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ABSTRACT. The purpose of this study was 
to evaluate some elements of physiology and 
biochemistry in Nepeta racemosa Lam. in 
the pedo-climatic conditions of the Moldavian 

forest steppe. The parameters were quantified 

under conditions of differentiated fertilisation 

with three foliar products (KSC 1, KSC 2, 
and Corona K). Biochemical analysis by 
GC/MS revealed the highest concentration of 
the following components: nepetallic acid 
(Untreat - 54.33%, KSC 1 - 55.50%, KSC 2 - 
56.90%, Corona K - 53.77), eucalyptol 
(Untreat . 9.87%, KSC 1 - 10.70%, KSC 2- 
12.80%, Corona K - 10.78%), 3-hydroxy-
(4S, 4aS, 7S, 7aS)-dihydronepetalactone 
(Untreat - 5.87%, KSC 1 - 5.37%, KSC 2  - 
4.87, Corona K - 3.67%), and (4aS, 7S, 
7aS)-trans, cis-nepetalactone (Untreat - 
4.30%, KSC 1 - 5.00%, KSC 2 - 4.20%, 
Corona K - 5.23%). Polyphenols were 
present in large quantities in the Corona K 
variant, with 33.1 mg GA/g dw at the first 
harvest and 27.88 mg GA/g dw at the second 
harvest. The highest concentration of 
flavonoids was identified in the Corona K 
variant (26.34 mg QE/g dw - first harvest 
and 56.77 mg QE/g dw - second harvest). 
The antioxidant activity was between 
14.76 and 38.54% at the first harvest, and 

from 12.18 to 22.95% at the second harvest. 
Chlorophyll pigments ranged from 13.12-
17.68 μg/ml-1 for chlorophyll a, 
5.43-9.66 μg/ml-1 for chlorophyll b, and 
2.07-3.34 μg/ml-1 for carotenoids. The 
highest grass production per m2 was 
achieved in the version fertilised with KSC 1 
for both crops, with 986.66 g/m2 for the first 
harvest and 861.33 g/m2 for the second. 
Iridoids are a class of substances that are 
commonly used for pesticide role. The study 
aims to highlight these substances and 
determine whether differentiated fertilization 

influences. The presented data confirm the 
results in the literature for polyphenols and 
flavonoids, but also present chemotypic 
novelties in terms of chemical composition 
and represent a direction to follow for future 
research. 
 

Keywords: nutrients; flavonoids; nepetalic 
acid; polyphenols; chlorophyll; DPPH. 

 
INTRODUCTION 

 

In the current context of promoting 
environmentally friendly products, 
acclimatisation and introduction into the 
culture of new species with a diversified 
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chemical composition is imperative, 
especially since Nepeta racemosa Lam. 
is little researched in our country. 

The growing interest in natural 
products has led to research, 
acclimatisation, and the introduction of 
some species that have been neglected 
until recently. Studies show that these 
are a reservoir of bioactive principles 
that is currently underutilised. An 
increasing amount of research confirms 
certain medical, food, and additive 
properties, which in the past were used 
only in isolation or in traditional 
systems. Today’s society is aware of the 
negative effects that synthetic products 
have and is trying to find alternatives in 
nature for the needs they face. 

In the Kingdom Plantae, the 
Lamiaceae family is the most expressive, 
with many economic valences from which 

secondary metabolites are widely used in 
many industrial fields (Salehi et al., 2018). 

The Nepeta (Lamiaceae) genus 
contains about 280 species that are 
widespread from central and southern 
Europe to southern Asia (Dabiri and 
Sefidkon, 2003). In our country, the 
species Nepeta cataria L., N. parviflora 
M. Bieb, N. nuda L. (N. pannonica L.), 
and N. ucranica L. have been identified 
(Sârbu et al., 2003). 

Different species of the genus 
Nepeta are used due to their 
antiasthmatic, antitussive, antioxidant 
(Azizian et al., 2021), diuretic, antipyretic, 
expectorant (Kordali et al., 2015), 
antispasmodics (Rather et al., 2012), 
insecticidal, acaricidal (Çalmaşur et al., 
2006), antifungal (Sonboli et al., 2004) 
and cytostatic properties (Al-Oqail et al., 
2014), among others. 

Due to the allelopathic substances 
they release in the soil, many species 

have been studied to obtain bioherbicides 

(Mutlu et al., 2010), and in the case of 
some weeds, results have been obtained 
that can be extrapolated in agricultural 
practice.  

Studies conducted by Peterson and 
Coats (2001) show that some biochemical 

components in the volatile oil of Nepeta 
species - nepetalactones - have a 
repellent action similar to that of DEET, 
but unlike this synthetic product, volatile 
oil has no side effects on the body and is 
more environmentally friendly. 

Dabiri and Sefidkon (2003) 
indicated that Nepeta racemosa Lam. is 
synonymous with other species, such as 
N. transcaucasica Grosch., N. elbursensis 

Rech. F., N. mussinii Spreng., 
N. grandifolia M.B. and N. marifolia 
Boiss. & Huet. It has recently acclimatised 

in our country and has a high ecological 
plasticity and a diversified biochemical 
composition. Its main constituents are 
increasingly found in pharmaceutical 
and organic plant protection products, as 
well as in the food industry. 

Through this study, we aimed to 
determine if crop area and fertilisers 
have a major influence on the 
determined parameters. Knowing these 
details can give us information about the 
ecological plasticity of the species, and 
the biochemical composition gives us 
data on suitability in certain industries 
(food, plant protection products, 
additives, etc.). In addition to the general 
determinations, this study aimed for 
continuity, and the next proposed step is 
to determine the bioherbicide effect. 

 
MATERIALS AND METHODS 

 

Experimental design 
The experiment was located in the 

research fields of the discipline of Medicinal 
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and Aromatic Plants of the Iaşi University of 
Life Sciences (IULS). It was arranged in the 
form of random plots with three repetitions. 
Each variant had an area of 9 m2. The species 

Nepeta racemosa Lam. was purchased from 
the Botanical Garden “Alexandru 
Ciubotaru”, Chisinau, Republic of Moldova, 
and multiplied in our fields. 

The soil on which it was placed is 
cambic chernozem with a content of 3.3% 
humus, a weakly acid reaction with the 
following arrangement of horizons: Ap-Atp-
Am-Bv1-Bv2-Bvk-BCk-Cca. Humus has a 
decreasing distribution. The Ap horizont has 
16 cm, the Atp has 10 cm, Am - 19 cm, BV1 - 
7 cm, Bv2 - 14 cm, Bve - 6 cm, (BC)k - 15 cm, 
Cca - 25 cm (Filipov, 2005; Botnar, 2011). 

The foliar fertilisers used were KSC 1 
(14% N; 40% P; 5% K + 13% S + 0.1% Fe + 
0.05% Cu + 0.1% Zn + 0.1% B + 0 .01% 
Mo), KSC 2 (23% N; 5% P; 5% K + 29% S 
+ 0.1% Fe + 0.05% Mn + 0.1% Zn) and 
Corona K (9% N; 11% P; 39% K + 7% S + 
0.1% B + 0.1% Cu + 0.1% Fe + 0.1% Mn + 
0.01% Mo + 0.1% Zn). The foliar fertiliser 

was administered at a dose of 3 kg/ha-1, in 
the budding-onset flowering phenophase. 
The control variants were only treated with 
distilled water (Pavela et al., 2018). The 
samples were collected 5 days after the 
treatments (June for the first harvest and the 
end of September for the second harvest). 

 

Climate conditions 
From a climatological point of view, 

the year 2021 was characterised by a very 
rich rainfall regime; in all months, the 
amount of precipitation was above the 
multiannual average. In the case of 
temperature, they fluctuated around the 
multiannual average (Table 1). 

In the case of precipitation, the largest 
deviation from the multiannual average was 
in August with a value of +98 mm and the 
lowest in July of +0.3 mm. 

In the case of temperature, they closely 
followed the multiannual values. The biggest 
difference was +2.1°C in July, and the 
smallest difference occurred in May and 
August and was ±0.5°C. 

 

Table 1 - Climatic conditions of 2021 

 III IV V VI VII VIII IX 

∑mm 29.2 44.8 55.8 83.7 71.3 57.4 47.0 
2021 65.4 56.4 87 115 71.6 155.4 12.4 

Avarage οC 2.7 9.9 15.7 19.2 21.1 20.4 16.1 
2021 3.7 8.3 15.2 19.8 23.2 20.9 14.6 

 

Biochemical analysis 
The volatile oil required for biochemical 

analysis was obtained by hydrodistillation 
with the NeoClevanger apparatus for 4 hrs 
(Romanian Pharmacopoeia, 2008). 

The chemical composition was 
determined by GC-MS (gas chromatography 
coupled with mass spectrophotometry using 
an Agilent Technologies type 6890 N 
chromatograph together with a mass detector 
(MSD) type 5975 inert XL Mass Selective 
Detector. Column DB5 was also used 
(30 mx 0.25 mm) with an inner size of 0.25 μm 

(5% phenylmethylsiloxane). The following 
parameters were used: gas carrier helium 

1 mL/min, injector temperature 220°C, 
detector temperature 250°C, initial 
temperature 60°C (3 deg./min) up to 246°C 
(constant 8 min) and volume injected 
between 0.1-0.3 μL The NIST 2008 database 
based on mass spectrum and retention time 
was used to identify peaks (Adams, 2007). 

Quantitative determination of 
assimilative pigments was performed from 
0.5 g samples of fresh material, using 
acetone as a solvent (80%) (Buhăianu and 
Jităreanu, 2018). The data obtained were 
processed according to Lichtenthaler's 
equations (Lichtenthaler, 1987; Wellburn, 
1994). 
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Samples for the determination of 
polyphenols, flavonoids, and antioxidant 
activity were prepared from 0.5 g/fresh herb 
incubated for 24 hrs with 95 ml ethyl alcohol 
(95%). The filtered product was used in the 
other analyses. The readings were performed 
on a UV/Vis spectrophotometer, DLAB 
PS-V1100. 

To establish total polyphenols, 0.1 ml 
of the leaf sample incubated with 0.1 ml of 
Folin-Ciocâlteu reagent was used (Merck - 
USA); then 7.5% NaCO3 was added, and 
after a 90 min incubation, the samples were 
read using the spectrophotometer at a 
wavelength of 760 nm. To interpret the 
results, a calibration curve was performed 
using different concentrations of gallic acid 
per gram of dry matter (Teliban et al., 2020). 
The total flavonoid content was assessed by 

absorbing the sample at 510 nm, resulting 
from the extract in combination with 5% 
NaNO2 and 10% AlCl3. The interpretation of 
the results was performed according to the 
calibration curve obtained from different 
concentrations of quercetin and expressed in 
quercetin equivalents per gram of dry matter 
(Lobiuc et al., 2017). 

According to the method described by 
Onofrei et al. (2017), the antioxidant activity 
was assessed using DPPH reagent 
(2,2-diphenyl-1-picrylhydrazyl) in an amount 
of 2.9 ml mixed with 0.1 ml of plant extract. 
The values recorded by the spectrophotometer 

at a wavelength of 515 nM were read after 
the samples were kept in the dark for 
180 min.  

Data processing was performed 
according to the following formula: 

 

DPPHsc%= 
(Abs control)t=xmin –(Abs sample)t=xmin ×100 

(Abs control)t=xmin 
 

where, Abs control is the absorbance of 
DPPH solution mixtures without the extract, 
and Abs simple is the absorbance of DPPH 
mixtures containing the extract. 

The production calculation was 
performed by determining the amount of 
biomass per m2. 
 

Statistical analysis 
The results obtained are presented as 

averages and standard errors. To assess 
statistically significant differences between 
treatments, averages were compared using 
unidirectional analysis of variance (ANOVA). 

When the results were statistically significant, 
the post-hoc Tukey multiple comparison test 
was used. The main difference was set to be 
significant at p< 0.05. The software used for 
statistical analysis was IBM SPSS v14. 

 
RESULTS AND DISCUSSION 

 

Biochemical analysis 
The first biochemical investigations 

of Nepeta species were conducted in 
1955 (McElvain and Eisenbraun, 1955). 

The chemical composition was very 
different from the results confirmed by 
other authors (Table 2). This was also 
confirmed in the species Nepeta racemosa 

Lam. The term chemotype indicates that 
plants that have developed a chemically 
different composition depending on the 
pedo-climatic conditions. In the following 

we exemplify with some results obtained 
by other authors, the diversity of the 
chemical composition in N. racemosa 
Lam.: nepetalactone, 4aα, 7α, 7aα - 
64.9% under the conditions in Iran 
(Dabiri and Sefidkon, 2003); 
nepetalactone, 4aα, 7β, 7aα - 81.1% 
(Işcan et al., 2011), nepetalactone, 4aα, 
7β, 7aα - 81.1% (Morteza-Semnani and 
Saeedi, 2004); 4aα, 7α, 7aα-nepetalactone 

- 64.9% (Rustaiyan et al., 2000); and 
4aα, 7α, 7aα-nepetalactone - 28.1% 
(Mohammadhosseini, 2016). 

The predominant component in 
volatile oil is nepetalic acid, which has 
the highest percentage in nitrogen-
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fertilised varieties (56.9%). Similar 
reports were made by Harney et al. (1978) 

at 43% nepetalic acid in Nepeta cataria L. 
The second predominant component 

was eucalyptol, which also had the 
highest concentration in the nitrogen-

fertilised variant (12.8%). The third most 
predominant compound, 3-hydroxy-(4S, 
4aS, 7S, 7aS)-dihydronepetalactone, had 
the highest concentration (5.37%) in the 
nitrogen-fertilised variant. 
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According to Baxter et al. (1998), 
phenolic compounds include phenolic 
acids and polyphenols, being a 
secondary class of metabolites. 
Polyphenols provide protection against 
external aggression factors being made 
up of aromatic compounds that contain -
OH groups. They have a defining role in 
the growth and development of plants 
and in the synthesis of lignin and 
assimilative pigments. In addition, 
phenolic phytoalexins secreted by plants 
injured or subjected to a stress factor 
repel or kill some microorganisms 
(Bhattacharya et al., 2010). In humans, it 
helps to delay the aging process and 
reduces the risk of oxidative stress and 
inflammation, preventing the occurrence 

of chronic diseases, such as 
atherosclerosis, cardiovascular and 
neurological diseases (Minatel et al., 2017). 

The concentration of polyphenols in plants 

depends on environmental conditions, 
the phenophase (Lynn and Chang, 1990) 
and the level of fertilisation. 

The highest polyphenol content 
was achieved at the first harvest, with 
33.1 mg GA/g dw for the variant 
fertilised by Corona K, and the lowest 
for the non-fertilised control variant, 
with 16.47 mg GA/g dw. In the case of 
the second harvest, the largest amount 
was also made for the variant fertilised 
with potassium rich fertiliser, and the 
smallest for the control variant (Fig. 1). 

 

 
Figure 1 - Total polyphenol content of Nepeta racemosa Lam. 

 

Flavonoids are a subclass of 
phenolic compounds present in various 
forms and with a multitude of functions 
in plants. Different flavonoids have 
diverse biological functions, including 
protection against UV radiation, 
phytopathogens, adrocyte fertility, auxin 
transport and flower staining as visual 

signals for attracting pollinators 
(Bradshaw and Schemske, 2003; 
Mathesius, 2018). They have a special role 

in low temperature and drought resistance 

and can also play a functional role in plant 

acclimatisation (Samanta et al., 2011). 
Numerous studies present the use of 
flavonoids in disease treatment, such as for 
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cardiovascular diseases, inflammation 
process inhibition and immune system 
improvement (Panche et al., 2016). 

The highest total flavonoid content 
was achieved at the second harvest 
(56.77 mg QE/g dw), followed by the 

nitrogen-fertilised variant (20.39 mg 
QE/g dw). At the first harvest, the 
content was lower for the potassium- 
fertilised variants (26.34 mg QE/g dw) 
and nitrogen-fertilised variants (20.39 
mg QE/g dw) (Fig. 2) 

 

 
Figure 2 - Total flavonoid content of Nepeta racemosa Lam. 

 

The antioxidant activity of phenolic 
compounds is caused by the ability to 
retain free radicals, cloning hydrogen 
atoms, electrons or chelated metal cations 

(Afanas’ev et al., 1989). Molecular 
structures, especially the number and 
position of hydroxyl groups, as well as 
the nature of substitutions on aromatic 
rings, give phenolic compounds the ability 

to inactivate free radicals, which is 
called the structure-activity relationship 
(SAR). 

Hydrogen atoms in the adjacent 
hydroxyl groups (o-diphenol), arranged 
in different positions of the A, B and C 
rings, the double chains of the benzene 
ring and the double bond of the 
functional group (-C = O) of some 

flavonoids, ensure the activity of these 
compounds. 

Their high antioxidants. This feature 

can also be observed with quercetin and 
catechin (Rice-Evans et al., 1996). 

From the analysis of antioxidant 
activity, we can see that the highest 
percentage of inhibition was achieved at 
the second harvest in the variant 
fertilised with potassium-based fertiliser 
(38.54%). This can be attributed to the 
high content of polyphenols. In the case 
of the first harvest, the highest values 
were 21.4% for the nitrogen-fertilised 
variant and 22.95% for the potassium-
fertilised variant (Fig. 3). 

At the first harvest, the highest 
pigment content was observed for the 
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potassium-fertilised variants (Fig. 4). All 
three pigments had higher values than 
the control variant. Chlorophyll a had a 
significant difference from the 
phosphorus-fertilised and non-fertilised 
variants. There were no significant 

differences between potassium- and 
nitrogen-fertilised variants. The highest 
values were 17.68 μg/ml-1 for 
chlorophyll a, 6.41 μg/ml-1 for 
chlorophyll b, and 3.34 μg/ml-1 for 
carotenoid pigments. 

 

 
Figure 3 - Antioxidant activity in Nepeta racemosa Lam. 

 

 
Figure 4 - Analysis of chlorophyll pigments in 
Nepeta racemosa Lam. from the first harvest 
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At the second harvest, the 
chlorophyll values were similar to those 
obtained at the first harvest. In the case 
of chlorophyll b, the content was much 
higher, reaching 9.66 μg/ml-1 with a 
large difference from the control variant.  

Carotenoid pigments had the 
highest value in the nitrogen-fertilised 
variant (2.50 μg/ml-1) and the lowest 
amount in the Corona K-fertilised 
variant (2.07 μg/ml-1) (Fig. 5). The 
productions varied from one fertilisation 

variant to another. The highest production 
of 986.66 g/m2, was obtained for the 
phosphorus-fertilised variant in the first 
harvest and was 861.33 g/m2 in the 
second harvest (Fig. 6). The increase in 
production can also be attributed to the 
fact that phosphorus fertiliser acts more 
efficiently on the production in the 
phenophase in which the treatment was 
carried out (flowering onset) (Jităreanu, 
2007; Rusu et al., 2008). 

 

 
Figure 5 - Content in chlorophyll pigments in 

Nepeta racemosa Lam. for the second harvest 
 

 
Figure 6 - Production of the two harvests of Nepeta racemosa Lam. 
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CONCLUSIONS 
 

Nepeta racemosa Lam. has 
acclimatised well in the conditions of the 
Moldavian forest steppe, considering 
that it is of southern origin. It has good 
grass production in two crops. 

Nepeta racemosa Lam. had a 
different chemical composition from the 
results reported by other authors. 
Fertilisation influenced its biochemical 
composition, especially that of 
potassium. 

The volatile oil has a high content 
of nepetallic acid, which can be used in 
some products or as a precursor for 
others after extraction. 

The content of polyphenols, 
flavonoids, and antioxidant activity can 
be capitalised in obtaining products used 
in various industrial fields.  

N. racemosa Lam. is suitable for 
the conditions of the Moldavian forest 
steppe area, where it can be harvested 
twice per year. Foliar fertilisation had a 
favourable effect on production, 
especially in the flowering phenophase. 
Most works report 4aα, 7α, 7aβ-
nonpetalactones as the main component, 
and in our study, nepetallic acid was the 
main component. 
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