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Abstract: Essential oil from a few different population of M. officinalis cultivated in Poland has been
investigated. The percentage of essential oil ranged from 0.08 to 0.25 ml/100 g in the leaves and from 0.06 to
0.167 ml/100 g in the herb and was higher in the plant material from experimental patch than that from
commercial cultivations. Comparative determinations of the essential oil in fresh and dried material showed

slightly higher content of the oil in the fresh one. The analysis of the oil composition has been performed by GC
and GC/MS. Great differences in the contents of citral, citronellal, linalool, nerol, geraniol $—caryophyllene and
B-caryophyllene oxide among the populations has been found. Effect of the harvest time, drying and storage on
the composition of lemon balm oil has also been studied.
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Lemon balm — Melissa officinalis L. (Lamia-
ceae) is a Mediterranean plant cultivated in many
countries for its therapeutic properties. It is used for
the production of many phytopharmaceutical pre-
parations and also fragrances and cosmetics.

In therapy, lemon balm has been used for a long
time as mild sedative and spasmolytic remedy (1,2).
Sedative activity is due to the presence of volatile
lipophilic terpenoids (essential oil) (3-5), which show
also antibacterial (6) and anti—-inflammatory activities
(7,8). According to a recent literature report, ethanol
extract from lemon balm and also components of
Melissa essential oil: citral, geraniol and nerol inhibit
the formation of proinflammatory eicosanoids : leu-
cotriene B, (I.TB,) and thromboxane A, (TXA,) [8].

More than fourty compounds were recognized
in melissa oil, only some of them, however, occur
in the significant quantities. These are monoterpene
aldehydes: citral (geranial + neral) and citronellal
as well sesquiterpenes: B—caryophyllene and B—ca-
ryophyllene oxide; monoterpene alcohols: nerol,
geraniol and citronellol are the minor components
and additionally 6-methyl-5-hepten—2—one is
mentioned as a characteristic constituent of the
natural melissa oil. Previous reports (9—16) poin-
ted, that lemon balm plants may differ significantly
in the contents of essential oil and also in the oil
composition. The differences may be due to exter-
nal conditions of plant growth ontogenic period
(9,14-15) as well as genetic variability (10,17).
Possible adulterations of the commercial products
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by the leaves or herb of Melissa officinalis subsp.
altissima or Nepeta cataria var. citriodora should
also be taken into account (14,18). Because sub-
species altissima contains only traces of citral and
in the oil from Nepeta cataria var. citriodora
monoterpene alcohols are the predominant com-
pounds (19), relative high content of citral and / or
citronellal in the oil has recently been proposed as
an essential factor helpful to recognize the authen-
tic material derived from Melissa officinalis subsp.
officinalis (14). Amount and composition of the
essential oil depend also upon ontogenic stage of
the plant (15). i

The Polish Pharmacopoeia V (1) recommends
to harvest Melissae folium from not flowering plants
but gives no indications of the time appropriate for
harvesting (e.g. before or after blooming). Accor-
ding to PPh V lemon balm leaves should contain not
less than 0.05% (v/w) of essential oil containing
citral and citronellal (detection by TLC method).

The aim of this study was to determine the
contents and composition of essential oil in a raw
material from some Polish cultivations, regarding
different populations, effect of harvest time, drying
and storage.

EXPERIMENTAL

Plant material
The investigated plant material was derived
mainly from the Garden of Medicinal Plants of the
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Medical University of L.6d7 (samples 1, 3-5 and
10-16). Plants were grown from seeds obtained
from Botanical Garden in Essen (Germany). Plant
material was collected from two year plants on dry
sunny days, dried at a temperature of 20-25°C and
stored in closed boxes.

Samples 1, 3, 4, 10, 13 and 14 were collected
before and the samples 11, 12, 15 and 16 after
blooming time. Commercial raw material was obtained
as dried from Herbapol in Lublin (sample 6), Biatystok
(sample 7) and £6dZ (sample 8) and also from one

GC analysis

A gas chromatograph Carlo Erba Instruments
type HRGC 5300 Mega Series (with the com-
puterized system Chrom—Card) was used. An
injector (SSL) and a detector (FID) were used.
The temperature was 320°C. A capillary column
DB-17 (30 m : 0.32 mm, film thickness 0.25 pm).

Table 1. Average retention times of main constituens of mellisa oil

private producer (samples 2 and 9). It was harvested Compound Retention time (min)
before blooming at the beginning of July in 1998. 6-methyl--5-hepten-2—on 9.21
Samples 2, 5, 8, 9 and 16 were composed of herb and linalool o 1208 o
the remaining samples were the lcaves of lemon balm. | citronellal 14.76
' citronellol ‘ 17.39
Isolati.on zfnd determination of the content of nerol 1781 7
essential oil _ o | methylcitronellate 18.17
Determinations of the volatile oil contents -
C - ) geraniol 19.07
were done by steam distillation in a Deryng’s - - —
apparatus according to PPh V. 40 g of the dried neral .(cnru-l b 1937
material or 130 g of the fresh material were placed »,‘g‘eran?al (?ltral y_ 2063
in a round-bottom flask, 1000 ml of distilled water geranic acid S 22.23 —
was added and kept at boiling in the Deryng’s Bcaryophyllene 23.12
apparatus for 3.5 h. The volume of the distilled oil geranylacetate 23.37
was measured in accordance with PPh V. The oil o-humulene _24.68
was separated, diluted to 1:1 with petroleum ether -cadinene _ B0
and kept with a drying agent in a refrigerator. germacrane D 25.55
The oils obtained by the above described cadina—3 9-diene _ 2756
manner were used to the chromatographic analysis B—caryophyllene oxide 30.97
(GC and GC-MS). | humulene oxide : 32.07
Table 2. The content of essential oil in different samples of lemon baim
Sample Material Time Time ml/100 g mi/100 g
No. of of in dried material in fresh material
harvesting determination (based on dry mass)
L leaves VII 95 111 98 0.085 - .
2. herb VI 97 98 0.060 -
3. leaves V/VI 98 VI 98 0.220 10.250
4 leaves V198 VI 98 0.233 =
s. herb VIVI 98 VI 98 0.167 -
e leaves VII 98 Vv 99 0.100 -
T leaves VII 98 V99 0.080 - ]
8. herb VII 98 Vo 0.080 -
5 herb VII 98 VvV 99 ) 0.100 -
10. leaves VII 98 VvV 99 0.220 —
1. leaves I1X 98 V 99 0.220 -
12. leaves X 98 Vo 0.230 - ]
13. leaves VI 99 V199 0.160 0.180
14. _leaves VII 99 [ 00 0.180 0.200
I5. leaves VI 99 IX99 0220 0.240
16. herb IX/X 99 X199 0.140 0.140
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Table 3. The contents of the main constituents in essential oil obtained from different populations of Melissa officinalis (% of the tota) vil)

Sample number
Compound 6 ) 7 8 9 10
Commercial Commercial Commercial Commercial Garden
cultivation cultivation cultivation cultivation of Medicinal
VII 1998 VII 1998 VII 1998 VII 1998 Plants.
(oil from leaves) | (oil from leaves) | (oil from herb) | (oil from herb) VI 1998
(0il from leaves)

6—methyl-5-hepten—2--one 0.04 0.24 0.20 0.71 0.45
linalool 0.99 1.32 [.15 [.12 0.45
citronellal 6.45 3.68 1.33 7.01 15.18
citronellol 0.08 0.93 0.07 7.69 0.03
nerol - - - 7.89 -
methylcitronellate 1.72 1.37 0.56 0.57 1.49
geraniol 0.06 1.20 0.65 11.83 0.12
neral (citral b) 6.85 4.59 4.84 7.41 17.37
geranial (citral a) 9.79 6.27 6.62 10.08 32.92
geranylacetate 1.45 2.05 3.07 1.51 0.01
geranic acid - - - - -
B—caryophyllene 12.20 9.39 5.75 4.53 0.01
o—~humulene 0.49 0.06 0.28 0.58 0.04
Y—cadinene 1.41 1.23 0.99 0.08 0.27
germacrene D 1.52 0.99 0.86 0.34 0.06
cadina-3,9-diene 0.65 0.59 0.31 0.19 0.16
B—caryophyllene oxide 18.62 25.31 31.73 10.89 5.88
| humulene oxide 1.26 1.39 0.79 0.71 0.13
sum of 23.09 14.54 12.79 24.50 65.47
monoterpene aldehydes
sum of 1.13 3.45 1.87 28.53 0.60
monoterpene alcohols
sum of 36.15 38.96 40.71 17.32 6.55
sesquiterpenes and
sesquiterpene oxides

Carrier gas: N, with a flow rate of 1.5 ml/min.
Temperature program: 60°C for 10 min isother-
mal, then 4°C/min to 300°C.

GC/MS analysis

A gas chromatograph type GC 8000 coupled
with a mass spectrometer MD 800 (Fisons In-
struments) operated at 70eV. The capillary column
DB-17 (30 m : 0.32 mm, film thickness 0.25 pm)
with an injector on—column was used. Carried gas:
He with a flow rate of 1ml/min. Temperature was
programmed as 60-250°C at 4°C/min.

Components of the oils were indentified by
both retention times and MS spectra using database
of Technical University of £E6dZ and quantifying
was calculated from area percent; FID response
factor = 1. The retention times of identified com-
pounds are given in Table I.

RESULTS AND DISCUSSION

The content of essential oil in the raw material
from five populations cultivated in Poland deter-
mined by steam distillation ranged from 0.08 to
0.25 ml/100 g of dried leaves and from 0.06 to
0.167 ml/100 ¢ of dried herb (see Table 2) and it
was in accordance with the Polish Pharmacopoeia
prescription. In the material from commercial cul-
tivations (samples 2 and 6-9) it did not exceed
0.1%, while in the material from the Garden of
Medicinal Plants, situated in an enclosed area in the
city, it was nearly twice as high (Table 1).

Comparative determinations of the essential
oil contents in the freshly collected material (deter-
minations performed on the day of harvesting) and
in the dried material revealed that the oil content in
the freshly collected material was higher by
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Table 4. The percentages of the main constituents in melissa oil distilled from dried and fresh plant material in dependance upon harvesting
time (the plant material obtained from the Garden of Medicinal Plants in Lodz

1998 1999
Compound VI IX X \%! VII VIII IX/X
(% of the total oil) (10 | (a1 | (12) (13) (14) (15) (16)
dried | dried | dried | fresh | dried | fresh | dried | fresh | dried | fresh | dried
6—methyl-5—hepten-2-one 045 | 021 1 020 | 049 | 143 | 083 | 040 | 042 | 0.54 tr tr
linalool 045 1 022 | 009 | 035 | 057 | 061 | 043 | 047 | 022 | 022 | O0.16
citronellal 15.18 119.94 | 60.78 | 16.59 | 20.76 | 542 | 9.76 | 13.62 | 11.89 | 39.82 | 46.77
» citronellol 0.03 | 0.18 | 0.84 | 1052 | 031 | 3.74 | 045 | 6.03 | 0.85 | 12.79 | 2.65
nerol - - - 292 | 011 | 2.76 | 0.79 | 1.97 | 0.51 1.42 | 0.18
methylcitronellate 1.49 | 195 | 571 | 291 | 2.83 | 2.3l 1.07 | 2.59 | 090 | 4.84 | 457
geraniol 0.12 | 0.12 | 0.15 | 801 | 026 | 622 | 142 | 324 | 0.05 | 298 | 0.51
neral (citral b) 17.37 12520 | 6.55 | 10.08 | 19.05| 19.37 | 2438 | 13.95 | 27.39 | 6.77 | 8.46
geranial (citral a) 32.92 | 36.54 | 9.53 | 1429 | 26.62 | 29.06 | 33.75 | 22.44 | 37.17 | 9.89 | 14.05
geranylacetate 0.01 | 0.86 | 0.39 | 036 | 0.21 1.22 1 0.07 | 1.41 | 053 | 0.50 | 0.21
geranic acid - - - - - - - - - -
B~caryophyllene 001 | 272 | 406 | 7.69 | 575 | 7.44 | 1.94 | 274 | 3774 | 445 | 5.10
o—humulene 0.04 tre tr tr tr 0.54 | 020 | 038 | 029 | 0.55 | 0.54
Y-cadinene 0.27 | 0.04 | 005 | 061 | 0.24 - - 0.02 - - -
germacrene D 0.06 | 0.06 | 038 | 6.8] 181 | 019 | 0.14 | 0.12 | 045 | 1.86 | 1.13
cadina—3,9—diene 0.16 | 0.07 | 009 | 1.27 | 0.70 | 054 | 0.38 - 0.25 | 049 | 0.37
B—caryophyliene oxide 5.88 | 2.71 1.63 | 046 | 090 | 407 | 2.84 | 480 | 2.66 | 1.01 | 2.4]
humulene oxide 0.13 - - - - 0.13 | 0.24 | 0.36 | 021 | O.11 | 0.17
sum of
monoterpene 65.47 | 81.68 | 76.86 | 40.96 | 66.43 | 53.85 | 67.89 | 50.01 | 76.45 | 56.48 | 69.28
aldehydes
sum of
monoterpene 0.60 | 052 | 1.08 | 21.8 | 1.25 | 1333 | 3.09 | {1.71 | 1.63 | 17.41 | 3.50
alcohols
sum of 1 i
dn‘g”?;gz'lffr';ile 638 | 560 | 621 | 815 | 665 | 1121 | 478 | 7.54 | 640 | 546 | 751
oxides
* — month of the harvest " — sample number © — trace

0.02-0.03 ml/100 g when calculated on dry mass
than in dried material.

The analysis of the oil components performed
by gas chromatography (GC) and GC/MS showed
that each of the samples contained components
typical for the oil from Melissa officinalis subsp.
officinalis such as: citral (neral and geranial), cit-
ronellal, B-caryophyllene, 6-methyl-5-hepten—
2—one, but the percentages of particular compo-
nents of the oils obtained from various populations
was different (see Table 3).

In three out of five studied samples collected
in 1998 from five different populations of lemon

balm, the essential oil contained a large quantity of
sesquiterpenes (36.15-40.71%) namely p-caryo-
phyllene (5.75-12.2%) and P-caryophyllene oxide
(18.62-31.73%). One sample contained significant
amount of monoterpene alcohols — geraniol, nerol,
citronellol and linalool (28.53% of the total oil), and
only in one of the five samples derived from the
Garden of Medicinal Plants aldehydes neral, gera-
nial and citronellal predominated in the essential oil
(65.47% of the total) at 6.55% content of sesquiter-
penes and 0.6% content of monoterpene alcohols.
The content of citral was within a wide range
from 10.86% (sample 7) to 64.56% (sample 15)
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Table 5. The effect of storage time on the composition of lemon balm oil

Time of storage
Compound Six days Six months
(% of the total oil) sample 14 sample 15 sample 14 sample 15

6—methyl-5-hepten—2—-one 0.40 0.54 0.49 0.60
linalool 0.43 0.22 0.51 0.19
citronellal 9.76 11.89 4.47 2.94
citronellol 0.45 0.85 0.25 0.07
nerol 0.79 0.51 0.04 0.07
methylcitronellate 1.07 0.90 3.16 0.68
geraniol 1.42 0.05 0.15 0.15
neral 24.38 27.39 5.74 3.56
geranial 33.75 37.17 7.67 4.99
geranylacetate 0.07 0.53 3.20 291
geranic acid - - 3.56 5.40
B-caryophyllene 1.94 3.74 0.03 1.41
o—humulene 0.20 0.29 0.20 -

y—cadinene 0.04 0.06 0.18 0.20
germacrene D 0.14 0.45 0.39 0.41
cadina-3.9—diene 0.38 0.25 0.67 0.78
B-caryophyllene oxide 2.28 2.66 9.76 7.79
humulene oxide 0.24 0.21 0.56 1.24

and the amount of monoterpene alcohols in the
majority of oils from dried plant material did not
exceed 3.5%. However, in one sample as much as
28.5% of monoterpene alcohols in the essential oil
was found, which may suggest that an adulteration
with lemon catnip (Nepeta cataria var. citriodora)
could take place (19).

The content of B-caryophyllene in oils from
commercial samples was comparable to that found
in Melissa officinalis subsp. officinalis cultivated in
Germany (14). High amount of sesquiterpenes has
recently been determined in the essential oil from
M. officinalis subsp. altissima (14). In any of the
samples, however, we did not observe larger
amounts of germacrene D, a component charac-
teristic of subsp. altissima (14). Cubebene, which
has recently been detected in larger quantities in
subsp. inodora (13) was not found in the inves-
tigated plants. B—caryophyllene and B-caryophyl-
lene oxide were the predominant constituents in the
sesquiterpene fraction of the investigated Melissa
oils.

Comparative GC determinations of the oils
obtained from the fresh and dried plant material
showed that the content of monoterpene alcohols
significantly decreased and the content of aldehy-
des increased during drying (Table 4).

The composition of the essential oil changed
much during vegetation time from June to October
(Table 4). The highest content of citral was in the

Melissa oil from leaves collected in July, and the
lowest in the Melissa herb collected in October. In
autumn harvest, the main component of the oil was
citronellal (up to 46.8% of the total oil from herb in
1999 and up to 60.8% of the total oil from leaves in
1998). This result supports the hypothesis that
citral may be converted to citronellal with ageing
of lemon balm plant (15).

Quantitative and qualitative changes in the
Melissa oil components during its storage (Table 5)
were also found. After six months of cold storage
(at about 10°C) in non—hermetic bottles, the content
of monoterpene aldehydes decreased while a sig-
nificant amount of geranic acid occurred
(3.56-5.40%) in addition to an increase of geranyl
acetate and P-caryophyllene oxide percentages.
This statement may indicate that oxidation process
occurs not only during drying but also during
storage of the oil. Increasing content of B—caryo-
phyllene oxide during storage of lemon balm oil
has already been described by German authors
(20).

The obtained results of the essential oil analy-
sis showed that the investigated Melissa popula-
tions can be classed among the plants of the taxon
Melissa officinalis L. subsp. officinalis, even
though the percentages of components in the oil
varied. Great differences in the content of citral
between the samples might be caused, among
others, by different conditions of plant growing,
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plant age and vegetation period of the plant. At the
time of the rapid growth of plant (the time before
blooming) large amounts of young leaves occur,
which are very rich of citral (15). Therefore, the
harvesting time just before flowering may be pro-
per to obtain Melissae folium with high content of
essential oil and high percentage of citral in the oil.
In the plant material from autumn collection, mo-
noterpene aldehydes were also the predominant
fraction in the oil, but the percentages of citronellal
were higher than those of citral.

Besides Melissae folium also the herb of
Melissa officinalis is offered on the pharmaceuti-
cal market (21). Comparing the content and
composition of the essential oils in significant
differences between leaves and herb of lemon
balm have been found.
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