisl herh, propagsting throongh stolous aad vield peppeiint il
(extreuely used of ull e volatile oils) of comperce (used pants: Leaf. whole plant). Considaring the essentinlity of 14 wiperito an overview is
condncted invobing nearly all aspects fo proside umabridged repository of references to present and fishire researchers for effective

explaration of the species m humman health benefits and comanerce,
KEY WORDS: Mt pdiweriie, overview, Lamtaceae

INTRODUCTION

Menghn pipevita L. (Family: Lamiaceae; Synomyrn: M
balsames Wild: commonly known as peppermunt) s an
mportant medicinal berb (Cmedicinal plant of the yea
2004"": oldest known medicinal plant species in Eastemn
and Western raditions although first described m 1753
by Carolns Lumaens) worldwide’, apart from its
potential uses as flavormg agent (from chewmng gum to
after  dinner mmts). m o cosmelcs, phamaceutical
products amongst others, The species 15 a natural
interspecific (M aguatica * M spicara) hybrid®. M
piperita (known a5 “hewrba tuena™ meanng good herb)
vield peppermint ol (principal component s memhol -
CiHiwOH, mw; 156,27, waxy white crystallme
monoferpene  substance, sohd at room temperature,
produced and accumulated specifically m the peltate
glandular tnchomes of the aerml parts) of commerce
fextremely used of all the wvolatile oils’). Although
peppermunt oil is obtained from three species namely, M
arvensis L. var, piperascens molimvand, M piperita L
var, piperita and M spleana L., oil quality of M. pipertin
(180 856; 2006") and efficacy are reported to be the
best’, Indin ic the dominant sowrce of mint oil and
menthol m he world market; bowever, despite the
quantity of peppermnt bemg at par with world standards
much headway m export trade could not be made due to
fierce competition from USA {out of 4000 tonnes tofal
world's production, India produces abont 200 tonnes)®

An overview on M piperiia (possessing porential and
sipmficant nses) covering nemly all essential aspects is
docimented m the text with the view that present and
fitre researchers may explore the pland species for
buman benefits and to enfance trade.

Local names around the world

Arabie: Nana! Bogota: Yerba Buena: Brazil: Notrtela
punenta; Chinese: Po Ho; Danish: Pebermynte; Dutch:
Pepermint; English: Brandy M, Pepper Mint, French
Menthe, Menthe anglaise; Hungarian: Borsus menta;
Itahan: Mentn piperita; Mexico: Menta piperita; North

America: Lamb Mint, Brandy Mint, Lam Mintf,
Peppermit;  Norwegian:  Peppermymte;  Polishe
Pepparmunta;  Portuguese; Hortelana pimentosa;

Russian: Myata perechmaya: Spamsh: Mentainglesa.
Menta Pipertta; Swedish: Pepparmynt: Turkish: Nana;
Urnguay: Mend a’

Local names in Indian languages

Hindi, Bengali, Gujarati, Pungabi, Urdu, Marathe, Tamil
and Telugy: Puding; Kashmiri: Pudyamu; Malavalam:
Puthina.

DMstribution

The plant i ndigenous to Europe amnd widespread in
cultivation throughowt all regions of the world. Ir i
found wald occasienally with its parent species. It 15 an
invasive species m Australia, the Galapagos Islands,
New Fealand and United States.®
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Cultivation, Harvesting and Yield

Peppermint geperally thrives in moist, shaded locations
andd grows best with & good supply of water. Being a
bvbrad, # 15 usually stenile, produeing very few seeds and
reproduces almost vegetatively, spreading quckly by
undergronnd mnners (rainy season) and stolons (winter)
Plantaton 15 done durmg last week of December to last
week of Jlammary by live quicy stolons (8-10 cm. long,
400-450 kg stolons per ha, with 40-60 cm. spacmg). The
species ig often planted m areas with part-sun to shade.
Harvesting s done twice — i June {first after 100-120
davs of prowth) and in Cetober (second about 20-90 days
following first harvest) on bright sunny dayvs (simce
decrease i menthol confernt ocenr on cloudyirainy
days). ™" Average yield is 20 tonnes of fresh herbage per
ha which m tum yield around 230 ke oil per year. India
15 the leading producer. consumes and exporter of
Mentha oil m the workd with around 14000 metric tons
production (followed by China and Brazil) and 3000
metric tons exports annually of aroumd 100 corers mpee
— the data is of 2003 and of total Mentha oil rrespective
of the species.”

Common cultivars for garden use

Canchmrint=- stems reddish; Cirarg (orange mint)- leaves
aroimatic, baitless. Crispo- leaves wrinkled, Linemioe-
fohage hme-scented; Fariegata- leaves mottled preen
andd pale vellow. Chocolatemine- fowers open from
bottoam |.l'|_.'|-|' -

Commercial cultivars

Ihilgo pole'' . Zefir', Bulgarian popilation £, Clone
11-6-22" Clone 80-121-33"" and Mircham Digne 38"
Mitcham Ribecourt 19", Todd'six 2079

Used parts

Leaf whole plami.

Froducts

Peppermint oil. peppermint tea, peppenmint candy, mints
chocolate, chewing gum. candy care, insect repellant
amongest others.

Plant description

Rhizomatous perenmal berb, about 30 to 90 cm m
beight; stem square erect or ascending, beanched, upper
portion abways quadrangular: thizomes wide-spreading.
Neshy with fibrous roofs; leaves 4 10 9 em long and 1.5
to 4 cm broad, opposte, petolate. ovale-oblong to
oblong-lanceolnte, sermate, poinfed, dark green on the
upper surface; flowers 6 10 B mm bong, purphsh, occur in
thick, terminal, spicoyd racemes of verticillasters; calyx
tubnilar with 5 sharp. bamy teeth, pmplish, mregular;
corolla four cleft; stamens 4, shoit, ovary four celled.
stvle projecting ending m a bifad stigma; frud consists of

Leal anatomy

Leaves being the most important part from which oil is
extracted. the amstoinical characters are relevam. Upper
epidermis composed of large, clear epidermal cells with
sinous, vertical walls and possessing few o1 1o stomata,
few glandular trichomes present, palisade parenchyma,
comyprisme a layer of cohunnar cells rich in chloroplasts:
spongy parenchyma, of 4-6 layers of mregularly shaped
chloroplastid- containing cells amd intercellular air-
spaces. Lower epidermis of small epidermal cells with
sinneus, vertical walls and mmmerous diacytic stomata; m
the region of vemns and midrib, exhibits non-slandular
and plandular trichomes as owtgrowths: non-glandular
trichomes uniseriate. papillose, 1-8-celled; glandular
trichomes have 1-2-celled stalk and 1-B-celled landular
hesd comtaining the essential oil Caleinm oxalate
crystals absent®’

Chemical composition

Peppermint  oil is  composed  promarily  of  menthol
(37.4%). menthvl acetate (17.4%) amnd menthone
(12.7%)'".  (nhes consiiments  imclude  pulegone,
menthofinan and lmone™ . flavoneid gleosides namely,

DA, hesperidm, hiteolin- 7-o-rutinoside.
isorhoifolin,  diosmin'™'";  $_7-dihydroxyeromone-T7-0-
nitinoside'™; polyphenols like eriocitrin® ", rosmarinic

acid 8 cinnamie acid. caffeic acid and naringenin-
T-o-ghicosida'; salvianolic acid, dedilydio-salvianolic
acid,  hteolm-ghicovronide.  hiteolin-diglucoronide.
Iuteolin-glacopyranosyl-thamnopyranoside,  enodictyol-
slucopyranosyl-rthamnopyrancside’™ were alse isolated
from the aerial parts. Besides these, the herb also
cantain™ 1. 8-cineole, c-mnorphene,  o-cadmens,  o-
carotens, g-copache, 4-gurjunens, a-pncne, a-terpmene,
a-terpmenl,  a-thujone,  a-tocopberol  amyl-valerate,
apéthole, amlene, f-betulenal, p-carotene, P
caryophvllene, f-copaene, Honone, frpinene, -ilmjone,
f-vlangene, betame,  bicvcloclemene,  bisabolene,
cadinene, camphene, carvacrol, carveol carveol-acetare,
carvone, carvophyllene-oxide. cedrene, cedrol, choline,
cingole, cinerol, cis-piperitol, cis-roseoxide, cis-sabinol,
cittonellol,  ervptone, fAavons hymenoxin,  isoamyl-

phenylacetate, isomenthol, isomenthol-acetate,
wmomenthone,  isomenthwl-acetate,  sopulegol-acetare,
isovaleraldehyvde,  isovalenic-acud,  wsovaleric-acid-n-
octyl-ester. mamone, lavandulol  ledol lissonesns,

linalool,  hieolin,  menthoside,  meptlyl-isovalerate,
menthyl-valerate, myicene, myttenol, neoisomenthol-
acctate, ncomenthol. neomenthone, neomenthyl-acetate,
nerolidol, nevadensin, octan-3-0l p-cymens, p-cymol
pectin, pent-cis-2-en-1-ol, perillvl-alcohol, phellandrene,

four ellipsoidal mtlets™ phenyiethanals, phenyl-propvl-pyridmes,  pmene,
piperitenone, piperitone, pipertons-oxide. pyrdine,
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sabinene, sabmene-acetate, sabmene-hydrate, salvigenin, UV-A (360mmn; duwine day time™ ) and UV-B™ are

sideritoflavone, terpinolene, thymol, trans-piperiol,
trans-roseoxide, vanillin, viridiflorol, xanthomicrol.

il extraction

(il 15 extracted from the whole plant above ground just
before flowerme. Cultivated plants are selected for more
and better oil comtent than wild forms. The oil can be
extracted by the classical procedure like steam
distillation (vield: 0.1 — 1.0%6) or with organic solvents
from the fresh or partly dried plant. But due 1o some
drawbacks of the two processes, recently superficial fusd
extraction, dmect thermal desroption, hydroalcoholic
extraction amd atomization techmiques are nsed™ 1o
extract menthol fiom leaf of M piperita. There & a
stpmficant effect of the combination of pressure and
temperatuie to achieve the effective isolation and
Factionation of the less and most volatile compoimds
using superficial fluids™"

Factors affecting plant growth, oil vield and oil
compaosition

Plants grown with 1.5/3.0 mumel L-1 K showed greates
dﬂ'elﬁpumu of the above ground part™. Mechanical or
combined (with chemical) treatments control weeds and
provides pood plant growth™ Ex vitre™ and in virra™
grown plants displaved enhanced vegetative growth upon
an  ascomycetous  (member  of  Pyrenomicetes)
endophytic association. Oil vield'quality or both are
reported 1o be enhanced following a} grown in shade, 1)
dryving the plant before distillation, ¢} maturing of the
plant — end of blooming, d} higher mean temperatoe, &)
application of phosphomus to sod. ) application of
organic manares and sodinm nitvate as ferrilicers ad g)
sandy soul™ . Cleark and Menary (19805 reported high
oil vield with the attributes like, a} high rate of nitrogen
fertilizer (100, 200 and 300 kgha), b high level of
mrigation (50 moe'week), ¢) long davs (16 i lizht), )
high photon flix density (1200 pEm-2 s-1) and ¢) high
nipht temperature. Falilen ar ol (1997)" were of opinion
that 21-3h photoperind gives higher concenfration of
menthol and niglt temperature had little effect on the
menthol levels under 210 photoperiod regune:, however.
menthol and menthone percentage were sipnificantly
higher i 3™ 1o 3™ leaf compared 1o top leaf pair position.
Peppernunt o1l is reported to be enhanced at fisll bloom
imenthol — 43 to 34%, menthone — 12 to 30%0) and
ground dryving of the plants ked to shght decrease i il
viehd but quality is not affected’. Sharafi e al. (20010
suggested that harvesting in late June compared to late
Augnst enhanced menthol but decreased  menthone
content. Hussain er al. (20105 reporied odl content as
12.2 g kg (-1) m summer and 10.5 g kg (-1) m winter
Crops,

recommended to enhance oil comtent in W piperita
Maffei and Scannermi (20000" reported that UV-RB
radiation  sipnilicantly  mereases  total phenolic
compounds, menthone. menthefuran. methyl acetate,
geripacrene D, fecarvophyllene but decreases menihol
content. Dolzhenko et af. (2010¥ were of opinion that
UV-B radiation didferentially modolates the expression
of penes involved in peppermint essential oil bwopenssis
and TTV-B ahsorbing flavonoids. On the contrary, W &
al ™ yoted reduction of photosyathetic capacity under
UV-B radiation stress.

Diseases of peg rmint

Nelson (195007 reported that Mircham American and
Wiite  Mitcham  varities were more susceptible 1o
Fersicillinm will (F. albo-atrum var. menthae 1. var. ) and
platation of sugar beets and potatoes before mnt, tillog
and loose seed beds may control wilt. Juromis and
Shieskiene :ID{I#)"{' reported fimgal pathogens {Procinia
wenthae, Ervsiphe biocellata and Verticillium sp.) and
phytophagous  pesis  (Terarvchus  wriicae,  Euprerys
afropunciota, Owalus  cratoegarine, Polia persicariae,
Agriotes  fineatus, Chrysomela coevulans, Cassida
viridis, Lomeitarsus heopd) causing severe loss m
peppermint. Srezeponck and Mazur (20067 observed
that Puccimda memthae (Mot disease) canses inajor
problems to peppermint growers apart from Epicoceumn
prrpurascens, Afternaria sp. anid Sphacelomi mentlioe
as the dommating population on the discased leaves
Besides these insect pests like Diacrisia obligna (nature
of damage: eat undersurface of leall control measure:
application of Thiodan or Malathion), Agretiy lemimeaira
(damage voung plants at collar region: soil treatment
with Phorate before planting), Awlocophera foevicoilis
(feeds on growing leaves and buds; spraying Malathion),
Svrgamia abrupatalis (folds the leaf, spraying Thiodan)
and fimgal pathogens like Mocrophoming  phaseolt
(stolon rot, crop rotaton with rice and wheat), Fusariunr
ovvspari (will; applicatiom of Benlste, Bavistin and
Topsin), Altermaria sp. (beaf blieht; application of copper
fimgicide) also canse major Joss of peppermint®,
Cryopreservation of mint germplazm

Uchenduy and Reed (200877 reconunended  three
crvopreservation  protocols (comtrolled mate coolmg,
encapsilation delydration and vitrificarion) for effective
storage of im vitro-grown plants and suggested that
comtrolled mate coolmg as the most  efficient and
sticcessful techmique; however  recovery of shoot tips
from the other two processes was also high and may akko
be used for crvogenic storage of mint germplasm. Volk
amd Caspersen (2007y" studied (he extent of cellular
damage and plasmolvsis durmg cryopreservation process
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following the use of cryvoprotectant plant vitrification

solation 2 - PVS2 (30% ghreerol 15% dimethyl
sulfoxide. 153% ethylene glycol, 04 M sucrose) prior to
Liqusd-natrogen  exposure and found that the voung
mertstemnatic cells were least damaged and thus provides
a high survival rates. Senula er of. (20070 evaluated for
regrowth affer cooling m lguid nitrogen usimg shoot tps
from i vitre grown plantlets and a simple vitrification
protocol with aluminnmm fodl as a carrier, the influences
of plant preculture, loading sohation and loading tine and
of the effects of the crvoprotectant PVS 2 on plant re-
growth affer re-warming were also investigated.
Therapeutic uses

Herbalists consider peppermmt a3 an  astringent.
antiseptic,  anfipriwdie. anbiemetic,  carminative,
vermifuge. diaphoretic, analzestic™. . The plant extract

possesses lurlu:-pmlumw-:“" antioxidant' " #54,
a:m:;ar-::umgemc S antitemorgenic .
antimocicepiive }: mma.udru- e, muhallergi.c“‘-
antispasmodic™, anticatarthal™ " properties amongst

others. Peppermint oil vapour is used as an inhalant for
respiratorny congestion. Peppermit tea is used to treat
coughs. bronchitis and mflammation of oral onicosa and
throat. Essential oil can be used in complex patients with
infilirative pulmonary mberculosis™. Traditionally the
species 15 used fo treat a varwety of digestive complaints
guch as colic in mfants, famlence, disrrhes, indipestion.
mtsen and vonmling. mmuing sickness and anorexia and
to reduce gas amd cr nmplg Peppermmt 15 used to treat
irritable bowel svodrome™: Crobn's disease. ulcerative
colitis, gallbladder and hﬂm:-' tract disorders and liver
complains™™,  menstrual  cramps™:  headaches,
migrames and chicken pox™ ™, Plant extract can akso
reduce  the  arsenic-induced  toxicity™:  glucose,
cholesterol, LDL-¢ and tiglycerides levels (in diabets
rat™); aric acid Jevel, cholesterolHDL and LDL/HDL
ratios”; iron absorption® : malodor and mlatﬂ: sulphur
L::u.l:qmuuds in intensive care unit patients™.

Clinically it is proven that peppermint & effective againsi
mausea and vomiting tendency usually in the first few
months of pregnancy”. In a placebo-controlled study of
gvnecological surgery patients there was a statistically
sgmificant  effect  of  peppermind i reducing
postoperative nausea’ -

The volatile odl of peppermmt are usefl in wvigorating
mind, improving mood, relaxmg  tension-flled  and
arxietv-ridden nervous system'', psychological change
in attentional behavior™, promoting general arcusal of
attention " and enhancing memorv’,

Other potential uses

The plant extract of A piperita possesses anti-viral
{Infleenza A virus'—. Neweastle disease virus™, Vaccinia

Virns Hergessrr::p.’ﬁvnﬂshfpeimdz g AET
and HIV-1" "-.-’es:lcu]a: stomatitis vires”, Ecotropic
L ing Ienl.enua virs ™}, EIIH!hI-H:rEtIHI I:_hﬂl:[E't’il:lliﬂl
g it Efﬂ;:s'n.?mwrm m'ﬂgeﬂes Sreeptoacoccns
pwg-me: Serratia naveescens ~ and Mycobacterium
avit'; in order of £ coli= Ernpfﬂfmt:'um Ens
PJEJ!:fmumms aeruginosa> 8 faecalis= Klebsiella

prenmontae . bacteriostatic  againgt  Skepfococcns
!'fmwmpn’m’w. Lactobacillus  bulgaricus’™, E .:'m"a
O157:HT, SIreplococeils rr.rHFr.'.rr.x ;o j.a_}'a:hg:-'m-".s

against I.I'F.l’il:l:rﬁlan:'rsr ;.l_’l.‘fq:r.'r Salmomella enter rﬂﬁ‘u
Listeria nmrfmmgﬂ-wm .Se'i'rpinfam:'cu.s aurens ).
antifungal {Trichopinon ;rmnmgn;-p.ﬂn-m Forsemtunit
monilforme” E.l.lr'ur'.lr:-wrrn salani® Fn*.i'.l:li'rm wltitnan
var.  wltimmn® . Fusavinm mu’ﬂrr: Colletotrichum
.fru.:?'ernufirm:r.urr.lrgs' Farrowia J'rlpa."ﬁ":.:'au Aspergillus
mgera H.i'.lr.-:lpw mfmnfe.rﬁ Botrvtis  cinevea” |
Aspergillios  candidis™. .Ferrrr'rﬁ.rrml ap. ™, Fusariwm
cufmorum®™,  Candida ﬂ.fbrm'n: }, anti=-profozoal
(against Giardia lawmblia "), snfinematodal [againet
Meloidogyne aremar ta  race 2. pastroimestinal
pematodes of m.:nats I and Brvicidal Uan'nrml m order
of Crlex grmrqrre_,i"ﬂ.s-rmms‘l' Apdles asg pli= Anopheles
.'r.l'a?phen.sa femalke adults of A. aegyprt™, tmsaqmr-;:u::du.l.
agatisst O r;wf:rqr:efmﬂnms A Etg}’i.!tl -IHEIFIJ-F.?F.T
tessellatus’ LEp@Jlﬂﬂl against Crlex _J.:I'!_,'.JrEi'i'.! 1&].1&]1!.-‘:3!’[
larvicidal and pupicidal agamst the housefly, Ausca
domestica’) properties. Mint due to its flavor is used in
confectionary, soap and shampoos; in honey production
from mectar as well.

Pharmacology

Peppermint oil amxd menthol exert then antiemetic effect
at least partly by acting on the S-HT(3) receptor of jon-
channe| complex, probably by bindmg fo a mﬂdulut-:rs,'
site  distinet fom the serotonin binding  site™.
Peppermint's antispasmodic  properties ae found 1o
produce a total and mmediate resehition of blockage of
Oddi's sphincter (located in the intestinal tract of
animals). Tt mduces Ca2+ mfux m 4 subser of sensory
neurons from dorsal root and tngeminal zangha, due 1o
activation of TRPMZ of cation channels™ Apimal
model studies demonstrate a relaxation effect of the herb
on gastromtestimal [(GI) issue, analgesic and anestbetic
effects in the central and peripheral nervous system™
Immunomodulatory effect of peppermunt odl 15 exerted
through  l-menthol, menthone, and 1, S-cieole
suppressed antigen- induced histamine release’™ . The oil
stimmlates cold receptors on the skin and dilates blood
vessals, causmg a sensation of cokdness and an analgesic
effiect"™, Menthol, thyvmol, and methy] salieylare eaesed
decreases 1 blood pressme but had no effects on
respiration, heart rate, or blood flow m the femoral artery
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or The ' ~%. Patients with achlorhvdria

gastrocnemmms  muscle principal
phammacodynamic eftect of peppermint oil relevant to
the gastroimtestingl tract i a dose-related antispasmodic
effect on the smooth musculature due to the mterference
of menthol with the movement of caleinn across the cell
membrane; the oil i relatively rapidly absorbed after
oral administration and elimmated mamly via the bile -
the major biliary metabolte 13 menthol §h1c1immdc
which undergoes enterohepatic cirenlation’ Clinieal
effectiveness of peppermint oil in the treatment of
uritable bowel syndrome results fioin mhibition of the
hwvper contractilty of mtestinal smooth muscle. thereby
refurning the muscle to its proper tone. The smooth
muscle spasmolytic effect s exerted primarily on the
neromuscnlar junction. Futami (19840 reported that
menthol blocks smooth muscle contraction mduced by
serofopin and  substance P38, and  alse  blocks
peuromuscular transmission. Hawthorm er af {1988)"™
suggested that the vasodialatory effect of peppermiint ol
15 mainly due to Ca2+ chamnel blocking properties. The
oil stimmilates the upper amway cold receptors causing a
reflex inhibition of respiration and mhibits upper amrway
accessory respiratory muscle activity’™. Haalr er al
(2004)"" reported that flavor released to the retronasal
compartment was dependent on masseter muscle activity
and chewme frequency and mfluenced by the volume of
saliva present in the mouth. Pournemati et al. {2000)"
sugge-ﬂr:d that mhaling peppermat odor during acute
itensive exercise showed no significant effect on
pulmonary  indexes and phyvsical performance. Leaf
extract of menthol s very pood bioreductan for the
sypthesis  of  silver  and  pold  oanoparticles  amd
sypthesized nanoparticles  active  agamst  clindeally
isolated hnman pathogens™.
Toxicology
Peppermint oil has few side effect — o can cause
heartbarn or penanal pritation and is contraindicated
patients with bile duets ubs.tm:mn pallbladder
mflmmanon, and severe liver daalmge and cautiom
should be taL.eu i patients with GI reflux, hiatal hernia
and kidney stones'™. Menthol products used directly
under the nose of small children and mnfants may undergo
the risk of apnes, laryngesl and bronchial spasms, acule
piratm?r distress . with cyanosis and  respiratory

arrest'™ . Menthol can canse jaundice in newbomn
babies a.-mi m some cases 15 lmked fo g]urua: ]
phosphatase dehydiogenase deficiencies'™'"". Allergic

reactions to peppermind are reported. Pulegone and
Menthol are the potentially toxic compounds in
peppermunt.  Safe use of pEpp-mminr M COSmed i
fornmlations can be done n]l;f if the concentration of
pulegone does not exceed 194", The toxivities vary from

one cullivar o anotler

shombd wse peppermint oil only in emteric coated
capsules'”

I vitro studies

Krasuyanski ef ol (1998)'"* produced somatic hybrid
following protoplast fision between peppermint (M
piperita L. ov. Black Michom) and speamunt (A
spicata L. ¢v. Native Spearminf). Sato et af. (1993)'"
through feaf derived protoplast m.mme developed the
whole plants. Chimg er o, {1994 studied continuous
suspended cell culhwre of M. piperita m cell-recveled air-
lift bicreactor and recorded substantially higher essential
oils in this system than batch cubwre. Chang er of
(19981 observed improved menthol production fiom
clifosan-eheted suspension culure of M piperita and
inferred that chitosan eliciration may activate the
conversion of pulegone to menthol. Fause er al. (1998)' 3
showed mannitel and thidianmron improve in virre shoot
regeneration fom peppermint keaf disks, Erasovanski ef
al. (1995~ produced stable transformants (with high-
merthone, menthofiran and polegone and low mentliod
content) peppermint plagts (M piperita L. cv. Rlack
Mitcham) following dgrobacterium mediated and dmect
gene (Mimanene sinthase gene into protoplast using PEG)
transfer. Paolicchi er al. {2002 studied the mifluence
of eravity on axillary shoot formaton and adventitions
rool repeneration USing in  viko  oullime  system
Sunatdabuman ef ol I:j!ll:ll’j-I]-"“h reponied an efficient and
ecopomic protocol (using commercial sugar and tap
water m M5 media) for repid multiplication of A
piperita through axillary bud mmltiplication and ex vitro
rooting.  Chakraborty  and  Chattopadbyay  (2008)°
studied the impact of several parameters (like menthone
precursor or y-ovclodextrsa feading alone of both
together, fimgal elicitor, Agrobacteriion gall mediated
calli} on the stmmilation of menthol producton m the cell
suspension culhure of M piperite. Thul and Kukreja
(2010} recorded multiple shoot formation (with an
average of 7 shoots per explant on MS medium
supplemented with zeatin) within three weeks from 85%
in vitro culture explants, and the plantlets exiubrted 96%
survivality.

Chromosome number

Chromosoime munber of M piperita 5 variable with 2n
counts of 66. 72, 84 and 120171

Polvplold

Lutkov er al (1966)'" reported first high-vielding
pobploid variety Prifuki & with 100 greater content of
essential oil than the diploid parent. Few fertile varieties
(Ced-56, 2771, 3845 and 2998) were bred from the
spomtaneous  polyploids, Beljaeva e of  (19070)
obtamed natural pohvploid form with 60-72 bivalents and
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1-4 mmitivalent(s) along with various mregularities n
spindle and tetrad formation. Pollen fertility reported was
G6=72%. About 60% of the polvploid forms had 2n=144,
while, the others showed various aneuploid chromosome
mumbers,  Savehenko (19800  found a  fertile
allopolyplosdy form of M piperite which proved
resistant to flnctuations in scdl mosture and  formed
fertile flowers at both 100% and 507 fall field capacity:
bowever, a decrease in soil moisture after meiosis kad 1o
a reduction in the number of fertile Aowers

Interspecific hyvbrids

Lutkov ar af. {l?ﬁﬁ}"":' raised Fy hyvbeid fFom crosses
between allopolyploids of M piperita (In=144) = M
arvensis Var. piperaecens [ 2n=96) and M piperita = M
sachalinensiz (20~06) and noted the hybrids were bashy
and vigorous with hish essential oil contents. Bugaenko
ef al {193!3}"" also obtamed F; hylrids between
polyploid M piperita (20=144) and three wild forms of
M spicata (2o—4%) and found that about 81.7 to 84.2%
of the plants were with 21=9%6; while, the rest had 2n=72.
Ta, B4 amd 91 due to disturbed meinsis.

Molecular studics
Trapsgenic  peppernunts. were  obamed by
Agrobacterinm mediated transformation'****. Son er af

(1998 sugpested that in biotransformation [(-)-
IBopIper keione [0 (==} T=hydroxyisopipertenone |
mduction of Pysp mediated by jasmonic acid as a
signaling molecule. Fuchs e ol (19999 studied stereo
selectivity i the bioconversion of pulegone into
menthone and isomenthone. Malimowd and Croteau
(2001} demonstrated that essential oil quantity and
quality can be regulated by metabolic engmeermg.
alteration of the comanitted step of the mevalonate-
mdependent  pathway that  leads o merease in
monoterpene production, and antisanse manipulation of a
selected downstream monoterpene biosynthetic step also
improve oil composition. Croteau e al (2005
reported that the organization of menthol biosynthesis s
comnplex, myvolving  four  subcellular  compariments;
regilation of the pathway appears to resade largely at the
level of gene expression and genetic engineering to up-
repulate a Aux-limiting step and down-regulate a side
route reaction ked to improvement m the composition and
vield of peppermint oil Ringer er al. (2005)** cloned
ard characterized {-)-sopiperitenal- }-carveol
dehydrogenase of peppermt; random sequencing of an
o1l gland secretory cell cDNA library revealed a large
mumber of clones that specified redox-type enzymes
ml:mdi::% dehvdrogenases, Wildung and Crofeau
(2005} emploved two genes (dvr gene - deoxyyiulose
phosphate reductosomerase gene and Wy gene -
menthofiran  svothase gene) and two expression

strategies 1o creale transgenic peppermint plants with

improved oil composition and vield Davis & of

(2005%" and Prosser er of (2006)'7 cloned and

characterzed menthone reductases and cis-mmroladiene

syitheses respectively from peppermint. Gobert = al.

(20061 studied nuclear DNA (IT5), chloroplast DNA

(non-coding regions fre L ointron, mfergenic spacers trm

Lt F. and psh A-trm /) and AFLP and [SSR markers

from hybrid, diploid and polyploid genmne in order 1o

reconstruct the phylogeny of mints related to M piperira

Results suggested differential of introgression of

different genome regions i mnt hvbrids.

CONCLUSION

M piperita 1s a natral lvbrid and propagated through

stolons, therefore genetic diversity 12 limiting which may

be a hindrance to improve peppermimf oil yield and

quality, Therefore aftempts shoukd be taken (o enhance

eene pool of the existing  vaneties following

conventional (methodology of nduced mulagenesis or

polvploidy may be adopted) and Dbiotechnological

approaches and o select desirable clones with enriched

oil content and composition. Present overview on M

piperita 15 an endeavor in this repard providmg

unabridped repository of references on different aspects,

which may be helpful to rescarchers to design

experiments for exploring the species for maximizing

trmde.
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