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Abstract: The study presents the effects of fertilisation on selected quality parameters of the dried
material obtained from plants of lovage and coriander. During the crop production process, the
plants were treated with two fertilisers containing substances potentially acting as elicitors. The dried
material was obtained in course of a drying process carried out in optimum conditions and based on
the CD-VMFD method which combines convective pre-drying (CD) at a low temperature (40 °C) with
vacuum-microwave finish drying with the use of 240 W microwaves (VMFD). The quality of the dried
material was evaluated through measurement of the total contents of polyphenols, total antioxidant
potential (ABTS and DPPH method), and the profile of volatile compounds (headspace-solid phase
microextractio-HS-SPME) as well as assessment of the colour. It was found that by applying first
fertilisation (with organic components) it is possible to significantly increase the contents of both
bioactive compounds and volatile substances responsible for the aroma. It was determined that
the higher content of bioactive compounds was related to the composition of the first fertiliser,
presumably the extract from common nettle. The study showed that the application of the first
fertiliser contributed to enhanced quality parameters of the raw material obtained.
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1. Introduction

Developments in the production of herbaceous plants are, among others, linked with
the search for sources of natural antioxidants. Plants rich in bioactive compounds, most
importantly polyphenols, include lovage and coriander. Lovage (Levisticum officinale) is a
herbaceous plant in the family Apiaceae. This is one of the largest families comprising many
species of medicinal plants and herbs. Like lovage, the plants in this family are characterised
by pungent, strong aroma resulting from the presence of the essential oils contributing to the
properties of these plants [1]. The amount and the composition of the oil varied in different
morphological parts of plants, and depend on the plant variety and conditions of growth.
The main components identified in the oil contained in lovage plant roots include (3-pinene,
pentylcyclohexadiene and x-pinene [2]. It has also been reported that lovage plant roots and
leaves have high contents of phenolic compounds providing stimulation for the immune
system and protection against inflammations. Furthermore, the bioactive compounds
contained in lovage plants are beneficial in preventing numerous cardiovascular diseases
and neurodegenerative disorders, including Alzheimer’s disease [3-5].

On the other hand, coriander (Coriandrum sativum L.) a plant in the family Umbelliferae,
because of its properties is widely used as a medicinal herb and for culinary purposes, as a
seasoning. In this case, the herbal materials are produced from leaves and seeds. Coriander
leaves contain a number of vitamins, e.g., C, A and B2 as well as valuable polyphenols, and
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they present high antioxidant activity which is directly associated with the total contents of
phenols [2,6]. Coriander, mainly its seeds, contains a large quantity of essential oil, ranking
among the 20 most common essential oils in the global market [7]. The oil is predominantly
obtained from seeds and its main component is linalool [8,9]. Owing to its properties,
the oil exhibits antimicrobial activity against selected pathogens and saprophytes, which
suggests it may also be used as a disinfectant [10].

Cultivation of medicinal plants and herbs become more and more important as a
source for high-quality herbal products to meet consumer and industrial demands [11].
However, the quality of such materials depends on numerous factors, such as the conditions
of production, mainly including the soil fertilisation used. By applying adequately balanced
fertilisation with the use of substances known for elicitation potentials, such as nettle extract,
Jasmonic acid, or yeast extract it may be possible to enhance certain biological functions
by increasing the production of phenolic compounds [2,6]. Furthermore, elicitors may
also affect the biosynthesis of other groups of bioactive compounds, such as vitamins and
pigments (chlorophylls and carotenoids), which consequently improve the organoleptic
quality of the herbal material obtained, including its colour. The biosynthesis of these
compounds is an element of the regulation of processes that take place in the cell in response
to external threats (nettle extract containing resin acids, acetylcholine, histamine, serotonin
and formic acid [7]. The biosynthesis of these compounds is an element of the regulation of
processes that take place in the cell in response to external threats (nettle extract with resin
acids, acetylcholine, histamine, serotonin and formic acid). Given the fact that herbs such
as lovage and coriander are not only consumed fresh but also (or mainly) in a form of dried
products, it is necessary to ensure their good final quality by applying optimum drying
methods. The combined application of convective drying and vacuum-microwave finish
drying (CD-VMFD) is one of the methods which make it possible to preserve relatively high
contents of thermally labile compounds, such as polyphenols, antioxidants and vitamins.
In accordance with this method, the initial drying process applied at a low temperature
(40 °C) is followed by finish drying performed with the use of 240 W microwaves [12].

Many studies are focusing on quality assessment of lovage and coriander plants,
however, there is no information on cultivation methods making it possible to enhance the
commercial quality of dried products obtained from these herbs.

Therefore, this study aimed to evaluate the effect of two fertilizers containing sub-
stances that may act as triggers on the content of bioactive substances and the composition
of the volatile fraction in dried leaves of Coriandrum sativum L. and Levisticum officinale.

2. Materials and Methods
2.1. Plant Materials and Pot Experiment

The research material comprised lovage Levisticum officinale and coriander Coriandrum
sativum L. plants produced in a pot experiment. A one-factor pot experiment was carried
out in a greenhouse and applied a peat substrate with a pH of 5.5-6.5. The first fertil-
isation method involved the use of the extract of common nettle (Urtica dioica L.) (10 g
100 substrate~!) and with horse manure (20 g 100 substrate~!) and nitrogen fertilisation in
dose 0.15 g N pots~! (Bioilsa N 12.5; NaturalCrop Poland Sp. z 0.0., Warszawa, Poland).
The nettle extract was obtained during the fermentation of 3 kg of plant material with 10 L of
water. After two weeks of storage at 20 °C, the mixture was filtered. The second fertilisation
method was based on nitrogen fertilisation in dose 0.15 g N pots~! (Ammonium nitrate). In
each replication, the experimental unit contained a peat substrate with an area of 0.5 m? and
consisted of 32 pots with a capacity of 0.78 L each; in each of them, four seeds were planted
at a depth of about 0.5 cm. The humidity of the substrate used for growing coriander and
lovage was maintained at 60% full water content (FWC). The experiment was carried out at
a temperature of 25 °C. No crop protection products were carried out during the experiment.
Harvesting was carried out six weeks after planting the seeds. Immediately after harvesting,
the plant material (above-ground biomass) was combined dried (CPD 40 °C-VMFD 240 W)
which involved convective drying (CD) at a temperature of 40 °C, and vacuum-microwave
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finish drying with 240 W microwaves (VMFD). The ultimate water content in the dried
herbs of lovage and coriander amounted to approx. 6%. Subsequently, the dried material
was subjected to chemical analyses measuring the total contents of polyphenols, antioxidant
potential as well as composition of volatile fraction (HS-SPME).

2.2. Methods of Drying and Modelling of Drying Kinetics

The methodologies detailed in the Supplementary Materials (51,52, Table S1) were
applied to drying methods and the modelling of drying kinetics.

2.3. Bioactive Compounds Content, Chemical Composition of HS-SPME and Colour

The methodologies described in the Supplementary Materials (53-58) were used
to determine the polyphenol content in the dry matter of Coriandrum sativum L. and
Levisticum officinale leaves, antioxidant potential, the composition of the strum fraction of
roof tiles (HS-SPME) and leaf colour. The utilized analytical methods validation parameters:
limit of quantification (LOQ) 0.503 pg g~ ! of gallic acid, and the range of the calibration
curve was 0-20 mg g~ ! of gallic acid, the limit of ABTS quantification (LOQ) 0.043 pg
Trolox cm 3, and the range of the calibration curve was from 0-200 mg g’1 Trolox, limit of
DPPH quantification (LOQ) 0.076 ug Trolox cm 3, and the standard curve range was from
0-200 mg g~ ! of Trolox.

2.4. Statistical Analysis

Significance differences were tested using one-way analysis of variance, ANOVA test,
o = 0.05) in STATISTICA 13.1 (StatSoft Polska, Krakow, Poland) software.

3. Results and Discussion
3.1. The Kinetics of Drying

Lovage and coriander plants, after application of the applied fertilizer, were subjected
to combined drying (CPD 40 °C-VMFD 240 W). The use of microwave radiation results in
obtaining dried material of better quality in a shorter time compared to convection drying
(CD) [12] Shorter drying time of herbal plants using the CPD-VMFD method was also
reported in the case of basil and oregano [13]. Dried lovage and coriander with a moisture
content of approx. 5%, regardless of the fertilisation method used, was obtained after
264 min of drying. The Page model value of the daring process is presented in the table
(Tables S1 and S2). The Page model is often used as one of the best in terms of accuracy
and analytical simplicity mathematical model.

3.2. Bioactive Compounds Content and Colour

Lovage and coriander are widely used as a seasoning, applied as a fresh or a dried
product. In terms of their stability, dried products are highly practicable because they are
available not only during the growing season. The quality of those herbs is dependent
on the drying method applied. As shown by Stepien et al. [12], Mattok et al. [14] and
Orphanides et al. [15], in many cases, it is possible to preserve the high quality of the product
by applying a combined drying method. This way it is possible to retain relatively high
contents of thermally labile compounds, such as polyphenols, antioxidants and vitamins.
It was shown that the application of the drying agent at a temperature of 40 °C makes it
possible to preserve the high content of the components affecting the quality while satisfactory
technological parameters are maintained (Figure 1). Similar effects of those conditions for
drying Pink Rock Rose (Cistus creticus L.) were observed. The highest content of polyphenols
was obtained for dried raw material by the convectiv method at 40 °C. It should be noted
that increasing the drying agent temperature by 20 °C decreased the content of poligenols in
the raw material by 66 mg 100 g~ ! [14]. T. The differences in the quantitative and qualitative
composition of the bioactive compounds in the dried materials resulted only from the
fertilisation applied in course of production. It was shown that first fertilisation significantly
contributed to the increased total contents of polyphenols compared to the plants subjected
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to second fertilisation (Figure 2). As demonstrated by Mattok et al. [13] and Danil¢enko
et al. [16], components of first fertilisers, particularly nettle extract, beneficially impact the
contents of these compounds. These extracts contain substances known for their potential as
elicitors, that is why the application of these extracts as fertilisers may induce a response in the
plant treated. Effects of such response include a number of biochemical processes resulting
in the production of numerous groups of secondary metabolites, mainly polyphenols [17].
Furthermore, nitrogen contained in the fertiliser possibly produces effects reflected by
the increased content of polyphenols in the raw plant material obtained. Components of
plant fertilisers, mainly nitrogen, are important factors providing stimulation for secondary
metabolism in the plants [18-20]. The effect of the applied fertilizers on the content of
nutrients in the soil was presented in Supplementary Materials (S9, Table S2). Polyphenols
affect the quality parameters of herbs subjected to drying, including their colour. This results
from the fact that the majority of polyphenols are pigments.
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Figure 1. Water content decrease in Coriandrum sativum L. and Levisticum officinale plants during vacuum microwave drying
after convection drying (CPD) at 40 °C, followed by final vacuum microwave drying (VMFD). Note: MR = moisture ratio,
L =lovage, C = coriander, (O) = first fertilisation, (M) = second fertilisation, t = temperature.
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Figure 2. Total polyphenol content in the dry leaves of Coriandrum sativum L. and Levisticum officinale
in relation to the fertilizer used. Differences in the results of polyphenol content are indicated by
different letters.
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As shown in Table 1, the colour parameters of dried lovage and coriander plants,
measured using L*a*b* method, are significantly different depending on the type of fer-
tilisation applied during their production. Conditions of crop cultivation, including soil
fertilisation applied, significantly affect the plant growth and biosynthetic pathways of
secondary metabolites and photosynthetic pigments [21].

It was found that in terms of colour parameters, the dried materials were different
depending on the fertilisation applied. There were differences in the proportional amount
of green (a* parameter) which reflects the quality of the crop. The quality depends on the
condition of the plants, and this can be measured with the content of green pigments, i.e.,
chlorophyll. The findings also show significant differences in the value of b* parameter
whose increase is responsible for the proportional amount of yellow. Many compounds in
the group of polyphenols, including quercetin and its glycosides, are yellow in colour. As
suggested by evidence in the related literature [22,23], these herbs contain considerable
quantities of these compounds. It can be hypothesised that an increase in this parameter
and higher total contents of polyphenols may be indicative of increased content of that
compound with confirmed bioactivity. However, the described mechanism could be
different. The intensified content of yellow colour could be related to water loss during the
drying, which can generate also carotenoids or other plant dyes. It should be noted that
the drying conditions should not affect differences between colour parameters in plants
fertilized with applied fertilizer [13]. The positive effect of the first fertilisation with nettle
extract on the colour of dry material of oregano and basil plants was demonstrated in the
studies of Mattok et al. [13,17].

Table 1. Assessment of the colour of dry leaves of Coriandrum sativum L. and Levisticum officinale in
relation to the fertilizer used.

Species Fertilisation Method L*+ SD a* +SD b* + SD
first 4947 40522  —028+0.06° 13.08+0.4049
Coriander
second 482140352 —0234+021P 1223406849
first 59.58 £ 0504 —2424+0.08€ 1228 +020F
Lovage
second 57.16 + 0494 —198+0.19B 1046 +0.31P

Note: & SD; n = 3; differences between fertilisation methods, assessed by Statistica 13.1 ANOVA, Differences in
the results of the colour of dry leaves of Coriandrum sativum L. are indicated by different lowercase letters and
the difference between the colour of dry leaves of Levisticum officinale with different capital letters, difference at
p < 0.05. L* = brightness of a colour, a* = proportion of green or red, b* = proportion of blue or red-yellow.

It has been established that polyphenols contribute to the total antioxidant potential.
This parameter, however, is also affected by other components of the raw material, e.g.,
vitamins, particularly those in the E group [15]. As shown in Figure 3, the application of first
fertilisation resulted in the increased antioxidant potential of the dried materials produced.
It was shown that the dried materials obtained from lovage and coriander plants treated
with second fertiliser, had lower contents of the substances affecting the total antioxidant
potential. The findings show that the potential measured using the ABTS method was
approx. 4% higher in the dry material from lovage treated with first fertiliser, and over
6% in coriander (Figure 3A). It should be noted that the observed differences in standard
deviations of the measured parameters are due to the natural variability of biological
material. Similar relationships were observed when the potential was measured using the
DPPH method (Figure 3B). The present findings suggest that by applying first fertilisers
it is possible to enhance the radical scavenging capacity of Coriandrum sativum L. and
Levisticum officinale. An increase in the secondary metabolites and antioxidant activity in
the dried materials obtained from lovage and coriander plants subjected to first fertilisation
may be associated with the availability of various other primary and secondary elements
contained in the organic and nutrient components of the fertiliser. Increased contents of
antioxidants in plants treated with organic fertilisers, compared to the contents identified in
plants treated with mineral fertilisers, were reported by numerous researchers. Increasing
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the content of this type of compounds is a typical response of plants to the presence
of elicitors [17,24]. Ibrahim et al. [25] compared the effects of organic and non-organic
fertilisation on the production of secondary metabolites and antioxidant activity of Kacip
Fatimah plants (Labisia pumila Benth). They established that the application of chicken
dung as organic fertiliser contributes to 7% higher antioxidant potential of the raw material,
compared to the plants treated with second fertilisers.
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Figure 3. Antioxidant activities: ABTS test (A) and DPPH test (B) in dry leaves of Coriandrum sativum L. and Levisticum

officinale relative to the fertilizer applied. Described as a Trolox equivalent. Note: & SD; n = 3; differences between the

fertilisation methods, assessed by Statistica 13.1 ANOVA test, Differences in the results between the assessment of colour

in dry leaves of Coriandrum sativum L. are indicated by different capital letters, and difference between the assessment of

colour in dry leaves of Levisticum officinale indicated by different lower capitals, difference at p < 0.05.

3.3. Head Space-Solid Phase Microextraction (HS-SPME) of Dried Herbs

Coriander is a well-known oil-producing material. The main components of typi-
cal essential oil obtained from coriander biomass include camphor, geraniol, a—pinene,
B—terpinene, geranyl acetate, limonene and linalool [26,27]. However, its composition
differs in various morphological parts of the plant, development stage [28] and depends
on a number of factors, e.g., the genotype as well as soil and weather conditions during
growth [29]. It was found that the content and composition of volatile compounds isolated
from coriander fruit also depends on the type of fertilisation. It has been shown that the use
of organic N fertilisation is beneficial to the fortification of bioactive compounds [26]. The
use of nettle extract with an organic nitrogen source (Bioilsa N 12.5) may find application
in organic farming. The present study shows similar dependencies, where significant dif-
ferences were found in the composition of the volatile fraction of plants of the same species
in relation to the fertilisation applied. The coriander plants treated during growth with the
first fertiliser were found to contain a substantial level of compounds with high volatility,
such as carvacrol and «-terpinyl acetate (Table 2). A typical chromatogram presenting
the coriander volatile compounds profile was presented in Figure 4. HS-SPME analysis
significantly depends on the vapour pressure of the compounds over the plant material
examined. The high content of the aforementioned compounds corresponds to their high
pressure, and consequently, the scent perceived. It should be noted that the profile of the
determined compounds was different in terms of typical essential oil composition mainly
due to the differences in the method of their isolation (HS-SPME). Significant differences in
the composition of essential oil and HS-SPME were also observed in Adenosma indianum



Agriculture 2021, 11, 386

7 of 10

Conts

2,500,000

2,000,000

1,500,000

1,000,000

500,000

plants [30]. Quick organoleptic assessment performed by the authors proved that the plants
treated with the first fertiliser had a stronger aroma. A similar effect was observed in the
case of lovage plants. This herb also has relatively high contents of aromatic compounds.
The main components of oils include cymene [23] but the composition is dependent on
habitat [31]. Analysis of volatile fraction composition in lovage plants showed that the
applied first fertilisation resulted in a 49% increase in the content of cymene (Table 2). The
typical composition of dried lovage volatile compounds was presented on a chromatogram
(Figure 5). The quick sensory assessment showed that the aroma of dried lovage plants
were stronger for plants produce with the first fertilisation method. These observations and
HS-SPME analyses showed that lovage and coriander materials in course of production
subjected to first fertilisation were characterised by better aroma, contributing to higher
commercial quality of the final material.
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Figure 4. Chromatograms SPME-GC for the volatile fraction of dry material from Coriandrum sativum L.
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Figure 5. Chromatograms SPME-GC for the volatile fraction of dry material from Levisticum officinale.
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Table 2. Effect of the applied fertiliser on the chemical composition of headspace fractions of dry leaves of Coriandrum

sativum L. and Levisticum officinale.

Peak Share in the Chromatogram [%]

No. RT Ordinary Systematic Substance Name
(min) L(O) LM) C(O) c(M) Substance Name
1 9.53 12.58° £2.11 8.44° £ 1.76 - - cymene methyl(1-methylethyl)benzene
2 9.69 335 +£0.34 2447 £0.12 - - B-phellandrene 3-Isopropyl-6-methylenecyclohex-1-ene
3 1016  087°+£016 0332 +0.06 - - ”‘”ﬁ;darb;:;ene 2-methyl-5-propan-2-ylbicyclo[3.1.0]hexan-2-ol
4 10.37 - - 4.25 + 1.38 trace - octa-3,5-dien-2-one
5 10.91 - - trace 3.78 £ 0.97 linalool 3,7-Dimethyl-1,6-octadien-3-ol
6 11.45 trace 043 - - fenchol 1,3,3-trimethylbicyclo[2.2.1]heptan-2-ol
7 12.45 0.76° +0.14 0.54* £0.11 - - (-)-terpinen-4-ol (1R)-4-methyl-1-propan-2-ylcyclohex-3-en-1-ol
8 12.51 141° £0.23 1332 +£0.17 - - a-terpinenol 2-[(1S)-4-methyl-1-cyclohex-3-enyl]propan-2-ol
9 13.28 0.80% £0.02 0.59" £ 0.08 trace trace Carvan:‘t)r}}e?ethyl 4-isopropyl-2-methoxy-1-methylbenzene
10 13.83 1.76° £ 0.49 0.91° £0.31 trace trace phellandral 4-propan-2-ylcyclohexene-1-carbaldehyde
11 14.06 trace 0.81 £0.2 trace 5.54 thymol 2-isopropyl-5-methylphenol
12 14.21 1.26° £+ 041 0.68° £0.27 1347% £ 126  11.747 +0.95 carvacrol 2-methyl-5-(propan-2-yl)phenol
13 14.93 66872 +£570 7535 +£332 1095 +2.81 6287 +1.26 «-terpinyl acetate (£)-2-(4-Methyl-3-cyclohexenyl)isopropyl acetate
14 14.98 - - 8.25 + 1.05 trace eugenol 2-methoxy-4-(2-propenyl)phenol
15 15.11 - - 10.78 £2.16 trace piperitenone oxide (1S)-1,2-epoxy-p-menth-4(8)-en-3-on
16 15.26 trace 0.31 4 0.07 - - lavandulyl acetate (5-methyl-2-prop-1-en-2-ylhex-4-enyl) acetate
1,3-dimethyl-8-(1-methyl ethyl)
a b - _ N Y ylethy
171531 0127°4£004 028”006 x-copaene tricyclo(4.4.0.0.02,7-)dec-3-ene stereoisomer
18 1556  1.16°+£031 0492 +0.11 13652 +£298  26.65° + 6.87 methyl eugenol 4-Allyl-1,2-dimethoxybenzene, Eugenol methyl ether,
eugenyl methyl ether
19 15.60 - - trace 6.78 +1.28 nothosyrnol 1,3-bis(1-methoxyprop-1-enyl)benzene
B B B (—)-trans-caryophyllene, trans-(1R,9S)-8-Methylene-
20 15.98 trace trace B-caryophyllene 4,11,11-trimethylbicyclo[7.2.0]Jundec-4-ene
) } (IR 4aR,8aS)-7-methyl-4-methylidene-1-propan-2-yl-
2l 16.60 trace trace Y-muurolene 2,3,4a,5,6,8a-hexahydro-1H-naphthalene
2 1668 07994021 07774028  997° 4264  9.80° +371 (E)-B-ionone (E-415R)-5,6,6-trimethylcyclohexen-1-yljbut-
} : el 28(35,4aR,8aS)-8a-methyl-5-methylidene-3-prop-1-en-
z 16.77 trace trace B-selinene 2-yl-1,2,3,4,4a,6,7 8-octahydronaphthalene
24 1731 159b 016  093°+011 2865b+207 235104131 . O (2.6/6-trimethyl-2-hydroxycyclohexylidene)acetic
dihydroactinidiolide acid lactone
TOTAL 93322 94.63° 99.97° 93.812

Note: RT = retention time, L = lovage, C = coriander, (O) = first fertilisation, (M) = second fertilisation; differences between the fertilisation
methods, assessed by Statistica 13.1 ANOVA test, are indicated by different letters, difference at p < 0.05 for 3 independent replication.

4. Conclusions

Dry materials obtained from lovage and coriander plants are valuable products used
as a seasoning. It was shown that the quality of these products depends on the fertilisation
applied during cultivation. The findings show that first fertilisation positively affects the
quality of the final product. Due to the use of an organic source of nutrients, this modifica-
tion can be used in organic farming. Improved quality is reflected by the increased total
contents of secondary metabolism like polyphenols, total antioxidant potential and content
of volatile compounds. The content of total polyphenols in dried lovage and coriander
leaves fertilized with the first fertilisation increased compared to the second fertilisation by
38.8 and 21.6%, respectively. The 4.1%(coriander) and 6.4% (lovage) increasing of ABTS
antioxidant potential and 43.5% (coriander) and 27.8% (lovage) DPPH were observed.
HS-SPME analysis determinate an increase in the content of compounds determining the
smell of dried plant material. The improvement was also observed in the colour of the
dried materials obtained. The changed colour parameters correlate with the contents of
bioactive compounds, in particular pigments. It has been shown that the application of
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first fertilisation contributed to enhanced quality parameters of the raw material obtained
by the elicitation process.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article/
10.3390/agriculture11050386/s1. Materials and Methods: S1: Methods of Drying, S2: Modelling
of Drying Kinetics, S3: Plant Extract, S4: Total Polyphenolic Content, S5: Antioxidant Activities
(ABTS Method), S6: Colour Change, S7: Head Space-Solid Phase Microextraction HS-SPME, S8:
Chromatographic Analysis, S9: Physico-chemical characteristics of the substratum. Table S1: The
Page’s model parameters, drying time and final water content in plants of Coriandrum sativum L. and
Levisticum officinale in combined drying (CPD 40 °C-VMFD 240 W) consisting of convective pre-drying
at 40 °C (CPD) followed by vacuum-microwave finish drying at 240 W microwave power (VMFD);
Table S2: The physico—chemical characteristics of the substraum relative to the fertilizer applied.
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