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Summary

Introduction: Bastard balm grows in forests, in central and southeastern part of Europe. The herb of this
species is rich in phenolics, mainly flavonoids, phenolic acids and coumarins. The plant is used in tradi-
tional European medicine, in digestive problems and for aromatizing tobacco and alcohol products.

Objective: The purpose of this study was to determine the influence of shading on bastard balm develop-
ment and the accumulation of phenolics in its herb, with special respect to coumarin as a quality marker of
this raw material.

Methods: The plants were cultivated in full sunlight, in 30% and 50% shade provided by shading nets. The
herb was harvested from plants in the third year of vegetation, at four subsequent developmental stages and
then subjected to chemical evaluation. In the raw material, the total contents of flavonoids, phenolic acids
and coumarins was determined. The content of coumarin was analyzed using HPLC-DAD.

Results: Plants grown in 30% shade produced the highest number of flowers and seeds. They produced the
highest mass of herb at the beginning of the seed-setting stage. The plants grown in full sunlight revealed
the highest content of flavonoids and phenolic acids, especially during flowering and at the beginning of
the seed-setting stage. The mass of herb obtained by plants cultivated at deep (50%) shade was the lowest,
however, the content of coumarin in these plants was the highest.

Conclusion: The influence of shade on bastard balm was expressed by the herb mass and coumarin content
increment. The plants thrived best in 30% shade, both in terms of flowering abundance and the mass of
herb, whereas those from 50% shade were the richest in coumarin.
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INTRODUCTION

Bastard balm (Melittis melissophyllum L., Lamia-
ceae) is a wild-growing plant, occurring mainly in
bright oak or mixed forests on the area of Southern
and Central Europe. The species prefers semi-shad-
ed sites. It grows in small, scattered populations,
located usually far from each other and character-
ized by a relatively small number of individuals. The
plant begins vegetation in the second half of April,
when the trees under which it grows, do not shade
the forest undergrowth. This rhizomatous peren-
nial plant, with several single stems, grows up to
80 cm. Its leaves are short-petioled, from oval to
elliptic lanceolate, 7-15 cm long with notched-ser-
rated margin. White-pink flowers are gathered in
the leaf axils at the top of the shoots. The fruit is a
fourfold schizocarp [1]. The raw material collected
from this species is a herb (upper, not wooden parts
of shoots, with leaves and flowers), rich in couma-
rins (with coumarin as a dominant compound),
flavonoids (apigenin, luteolin and kaempferol), tri-
terpenes, phenolic acids (rosmarinic, caffeic and
chlorogenic acids), sterols, and iridoids (harpagide,
ajugol, melitoside, monomelittoside) [2-4]. Its leaves
contain about 0.09% of essential oil with more than
100 compounds identified so far. Among these, the
dominants are 1-octen-3-ol, n-hexadecanoic acid,
phytol, ledol, a-pinene, coumarin, sabinene, ger-
macrene D [5, 6]. One of the most important com-
pounds in the essential oil is 1-octen-3-ol, respon-
sible for specific mushroom-like odour, potentially
desirable in food industry [7]. Due to its aroma, this
herb is used for the production of extract aromatiz-
ing alcohol products [8]. In traditional medicine,
bastard balm is used as antispasmodic agent, in in-
somnia and eye inflammation. In Italy, the decoc-
tion is used as a digestive agent or in the treatment
of cough and sore throat [9]; while in Serbia, due to
its sedative properties, it is used against anxiety and
hysteria [10].

The information on bastard balm development
and chemical traits is relatively scarce and concerns
mainly the composition of phenolic compounds and
essential oil in plants growing wild. Some data on its
reintroduction into natural sites are also available.
It has been observed that the species grows better
in shade conditions, as compared to direct sunlight.
In situ, it begins generative development only in the
third year of vegetation. In the subsequent years,
the plant blooms annually, increasing the number
of flowering shoots and the number of flowers [11,
12]. Bastard balm is a typical forest species. The

disappearance of the species on natural sites may be
related with excessive shading of the forests’ ground-
cover due to the intensive development of deciduous
trees and brushes. This phenomenon has previously
been observed for other undergrowth species, such
as Hierochloé australis or Cimicifuga europaea [13].
The shade level is considered to be one of the most
important factors promoting the development of
these plants. Thus, the purpose of the research was
to assess, in cultivation conditions, the effects of
shading level on the development of bastard balm
and the accumulation of secondary metabolites in
its herb, with particular emphasis to the content of
coumarin as a quality marker of this raw material.

MATERIALS AND METHODS

Field experiment

The field experiment was established at the experimen-
tal station of the Department of Vegetable and Medici-
nal Plants, Warsaw University of Life Science (WULS-
SGGW), Wilanéw, on a medium-heavy alluvial soil. In
the early spring of 2017, the soil was fertilized and loos-
en using composted manure (30 t ha™) and tree bark.

The object of the study were seedlings of bastard
balm obtained by in vitro techniques. The origin of
maternal plants and the production of seedlings was
described earlier by Baczek et al. [14]. The plants
were planted out in May, 2017. Three variants of
shade level, i.e. 0% (full sunlight), 30% (moderate
shade) and 50% (deep shade), were obtained using
shading nets. At each variant, seedlings were plant-
ed out in four replication plots (20 plants per one
plot), with spacing of 50 x 40 cm.

The measurements of developmental traits and
the harvest of raw material were performed on three-
year-old plants, in 2019. The meteorological data of
this period are provided in table 1 [15], whereas the
intensity of photosynthetic active irradiation (phy-
tophotometer RF-100, Sonopan) was measured two
times in the season, i.e. at the full-flowering stage
and at the end of vegetation (tab. 2).

The herb was cut four times during growing sea-
son. The first harvest was performed at the begin-
ning of vegetation (mid-May), second - during the
full flowering (mid-June), third - at the seed-setting
stage (end of June), and fourth - at the end of plants
vegetation (August). Plants were cut at a height of
5-10 cm above the ground level, higher than first
internode. Fresh (FW) and dry weight (DW) of herb
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Table 1

Monthly temperature and precipitation during growing season

Parameters Jan Feb Mar Apr May Jun Jul Aug  Sept Oct Nov Dec

Temperature [°C] -2 -4 8 13 16 26 21 24 17 14 8 4

Precipitation [mm] 62.4 31.2 53.8 17.08 143.4 39.3 54.9 71.9 78.4 39.3 20.8 43.1
Table 2

The intensity of photosynthetic active irradiation at different shade level (PAR; ymol photons m=s™)

Shade level
Developmental stage of plants
0% 30% 50%
Full flowering stage (mid-June) 2650 1950 830
End of vegetation (end of August) 2400 1740 740

was calculated in g per plant, for each plant separate-
ly. The raw material was dried in the dark, in 35°C,
than powdered and subjected to chemical analysis.
For the analysis, bulk samples were prepared.

Before each harvest, the plants were assessed in
morphological traits such as the number of shoots
per plant and their length. At the full flowering
stage, the number of flowers per shoot was assessed.
Directly after ripening, the seeds were collected, and
the number of schizocarps and mericarps per shoot
were also calculated. The observations were per-
formed on five plants, in three replications and the
data were presented as mean values.

Seed parameters

The investigated parameters, i.e. 1000-seed mass
and their viability were determined according to
the method of the International Seed Testing Asso-
ciation [16]. Viability was assessed only for the seed
material obtained from the plants grown in full sun-
light and those grown in 30% shade, as there were
found not enough well-developed seeds in plants
grown in 50% shade to carry out the analysis.

Total content of flavonoids and phenolic acid

Total contents of flavonoids (expressed as querce-
tin equivalents, %) and phenolic acids (expressed as
caffeic acid equivalents, %) were determined spec-
trophotometrically, according to Polish Pharma-
copoeia VIII [17]. The analyses were performed in
triplicate.

Total coumarins content and content of co-
umarin

Total content of coumarins was determined using
spectrophotometric method [18]. For the analy-
sis, 0.8 g of raw material was extracted in 100 ml of
chloroform for 4 hours in Soxhlet apparatus. The
obtained extract was measured at a wavelength of
314 nm. The results were calculated in % DW.

The coumarin content was determined using
HPLC-DAD analysis according to the methodology
described by Baczek et al. [19]. The peak identifica-
tion was confirmed by comparison of the retention
time and UV-spectra with coumarin standard. The
standard was purchased in ChromaDex (Califor-
nia, USA). Detection wavelength for coumarin was
276 nm. The content of these compounds was calcu-
lated in mg per 100 g of DW. All the analyses were
performed in triplicate.

Statistical analysis

The obtained results were subjected to statistical
analysis using the Statgraphics Plus software (Stat-
graphics Technologies, Inc.). To determine the sig-
nificance of differences between means the Tukey’s
test at a level of p=0.05, was applied. The data were
expressed as mean values +standard deviation (SD)
and the homogeneous groups were marked.

Ethical approval: The conducted rsearch is not re-
lated to either human or animal use.
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RESULTS AND DISCUSSION

Bastard balm is a typical undergrowth, shade-loving
plant. Usually, it begins flowering in the second year
of vegetation, however, the inflorescence shoots are
weak, flabby and consist of only a few flowers [11].
In the third year of vegetation their productivity in-
creases. According to this study, the development
of both, generative and vegetative organs of bastard
balm, is related not only to the age of plant but to the
level of shade. In the experiment, the highest num-
ber of flowers, schizocarps, seeds per shoot and the
highest 1000-seed mass was observed in the plants

cultivated in moderate shade (fig. 1, 2). However,
the viability of seeds collected from plants cultivated
in full sunlight and those grown in moderate shade
was estimated at a similar level (tab. 3, fig. 3, 4). The
plants grown in full sunlight produced the highest
number of shoots (23.8 pcs x plant™), although they
were relatively short (30.6 cm), while those grown in
deep shade produced the lowest number of shoots
(10.3 pcs x shoot™), but they were the longest ones
(43.1 cm) (tab. 4). This tendency influenced the
mass of herb, which was also modified by devel-
opmental stage of plants. The plants grown in full
sunlight produced the highest mass of herb at the

Table 3
The influence of shade on generative traits.
. Developmental Shade level
Traits o o o
stage 0% 30% 50%
Number of flowers per shoot full flowering 30.0 +4.3 B 41.60+5.4 A 22.8 5.7 B
Number of schizocarps per shoot  seed ripening 9.0 +1.9B 29.8 +6.7 A 13.8 +3.6 B
Number of mericarps per shoot seed ripening 18.2 +4.1B 106.0 £30.6 A 14.60+6.1 B
(1;))00—seed mass seed ripening 17.56£0.53 A 17.81+0.28 A 16.27+0.28 B
iabili seed ripenin, 80.0 +0.75 82.50+1.50 n.a.
(S(;Je)d viability d ripening B A
Values are the mean +SD; values marked in rows with different letters differ at p = 0.05.
Table 4
The influence of shade on yielding features
Shade level
Traits Developmental stage
0% 30% 50%
1 22.5+4.0b 17.44£3.6 b 7.4+2.4b
2 30.2+5.1a 22.0+34a 8.0£2.9b
Number of shoots
24.8+4.4 ab 25.1+4.2a 12.0+4.2a
per plant
4 17.8+4.0 ¢ 22.8+3.1a 13.6+3.1a
mean 23.8A 21.8A 10.3B
1 31.1+2.6a 35.24£3.3b 36.9+4.6 c
2 31.8+4.2a 36.1£2.7b 39.0£5.8 ¢
Length of shoots
(cm] 30.4+3.4 ab 40.6+4.9 a 45.2+6.5b
cm
4 28.9+3.3b 443+5.8a 51.2+5.7 a
mean 30.6B 39.1AB 43.1A
1 113.0+20.4 b 110.1£14.0 ¢ 58.2+12.0 b
2 158.2+21.0 a 139.5£19.0 b 77.5+£12.5b
Fresh weight (FW)
3 125.3+12.0 b 198.0£22.5a 124.1£19.6 a
[g per plant]
4 52.7%10.7 ¢ 143.6+15.6 b 122.6+14.3 a
mean 112.3AB 147.8A 95.6B

Developmental stage: 1 — beginning of vegetation; 2 — full flowering; 3 — beginning of seed-setting; 4 — end of vegetation
Values are the mean +SD; values marked in rows with different capital letters differ at p = 0.05; values marked in
columns with different small letters differ at p=0.05
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Figure 1
Melittis melissophyllum schizocarp

Figure 3

Non-viable seed

full flowering stage. For plants grown at a moderate
and deep shade it was the highest at the beginning
of the seed-setting stage. After the flowering period,
the plants cultivated in full sunlight showed tenden-
cy to loose leaves and a part of their shoots with-
ered. This was also visible for plants from moderate
shade (tab. 4). Such phenomenon resulted in a sig-
nificant decrease in the mass of herb of plants grown
in full sunlight at the end of vegetation. In general,
plants reveal a number of reactions to adapt to ad-
verse environmental factors, including inappropri-
ate radiation. Usually, changes in the morphologi-
cal structure of leaves, their shape, size, thickness
and content of chlorophyll are observed [20-23]. In
this experiment, it was visible in the number and
length of shoots. The plants grown in full sunlight
produced short shoots with small, light-green leaves
and those from deep shade formed long shoots with
big, dark-green leaves (tab. 4). At a cellular level,

Figure 2

Melittis melissophyllum mericarps (commonly called seeds)

Figure 4

Viable seed

direct and high sunlight exposure may damage the
photosynthetic system, especially in shade-loving
plants. This is related with the overproduction of
reactive oxygen species (ROS) induced by environ-
mental stress. Usually, specific enzymes are utilized
in scavenging and detoxification of ROS, including
catalase, peroxidase or superoxide dismutase [24-
26]. Moreover, it was also reported that such con-
ditions mobilize plants to synthesize biologically
active compound, especially phenolics, as a specific
‘secondary’ antioxidant system [27, 28]. Intense
production of flavonoids, induced by direct sunlight
exposure was observed in our experiment, too. The
total content of flavonoids was distinctly higher in
plants cultivated in full sunlight in comparison to
those from deep shade. High level of flavonoids in
plants from full sunlight was seen especially during
the flowering and at the beginning of seed-setting
stage. Similar tendency was noted for total content
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of phenolic acids in plants from full sunlight and
moderate shade. In the case of plants from deep
shade the content of this compounds was the high-
est at the end of vegetation (tab. 5). Both flavonoids
and phenolic acids regulate the development of spe-
cific plant organs and modulate its interactions with
the environment [27, 28]. Several authors report
that specific phenolics affect the movement of auxin
at both intra- and intercellular level. Usually, these
compounds serve as protective substances synthe-
sized to counter the stress-induced oxidative dam-
age. They take part especially in response of plants
to high radiation. Flavonoids have been described
to accomplish their antioxidant role by preventing
ROS production or/and by scavenging of ROS. They
are accumulated in mesophyll, in the vacuole, chlo-
roplasts or in the region of nucleus, protecting DNA
from oxidation [24-28]. In this experiment, they
were detected in higher quantities at the generative
stage, which may confirm their protective role dur-
ing this crucial phase, determining the possibility
to obtain progeny plants. Higher content of some

specific flavonoids and phenolic acids in plants
grown at full sunlight compared to shaded ones was
observed in previous research on bastard balm [5].
One of the most important groups of second-
ary metabolites in bastard balm herb are couma-
rins with coumarin used as a quality marker. This
compound, next to essential oil, determines specific
aroma of the raw material [7]. Although considered
to induce liver toxicity, it is present in many plant
products used on a daily basis, including cinnamon,
tea, or lavender. In the previous investigation on
bastard balm it was shown that the accumulation
of coumarin in bastard balm herb may be related
with light conditions during its growth [5]. It was
confirmed in this study. The highest total content
of coumarins and coumarin was observed in plants
grown at deep shade; however, it was also related
with the developmental stage of the plants. The con-
tent of coumarin in plants grown at deep shade had
increased from the beginning of vegetation until the
end of vegetation, whereas in full sunlight the high-
est content of this compound was observed at the

Table 5
The influence of shade on the accumulation of biologically active compounds
Shade level
Traits Developmental stage
0% 30% 50%

1 0.81+0.01d 0.62+0.04 a 0.30+0.04 b

2 1.05+0.16 ¢ 0.68+0.02 a 0.41+0.06 a
Flavonoids

3 2.21+0.18 a 0.68+0.08 a 0.40+0.02 a
[% DW]

4 1.72+0.29 b 0.46+0.06 b 0.20+0.04 ¢

mean 1.45A 0.61B 0.33C

1 0.52+0.02 ¢ 0.40+0.05 ¢ 0.22+0.04 ¢

2 0.87+0.15a 0.56+0.12 b 0.28+0.06 ¢
Phenolic acids

3 0.85+0.12 a 0.72+0.14 a 0.37+0.04 b
[% DW]

4 0.68+0.14 b 0.45+0.08 ¢ 0.74+0.09 a

mean 0.73A 0.53AB 0.40B

1 0.57+0.01 a 0.52+0.01 ¢ 0.45+0.02 ¢

2 0.45+0.04 b 0.58+0.05 b 0.61+0.05 b
Coumarins

3 0.47+0.03 b 0.60+0.04 b 0.67+0.07 b
[% DW]

4 0.44+0.06 b 0.70+£0.08 a 0.82+0.11a

mean 0.48B 0.60A 0.64A

1 310.30+7.7 a 312.36+8.0 ¢ 315.04+8.74 ¢

2 248.89+12.1 b 352.80+15.3a 344.48+10.90 b
Coumarin

221.91+10.7 ¢ 330.06+12.5b 365.31t13.31 a
[mg x 100g' DW]
154.54+6.3 d 321.28+14.3 bc 372.61£10.64 a
mean 223.91B 329.13AB 349.36A

Developmental stage: 1 — beginning of vegetation; 2 - full flowering; 3 — beginning of seed-setting; 4 — end of
vegetation; values are the mean +SD; values marked in rows with different capital letters differ at p = 0.05; values

marked in columns with different small letters differ at p=0.05
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beginning of vegetation, and then decreased (tab. 5).
This relation was also observed in Hierochloé aus-
tralis, where plants cultivated in deep (70%) shade,
compared to those grown in full sunlight or in 50%
shade, synthesized the highest content of coumarin
in leaves. However, it was combined with distinctly
lower mass of raw material produced by the plant
[29].

CONCLUSIONS

Under cultivation conditions, the reaction of plants
to the limitation of sunlight access was expressed by
both changes in their development and the accumu-
lation of biologically active compounds in the herb.
At 30% shading, more dynamic plant development
was observed and the plants were characterized by a
clearly higher mass of herb and seeds. Shading dis-
tinctly increased the content of coumarin and de-
creased the content of flavonoids and phenolic acids
in the raw material.

Conflict of interest: Authors declare no conflict of
interest.
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