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Influence of Harvesting Time
on Chemical Composition
of Mentha piperita L. Essential Oil

By Jean-Claude Chalchat and Andre Michet, Laboratoire de Chimie des Huiles Essentielles,

Universit6 Blaise Pascal de Clermont-Fd, Aubi&e Cedex, France,
and Bernard Pasauier. Conservatoire National des Plantes ~ ParFum, M6dicinales,
Ar6matiques et lndus~elles, Milly-la-For&, France

peppymint (M. An a pipmita L.), a perennial of the
Lammceae family, is a hybrid plant obtained by cross-

ing horse mint with spearmint, itself a hybrid of Mentha

rotundijolia and MAUI kmgifolb. Clones of this hybrid
from Great Britain (Mitcbam), when transplanted else-
where, have produced derivatives such as Itafo-Mitcham,
Franco-Mitcham (violet-black stems and leaves, moder-
ately vigorous, 40 to 60 cm in height, sparse foliage), Milly
mint and Maine-et-Loire mint.

In addition, we find Hungarian peppermints (violet-
black stems and leaves, strongly vigorous, 100 to 150 cm in
height, dense foliage) and white mints (true green stems
and leaves, moderately vigorous, 60 to 90 cm in height,
dense foliage).

The origins of these plants have been addressed by
Murray et al. 1 and by Jolivet.2 Sacco and Scanneri34 have
studied their chemotmxonomic and karyological features.

Recent work on the essential oils of peppermint has
been reported by Peymn and Rouzets and by Lawrence.6
Pernn and COlSOn7analyzed oils from various organs of
peppermint (A4watha pipedta L.)—leaves, flowers and
pluricelhdar glands, Sacco8 studied the genetic and chemi-
cal features of tbe genus Mentha. Emberger et al.g ana-
lyzed enantiomeric substances in mint oil and carried out
a sensory evacuation. Wahov et d. 1011identified and iso-
lated a certain number of sesquiterpenes in oils of Bulgar-
ian peppermint More recently, Gilly et al. 12 studied the
chemical composition of peppermint clones from Grasse
and Digne.

Closertoourwork, Bouverat-Bemier13 studied the impact
of frequency and date of hwvest on yield and quality of
Hungarian peppermint oil. After studying a Mitcham MiIfy
mint and finding an increase in oil levels up to flowering and
a f~ tbereaker, Bouverat-Bemier showed that
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In early July, well before flowering, menthol and
menthone levels are equivalent. T-hereafter, menthol
and mentbyl acetate levels increased, while those of
mentbone decreased.

Menthofuran was characteristic of the flowering
period, though it afso remained abundant through-
out the year.

Pulegone, present at the time of flowering, vanished
afterward.

Yields of oil were lower when a second harvest was
cut; no pulegone was present and menthofuran
levels were lowered.

Mid-hdv to late August seems to be the peak period
of oil”s~thesis. Ho~ever, this period is ~ostl~ the
time of flowering and shedding of base leaves.

For Hungarian peppermint, given the yields per hect-
are and the optimal menthoVmenthone ratio, the best
procedure appears to be a harvest in late June to early July
and a second harvest after mid-August (before the first
flower buds and the yellowing of the base leaves). The
levels of menthone were always greater than those of
menthol regardless of harvest time.

Experimental

Pfant material: Ten peppermint cultivation sites (ten
growers) were set up within a radius of 15 km around Le
Mayet-de-Montagne, ARier, in central France (aftitude
400 to 800 m). The individual surface areas ranged from 0.6
to 2.5 ha for an overall surface of approx-
imately 10 ha. Planting density was 30,000 plants/ha.

The plant material was steam distilled on an industrial
scale at L.e Mayet-de-Montagne for one hour in a still with
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CHEMICAL COMPOSITION OF ME NTHA PIP ERITA

I Table L Chemical composition of essential oil
of Mentha piperfte L. from

Le Mayet-de-Mcmtagne, Allier, France

Peak No. Constituent Percentage

1 a-pinene 0.6

2 p-pinene 0,8

3 sabinene 0.5
4 myrcene 0.5
5 timonene 1.1

6 1,8-cineole 3.9

7 (Z)-3-hexenol 0.3
8 menthone 39,8

9+10 menthofuran + isomenthone 3.7

11 menthyl acetate 1.5

12 p-caryophyllene 1.3

13 neomenthol 5.1

14 pulegone 0.3
15 menthol 22.9

a volume of 2.5 0r6 m3. Distillations produced a total of 31
kg of oil, for an average yield of 0.3% or 30 kgha.

At the same time, Iaboratoryscde extractions were
performed. According to the amounts collected or avai-

Efect ofhamest time: During 1989, we distilled and

able, we used either a 250-litre pilot extractor or modified
analyzed four batches of mint collected from four sites

K8iser-Lang extractors with volumes ranging from 2 to 20
(four different growers) at different growth periods. Ten

L to extract from 100 g to 4 kg of plant material Average
samples were taken between June 15 and October 30. The

yield was 0.3%.
chemical composition of tbe oils from these different
batcbes is given in Tables 11. and llb.

Analysis: The oils were analyzed by gas-phase chroma-
tography using a DELSI 121 C apparatus” and a flame ~lLS,Lyon,. . . . . .

l,Ctmompack,ILJSUlis,Frame
ionization detector. Temperature program was 5 min at Micmmassll’iso.s, Altringshan,E.ghwd

500C, then 50”C to 21O”C at 2“C/min. We used a WCOT
25 m x 0.3 mm fused silica column with CP WAX 51
stationary phase. b The compounds were identified by
GC/MS using a VG 70 mass spectrometer.’ Conditions
were 70 eV ionization energy, WCOT fused silica column
(50 m x 0.3 mm, CP WAX 51), temperature program 50”C
to 230”C at 3“C/min. The carrier gas was helium.

Results and Dlecusaion

Peppermint oil atfird flowering: For a peppermint
oil obtained at first flowering (mid-July 1989), we observed
the following physical constants

. n% = 1.4638

● d% = 0.903

● [ct]~ = -23.3”

The chromatogram of tbe oil is shown in Figure 1. The
main constituents identified by GC/MS are given in Table
I, with their percentages. The oil contains the high levels of
menthone (40%) and menthol (23%) characteristic of oil
obtained at the beginning of flowering.

Figura 1. Chromatogram of the essential oil of Manth.splparlta L. from Le Mayet-da-Montagne (France) (Sac Table I
for Identification of pesks)
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CHEMICAL COMPOSITION OF ME NTHA PIP ERITA

Table Ila. Chemical composition (%) of peppermint (1989 production) sccordlng to harveefing time

Peak Grower 1 m’rnvsc2
No. Component S/14 71S 7/29 6/1 5 9/1 5 9/30 10/20 s/14 7/5 7/29 S/W S/l Wls 1o11 10/15 1W21

1 a-pinene 0.4 0.3 0.5 0.5 0.4 0.4 1.7 0,3 0.5 0.5 0.5 0.5 0.5 0,5 1,9 2.4
2 p-pinene 0.4 0.5 0.6 0.5 0.5 0.5 1.8 0.4 0.7 0.7 0,6 0,6 0.7 0.6
3 sabnene 0.2 0.3 0.3 0.3 0.3

2.0 1.7
0.2 0.4 0,2 0,4 0,4 0.3 0.4 0.4 0,3 0.4 0.6

4 myrcene 0.3 0.3 0.4 0.3 0.3 0.2 0.4 0.3 0.5 0,5 0.4 0,4 0.5 0,3 0.6 0.9\
5 flmonene 0.8 0,7 i.0 0.9 0.4 0.4 1.6 0,7 0.6 0.9 0.7 0.7 0.7 0.s
6 1,8-cineole2.5 2.6 3.1 2.7 3,2 3.2 2,3

2.4 2,1

2,6 3,3 4,1 2,9 3,7 3.6 2.9 2.6 2.0
7 (Z)-3-hexenol 0.2 0.2 0.3 0.3 0,4 0.4 0,3 0.2 0.2 0.4 0.4 0.7 0.5 0.4 0.4 0.3
8 menthone 54.5 51.9 55.0 42.1 21.3 14.2 6.1 52,4 43,6 37.2 35.0 27.7 24.0 17.3 10.4 7.4

9 mentho furan 0.3 0.2 0.9 4.8 3,4 0.8 1,4 0.3 0.3 1.4 5.0 2.9 4.2 2.7 1.1 0.6
10 isomenthone 3.2 3.1 3.5 2.5 2,4 1.9 1.6 3.0 2.9 3.0 2.8 2.7 2.6 2.1 1.6 1.3
11 menthyl acetate 1.0 0.8 0.5 0.5 3.1 6.1 7.5 1.7 1,6 1,3 1,1 2.3 3.1 6.3 7.0 9.6
12 ~-caryophyllene 1.7 2.3 2.1 1,4 i .2 1,1 i .0 2.0 2.4 1.s 1.2 1.2 1.2 0.6 1.0 0.s
13 neomenthol 2,9 3.2 1.9 2,2 5.4 5,5 5.6 3,s 3,s 3,5 3.0 3.5 4.8 5.4 S,7 6.9
14 pulegone 0.4 0.7 2.6 6.4 3.0 0.7 0.6 0,7 0,6 3,4 9.7 4.9 2.8 0.7 0,6 0,9
15 menthol 20,6 22.2 16.7 22,4 46.4 55.6 53.7 22.2 27.0 31.0 28.8 36.3 43.5 52.4 51.7 52,5

menthonel

menthol 2,6 2.3 3.3 i ,9 0.5 0,3 0.1 2.3 1.6 1.2 0.7 0.5 0.3 0,2 0.1

Table Ilb. Chemicel composition (%) of peppermint (1989 production) according to harvesting time

Peak Grower 3 Qr0wsr4
No. Component 6/1 4 715 7/29 3/1 7 eli 5 9no 6n4 7/5 71ts 7/30 6/15 3n w!! 9/30W15 16/21
1 a.pinene 0.9 0.1 0.6 0.3 0.5 0.5 0.2 0.2 0.5 1.0 0.4 0.5 0,5 1,6 1,6 1,1

2 p.pinene 0.5 0.1 0.6 0.5 0.8 0.7 0,4 0,3 0,7 1,3 0.5 0.6 0.6 1.9 1.5 1.3
3 sabinene 0.3 0.1 0.4 0,3 0.3 0.3 0.2 0.2 0.4 0.4 0.3 0.3 0,4 0,4
4 myrcene 0.4 0.2 0.5 0.4 0.1

0.3 0,2
0,2 0.3 0.3 0,4 0,5 0,4 0.4 0.5 0.5 0.4 0.2

5 Iimonene 1.3 0.4 1.0 0,7 0.9 0.6 0.8 0.4 0.9 1.8 0.7 0.7 0.6 2.2 1,6 1.2
6 1,6-cineole2.8 2.5 3.7 2,7 3.6 3,8 2,4 2,0 2,9 2.6 3.0 3.4 3.8 2.7 2.2 1.7
7 (Z)-3.hexenol 0.1 0.2 0.4 0,3 0.4 0,4 0.3 0.2 0.3 0.4 0.4 0.4 0.5 0.4 0,3 0,3
8 menthone 51.4 49.4 43.1 40.5 10.7 11,4 46.8 3S.5 3S.7 29.6 31.2 26.6 21.0 10.0 6.6 %.1

9 mentho furan 0,3 + 0.7 3.7 i .2 1,4 0,1 0.2 0.9 1.6 3.7 3.6 3.2 0.6 0.7 0.4

10 isomenthone 2.9 3.1 3.1 2.9 i .5 1,6 3.0 2.7 2.6 2,4 2,6 2.7 2.5 1.6 1.4 0.9

11 menthyl acetate 2.0 i .3 1.2 1.3 6.1 7.1 2.3 1,6 1,6 1.9 1.7 2.0 3.2 7.3 8.0 12.4

12 p-caryophyllene 1.5 2.3 1.7 1.5 1,5 1.3 2.1 3.0 2.1 2.1 1.5 1,9 1.5 1,5 1.3 1.1

13 neomenthol 3.3 2.9 3.5 3.2 5,0 5.3 4.1 4.4 5,0 5,1 4.5 5.0 5.3 6.6 6.7 7,1

14 pulegone 0.3 0.6 1.5 6.0 1,1 1.1 0.6 0.7 1.7 3.6 6.2 4.9 2,1 0,s 0.5 0.8
15 menthol 20.5 24.4 26.6 27.9 56.9 55.6 23.8 31.5 31.4 33.0 34.9 38.7 45.7 52.1 54.5 54.6

menthonel

menthol 2.5 2,0 1.6 1.4 0.2 0.2 2,0 1,2 1,2 0.9 0,9 0,7 0.5 0.2 0.2 0.1

The seasonal time variations in the menthone, menthol, the end of flowering, increasing (6-8%) up to the

menthyl acetate, menthofuran andpulegone contents, aswell
as the menthonelmenthol ratio, are plotted in Figures 2-6.

We ohsewed:

.

.

●

For the first time, an inversion of the menthone/
menthol ratio during growth. The menthol concen-
tration rose from approximately 20% in early July to
more than 507.. The menthone/menthol ratio was
close to unity hy ahout August 15.

Peak levels of menthofuran and pulegone during
flowering.

Low levels of menthyl acetate (approximately 1%) at

end of the growth cycle.

The variations in the chemical composition of these oils
confirm the Mitcham character of this peppermint grown
in this area of France.

The inversion of the menthonetmenthol ratio occurs in
mid-August at Le Mayet-de-Montagne, hefore flowering.
In contrast, it occurs in the first fortnight of July in the
Anjou region of France, after flowering. This may resuk
from a lag in biosynthesis in relation to the growth stage
due to the less friendly climate in Auvergne. In support of
this explanation, we observe (Table III) that the date of the
inversion varies with altitude; the greater the altitude, the

W/Perfumer 8 Flavorist Vol. 22, July/August1997
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Figura 2. VWlafiOnof main components according
to harvesting time (Grower 1; altitude 800 m)
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Figure 4. Variation of main components according
to harvesting time (Grower 3 altitude 850 m)
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Figure 6. Variation of ratio menthonalmenthol
according to harvesting time
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Figure 3. Variation of main components according
to harvesting time (Grower z altitude 500 m)
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Figure 5. Variation of main components according
to harvesting time (Grower% altitude 500 m)

Tabla Ill. Effect of altituda on tha manthonal
menthol inversion date for peppermint oil from
aalactad taat altaa naar La Mayat-da-Montagna

Altitude Menthorwlmenthol
Grower (m) inversion

1 800 early September

2 500 mid August

3 S50 late August

4 500 late July
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CHEMICAL COMPOSITION OF ME NTHA PIP ERITA

Table IV. Analysis of main components (9A) of peppermint from 1990 production

Grower 1a, lb- 2 2.. 3a’ 3b’ 4 5a” 5b’ 678 9a, 9b,
Component
menthone 45,6 31.1 23.9 22.5 36.1 7.0 26.5 37,5 31.5 30,0 24.6 30,1 32.3 10.5
mentho furan 0,4 0.2 0.5 0.5 0.3 0.2 0.3 - - 0.2 0.4 0.1 0.3 0.8
isomenthone 3.3 6.3 2.8 3,1 5,1 4.1 5.8 5.9 5.9 6.3 3.2 5.8 5.1 10.2
menthyl acetate 1.6 2.6 3.0 3.1 1,6 2.4 2.3 2.6 2.6 i .2 3.9 2.8 1.5 3.11
isomenthol 2.3 4.9 5.5 5.3 3,1 5.7 4.2 3.5 3.5 4.0 7.1 5.2 3.7 4.6
neomenthol 0.2 4.7 2.9 2.9 5.9 4.3 7.2 0.5 0.5 7.8 5.3 4.7 8.0 5.7
menthol 18.9 33.6 39.5 39.5 28,0 38.5 35.0 32.3 2.3 31.7 33,3 33.5 30.1 43.0
menthonelmenthol 2.4 0.9 0.6 0.6 1.3 0.7 0.8 0.7 1.0 1.0 0.7 0.9 1.1 0.2

. For the same grower,two batcheswere sometimessupptied.These correspondedto two differentplots.
,- Predried

more intemperate the climate and
the slower the growth. Hence, the
later the invers;on.

A consequence of this is that
harvesting in July in Auvergne, just
before flowering, gives an oil with
more menthone than menthol,
whereas hawesting in Anjou at the
same date gives an oil with more
menthol than menthone.

Although most peppermint pro-
ducers in Auvergne currently har-
vest before the plant flowers, our
findings show that they should har-
vest after the plant flowers in order
to obtain the economic advantage
of a menthol-rich oil. Also, the oil
obtained at this period contains
less menthofuran and pulegone,
undesirable compounds which are
abundant during flowering.

For 1990, the levels of the vari-
ous components in the oils pro-
duced by Growers 1-9 are given in
Table IV Except for batch 9b, which
was strongly Mitcham, these mints
displayed varying degrees of
Mitcham character.

In 1991, the main concern was
monitoringtbe menthoVmenthone
levels in the oils supplied by the
different growers (nine growers of
mint planted in different years).
Harvesting was at the start of flow-
ering (early July to first fortnight of
August ). The results are given in
TableY As we observed in 1989 for
the period July 2 to August 14, we
obtained a bigher level of menthone
than of menthol, irrespective of
the year of planting, and inversion
was close.

26/PeIf.mer & Flavorlst

Teble V. Anelyeis of main component (%) of peppermint
from 1991 production (firet harveet)

Grower le 81273 64S
Growing year 4th 2nd 1st 2nd 2nd 2nd 2nd 2nd 2nd 2nd

>eak Harvesting time 7/2 7/8 7/12 7/17 7/1 S 7/25 7/29 3/5
Uo.

8/7 s/14
Component

1

2
3
4
5
6
7
8
9
10
11
12
13
14
15

a-pinene

p-pinene

sabinene

myrcene

Iimonene

1,8-cineole

(Z)-3-hexenol

menthone

mentho furan

isomenthone

menthyl acetate

p-caryophyllene

neomenthol

pulegone

menthol

0,9 0.0 0.9 0.6 0.3 0.7
0.9 1.1 1.1 0.8 0.7 1.0
0,3 0.8 0.7 0.4 0.3 0.6
0.4 0.8 0.6 0.6 0.5 0.5
1,0 0.9 1.5 0.7 0.9 0.8
3.7 4.7 6.5 4.1 4.1 4.0
0.4 0.5 0.3 0.4 0.3 0.3
55.250,155.4 47.454.454.0
0.2 0.6 3.3 0.1 0.6 i.3
3.9 3.8 4.1 3.7 4.0 4.1
1.1 1.2 1,0 1.6 1.3 1.2
0.8 1.1 1,6 1.5 1.4 1.1
4.2 4.5 1.7 4.8 2.8 3.9
0.3 0.3 1.4 0.4 1.6 2.0
16.922.413.8 24.518.420.0

1.1

1.3
0.8
0.8
1.4
5.2
0.3
45.0
i.0
3.6
i.9
1.9
3.9
1.4
26.8

0.8 0.7 0.6

1.0 0.8 0.8

0.7 0.5 0.4

0.6 0.5 0.6

0.6 0.6 1.4

4.8 4.8 3.7

0.3 0.4 0.3

43.0 45.3 42,9

0.7 0.3 1.9

3.6 3.4 3.5

1.8 1.0 1.5

1.0 1.1 1.5

3.4 4.5 4,3

0.3 2.1 4,2

26.8 21.2 22.6

Teble V1. Predrying course for mein components (%) of eelected peppermint
semplee (Grower 4; predrying September 1989)

Peak Predrying time (h) O 6 12 19 24 30 36 40
No. Component

1 a-pinene

2 ~-pinene

3 sabinene

4 myrcene

5 hmonene

6 1,8-cineole

7 (Z)-3-hexenol

6 menthone

9 menthofuran

10 isomenthone

11 menthyl acetate

12 p-caryophyllene

13 neomenthol

14 pulegone

15 menthol

0,3 0.6
0.3 0.7
0.2 0.4
0.3 0.5
0.5 0.7
2.3 3,2
0.4 0.4
27.3 30.9
4,1 6.0
2,6 2.6
1.6 1.2
1.5 1.2
4.2 3.5
8,5 9.6
37.4 31.2

0,5
0,6
0.4
0.5
0.5
3.7
0.4
35.1
1.2
3.0
1.8
1.5
4.2
9.1
37.6

0.6
0.8
0.4
0.6
1.0
4.0
0.5
33.9
2.5
3.3
1.3
1.1
3.8
8.3
31.3

0.6
0,7
0.4
0.5
0.8
3.2
0.4
28.8
3.7
2.6
1,7
1.2
3.3
8.3
32.6

0.6

0.7

0.4

0.5

0.8

3.5

0.4

30.0

5.9

2.6

1.8

1.2

3.9

7.7

32.4

0.6 0.5
0.9 0.6
0.5 0.3
0.6 0.8
1.0 0.5
4.2 2.9
0.5 0.4
26.5 31.7
2.4 5,6
2,7 2.6
2.1 1.3
1.3 1.2
3.8 3.7
7.6 9.6
36.6 31.8

I menthonelmenthol 0.7 1.0 0.9 1.1 0.9 0.9 0,7 1,0
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Figure 7. Varlatlon of main components according
to predrying time (Grower 4)

Efeci? ofpredrying: Trial predrying was carried out in
1989 by Grower 4. The time course of the main compo-
nents (Table VI) was plotted against drying time (Figure”7).
No appreciable changes in percentages of constituents
were observed during the drying.

In 1990, a full-scale predrying study (Grower 2) con-
firmed the results of tbe first triaf. The chemical composi-
tion of the essential oil obtained from dried plants was
identical to that obtained from the undried plant (Table IV,
Grower 2).

Conclusion

This study, specific to the growings at Le Mayet-de-
Montagne for the production of oif of peppermint, shows
that:

.

●

✎

●

The plants cultivated at Le Mayet-de-Montagne are
Mitcham (Milly) type.

Harvesting at the end of flowering affords an
inversion of the menthonelmenthol ratio, yielding
an oil that is richer in menthol and therefore more
valuable commercially

It is possible to harvest fwice a year at the locations
studied, thereby increasing the annual yield per
hectare.

Batches of differing qualities can be obtained, with a
range of menthol/~ e~tbone ratios, according to
hamest time.

Vol. 22, July/August1997

. Predrying of peppermint herbage prior to distilla-
tion does not affect chemical composition, but
allows steam distillation of greater amounts of plant
materi6f.
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