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ABSTRACT 

Two hybrid mint plants we included in this report: a hairy strain of 
Mentha cordifoli4 Opiz (ft.!. rotlmdifolia x spicl1ta) and 3 strain of M. piperira L 
(M. aquarico x spicl1ra). 

11te fIrst plant, collected jn Surigao, closely resembles the plant previously 
identified by the autllor as M. cordifoliD Cpa and is reported to have been intro~ 

duced by the Japanese. The volatile oil of the plant is of the type containing 
chiefly 2·oxygenatcd cycHc monotcrpenes. 

M. piperila is a native of temperate regions and it llas been continuously 
gro''fing in the pharmacognosy garden in the UP Dillman campus for the last 
twenty-one years but it has never flowered under Philippine day lengths. The 
volatile oil is of the type containing chiefly 3-oxygenated cyclic monolerpenes. 
The composition of the oil of the flowering plant supports the previously pos-
tu.late-d biosynthetic pathway in M. piperita. 

Introduction 

The genus Mentha includes perennial herbs with creeping underground stems 
and characteristically aromatic foliage (Clapham, ef al., 1962). It belongs to the 
family Labiatae (or Lamiaceae) which includes herbs, less often shrubs, distin· 
guished by quadrangular stems, opposite leaves, and fruit of four nutlets. It is a 
very natural family, usualW recognizable at sight. The labiatae are frequently 
aromat.ic and have a characteristic odor. 

The flowers of Mentha species are aggregated into whorls which are borne on 
the axils of leaves or which form a terminal spike·like or head· like inflorescence. 
The species are very variable and hybridize freely. Propagation is largely vegetative 
and even ster~le hybrids can persist and be dispersed so that hybrids may be found 
away from their parents and the parenlage of many of them is in doubt (Clapham, 
et al., (962). Some cultivated millIs easily become naturalized Qr can cross with 
wild species to produce a series of spontaneous hybrids which blur the distinction 
between what is native or introduced (Harley, (973) . 

In the genus Memho, almost 2,300 names have been published for essentially 
20 species; possibly 50% of Ihese are synonyms, the remaining, legitimate infra-
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specific names (Tucker, et al., 1980). M x cordifolia Opiz andM x piperita L. are 
natural hybrids, in contrast to artificial hybrids which were created to select hardy 
individual strains which combine a useful fragrance with a high yield of volatile oil, 
to determine the parentage of cultivated hybrids, and to assist in understanding the 
biosynthesis of the volatile oil constituents. Peppermint (M x piperita) is the most 
widely cultivated of all the mints. As a consequence, it is very widespread around 
the world as a garden escape (Lawrence, 1978). 

More than any other genus of comparable size, Mentha poses problems of 
identification and classification (Harley, 1973). The use of modern methods such as 
feeding with labeled precursors and gas chromatography to analyze the aromatic 
mint oils has provided new characters to assist the taxonomist in his classification. 
Chromosome counts, as well as data from breeding experiments, used in conjunc
tion with orthodox taxonomic procedures, have been available in elucidating the 
taxonomy of Mentha (Harley and Brighton, 1977). As a result, changes from the 
traditional classification have be,en adopted and nomenclatural changes have be
come necessary. 

I. Surigao Mint [Mentha x cordifolia Opiz (?)] 

Characteristics of the Plant 

A strain of mint was found being cultivated in home gardens in Surigao which 
is called "yerba buena" by the natives. The plant resembles yerba buena, pre
viously identified as M x cordifolia Opiz (Cantoria, 1980). The Surigao strain is 
distinguished from yerba buena by its hairy leaves (Fig. 1) and spearmint odor. 
Under long-day conditions, simulated by two hours of light in the middle "of the 
night, the plant flowers, producing a terminal spike (Fig. 2). Surigao mint appears 
to be a hairy strain of M x cordifolia. 

Dry Weight Production, Oil Yield, and Moisture Content 

The plant is being grown in 6 x 1.5 m plots, fertilized with complete fertilizer 
once a month, and watered and cultivated regularly. Tops are collected weekly and 
sorted into tops with the first to the sixth pairs of leaves intact (younger tops) and 
parts with the seventh to the tenth pairs of leaves intact (older tops). The youngest 
pair of visible leaves is counted as the fust pair. The plant materials are spread on 
table tops to dry for four days then weighed and distilled with water to obtain the 
volatile oil. Moisture determinations a~e also done except when there is not enough 
sample, which is quite often in the case ofthe older tops. 

Dry weight production varied from 5.44 g in May 1985 to 16.20 g in Septem
ber 1984 per 100 tops with the first six pairs of leaves intact (Table 1). Based on 
the moisture-free weight, the oil yield of younger tops varied from 1.87% in 
February 1985 to 3.65% in April 1985. The oil yield from older tops was less, 
ranging from 1.20% to 2.18% in September 1984, based on the moisture-free 
weight. 
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l'ip;urD 1. Field·g.ruwn Surigao mint planH. 

Figure l, Flowerill", Sudgao mint plants growing: under long·d.TY conditions. 
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Tarle 1. Dry weight pro dul',t iun. (l it yield. and mobtufl' conlCIH of Suri!!lo mint. S\!'ptl'mbcr 
1984 to May 1985 

---~---.---------

Dry h1eight 
Production 

(gl I 00 Tops 
with I s( to 

6th pairs of 
le/lvesj I 

1984 
Sept~mbe! 9.31 ·1&. 20 
October 6 .80·10.10 
NO\'(,Jnbcr 6.22-7.85 
Dcct'mbcr 6. ]!·6.40 

1985 
hnuary 8.33 
FChruary 6.23·9.02 
M:u('h 7.0 1·9.30 
April 7.24-8.75 
May 5.44-7.75 

- -- " 
i"Bast'J Oil au-dry \"~igllt. 

Oil nerd 
1% Moisrun'-free 

weight, 2 

Younger Tops Older Tops 
(Tops with iTop~' widl 
the lSI to the 7th ro 
6lh pairs of 10th pairs 

!eavesj of leaves) 

2. 16·.l.40 1.20·2.18 
2. ),6-2.86 1.36* - 1. 79 
2. 16·2.64 1.32"'- 1.81 '" 

1.55"'·2.45 1.76 

2.02*-2.52""' 
1.87-2.83 1.51·1.64" 
1.43·3.30 1.32*·1.95 
). 32·).65 1.83* 
2.46-2.84 1. 54'" 

I Base.d on 1 to 1 COl1ot~ a w('·ek. 
2Bascd o n 1 to 5 d isrilhlrions a w~~(':k. 
;1 Base.d on 1 determination'l wc('k. 

MoisWrl' Conten t 
(% Air-dry wtight)3 

YO/Inger Tops Old€'I' Tops 
(Tops with ITaps with 
the lst to the 7th to 
6th pairs of 10th poirs 

leavc:s/ of [eaves) 

13.0540.66 15.64·38.40 
10.54·23.88 14.50·24.83 
11 .86-22.92 

11.29 

10.43·16.94 
9.52·12.32 10.80 
9.52·11.37 9.97·11.80 

I D. 14-1).65 11.28 
7.42·13.)3 

Cas chromatography of the oil collected in September and October 1984 was 
done at the Takasago Corporation using a Hewlett Packard HR·5880 instrument 
(Fig. JI. The oil contains carvone (70.537.71.777% in younger tops and 71.839· 
75.626'/f in older tops) and limonene (19.386·21.0"8% in younger tops and 15.554· 
18.569% in older tops) as the chief constituents (Table 1). n,e struclures of Ih. 
icrpenes ldentified ill the oil are shown in Fig. 4. 

Figure 3. Gas chromatography anaiysjs of tho: oil of Surigao mmt anti o f tit" oil of flowerin g 
wps of pepp~.fInint , Michigan strain. 

Sample: O.! ul injection (Split 1: 100) 
Column; PEG 20M. Fused silica capillary 
Carrier gas: He. 0 .6 mljmin 
Column temperatu:re ; 55·2\0° (, (Prog. rate 4" C/min) 
Detector : Fl\) 

Instrument: Hewlett Packard HP-;5!:!80 
Analyst : Dr. Shigeru Mwaki through th(, kindness nf Dr. Akira Komatsu , Executive 

Vice·Prc:~idc nt . Takusago Corporation, Tok yo . 
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Table 2. Analysis of Surigao mint 

Younger Tops Older Tops 
p."k No. 

September October September October 

1 alpha·Pinene 0.854 0.782 0.891 0.467 
2 bp,ta~Pinene 0.941 0.910 0.918 0.678 
3 Sabinene 0.493 0.449 0.456 0.337 
4 Myrcene 1.029 0.918 0.945 0.715 
5 Umonene 21.098 19.386 18.569 15.554 
6 l,S-r.ineole 0.760 0.767 0.720 0.597 
7 cis-beto·Ocimene 0.353 0.324 0.362 0.270 
8 trans-beta-Ocimene 0.160 0.185 0.182 ? 

10 1-OL-ten-3-o1 + 
Limonene-l,2-oxide ? ? ? 

13 beto·Bourbonene 0.574 0.685 0.632 0.841 
14 Linalool 0.201 0.210 0.202 0.206 
15 Dihydrocarvone 0.467 1.004 0.874 1.605 
16 C'aryophyllene 0.482 0.492 0.367 0.402 
17 Humulene 0.241 0.169 ? 0.172 
18 alpha-Terpinool + 

bela-Farnesenc 0.413 0.349 0.351 0.353 
19 Carvone 70.537 71.777 71.839 75 .626 
21 Dihydrocacveol 1 0.226 ? ? 
24 Calamenene ? 0.184 0.194 0.231 
25 Carveol (1) 0.901 0.731 1.443 1.090 
26 Carveol (2) 0.164 0.169 0.298 0.260 
27 Pipcritenone 0.332 0.301 0.510 0.422 
30 alphl2-Cadinol ? ? 
31 Phytol ? ? 0.165 0.172 

Biogenetic Relationships 

M. x cordifolia Opiz has been known as a cross between M. rOfundifolio (L.) 
Huds. x M. spicata L. (Clapham, et at .. 1962). The principal component of the oil 
of M. rotundifolia (applc·sc~ntcd mint) is piperitenone oxide and that of M spicata 
(spearmint) is carvone. It is to be expected that hybrids will yield oils which may 
vary in composition but still resemble either parent. The Philippine and American 
hybrids previously studied (Canto ria, 1980) contain piperitenone oxide and carvone 
as the chief constituent, respectively. SUfigao mint is of the latter type. The Philip· 
pine and American hybrids are similar in appearanre and it is hard to distingUish 
one plant from the other (Canto ria, 1980). Surigao mint looks like the other two 
but is characteristically more hairy, resembling M. rotundifotio in this r«pect. The 
leaves of Surigao mint afe ovate or oblong in shape while those of M rotundifolia 
are ovate·oblong to suborbicular and densely tomentose. It is possible that the 
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paren lage of Surigao minI may be traced to plants growing wild or cultivated in 
Japan because it is repor ted ~ha t the plant W3. S i.Il twd liced in Surigao by the 
Japanese. 

Dai (1 98 1) reporfs that the IH. x cO!tbfo!ia phi:"!ts glOw:ng in t.he botanical 
gardens of Beij ing and I-Iang..::how Were misidentified as At. ,~.'ltrata Eh rh. The phi.nt 
has glahmus leaves and the oil CDJltams C;JTV')ne: .1!IG 1i1!aiool bu t h~s no lemon 
smell. 

A chemkal analysis ot e.1c,\'cn p'.1 pu!ations of M. ~t c(}rdiJvl ia by Lawrenl.'£ 
(1 978 ) shows the cxistcn..::C' of two ('.hemo~ypes (Fig. 5) : 

('hCIn(JtyPC 1. OiL".. .ich in c.ar'.lor. <.> <Iud limom~He with lower 4Uan!itics of uthcr H'dllcerl 
2-slIb .. !iw t(:d compoLuld:: 

Surigal' min: bd oD!!S to the first chemot.ype:, wlli le )'C'rb2 buena be longs tG the 
second . 

Pm a long Erne. frf. n iapcol!ms Ehrh. was in corre~T i y known as M rotundi~ 

[nita (Lawrence, 1C)78). Howe ... .e r. studies on morpholog.!c.'! J st ruct ures and chromo· 
some numbers showed th<t! the COHee! name of the speci€'~ is M. SlUlIJfo/ens Ehrl:. 
(Ha der, 1963). A summary of rrpnrted s r:udit"~ (l'n the oil of.!\J. suaveoJens (AJ. !l'o· 
lundi/h ila auc1., lIon (L.) Huds.' 5:h·,)w:; that st.x Ch CIlIOty p C3 can be rea lized (Fig. 6) 

(Lawrenc". J 978) : 

Fig.UH· (), (,ht'mmyp~'s in MeJ11lsa suo~'eoJefls Ehrh (M. wtl.mdUolla au,1.. non (L.) H ~ds.) 

(L:.i\H~·m~. 1975 l 
I . Oils rich in pukgonl~ 

1. Oils ri('h in cam.me 
3. Oils rich in ncoi:\() n~o} pu:~!t:J t 

4. Oils rich in ripc ritcno nl' ox idc 
5 . O ils ri ch in pipcri t(lflt' o xide 
6. Oils n eh in dihyd roL'a rvonc. dli;ydrocarveoh . .:.nd :;c~r 3h' .~ 

The 1,2-epoxid ized , 3·substitmed compounds (pipciitenone oxide!piperitone oxide 
ty~) <Jnd the 2~.:;ubstituted compounds (carvone/dihydwcarvo1l.l! type) are found in 
the oil of M slIdveolens (apple mint) . 

Although M. x cordifolia (2n ~ 36, 48) has been regarded as a hybrid between 
M. spicala x M rorundifolia (Clapham, et al., 1962) . Harley ( J 963) considered it w 
be a hybrid of M. longifolia (2n = 24, 48) anJ M. 'Llal'folem (2n = 24). He also cen, 
sidered /\1. x cordi/olia tn be a synonym of /'"r. x l'ilIosa. Accord ing to Clapham. 
et al , (1 98 1). M. x villosn Hud s (large' apple mint) is a highly variab le plant which 
is alw ays stf"rile. On t he o ther hanG, Philippine yerba bwm.<l, j strnin of}J.f. x cordi· 
folia. which W:iS previously worked on, is fe- roile. Stu;dies on chromosome numbers 
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and chemical analysis of the oil confirm !Jarley's view that M. x cordifolia could be 
a hybrid between M. /ongifolia x M .. lUaveolens of the piperitenone oxide and 
carvone chemotypes (Lawrence, 1978). 

In the British Isles, hairy forms of M. spicata have been mistaken for M. longi
folia (L.) Hurls. which is not a British plant (Clapham, et al., 1981). Harley (1972) 
showed by means of breeding experiments, that in M. spicata hairiness is a recessive 
character controlled by a single gene, the glabrous condition being dominant. 
Cytological studies indicated the presence of diploids and tetraploids. Ecological 
differences were also noted. The diploids are hairy plants especially characteristic of 
montane areas. These are referable to M. longi/olia (horse-mint). The tetraploid. 
may be either hairy or glabrous and are typically associated with cultivation by 
which they may have originated. These are referred to M. spicata. Hairiness alone 
has been demonstrated to be no longer Cl valid means to separate species nor to 
separate their hybrid s. While a glabrous hybrid indicares that M. spicata is one of 
the parents involved. a hairy hybrid may involve M. splcata or M. longifolia. While 
cytological differences can be found, further studies elr(, ::-!t't.' ded to find good 
morpho1ogical characters between the VHUt.lUS hy t"Hici ·;p;::)rs '·. G~nuine hybrids 
between M. spicata and /'r!. suareo/ens or IH, JongiR)/u: fl"'.:quem I)' occur and are 
often cuilivated (Harley, 19731. The complex a, a wh ole .:aHoor be sarisfactorily 
treated t3xollol!llt'a!iy. anti i dt.~nLifir..·i.!tloll 1lIi.'!Y be ve ry i.HffJ:cuil, though ~rtain 
clones (or CUttiV2. I:'< ) ~r~ oftell easy t.o recogrllzt: , 

Although much work has been done on t he nomenclature (If At. IOllgi[olia 
(L.) Huds. (M. spica{u L. vor. IOl/gij'o/ia L., M. sl'lvesrrio L.) and a nu,,,ber of sub
species have been recognized. it may ~uffice to state that taxonomic nomenclature 
within M. IOllgifolia is very complex (lawrence, j 978). He analyzed fifreen popula
tion, of M. iongiji,/ia and recognized three "hemotype, (Fig. 7): 

Figwl! 7 . Chemotypes in M. /Qf1gifolia (L.l Muds, based on fifteen populations (Lawrence, 
t978) 

Chemotype I. Oils rich in cis- and trons-piperitone oxide llnd pipelitenone 

Chcmotype 2. Oils ri ch in carvonc /<.:arvyl acetate and timoncnc 

Chcmotype 3. Oils rich in linalool 

II. Peppennint [Mentha x piperita L. (Michigan Strain») 

Photoperiodic Nature 

/of. x piperila, Michigan srrain, obtained from Dr. Merritt J. Murray, geneticist 
of the A. M. Todd Company in Kalamazoo, Michigan, has been growing in the 
pharmacognosy garden at the U.P. Diliman campus. The plant is a very low-growing 
herb which docs not flower under natural Philippine environmental conditions 
(Fig. 8). One of the plants used in early ,t udi., ou photoperiodism by Garner and 
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Allard in ]920 was peppermint, which they demonstrated to require long days in 
order to nower, Cuttings of the Philippine'grown peppermint were propagated in 
pots "ud subjected w long·day conditions. The plants grew talier and produced 
longer and larger internodes and larger leaves (Fig. 9.). The field.grown plants grow 
lip to 7 em high while the plants grow up 10 60 em high under long·day conditions 
(757% taller). The latter eventually produced flowe-rs borne in clusters in terminal 
.<pikes (Fig. 9b). 

Voiatile Oill'ield 

"'nen suffident SJ.mples of the piants grown under long days were available , 
the oil W~IS distiHed, The vegetative tops yielded 1.17% of oil, based on .!ir~dry 
we:!ghr.. in March 1984. Seven determinations of the oil 'Yield fwrn flowering tops 
during the period May tD September 1984 ranged from 1.40% to 2.177:.' of the air· 
dry weight GC analys~~· of ihe oil frrnn t~l.e flowering tops !'evca~e;' ct the pres.ence of 
menthofufru1 (27.661%" pulegone ({8.373'J(1) , menthol (12.58(Y%~» menthyl acetate. 
(11.3;6~~'L ~LOd mentl!one (7 .533%) as the prtndpal fonstitutents (Table 3). The 
presence uf mintlaChmt, p-rnenth-l(7)-en-8-o1, thymel, and spilthulenol has. not 
been previously l?ported in rhe oil of M . . 1' ptperiJa. The st rnctural formulas of the, 
identitled terpenes are shci~'n in Fig. 10. Thirteen wild. popl~tations oL\{ :r ptperita 
were studied by Lawrence tJ,97B} and the '[esllits arf also shown in Table 3. Two 
tornpounds hjlherto unIden tified in (:ultjvat~d plants were iavanduly! aceta.te and 

Figure 8, Field-groWTl peppermint p.ln.nts" Michigan strain. 
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Figure 10. Te rpl'n t!~ in the oil of Ilowering I'h ili rpinc-!twwth pl'ppermi nt. Michilllin strain . 
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SESQUITERPENES 

Germactene 0 .5 -C.din .... Muurol .... a.cadinol 

Caryophyll .... Clryophyllone 
oxtde 

Vlridiflorol 

DITERPENE 

Spothulonol 

rrans'piperitone oxide. The che mic.1 composition was found to be fairly consistent 
as can be seen from the perc"nlage range of compounds given in Table 3. An 
analy.is by Lawrence (1978) 0:' the oil from cultivated M x piperita showed that 
menthol, menthone, and menthofuran are the main constitutents. The oil from 
vegetative parts contained 90';( more menthol, 33% more men thone, but 94% less 
menthofuran than the oil from the nowers (Table 4). Only the oil from the nowe .. 
of cultivated plant, contains carvone, although aipha·terpineol and limonene which 
are precursors of carvone, arc found in smalJ quantities in aU the peppenmnr oils 
analY1"d (Table. 3 and 4). Piperitone and pulegone. precursors of the 3-oxygenated 
constituents, are also found in all the oil •. 

Peppermint oil is required hy Ihe United State. NF XVI (1984) to yield not 
less than 5.0% of esters, calculated as menthyl acetate (C 12 H220 2), and nut less 
,llan 50.0'7<. ul 1",,,1 menth·,): (C'OH20 0), free and as esters. A test for the presence 
nr menthof\.i uJIl is If.j " '('I! ',~ ;,' '. ~" ~'lr identification and chemical assay Im~thods for 
!otal esters ~,qd ;',. ,: I ; ,":':!P ,' id;..; .· included. 
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Biogenetic Relationships 

M. x piperitll L. is a cross between M. fUll/atica L. (2n = 96) and M. x spicala 
L. (2n = 48) (Murray, et af .. 1972). Cytological examination of M. x piperita has 
resulted i.n a wide range of chromosome numbers recorded in literature and it may 
be reasonably assumed that all counts abo"e 2n = 48 are valid (Lawrence, 1978). 
M. aqualica (water mint) has flowers aggregated into tenninaJ globose or subglobosc 
spikes with axiJIary clusters below and t.he leaves are hailY. The volatile oil is 
characterized by the presence of menthofuran 2.5 the principal constituent. At!. spica· 
fa has flowers in terminal interrupted , slender spikes and the leaves are glabrous. 
Hairy plants, often with a weaker smell, are likely to be spontaneous hybrids 
(Clapham, ef al., 1981). Carvone is the prinCipal constituent of the oil. Varying 
amounts of menthofuran, pulegonc, men thone, menthol , and menthyl acetate are 
found in the oils of Philippine.grown Michigan strain of peppermint, wild popula· 
tions, and cultivated plants, but carvone is reported only in the flowers of cuI· 
tivated plants (Tables 3 and 4). 

Table 3. Analysis of peppermint o ils. 

nzirteen Wild Populations 
Philippine Sample (lAwrence, 1978) 

Peak No. Compoultd Percem Peak No. Compound Percent Range 

alpha-Pinene alpha-Pinene O.2.(l .9 
2 beta-Pinene Ll54 2 beto-Pinene 0.3·Ll 
3 Sabinene 0.509 3 Sabinene 0.3.(l.8 
4 Myrcene 0.465 4 Myrccne 1.0·3.1 

5 a/plw-Terpinene t . .(l.2 
5 Umonenc 2.913 6 Limonene 1.8·6.3 
6 1,8-Cincole 3.188 7 1,S-Cineole 2.0-6.7 

8 ci.l'-Ocimene 1.·1.4 
9 rrans-Odmenc 

<.-1.7 
]Q ganwUJ-Tcrpmenc 

9 p-Cymene 0.265 1 I p-(ymene t..(l.5 
t 2 ·rerpinolenc t . .(l.2 
13 3-0 ctanol t..(l.3 
14 trans· Sa binene 

hydrate 0.2·\.4 
t 2 i\ lcnthone 7.533 15 Me.nthone 4.2·11.6 
13 Mcnthofuran 27.661 16 M·;:nthofuran 4.4-8.7 
14 lso·Menthortc 0.651 17 lso·M¢f1thone 0.9-1.9 
16 neo-Menthyl 

acetate 0.631 18 bera-30urbonene ) 
) 0.2·1.4 

17 Linalool 0.214 19 llnttlonl ) 
20 cis-Sabincne hydrate ! . .(l.B 
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Table 3 (Continued) 

Thirteell Wild Poplllmi(..J?, 
Philippine Samph' (tawrcnrc, 19i8} 

Pet1.J.. No. {.\ n»!y..I:..'n(t PerCe',! I)~:.'J.- /V". ( '''"1I(''J'mtJ I'~"rcent RC"!l1! 
.. _--- .-.-.-.--.---~-- -------. 

! .~ Mr-fith .. 1 a~t·!.I!~' , , }-;'t; cl '1t'Tllh ... l.l~'t!t:~:c IQ.6-20.1 
0]07 

.~ I nt·o·Ml!lltJ't,~ :: H; ." nt'o-Mcnrhc·! 1.1-2.9 
1;; ulvanduly! ~ .:~::Ir.~ ) 

L-2.3 
24 Te:pincn4-C'l 

n ,::n ('r )' ( ~:-:!:-·i.I[': • . _~. 77~ .:~ r :arynp~yU~'.lt 2.0-5.[ 

14 Puleg;,.-.i. I;) .• ·I~ ::-t- .\ICIli.hui. 28.tl-35.6 

~." M("nth;)~ 11.58(, -.. Pul .. ).:,vn..: 1.6-6, i .. 
.. Yi p-Menth. \ (7 }-en-R·(,l ? 
28 brra·F;nncsew.; 0.29/ .. 2~ trans-h(!to-Farn~!I~'11\' t.-H.5 
29 alpha-Tcrpill':o: 0.233 29 alplw-Terpin(,L'I 0.1#1.9 

30 olp#rQ·Muurolrnl' ! . .o.5 
30 Germacf('n::o D + 

Pipcrit(w~ 0.9R~ 31 Gcrmacr~nc D 2.1-3. -: 
3 J M1JoJr'Jk-~ .. 32 tram-Piperitonl;' 

oxidl' 0.5-3.t 
33 Piperitone O.S·1.3 

Yi jelrQ..cll.rdin~~m: 0.19- l4 gcm"....aoCadinem· tAt? 
.'4 Pipni!.;nc:ne .. , 1.46:! 35 Pipe:rite:lone t.'{).1 
36 (·!lfGphyU/.:n~· 36 Caryoph)'Uene 

oKioi' OAF oxide t.-O.5 
37 ViridiOt)[ol 0,39:' 37 Viri::ltflorol 0.5-1.3 
38 0.209 
39 Spathulenu! 0.2Ct) 
4n Thymoj O. ld4 

4" alpha.{';.adin()1 [I. i :150 38 alphD-Codinol t . .(1.1 
4.; ., [',1:06 
44 MintLidul\e 1,O~1 
4. Phyto; ? 
47 0.4):9 
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hbk 4. Composi!ion of lh~ oil from cultivated .'~1e!1ll!{J x pipe"ita L '" (Lawrence, 1978) 

Peak No . 

}; 
J!:o: 
39 

Unlom;.nc 

T\.'I1, jnn~r..'ne 

Mcnth lHl~ 

Mcnfhof":;3 11 
iso·'MclltllOJ1~· 

J ") aiplw..(;urj llllt'll(: 

4" 
:' j 

~lcnthyl JCCllttL: 

'jeo·~l (,J1th o ~ 

S ,~A t!'a fls-iS'O -Pul~~'·J!l~> 

60 Menthni 
6 I Puiegom' 
6? alpilCl·Terpin<:o! 
7JA CU\lon~' 
74 Pip('.rtton;: 

7,'i CiHonl'11oJ 

Herb 

1.2 
0.1 

24,2 
1 1 

3 ,7 

4,'; 

4 ~,,-S 

i.O 
(l I 

0.5 

Flowers 

2.6 
0.1 

IR .2 
21.5 

6.8 

0.2 

0.2 
24 .1 
13 .9 

t. 
0.1 

- .--. - .---.-- .. ---_._----_._---- _ ._. __ ...... _-----.--._--

The p.1thwa.y· for the metabolic inte~conversions of the 3-oxygenated mono
L'ydil: monotcr?ene~ in p'-~ppermirn is ~how1! in Fig. 1 t (Burbott and Loomis, 
1967). Eadl of the reactions shown by solid arrows has been demonstrated in cell
free systel!~ ~ from p('ppt:"nl1int and several of the enzymes have be~n part.ially 
jJuri\1ed {Loomis JJ1d Croteau, j 980) , Analyses of the monoterpene~ or individual 
leaf pilirs frum plants growll in the greenhouse showed ... consistenT. nend from 
unsaturat.ed ketones and mcmhufuran in the upper (young) leaves to menthol and 
metHliy1 esters in the lo\vcr (old leaves). However. there wa:;; considerabic variation 
from one S.hGOl to the otht'L Studies confirm the fac1 Inal the meTaholism of 
monoterpcnes in p~ppermint is strongly in fluenced environmentai conditiom 
(Bat,taile and Loomis, 196!). 

]n peppermitH, llIonoterpcnc cataboiIsm is greatiy ilcc.eleraie-d ~~ the onset of 
flowering (LtJomis and Croteau .. J 980) coincident wit.h the ..:onvefSJOll of menthone 
10 menthol .wd to lesser quantities \11' menthyl acela1e and neomenthoL, most of 
the latter beillg converted to the corresponding bela-D-giu.:::oside . Thus. during the 
turnover of mcntholle in peppermint, this ketone is reduced to roughly similar 
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quantities of menthol and neomenthol and, while the menthol and menthyl acetaie 
accumulate in the oil , the neomenthol is specifically converted to the water·soluble 
glucoside. 

Figure 11 . Mctaholic interconversions of the 3~oxyge nat ed nlonocydk monoterpcnes in 
pep~rmint (B urbott and Loomis, 1967). Each of the reactions shown by the 
solid arrows has been demonst rated in cell·free syMC,ffis from peppermint and 
several of the enzymes have been partially purified (Loomis and Croteau, 1980). 
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Figure 12. Bio'tynthesis of two series of oxygenated compunds in Mentha species (Loomis, 
1967). Reactions starting from limonene yield the 2-oxygenated (carvone) series. 
The terpinolenc-piperitenonc transformation leads to the 3-oxygenatcd (pulegone) 
series. 

NPP -----; 

~-TERPINEOL~ 

LlMONENE 
I 
~~ TERPINOLENE 

I 
I 
I 

'V 

CARVEOL 

I 

'" 
CARVONE 

1 
OIHYDROCARVONE 

1 
MENTHOFURAN PIPERITENONE 

r 1 
PULEGONE PIPERITONE 

1 1 
MENTHONE ISOMENTHONE 

I /l 
MENTHOL NEOMENTHOL ISOMENTHOL NEDISDMENTHOL 

~ 
MENTHYL ESTERS 

On the basis of both stereochemical and genetic evidence, terpinoleno and 
limonene are considered precursors of two series of O"-ygenated compounds in 
Mentha spedes (Fig_ 12) (Loomis, 1967)_ Reactions starting from limonene yield 
the 2-oxygenated (carvone) s .. ies. This is thought to be operative in M_ spicata L. 
The mechanism of the postulated oxygenation of terpinolene to piperitone and of 
limonene to carvone has not yet been determined (Loomis and Croteau. 1980). 

The other pathway leads to the 3·oxygenated (pulegone) series (Fig. 12). 
Pormation of a second double bond in alpha-terpineol produces either limonene or 
terpinolene depending on which hydrogen atom is lost (Loomis and Croteau, 
1980). The addition of an oxygen atom is directed by the position of the double 
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bonds. In the terpinolene.piperitenone transformation, the two double bonds act 
together in directing the position of the oxygen atom while in the limonene·carvone 
series, the two double bonds are too far apart to interact and the double bond in 
the ring would act alone. Limonene is a very widespread compound while terpi· 
nolene is less common. It is also common to fmd compounds of the pule gone 
series extensively reduced, even as far as the saturated alcohols (menthols). In the 
carvone series, the process tends to stop at carvone or dihydrocarvone. 

The monoterpenes identified and the amounts present in the oils of Surigao 
mint and of peppermint, Michigan strain, appear to support the pathways indicated 
in Figs. 11 and 12. 
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Domingo A. Madulid, Discussant 

Dr. Cantoria's work may be regarded as one of the pioneering works in 
chemical systematics or chemotaxonomy in our country and her contribution to 
the advancement of this field is acknowledged by the Philippine systematics com· 
munity_ Chemotaxonomy is a relatively modern method in plant taxonomy, the 
field having originated and popularized in Europe and the United States. In the 
Philippines, I know of only very few scientists doing this kind of study . As many 
plant taxonomists know, the genus Mentha (Labiatae) possess problems of identi
fication and classification "more than any other genus of comparable size". Recent 
survey shows that almost 2.300 narnes have been published for this genus and 
possibly 50% of these are synonyms, and the rest legit ima te infra specific names. 
According to Dr. Harley, taxonomist in Kew. England wo rking on the Labiatae 
family . "it would be more than a life's work to reduce these names (Melllha) to 
order". Dr. Cantoria's work, surely is an important contribut ion towards untangling 
the taxonomic mesh of Mentha. She showed us that through gas chromatography of 
the aromatic mint oil it is possible to recognize several chemotypes of Mentha 
.t cordi/olltz i.e . lhe strain grown in Surigao and the common mint locally called 
"yerba buena". It was also possible to reflect the possible biogenetic relationships 
of the plants and the possible origin of the hybrid. Such distinctness will not be so 
evident if one will rely mainly on morphological evidences. For example. the garden 
forms of .Mentha spicala have been observed to be most often glabrous. but hairy 
forms also occur and are frequently present among the progeny grown from seed. 

This work of Or. Cantoria in the two Mentha hybrids is only part of her re
search output on the pharmacognosy and chemotaxonomy of c.ertain Philippine 
plants. As a follow up to this study, she has to decide now whether to formally 
create infraspecific categories for the chemically distinct "strains" of ftlenlha 
x cordi/olia. What infraspecific category wiU she employ - subspecies, varie ty, 
forma or perhaps nothomorph? Aside from gas chromatography of Ihe mint oil, il 
is perhaps worth comparing the flavonoid patterns of the (t;!.aves of Menrha x cordi· 
/olia and correlate the results with those obtained from the study 0 11 mint oils. This 
is, I think, important because flavonoids is recognized today as boittg one of the 
most valuable of all classes of secondary chemical constituent s as systematic 
markers in angiosperms. Many chemotaxonomists prefer to u~e flavonoids because 
it is found widespread in plants, it is stable and easy to detecL The result of the 
flavonoid study in Mentha would be very interesting in the systematic point of 
view. 

I congratulate Dr. Cantoria for her most interesting and. va luable research 
work. I hope this wiU serve as a catalyzer for more chemolaxonomk investigations 
on Philippine plants. 
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Mildred B. Oliveros. Di",~s .. ,,' 

Dr. r.antoria·s report cor. tht" Surig'u .. mint furth';'-f t:D!lfinn~j the complex 
natur'~ of the mint species. Other researd'erc; lik .. l...aurenc:: . HOlde-y ._ Chopra . & 

Murray h:I"e shown the complex rela\irmship i)r: twe0,'~ 'lltJl! ipt"C'!i!:;. in lhelr effo:t 
to thresh {'Ill I taxonomic proh!erns within rhi:.; 'ar~c ~mup ·~\f phnt!:. Cy!oio,l:ti<;.:tl, 
morphologi;.at. and chemk;~1 s.tudles hi'lv,) he\p~':( so~vc ~I)~e of these prohlems. A 
numbC1 of ~ignificant relationships h.1lie" h~erl rJiscnvcrec! (cadi!!? to I, h~ i(~c1a!'.Sltka· 

don of SQr.1e and renaming r,f lH!'1~r~ HO\M,WN. 11;:;' ~a .':l)n(':mi\; prob!t-m:; wJtPin this 
group a.:-·t: fa r from over. Fro.n ,..':nm;' 23i)(l ;If<l'ftl-':: (', ! ~pt~d,l%. :1hnllt 50t;;{. ar{': rT!
?orted tfl br synonyms. 

r\!~· Inisnomer of some mi~ i: spe C!';;~' hH .~ ;on~~ be:;!)! n PI~.lb!e rfl. StHlle i i':'3is~ on 
lOsing th~; Incorrect names e~'~.fI &f!cr the~i' h:i'l!C b~l'n founJ 'i,j hI.;: wrong. In 1978, 

L.l!rt~r: ( ;.~' Huough morphologkai and CyHJ1ogkv ,i :~l\.ul:% S.h:')'Jll ed that j1fenrhn. 
totutuJijO iW is rightfuUy Jl..lenrtll1 \'UtlW;'fJh·.'I: Me},·" r~;;N.d*\.·. I:r . Camofia !:-bowf..'-U 
tila! y~rhd buena. long errUni.Xl :1SlY I"ck ( !~·;.i ,(\ HS . j,.i~"';"'1 m";"~:f?3is, is a Menthe 
(.'ord,ffJ tilJ hybrid . It i!!. StJG h! notc. hilwe ... ~~_( f lMI l1e:W tw~~k:i: (I{,O pamphtels 
.luthor~{! !Jy fellow Filipinos Slit] ,;.:.r iry tnf' in..:or(.x-! tP!/PC ill:' yerha DUena. 

lJiM_mguishing hybric.i.5 'J! m1m SPCCii~::' I1t1l1! e~·", .. J, ,,}th~f Lfi :t.llOlilar pTohl~m 
that IHi ... been very difficult to ta ... ·K.Jc. Cher,t\cai S;!HtitS ::titltil.!~"'~~d. hy LauHmce OU 
the Vl)taHlc oils of Mentha cordlfalia. Mellthn ltmgifnlia :tn':! Jtenlhc suaveolens 
hybridil ha've helped group the5f hybdds !nto Cht·molype-s,. Ti'-I(! Menliuz cordifui-w 
hyhncH were grouped into '2 ChCUhH),pe.:::, IYlp.mkl !"'f!};-iJrJi~ :ntc *"": (:h~~mm} ?I;~ , . 

an.] /l.1emhf! Sllaveoiens int.o (J ..:ncm~ll ypei) 'fht."S,: i'P.'JW the ex..istt:~H;t' 0r chemical 
rei:Hlonsiups between c1osd) l'elarcd speci(~:;; ill lbr ge)\lH; .Mentlu. H ls highly 
~o'islhle i.ttuefore to group rnim species on \ i-H" basis a+' thC'ir 011 composition. Their 
t. heHlk:al differences and simiialitle!>. :.B wen I' <~ thr!i r !T!orphGiogK"i1l charac[t!'H:., 
'NhH .. ~i! I F ' supported by cyhliugk.a! .:..:hal":.:tt>~ s . may iH:ip taxoBmnists r";;1;o1ore ,)iJt>I 

f.t) UJi~; cumplex group of plams. if: usmg ctlemil..:(t: ditft'((~K~S a~ ~ ~,[ih':ri()n. hoY{ · 
~ 'A:T, Utfl·(~ ,~t care and SOtiuJ J lHlr~~wl:m nlU!:l ti L" ::,x~!';:!!!:ctl !>iri'.;e envrrOPlnent'il 
c()ndilion .~ s,"eatly affect lIIonoteq .• 'CEt" rl1t>I::!;!·h:o!ll. 

i wisil to congratulat ~' DL C:H,fm [;;! ! ~\I h~l ~'ah::"li::k ;,'l-ni.dbtiii(l (! lO t;~~ study 
ilf minl species. More power ~-::. 1 0U. 




