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Abstract: Nutraceuticals and functional foods are gaining more attention amongst consumers in-
terested in nutritious food. The consumption of foodstuffs with a high content of phytochemicals
has been proven to provide various health benefits. The application of biostimulants is a potential
strategy to fortify cultivated plants with beneficial bioactive compounds. Nevertheless, it has not yet
been established whether the proposed higher plants (St. John’s wort, giant goldenrod, common dan-
delion, red clover, nettle, and valerian) are appropriate for the production of potential bio-products
enhancing the nutritional value of white cabbage. Therefore, this research examines the impact of
botanical extracts on the growth and nutritional quality of cabbage grown under field conditions. Two
extraction methods were used for the production of water-based bio-products, namely: ultrasound-
assisted extraction and mechanical homogenisation. Bio-products were applied as foliar sprays to
evaluate their impact on total yield, dry weight, photosynthetic pigments, polyphenols, antioxidant
activity, vitamin C, nitrates, micro- and macroelements, volatile compounds, fatty acids, sterols, and
sugars. Botanical extracts showed different effects on the examined parameters. The best results
in terms of physiological and biochemical properties of cabbage were obtained for extracts from
common dandelion, valerian, nettle, and giant goldenrod. When enriched with nutrients, vegetables
can constitute a valuable component of functional food.

Keywords: higher plants; extraction; bioactive compounds; white head cabbage; yield; nutritional
quality; sustainable food production

1. Introduction

Certain dietary components that are not necessarily required for an individual’s
existence may affect the quality of life by altering a single or several physiologic processes.
This ability depends on various factors, such as interactions with other constituents, the
consumer’s physiologic state, behaviour pattern, and genetics [1]. People are confident
that food may influence the risk of developing different kinds of diseases [1–5]. Chronic
diseases, which may be triggered by multiple factors (including unhealthy food), constitute
one of the major public health problems in developing countries [6]. The growing demand
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for health-promoting food, containing physiologically active compounds, as well as the
availability of novel food, can be expected in the future [1]. One of the promising and
potential strategies for enhancing health and immunity, maintaining well-being, preventing
and lowering the risk of chronic diseases are functional products, namely, functional food,
food supplements, and nutraceuticals [6,7]. Moreover, growing interest in functional
products is emerging due to increased health care costs and scientific discoveries [1].

Natural or processed food that, beyond providing energy and basic nutrients (fatty
acids, proteins, dietary fibre, carbohydrates, vitamins, minerals, antioxidants, prebiotics,
probiotics, symbiotics, and phytochemicals), has an additional beneficial impact on health,
physical performance, or state of mind is called functional food [1,2,4,5,8,9]. The consump-
tion of this type of food strengthens the immune system, averts diseases (prevents from
heart, brain, and kidney-related diseases), decreases cholesterol levels, reduces lactose
intolerance, remission of Crohn’s disease, relieves diarrhoea, inhibits cancer cell prolifera-
tion, helps to recover from physical and mental disorders, and can also delay the ageing
process [10,11]. Vegetables and fruits are rich sources of several bioactive compounds and
constitute the simplest form of functional food [7]. They could be freely consumed as a
part of an everyday life diet [5,8,12].

On the other hand, nutraceuticals are concentrated bioactive compounds refined from
food and are the foremost products used in healthcare [7,9,12–14]. They can be found in
various pharmaceutical forms—liquids, pills, capsules, tablets, powders, potions, solutions,
and vials [2,7,9]. They are defined as any food (or a part thereof) with benefits for human
health additional to the basic nutritional value found in foodstuffs [14,15]. The term “nu-
traceutical” results from two words—“nutrient” and “pharmaceutical” [10,14–17]. The
interest in nutraceuticals amongst the scientific community, consumers, and food manu-
facturers has been growing steadily in recent years [2] due to their potential nutritional
and therapeutic effects as well as safeness [14]. The deciphering mechanism of their action
will contribute to the development of the next generation of therapeutic agents [18]. A
broad range of phytochemicals, diverse compounds produced by plants [13], including,
for example, organosulfur compounds (e.g., allyl sulfides), glucosinolates, monoterpenes,
terpenoids (tetraterpenoids (e.g., carotenoids) and triterpenoids (e.g., limonoids)), phytos-
terols, carbohydrates (e.g., oligosaccharides), peptides, polyphenols (anthocyanins, ellagic
acid, flavonoids, flavanones, isoflavones, proanthocyanidins, and resveratrol), stilbenoids,
polyunsaturated fatty acids, and vitamins can act as nutraceuticals [2,5,13,17,19]. They
exhibit a wide spectrum of biological activities and play a role in numerous processes
(e.g., antioxidant defences, cell proliferation, gene expression, and safeguarding of mito-
chondrial integrity). They can be used to postpone the ageing process, treat and prevent
diseases like cancer, coronary heart and neurodegenerative diseases, diabetes, obesity,
inflammation, Alzheimer’s and Parkinson’s diseases, high blood pressure, and spasmodic
disorders [5,12,14,18,20]. It is considered that there are 4000 phytochemicals present in
vegetables, fruits, and grains, thus their rational consumption can provide these valuable
compounds [13].

Vegetables grown in sustainable and environmentally friendly systems can be a source
of functional food and/or nutraceuticals. Biostimulants of plant growth could be used to
increase the content of active compounds in cultivated plants. The agricultural production,
apart from increasing the crops yields, should focus on enhancing their nutritional quality,
particularly during unfavourable environmental conditions [21], along with the improve-
ment of resource use efficiency (water and fertilisers) [22]. One of the most promising,
cutting-edge, sustainable solutions is the use of biostimulants rich in bioavailable, bioactive
compounds [23,24], which stimulate different physiological processes in plants and, as a
result, provide potential benefits to growth and development, and have nutritional value,
health-promoting potential, or stress response benefits [22,25]. According to The Euro-
pean Biostimulant Industry Council (EBIC) “Plant biostimulant means a material which
contains substance(s) and/or microorganisms whose function when applied to plants
or the rhizosphere is to stimulate natural processes to benefit nutrient uptake, nutrient
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efficiency, tolerance to abiotic stress, and/or crop quality, independently of its nutrient
content.” [26]. Initially, biostimulants were applied in organic production, but nowadays,
they are also used in conventional and integrated crop production [22]. The most widely
used bio-products are based on amino acids, algal extracts, and humic compounds [27].

Quite recently, considerable attention has been paid to the use of new raw materials
for the production of biostimulants. Thereupon, this study was undertaken to evaluate the
impact of botanical extracts obtained through ultrasound-assisted extraction (UAE) and
mechanical homogenisation (MH) on white head cabbage. Our results cast a new light on
the possibility of using higher plants commonly occurring in Europe (e.g., St. John’s wort,
giant goldenrod, common dandelion, red clover, nettle, and valerian) for the production of
potential biostimulants. As a model plant, white head cabbage has been chosen as it is one
of the most widely cultivated crops in the world.

2. Materials and Methods

The experiments were carried out in compliance with the methods given in detail in
our previous work [28]. The concise methodology is described below.

2.1. The Tested Raw Materials and Botanical Extract Production

The following raw materials were used for the production of biostimulants: St. John’s
wort (Hypericum perforatum L.; herb) (marked as Hp H), giant goldenrod (Solidago gigantea
Ait.; leaf; Sg L), common dandelion (Taraxacum officinale L. Weber ex F.H. Wigg; flower, leaf;
To F and To L), red clover (Trifolium pratense L.; flower; Tp F), nettle (Urtica dioica L.; leaf; Ur
L), and valerian (Valeriana officinalis L.; root; Vo R). In our preliminary research, we have
selected 26 different biomasses and assessed their potential biostimulatory effects [29,30].
On the basis of obtained results, we chose the best 7 for further field trial tests. To investigate
the impact of properties of the final bio-products, two techniques were selected: ultrasound-
assisted extraction and mechanical shearing combined with sonic energy. Before production
of extracts, the raw materials were dried (50 ◦C), ground, sieved (500 µm mesh size),
and mixed with deionised water (1:20 w/v). Next, the mixture was soaked (30 min)
and sonicated (30 min) (for UAE) or homogenised (1 min, 28,000 rpm) (for MH), and
centrifuged (10 min, 4500 rpm). The obtained supernatant constituted a 100% extract.
The final formulation consisted of the active ingredient (extract, 0.5% w/v), an adjuvant
(Protector, 0.02% w/v), an antioxidant agent (L-ascorbic acid, 0.15% w/v), a preservative
(potassium sorbate, 0.1% w/v), and water (up to 100%).

2.2. The Field Trials

The field trials on white head cabbage (Brassica oleracea var. capitata) were conducted
under Polish climate conditions (Figure S1) in randomised complete blocks in three repli-
cates. Fine clay soil was pre-plant fertilised with Hydrocomplex Yara Mila (250 kg·ha−1)
and ammonium saltpetre (330 kg·ha−1), and top-dressed with ammonium saltpetre (two
times, 165 kg·ha−1 each). Seeds (cultivar ‘Socrates F1’, Syngenta) were sown on 9 May in a
glasshouse, and seedlings were planted out on 22 May to the soil on 8 June with spacing
60 cm × 60 cm (plot size: 7.2 m2; 20 plants per plot), and harvested on 6 November 2018.
The botanical extracts were applied three times on sunny, windless days in the morning
at a dose of 1000 L·ha−1 on: 12 July, 22 July, and 1 August 2018. The control groups were
sprayed with water (C), formulation without active ingredient—plant extract (CF), and
commercial biostimulant (CB). Typical cultivation treatments (e.g., regular mechanical
weeding, irrigation) were conducted. Furthermore, insecticides: Decis Mega 50 EW (Bayer,
Leverkusen, Germany), Karate Zeon 050 CS (Syngenta, Basel, Switzerland), and Bi 58 Top
400 EC (BASF, Ludwigshafen, Germany) were applied according to the manufacturer’s
recommendations. Samples were collected for analyses 7 days after the second spraying
and at the end of the experiment.
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2.3. The Photosynthetic Pigments, Greenness Index of the Leaves, and Leaf Colour

The analyses of the contents of chlorophyll a + b and carotenoids were made using
fresh outer leaves collected 7 days after the second spraying. A pestle and mortar were used
to homogenise the samples (0.4 g) with a few drops of acetone (80%) and a pinch of sand
with calcium carbonate. The homogenised pulp was filtered and moved to a volumetric
flask (50 mL) and filled with acetone (80%). The absorbances were measured in 4 replicates
at pigment-specific peak wavelengths (663, 645, and 470 nm) using a spectrophotometer
(HACH DR1900, Berlin, Germany). The greenness indexes were assessed in the fresh
leaves in 16 replicates in each experimental group, using a SPAD 502 Plus Chlorophyll
Meter (Konica Minolta, Osaka, Japan), and the colours of the leaves in 16 replicates using
MiniScan (Hunter Lab EZ, Reston, VA, USA). The Hunter L, a, b colour space is a three-
dimensional rectangular colour space based on Opponent-Colours Theory (L (lightness)
axis—0 is black, 50 is middle grey, 100 is white; a (red-green) axis—positive values are red,
0 is neutral, negative values are green; b (blue-yellow) axis—positive values are yellow, 0 is
neutral, negative values are blue) [29–31].

2.4. Vitamin C

The content of the vitamin C was evaluated in 4 replicates in fresh leaves (~8 g) and
heads (~12 g). Samples were homogenised in oxalic acid (200 mL, 2%), filtrated, and
obtained solutions (10 mL) were titrated with Tillmans’ reagent until a light pinkish colour
appeared and was maintained for at least 30 s [32–34].

2.5. Total Phenolic Compounds

The total phenolic compound (TPC) content was estimated in fresh leaves and heads
(~2 g). Samples were mixed with aqueous methanol (20 mL, 80%) in tubes, sonicated
(15 min) and centrifuged (10 min, 4500 rpm). The Folin–Ciocalteu’s phenol reagent (0.2 mL)
and distilled water (2 mL) were added to the supernatants (0.1 mL), mixed and kept in the
dark (3 min). Next, sodium carbonate (1 mL, 20%) was added and left in the dark (1 h), and
the absorbance (765 nm) was measured. Analyses were performed in 4 replicates [29,30,35].

2.6. The Antioxidant Activity (DPPH, ABTS, and FRAP)

The antioxidant activities were evaluated in ten-fold diluted supernatants prepared
for TPC analyses. The analyses were made in 4 replicates.

For the DPPH assay, ethanol (1.5 mL) and DPPH solution (0.5 mL) were added to the
supernatants (0.5 mL), properly mixed and incubated in the dark at room temperature
(10 min). The absorbance was measured at a wavelength of 517 nm [29,30,36].

For the ABTS assay, a diluted ABTS solution (3 mL) was added to the supernatants
(30 µL) and left in the dark (6 min). The absorbance was measured at a wavelength of
734 nm [29,30,37,38].

For the FRAP assay, a FRAP reagent (3 mL) was added to the supernatant (1 mL), and
the mixture was kept to react (10 min). The absorbance was measured at a wavelength of
593 nm [29,30,39].

2.7. Nitrates

The analyses of nitrate content were conducted in dried and ground samples (0.4 g),
which were shaken (30 min, 150 rpm) with acetic acid (100 mL, 2%) and activated carbon
(0.5–1.0 g). The readings were made in filtrated solution using an ionometer (Thermo 5 Star
Orion, Beverly, MA, USA) with an ion-selective electrode [33,40].

2.8. Macroelements, Microelements, and Toxic Elements

The analyses of the content of macroelements (P, K, Ca, and Mg), microelements (Mn,
Fe, Cu, Zn, and Ni), and heavy metals (Cd and Pb) were performed using dried and ground
cabbage heads. Samples were mineralised (450 ◦C, 8 h) in an oven (CZYLOK, Jastrzębie-
Zdrój, Poland). The obtained ash was digested (65% HNO3) and evaporated on a heating
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plate (110 ◦C, 6 h), and then dissolved (1 M HNO3) and transferred to a flask. The content
of P was assessed using a colourimetric method (400 nm) with molybdate and ammonium
metavanadate (Cecil CE 2011 photometer; Cambridge, UK); the content of K, Ca, Mg, Mn,
Fe, Cu, Zn, Cd, Pb, and Ni were measured using atomic absorption spectrophotometry
(ASA) (Varian Spectra AA 220/FS instrument, Mulgrave, Australia); the content of S was
measured by using the oxidation of sulphur on the basis of the turbidity of the solution of
sulphate content precipitating as barium sulphate (Cecil CE 2011 photometer; Cambridge,
UK); the content of N was measured using the Kjeldahl method [41–43].

2.9. Volatile Compounds

The volatile compound chromatographic analyses (GC-MS; GCMS QP 2020, Shimadzu,
Kyoto, Japan) were made using frozen heads (55 g) in 3 replicates. Samples were placed in
round-bottom flasks (250 mL) and boiled with distilled water (100 mL) in a heating mantle.
As an internal standard (IS), 1 mL of cyclohexane containing 1 mg of 2-undecanone was
used. A distillation process (50 min) was performed using a Deryng apparatus [44].

2.10. Fatty Acids

The lipid fraction was prepared from dried cabbage heads (300 mg) which were
macerated with chloroform (5 mL), filtered, and evaporated. The extracted nonpolar lipid
fraction (25 mg) was saponified (5 min at 65 ◦C) with 0.5 M KOH/MeOH solution (2 mL)
and subjected to methylation (10 min at 65 ◦C) by adding 14% (v/v) BF3/MeOH (2 mL).
Next, distilled water (5 mL) was added, and the methyl esters of fatty acids were extracted
with hexane (10 mL). The solution was washed with 10% sodium bicarbonate (10 mL) and
dried over anhydrous sodium sulphate. The organic phase was evaporated under reduced
pressure and dissolved in hexane (200 µL). The profiles of fatty acid methyl esters were
analysed by gas chromatograph coupled with a mass spectrometer (GC-MS) (Shimadzu
GCMS QP 2020, Shimadzu, Kyoto, Japan) in 3 replicates [45–47].

2.11. Sterols

The sterol determination procedure was carried out in accordance with the meth-
ods presented by Abidi [48] with modifications. The analyses were made using dried
cabbage heads (300 mg). Samples were macerated with chloroform (5 mL), and the
sterol profile was assessed using the method of derivatisation with N,O-Bis (trimethyl-
sililyl)trifluoroacetamide (BSTFA) silylation using GC-MS (Shimadzu QP 2020, Shimadzu,
Kyoto, Japan). The mixture was filtered and evaporated on a vacuum evaporator under
reduced pressure. In the next step, pyridine (500 µL) and BSTFA (50 µL) were added,
and the mixture was transferred to a vial and heated for 15 min at 70 ◦C. Separation was
achieved using a Zebron ZB-5 capillary column (30 m, 0.25 mm, 0.25 µm; Phenomenex,
Torrance, CA, USA). The GC-MS analysis was performed according to the following pa-
rameters: scan mode with a mass range from 40 to 1050 m/z in the electronic impact (EI)
mode at 70 eV mode with the 10 scan s−1 mode. Analyses were conducted using helium as
a carrier gas at a flow rate of 1 mL min−1 in a split ratio of 1:20 along with the following
program: (a) 100 ◦C for 1 min; (b) a rate of 2 ◦C min−1 from 100 to 190 ◦C; (c) a rate of
5 ◦C min−1 from 190 to 300 ◦C. The injector was maintained at 280 ◦C. Compounds were
identified using two different analytical methods to compare the retention times with those
of authentic chemicals (Supelco C7-C40 Saturated Alkanes Standard, Sigma-Aldrich, St.
Louis, MI, USA), and the mass spectra were obtained with the available library data (Willey
NIST 17, match index >90%, Hoboken, NJ, USA).

2.12. Glucosinolates

Freeze-dried samples of 1 g were extracted with 70% methanol (10 mL; 30 min, 70 ◦C).
During the extraction process, samples were shaken on a vortex every 3 min, then filtered
and centrifuged (10 min, 15,000 rpm). The supernatant was separated, methanol was
removed from the mixture by evaporation on a vacuum evaporator. Next, samples were
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prepared by dissolving in water (1 mL), and the LC-MS analysis was performed using
reversed-phase high-performance liquid chromatography (HPLC Shimadzu Prominence-i
LC-2030C, Kyoto, Japan) equipped with a PDA detector coupled to a triple quadrupole
mass spectrometer (Shimadzu LCMS-8045). Glycosides were separated using the following
mobile phase: water with 0.1% TFA (eluent A) and acetonitrile with 0.1% TFA (eluent B).
The flow rate was set at 0.25 mL·min−1, and the gradient was as follows: starting at 1%
solvent B for 3 min, then reaching 20% up to 20 min, 30% up to 23 min, and 0.1% B at
35 min. Separation was obtained on a Kinetex C18 100A column (100 × 3 mm, 2.6 µm
particle size, Phenomenex, Germany). Singrin and neoglucobrassicin were used as external
standards for the analysis [49].

2.13. Sugars

Sugar content was assessed according to the standard procedure of the Polish Com-
mittee for Standardisation [50] used for the analysis of fruit and vegetable products (a Lane
and Eynon general volumetric method). Fragmented and defrosted samples of cabbage
heads (~20 g) were placed in volumetric flasks (250 mL). Next, distilled water (~120 mL)
was added, and flasks were boiled in a water bath (30 min). After that time, cold water
was added, and flasks were left to cool. In the next step, Carrez I (5 mL) and Carrez II
(5 mL) solutions were used for the deproteinisation, and flasks were filled up with wa-
ter, well shaken, and filtered. For the reducing sugars, Fehling’s solution (10 mL) and
sucrose solution (8 mL) was added to the filtrates (10 mL), heated, and boiled (2 min).
Next, methylene blue (~3 drops) was added, and solutions were titrated until the colour
turned brick red. For the total sugars, concentrated HCl (5 mL) was added to the filtrates
(50 mL) in a volumetric flask (100 mL). Solutions were heated in a water bath until reaching
the temperature of 70 ◦C, then were taken out, hydrolysed (3 min), and chilled to 20 ◦C
within 1 min. Next, NaOH (30%) was added to neutralise, and flasks were filled up with
water. Solutions were poured into a beaker to settle the sediments. Next, Fehling’s solution
(10 mL) and sucrose solution (8 mL) were added to the collected solution (10 mL), and the
procedure was repeated as in the case of reducing sugars. Sugar content was expressed in
percentages (%) of fresh weight.

2.14. Statistical Analyses

The statistical analyses were performed using the STATISTICA software ver. 13.3
(TIBCO Software Inc., Tulsa, OK, USA). The differences that were statistically significant
(p < 0.05) between the groups treated with the botanical extracts and the control group (C)
were marked in tables and figures with “a”, between the formulation (CF) with “b” and
between commercial biostimulant (CB) with “c”.

3. Results
3.1. Total Yield, Fresh and Dry Weight of White Head Cabbage and Outer Leaves

In the majority of cases, the application of botanical extracts did not have a statistically
significant effect on the yield of cabbage heads (Table 1). The bio-product based on Hp
H (UAE) was an exception—an increase was observed by 13.3% in comparison to the
control group treated with water (C), whereas the use of Sg L MH and To F UAE caused a
significant decrease—13.7% and 12.4%, respectively when compared to C. On the other
hand, it can be seen that the obtained formulations promoted the growth of outer leaves,
especially Sg L UAE and Hp H UAE—in these groups, the total yield was higher by 16.4%
and 10.2% than in C. The least stimulating activity was noted after the use of Ur L UAE—
9.0% and 16.3% less than in C and CB, respectively. During the harvest, the heads were
divided into two size ranges: lighter than 1.2 kg (marked as head < 1.2 kg) and heavier
than 1.2 kg (head > 1.2 kg). As shown in Table 1, the botanical extracts tended to foster the
growth of smaller heads, in particular: Tp F UAE (50% and 106% more than in C and CB,
respectively) as well as Vo R UAE (37.9% and 89.6% more than in C and CB, respectively),
Hp H MH (36.4% and 87.5% more than in C and CB, respectively), To L UAE (36.4% and
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87.5% more than in C and CB, respectively), and Ur L UAE (33.3% and 83.3% more than
in C and CB, respectively). The lowest weight was found in the groups sprayed with
commercial biostimulant (27.3% less than in C) and Vo R MH (33.3% less than in C). It
is discernible that the aforementioned bio-products, Vo R UAE, Ur L UAE, and Hp H
MH, stimulated the fresh weight of outer leaves to the greatest extent, by 37.5%, 35.2%,
and 23.9% more than in C, respectively, and by 49.4%, 46.9%, and 34.6% more than in
CB, respectively. The application of To L UAE (26.1% and 19.8% less than in C and CB,
respectively) and To F MH (23.9% and 17.3% less than in C and CB, respectively) was the
least favourable. Moreover, the foliar spraying with the extracts did not lead to an increase
in the fresh weight in the group of heads heavier than 1.2 kg (for instance, the application
of Sg L MH lowered the weight by 14.6% and 18.6% in relation to C and CB, respectively)
except for the use of Hp H UAE that resulted in 8.8% and 3.6% growth in relation to C and
CB, respectively.

The dry weight was assessed in outer leaves collected seven days after the second
spraying and in heads after the harvest (Table 1). As indicated in the figures, statistically
significant differences were observed in the first term of sample collection. The botanical
extracts obtained from To F (MH) and Ur L (UAE) increased the dry weight (DW) by 10.2%
and 7.5% in comparison to C, respectively, and by 7.8% and 5.2% when compared to CB,
respectively. The least stimulation was noted after the use of Hp H UAE—7.6% and 9.6%
less than in C and CB, respectively. As in the case of the total yield, the dry weight of
the collected heads was not altered by the majority of extracts. Similarly, Hp H UAE and
additionally Vo R UAE had the highest impact on dry weight—3.7% and 4.3% more than
in C and 7.1% and 7.7% more than in CB, respectively. It can be noticed that Ur L MH had
the slightest effect on the dry weight (9.7% and 6.8% less than in C and CB, respectively).

To achieve higher cabbage head yields, an extract based on Hp H can be recommended
for further research.

3.2. The Photosynthetic Pigments, Greenness Index of the Leaves, and Leaf Colour

To investigate the impact of botanical extracts on the colour of leaves, samples were
collected seven days after the second spraying and subjected to analyses using three
separate methods. We found that the obtained formulations significantly affected the
examined parameters. Table 2 details the data on the content of chlorophyll a + b in leaves
measured spectrophotometrically. It was observed that To L MH increased the amount to
the greatest extent (46.0% and 24.0% more than in C and CB, respectively), followed by To
F MH (31.5% and 11.6% more than in C and CB, respectively), Hp H MH (30.6% and 11%
more than in C and CB, respectively), To L UAE (28.2% and 8.9% more than in C and CB,
respectively), Sg L UAE (25.8% and 6.8% more than in C and CB, respectively) and Sg L
MH (25% and 6.2% more than in C and CB, respectively). The largest decrease was noted
in plants sprayed with To F UAE (6.5% more than in C and 9.6% less than in CB) and Vo R
MH (9.7% more than in C and 6.8% less than in CB). Overall, a similar trend was seen in
the case of carotenoids (Table 2) but mostly without statistically significant differences—To
L MH exerted the highest influence on the content on these pigments (21.8% and 19.2%
more than in C and CB, respectively), whilst Vo R MH had the lowest (4.4% and 6.4% less
than in C and CB, respectively).

It is notable from Table 2 that the examined formulations, in general, had no significant
relationship with the L, a, and b values evaluated in the control group (C). A few exceptions
included, for example, the L value: To F MH (15.2% more than in C), Tp F MH (12% more
than in C) and Sg L MH (11.9% more than in C), for a value: Tp F MH (12.1% more than
in C), and for b value: Tp F MH (20.7% more than in C). It was apparent that the foliar
spraying with commercial biostimulant had the most beneficial effect on the tested values,
e.g., for the L value, it was 14.5% more, for the a value, it was 14.3% more, and for the b
value, it was 24.6% more, in comparison to C.
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Table 1. Effect of the foliar application of the botanical extracts on the average fresh weight of cabbage head and outer leaves after harvest, the total yield of cabbage (n = 3 *, mean ± SD),
and dry weight of leaves after second spraying and cabbage head after harvest (n = 3, mean ± SD).

Group

Fresh Weight, Head < 1.2 kg Fresh Weight, Head > 1.2 kg Total Yield Total Yield Minus
Non-Marketable

Yield

Dry Weight

Head Outer Leaves Head Outer Leaves Head Outer Leaves After Second
Spraying After Harvest

kg kg t·ha−1 % %

C 0.66 ± 0.12 c 0.88 ± 0.15 2.61 ± 0.21 1.51 ± 0.17 65.28 ± 8.50 39.61 ± 5.57 100 12.28 ± 0.21 b 10.08 ± 0.25
CF 0.73 ± 0.12 c 0.75 ± 0.11 2.53 ± 0.47 1.50 ± 0.11 64.26 ± 11.47 c 38.99 ± 4.25 c 100 12.99 ± 0.38 a 9.53 ± 0.19
CB 0.48 ± 0.06 a,b 0.81 ± 0.16 2.74 ± 0.37 1.60 ± 0.14 71.85 ± 9.49 b 43.08 ± 6.00 b 100 12.55 ± 0.20 9.76 ± 0.34

Hp H UAE 0.83 ± 0.09 a,c 0.93 ± 0.18 b 2.84 ± 0.16 b 1.63 ± 0.17 73.97 ± 6.17 a,b 43.66 ± 6.41 a,b 100 11.35 ± 0.33 a,b,c 10.45 ± 0.19 b,c
Hp H MH 0.90 ± 0.14 a,b,c 1.09 ± 0.19 a,b,c 2.39 ± 0.06 c 1.52 ± 0.13 60.59 ± 5.52 c 40.64 ± 5.13 100 12.74 ± 0.21 9.60 ± 0.34
Sg L UAE 0.79 ± 0.08 a,c 0.76 ± 0.12 2.50 ± 0.38 1.78 ± 0.30 a,b,c 63.73 ± 8.14 c 46.11 ± 7.62 a,b 100 12.36 ± 0.22 b 9.71 ± 0.18
Sg L MH 0.50 ± 0.08 a,b 0.80 ± 0.15 2.23 ± 0.09 a,b,c 1.65 ± 0.22 b 56.31 ± 5.86 a,b,c 43.05 ± 6.85 b 100 12.55 ± 0.33 10.07 ± 0.37
To F UAE 0.76 ± 0.18 c 0.99 ± 0.18 b,c 2.31 ± 0.43 a,c 1.38 ± 0.10 c 57.19 ± 12.16 a,b,c 36.65 ± 4.58 c 100 12.94 ± 0.21 a 9.74 ± 0.33
To F MH 0.63 ± 0.08 c 0.67 ± 0.09 a,c 2.65 ± 0.27 1.53 ± 0.10 69.70 ± 8.27 40.82 ± 4.29 100 13.53 ± 0.25 a,c 9.48 ± 0.19
To L UAE 0.90 ± 0.14 a,b,c 0.65 ± 0.10 a,c 2.49 ± 0.19 1.57 ± 0.09 64.79 ± 7.64 c 41.02 ± 4.43 100 12.65 ± 0.20 10.05 ± 0.44
To L MH 0.87 ± 0.08 a,b,c 0.85 ± 0.10 2.51 ± 0.28 1.61 ± 0.17 61.77 ± 6.30 c 40.96 ± 4.51 100 12.95 ± 0.29 a 9.99 ± 0.28
Tp F UAE 0.99 ± 0.18 a,b,c 0.99 ± 0.07 b,c 2.62 ± 0.19 1.54 ± 0.17 66.52 ± 8.45 40.64 ± 3.59 100 12.68 ± 0.25 9.69 ± 0.24
Tp F MH 0.61 ± 0.14 b,c 0.81 ± 0.14 2.60 ± 0.26 1.67 ± 0.15 a,b 64.80 ± 10.63 c 43.10 ± 5.47 b 100 12.64 ± 0.21 9.66 ± 0.38
Ur L UAE 0.88 ± 0.12 a,b,c 1.19 ± 0.20 a,b,c 2.35 ± 0.47 c 1.31 ± 0.14 a,b,c 61.17 ± 10.37 c 36.05 ± 4.94 c 100 13.20 ± 0.24 a,c 10.03 ± 0.23
Ur L MH 0.81 ± 0.19 a,c 0.71 ± 0.14 a 2.67 ± 0.49 1.59 ± 0.16 67.21 ± 13.85 40.88 ± 6.07 100 12.86 ± 0.19 9.10 ± 0.31 a,c
Vo R UAE 0.91 ± 0.18 a,b,c 1.21 ± 0.23 a,b,c 2.45 ± 0.38 1.56 ± 0.07 61.46 ± 10.98 c 41.95 ± 4.88 100 12.20 ± 0.37 b 10.51 ± 0.20 b,c
Vo R MH 0.44 ± 0.07 a,b 0.77 ± 0.07 2.44 ± 0.37 c 1.45 ± 0.03 c 64.18 ± 10.24 c 38.97 ± 2.18 c 100 12.89 ± 0.20 a 9.89 ± 0.23

Statistically significant differences (p < 0.05) (a) between the control group (C) and the botanical extracts; (b) between the formulation (CF) and the botanical extracts; (c) between commercial biostimulant (CB)
and the botanical extracts; Hp H, Hypericum perforatum L. (St. John’s wort, herb); UAE, ultrasound-assisted extraction; MH, mechanical homogenisation; Sg L, Solidago gigantea Ait. (giant goldenrod, leaf); To F, To
L, Taraxacum officinale (L.) Weber ex F.H. Wigg (common dandelion, flower, leaf); Tp F, Trifolium pratense L. (red clover, flower); Ur L, Urtica dioica L. (nettle, leaf); Vo R, Valeriana officinalis L. (valerian, root). * Three
replications (plots) in each experimental group and each consisted of 20 plants.
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Table 2. Effect of the foliar application of the botanical extracts on the chlorophyll a + b and carotenoids content in leaves after second spraying (n = 4, mean ± SD), the L, a, b and SPAD
values of leaves after second spraying (n = 16, mean ± SD), and vitamin C content in leaves after second spraying and cabbage head after harvest (n = 4, mean ± SD).

Group Chlorophyll a + b Carotenoids Leaf Colour Greenness Index
of the Leaves Vitamin C

mg·g−1 FW µg·g−1 FW L a b SPAD Value mg·100g−1 FW

After Second Spraying After Harvest

C 1.24 ± 0.05 30.77 ± 1.62 40.75 ± 1.64 b,c −6.29 ± 0.51 c 10.91 ± 1.69 c 65.96 ± 3.80 c 97.40 ± 3.31 c 54.80 ± 3.46 c
CF 1.34 ± 0.03 27.74 ± 1.04 48.03 ± 1.85 a −6.73 ± 0.50 11.58 ± 1.39 63.08 ± 3.08 103.43 ± 4.26 c 53.70 ± 2.15 c
CB 1.46 ± 0.04 31.44 ± 1.30 46.66 ± 1.61 a −7.19 ± 0.58 a 13.59 ± 1.89 a 60.89 ± 3.26 a 117.73 ± 4.28 a,b 41.40 ± 2.84 a,b

Hp H UAE 1.42 ± 0.04 32.61 ± 1.59 42.71 ± 2.58 b,c −6.93 ± 0.45 12.63 ± 1.85 68.65 ± 2.78 b,c 113.53 ± 5.35 a 46.07 ± 2.66 a,b
Hp H MH 1.62 ± 0.06 a,b 32.83 ± 1.03 43.07 ± 2.38 b,c −6.21 ± 0.46 c 9.97 ± 1.16 c 69.81 ± 3.47 b,c 112.43 ± 5.99 a 51.13 ± 2.82 c
Sg L UAE 1.56 ± 0.07 a,b 33.59 ± 1.72 b 42.27 ± 1.93 b,c −6.03 ± 0.20 b,c 9.42 ± 1.10 b,c 65.51 ± 2.71 c 97.07 ± 4.49 c 52.83 ± 3.64 c
Sg L MH 1.55 ± 0.08 a 34.03 ± 1.41 b 45.61 ± 1.97 a −6.71 ± 0.37 11.94 ± 1.31 72.59 ± 3.59 a,b,c 127.60 ± 4.70 a,b 47.67 ± 3.76 a
To F UAE 1.32 ± 0.03 30.05 ± 1.62 43.46 ± 1.69 b,c −6.81 ± 0.62 12.92 ± 1.36 66.25 ± 2.35 c 126.60 ± 6.65 a,b 45.47 ± 1.29 a,b
To F MH 1.63 ± 0.04 a,b 33.70 ± 1.17 b 46.95 ± 1.20 a −6.15 ± 0.38 c 9.67 ± 1.34 c 74.20 ± 3.90 a,b,c 125.87 ± 3.82 a,b 43.47 ± 2.86 a,b
To L UAE 1.59 ± 0.09 a,b 34.93 ± 1.84 b 39.44 ± 2.50 b,c −6.13 ± 0.43 c 10.65 ± 1.20 c 70.93 ± 4.79 a,b,c 106.57 ± 5.15 69.93 ± 4.33 a,b,c
To L MH 1.81 ± 0.09 a,b,c 37.47 ± 1.41 a,b,c 43.82 ± 1.75 a,b,c −6.28 ± 0.50 c 10.64 ± 1.21 c 67.65 ± 3.37 b,c 118.03 ± 5.93 a,b 54.53 ± 2.50 c
Tp F UAE 1.48 ± 0.07 a 33.94 ± 1.62 b 43.32 ± 2.25 b,c −6.39 ± 0.54 c 10.36 ± 1.08 c 68.56 ± 2.51 b,c 104.93 ± 6.97 c 50.27 ± 3.35 c
Tp F MH 1.46 ± 0.04 30.03 ± 1.47 45.64 ± 1.48 a −7.05 ± 0.52 a 13.17 ± 1.71 a 67.05 ± 3.28 c 148.17 ± 7.67 a,b,c 51.23 ± 2.02 c
Ur L UAE 1.43 ± 0.07 30.95 ± 1.24 41.42 ± 1.93 b,c −6.08 ± 0.35 c 10.11 ± 1.48 c 68.61 ± 3.83 b,c 100.20 ± 4.35 c 42.03 ± 2.65 a,b
Ur L MH 1.44 ± 0.05 30.01 ± 1.01 44.72 ± 1.76 a,b −6.32 ± 0.48 c 10.37 ± 1.29 c 71.08 ± 4.64 a,b,c 115.23 ± 5.86 a 51.33 ± 2.77 c
Vo R UAE 1.52 ± 0.07 a 31.42 ± 1.39 41.85 ± 1.55 b,c −6.34 ± 0.52 c 11.00 ± 1.69 c 68.56 ± 2.57 b,c 96.63 ± 5.84 c 54.67 ± 4.09 c
Vo R MH 1.36 ± 0.02 29.42 ± 1.52 42.25 ± 1.32 b,c −6.19 ± 0.42 c 10.08 ± 1.41 c 71.03 ± 2.29 a,b,c 111.93 ± 4.74 a 53.20 ± 1.66 c

Statistically significant differences (p < 0.05) (a) between the control group (C) and the botanical extracts; (b) between the formulation (CF) and the botanical extracts; (c) between commercial biostimulant (CB)
and the botanical extracts; Hp H, Hypericum perforatum L. (St. John’s wort, herb); Sg L, Solidago gigantea Ait. (giant goldenrod, leaf); To F, To L, Taraxacum officinale (L.) Weber ex F.H. Wigg (common dandelion,
flower, leaf); Tp F, Trifolium pratense L. (red clover, flower); Ur L, Urtica dioica L. (nettle, leaf); Vo R, Valeriana officinalis L. (valerian, root). The L value in leaf colour indicates the level of light (numbers from 51 to
100) or dark (numbers from 0 to 50). The a value in leaf colour indicates redness (positive number) or greenness (negative number). The b value in leaf colour indicates yellowness (positive number) or blueness
(negative number).
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The measurements of the SPAD values are presented in Table 2. The results showed
that botanical extracts positively impacted the greenness index of leaves, for instance, when
treated with To F MH (12.4% and 21.8% more than in C and CB, respectively), Sg L MH
(10% and 19.2% more than in C and CB, respectively), Ur L MH (7.7% and 16.7% more than
in C and CB, respectively), Vo R MH (7.6% and 16.6% more than in C and CB, respectively),
and To L UAE (7.4% more and 16.4% more than in C and CB). The lowest values were
obtained for ultrasound-assisted extracts based on Sg L (0.8% less than in C and 7.6% more
than in CB) and To F (0.5% and 8.9% more than in C and CB, respectively).

The use of extracts based on To L, Tp F, To F, and Sg L could be advisable to increase
the colour of plant leaves.

3.3. Vitamin C

It can be seen from Table 2 that the content of vitamin C in cabbage leaves collected
seven days after the second spraying was elevated due to the use of extracts based on
higher plants, especially obtained through mechanical homogenisation, e.g., Tp F (52.1%
and 25.9% more than in C and CB, respectively), Sg L (31.0% and 8.4% more than in C
and CB, respectively), To F (29.2% and 6.9% more than in C and CB, respectively), but also
through ultrasound-assisted extraction, e.g., To F (30.0% and 7.3% more than in C and CB,
respectively). However, in most cases, bio-products produced by UAE exerted a lower
impact on the content of the examined vitamin than those by MH. For instance, Vo R and
Sg L reduced the amount by 0.8% and 0.3% in comparison to C and by 17.9% and 17.5%
in relation to CB, respectively. As shown in Table 2, there was no correlation between the
application of extracts and the content of vitamin C. The To L UAE extract was the only
one that increased its content by 28.2% when compared with the control group sprayed
with water. It could be observed that the application of commercial biostimulant had the
greatest impact on the reduction in the vitamin C content.

3.4. Total Phenolic Compounds and Antioxidant Activity (DPPH, ABTS, and FRAP)

The influence of botanical extracts on the content of total phenolic compounds (TPC)
in leaves collected seven days after the second spraying and in cabbage heads is depicted
in Table 3. Comparing the results, it could be seen that ultrasound-assisted extraction
was a better method for the production of potential biostimulants than mechanical ho-
mogenisation to achieve crop yields with higher TPC content. Nonetheless, in both terms of
cabbage collection, the application of the majority of the botanical extracts did not increase
the TPC content. For both leaves and heads, the highest content of TPC was noted after
the application of Vo R UAE (in the first term: 39.7% and 136% more than in C and CB,
respectively; in the second term: 34.6% and 60.3% more than in C and CB, respectively)
and Sg L UAE (in the first term: 6.1% and 79.7% more than in C and CB, respectively; in
the second term: 6.9% and 27.4% more than in C and CB, respectively). The lowest values
were in the groups treated with Ur L MH (in the first term: 47.7% and 11.5% less than
in C and CB, respectively; in the second term: 29.7% and 16.3% less than in C and CB,
respectively) and Hp H UAE (in the second term: 30.2% and 17.3% less than in C and CB,
respectively). The application of commercial biostimulant also did not have a positive
effect on this parameter.
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Table 3. Effect of the foliar application of the botanical extracts on the total phenolic compounds content and the antioxidant activity (DPPH assay, ABTS assay, and FRAP assay) of leaves
after second spraying and cabbage head after harvest (n = 4, mean ± SD).

Group

Total Phenolic Compounds DPPH Assay ABTS Assay FRAP Assay

mg GAE·100 g−1 FW µM Trolox·g−1 FW

After Second
Spraying After Harvest After Second

Spraying After Harvest After Second
Spraying After Harvest After Second

Spraying After Harvest

C 167.98 ± 8.47 b,c 82.95 ± 5.34 b,c 1.37 ± 0.10 0.45 ± 0.09 b,c 11.03 ± 0.64 b,c 3.90 ± 0.60 4.84 ± 0.27 1.23 ± 0.08 c
CF 126.26 ± 5.30 a,c 51.43 ± 2.56 a,c 1.23 ± 0.13 0.24 ± 0.06 a 14.93 ± 0.57 a 2.36 ± 0.35 4.67 ± 0.20 1.41 ± 0.07
CB 99.24 ± 7.60 a,b 69.65 ± 4.74 a,b 1.47 ± 0.11 0.14 ± 0.03 a 13.26 ± 0.66 a 2.61 ± 0.52 4.00 ± 0.17 1.53 ± 0.06 a

Hp H UAE 161.22 ± 6.35 b,c 57.71 ± 1.97 a,c 1.44 ± 0.13 0.52 ± 0.08 b,c 16.06 ± 0.52 a,c 1.82 ± 0.31 a 6.48 ± 0.35 a,b,c 1.39 ± 0.09
Hp H MH 108.87 ± 7.00 a 71.11 ± 4.39 a,b 1.20 ± 0.07 0.45 ± 0.06 b,c 16.38 ± 0.67 a,c 5.76 ± 0.47 a,b,c 4.14 ± 0.15 1.33 ± 0.04
Sg L UAE 178.30 ± 9.65 b,c 88.71 ± 4.47 b,c 1.51 ± 0.12 0.63 ± 0.07 b,c 14.18 ± 0.65 a 2.49 ± 0.56 6.16 ± 0.51 a,b,c 1.43 ± 0.07 a
Sg L MH 149.39 ± 5.87 a,b,c 83.44 ± 5.65 b,c 1.13 ± 0.07 c 0.39 ± 0.08 c 18.46 ± 0.42 a,b,c 1.96 ± 0.43 a 6.10 ± 0.32 a,b,c 1.46 ± 0.05 a
To F UAE 129.23 ± 10.70 a,c 73.81 ± 4.28 b 1.23 ± 0.08 0.33 ± 0.05 c 12.77 ± 0.76 b 1.09 ± 0.26 a 5.30 ± 0.16 c 1.52 ± 0.04 a
To F MH 103.83 ± 5.36 a,b 61.02 ± 4.02 a 1.34 ± 0.11 0.32 ± 0.06 14.79 ± 0.63 a 2.44 ± 0.52 4.30 ± 0.24 1.53 ± 0.09 a
To L UAE 139.07 ± 8.70 a,c 79.95 ± 3.38 b,c 1.66 ± 0.09 0.38 ± 0.08 c 13.74 ± 1.01 a 2.12 ± 0.30 a 4.89 ± 0.33 1.35 ± 0.08
To L MH 137.59 ± 9.79 a,c 66.88 ± 4.44 a,b 1.12 ± 0.10 c 0.36 ± 0.04 c 15.81 ± 0.65 a,c 2.71 ± 0.31 4.17 ± 0.41 0.91 ± 0.04 a,b,c
Tp F UAE 163.43 ± 5.78 b,c 84.21 ± 3.35 b,c 0.95 ± 0.11 a,c 0.28 ± 0.04 13.90 ± 0.87 a 2.21 ± 0.47 a 6.21 ± 0.39 a,b,c 1.69 ± 0.06 a,b
Tp F MH 123.70 ± 7.03 a,c 62.34 ± 4.77 a,b 0.91 ± 0.07 a,b,c 0.22 ± 0.05 a 15.37 ± 0.90 a,c 1.46 ± 0.26 a 4.48 ± 0.28 1.44 ± 0.07 a
Ur L UAE 137.00 ± 8.25 a,c 66.85 ± 3.82 a,b 0.94 ± 0.12 a,c 0.40 ± 0.06 c 17.27 ± 0.45 a,b,c 1.71 ± 0.45 a 5.74 ± 0.36 b,c 1.35 ± 0.10
Ur L MH 87.85 ± 6.32 a,b 58.30 ± 3.98 a,c 1.25 ± 0.09 0.33 ± 0.06 14.70 ± 0.59 a 2.53 ± 0.55 4.06 ± 0.23 1.31 ± 0.08 c
Vo R UAE 234.60 ± 8.24 a,b,c 111.68 ± 6.39 a,b,c 1.60 ± 0.07 b 0.19 ± 0.04 a 13.09 ± 0.60 a 1.93 ± 0.41 a 4.71 ± 0.31 1.14 ± 0.04 b,c
Vo R MH 142.42 ± 7.97 a,c 88.62 ± 3.55 b,c 1.41 ± 0.09 0.67 ± 0.07 a,b,c 14.74 ± 0.84 a 1.92 ± 0.27 a 5.71 ± 0.34 b,c 1.68 ± 0.07 a,b

Statistically significant differences (p < 0.05) (a) between the control group (C) and the botanical extracts; (b) between the formulation (CF) and the botanical extracts; (c) between commercial biostimulant (CB)
and the botanical extracts; Hp H, Hypericum perforatum L. (St. John’s wort, herb); Sg L, Solidago gigantea Ait. (giant goldenrod, leaf); To F, To L, Taraxacum officinale (L.) Weber ex F.H. Wigg (common dandelion,
flower, leaf); Tp F, Trifolium pratense L. (red clover, flower); Ur L, Urtica dioica L. (nettle, leaf); Vo R, Valeriana officinalis L. (valerian, root).
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The influence of the examined extracts use on the antioxidant activity of cabbage mea-
sured using DPPH assay is shown in Table 3. The conducted analyses revealed that the
following extracts: To L UAE (21.2% and 12.9% more than in C and CB, respectively), Vo
R UAE (16.8% and 8.8% more than in C and CB, respectively), Sg L UAE (10.2% and 2.7%
more than in C and CB, respectively), Hp H UAE (5.1% more than in C and 2.0% less than in
CB, respectively), and Vo R MH (2.9% more than in C and 4.1% less than in CB, respectively)
had the greatest effect on the antioxidant activity in samples collected in the first term. In
the second term, only three of them: Vo R MH (48.9% and 379% more than in C and CB,
respectively), Sg L UAE (40% and 350% more than in C and CB, respectively), and Hp H UAE
(15.6% and 271% more than in C and CB, respectively) demonstrated the highest stimulating
activity. The lowest values were determined for: Tp F UAE (in the first term: 30.7% and 35.4%
less than in C and CB, respectively; in the second term: 37.8% less than in C and 100% more
than in CB, respectively), Ur L UAE (in the first term: 31.4% and 36.1% less than in C and CB,
respectively), Tp F MH (in the first term: 33.6% and 38.1% less than in C and CB, respectively;
in the second term: 51.1% less than in C and 57.1% more than in CB, respectively), and Vo R
UAE (in the second term: 57.8% less than in C and 35.7% more than in CB, respectively).

The use of bio-products, as well as commercial biostimulant, exhibited differential
effects on the antioxidant activity measured via ABTS assay, namely, the activity significantly
increased after the second spraying whilst after the third spraying, it was lowered (Table 3)
with reference to the control group (C). It was also noticed that in the first term of samples
collection, the higher activity was determined for the application of extracts obtained
through mechanical homogenisation than ultrasound-assisted extraction, whereas such a
correlation was not observed in the second term. In outer leaves, the activity was the highest
after the application of Sg L MH (67.4% and 39.2% more than in C and CB, respectively), Ur
L UAE (56.6% and 30.2% more than in C and CB, respectively), Hp H MH (48.5% and 23.5%
more than in C and CB, respectively), and Hp H UAE (45.6% and 21.2% more than in C and
CB, respectively), whereas in cabbage heads it was the highest for Hp H MH (47.7% and
121% more than in C and CB, respectively). The lowest antioxidant activity was revealed for
the following extracts: To F UAE (15.8% more than in C and 3.7% less than in CB) and Vo R
UAE (18.7% more than in C and 1.3% less than in CB) measured in outer leaves, and for To
F UAE (72.1% and 58.2% less than in C and CB) as determined in heads.

In the case of the antioxidant activity measured via FRAP assay, there was a discernible
relationship between the use of botanical extracts and the examined parameter, which is
illustrated in Table 3. In the first term of samples collection, the highest activity was noted
in the groups treated with Hp H UAE (33.9% and 62% more than in C and CB, respectively),
Tp F UAE (28.3% and 55.3% more than in C and CB, respectively), Sg L UAE (27.3% and
54.0% more than in C and CB, respectively), and Sg L MH (26% and 52.2% more than in C
and CB, respectively). The lowest activity was observed after the use of Ur L MH (16.1%
less than in C and 1.5% more than in CB), Hp H MH (14.5% less than in C and 3.5% more
than in CB), and To L MH (13.8% less than in C and 4.3% more than in CB). It was seen
that ultrasound-assisted extraction improved antioxidant activity of outer leaves compared
to mechanical homogenisation, whilst a similar correlation was not observed in the case
of analyses of heads. In the second term, the highest activity was noted for the following
bio-products: Tp F UAE (37.4% and 10.5% more than in C and CB, respectively) and Vo R
MH (36.6% and 9.8% more than in C and CB, respectively), and the lowest was noted for
To L MH (26% and 40.5% less than in C and CB, respectively).

Based on the results obtained, the following raw materials: Vo R (TPC, DPPH, and
FRAP assay), Sg L (TPC, DPPH, ABTS, and FRAP assay), Hp H (DPPH, ABTS, and FRAP as-
say), To L (DPPH assay), Ur L (ABTS assay), and Tp F (FRAP assay) could be recommended
for further investigation as TPC and antioxidant activity enhancing products.

3.5. Nitrates

It was apparent that the tested botanical extracts tend to diminish the content of
nitrates in leaves taken for analyses seven days after the second spraying and tend to
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increase the accumulation of nitrates in cabbage heads (Table 4). Analogous tendencies
could be observed in the groups sprayed with a commercial product. In the first term of
samples collection, extracts obtained through mechanical homogenisation based on Sg L,
To L, and Vo R decreased their content to the greatest extent, namely, by 58%, 53.4%, and
50%, respectively, in comparison to the control group treated with water and by 25.6%,
17.6%, and 11.4%, respectively, in relation to commercial biostimulant. The highest amounts
of nitrates were observed after the use of To L UAE (0.3% less than in C and 76.5% more
than in CB), Sg L UAE (16.7% less than in C and 47.4% more than in CB), Ur L MH (19.5%
less than in C and 42.5% more than in CB), and Tp F UAE (20.6% less than in C and 40.5%
more than in CB). In the second term of samples collection, the highest enhancement of
nitrates accumulation was noted in the groups sprayed with: Tp F MH (186% and 115%
more than in C and CB, respectively), To F UAE (89.9% and 42.7% more than in C and CB,
respectively), Sg L MH (84.9% and 38.9% more than in C and CB, respectively), To L MH
(75.1% and 31.6% more than in C and CB), and To L UAE (73% and 30% more than in C
and CB, respectively) whilst the lowest was noted with Vo R UAE (2.4% more than in C
and 23% less than in CB), Ur L MH (22% more than in C and 8.4% less than in CB), and Sg
L UAE (26.4% more than in C and 5.1% less than in CB).

The use of bio-products should be adjusted to the needs of specific crops. Further
research is required to decipher the exact impact of the examined extracts on nitrate
accumulation. From the above findings, it could be seen that Sg L MH and To L MH
lowered nitrates content in outer leaves whilst in heads: these products worked conversely.
Similar observations could be made for Sg L UAE and Ur L MH—they increased the
amount of nitrates in samples from the first term collection but decreased the amount in
samples in the second. The only extract that increased their accumulation in both terms
was To L UAE. Additionally, the use of Tp F extract should be investigated further, as
formulations obtained through ultrasound-assisted extraction increased their content in
outer leaves whilst mechanical homogenisation enhanced their content in heads.

3.6. Macroelements, Microelements, and Toxic Elements

Generally, the botanical extracts positively influenced the content of macroelements in
white head cabbage (Table 4). Only in the case of P and K, their values were lower in all
the experimental groups than in the control group treated with water (C) and commercial
biostimulant (CB)—with the exception of Ur L MH (P slightly higher—3.1% than in CB).
Nitrogen content was higher in the groups treated with the botanical extracts than in C
(with the exception of Sg L MH and Tp F MH) and CB, but only for Sg L UAE and To L MH
(the best groups). The content of Ca, Mg, and S in cabbage from the experimental groups
was higher than in C. The best results for Ca were obtained for To L UAE and Tp F MH
(36.1% higher than in C and 27% higher than in CB), for Mg in the group Tp F MH (17.9%
higher than in C and 9.8% higher than in CB), for S in the Hp H MH (10.9% higher than in
C and slightly higher—1.0% than in CB) and To L MH groups (11.2% higher than in C and
slightly higher—1.3% than in CB).

The content of microelements in the cabbage was poorly influenced by examined
botanical extracts (Table 5). Iron increased in the groups treated with Sg L UAE (higher
by 7.8%), To L MH (higher by 12.2%) and Vo R MH (higher by 14.3%). Only for the last
group, the content of Fe was slightly higher than in the group treated with the commercial
biostimulant. The content of Cu was higher than in the control group (C) only for To F
UAE (by only 1.5%). Plants treated with water, commercial biostimulant and Hp H MH
extract had the same content of Mn. The extract produced from Hp H was the best when
compared to others tested. The content of Zn in cabbage in the experimental groups was
lower than for the commercial biostimulant, but slightly higher for Hp H MH, To F MH, To
L MH, Vo R UAE, and Sg L UAE (the best results—increase of 5.3% when compared to C).
The application of the botanical extracts increased the content of Ni, Cd, and Pb in cabbage
(higher levels than in the control group).
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Table 4. Effect of the foliar application of the botanical extracts on the nitrates content in leaves after second spraying and cabbage head after harvest (n = 4, mean ± SD), and macroelements
content of cabbage head after harvest (n = 3, mean ± SD).

Treatment

Nitrates N P K Ca Mg S

mg·kg −1 FW g·kg−1 DW

After Second Spraying After Harvest After Harvest

C 1326.18 ± 128.09 b,c 102.76 ± 11.19 23.83 ± 1.19 2.53 ± 0.13 b,c 24.37 ± 1.22 5.60 ± 0.28 0.95 ± 0.05 7.88 ± 0.39
CF 796.96 ± 98.21 a 122.59 ± 14.69 27.05 ± 1.35 2.06 ± 0.10 a 23.33 ± 1.17 6.20 ± 0.31 1.02 ± 0.05 8.58 ± 0.43
CB 748.99 ± 96.50 a 136.77 ± 13.99 26.70 ± 1.34 1.94 ± 0.10 a 23.94 ± 1.20 6.00 ± 0.30 1.02 ± 0.05 8.65 ± 0.43

Hp H UAE 833.50 ± 130.75 a 160.62 ± 16.83 a 24.15 ± 1.21 1.94 ± 0.10 a 23.13 ± 1.16 6.54 ± 0.33 1.03 ± 0.05 8.15 ± 0.41
Hp H MH 764.64 ± 77.98 a 162.73 ± 25.19 a 25.40 ± 1.27 1.66 ± 0.08 a,b 22.70 ± 1.13 6.31 ± 0.32 0.96 ± 0.05 8.74 ± 0.44
Sg L UAE 1104.25 ± 167.26 b,c 129.86 ± 14.76 26.75 ± 1.34 1.97 ± 0.10 a 24.11 ± 1.21 6.50 ± 0.32 1.01 ± 0.05 8.18 ± 0.41
Sg L MH 557.47 ± 72.12 a 189.96 ± 25.23 a,b,c 23.03 ± 1.15 b 1.28 ± 0.06 a,b,c 20.80 ± 1.04 a 7.20 ± 0.36 a,c 1.07 ± 0.05 8.88 ± 0.44
To F UAE 725.91 ± 51.75 a 195.19 ± 21.52 a,b,c 25.80 ± 1.29 1.94 ± 0.10 a 22.17 ± 1.11 6.66 ± 0.33 a 0.99 ± 0.05 8.21 ± 0.41
To F MH 861.37 ± 127.27 a 169.08 ± 24.03 a,b 25.50 ± 1.28 1.56 ± 0.08 a,b,c 23.42 ± 1.17 6.57 ± 0.33 1.05 ± 0.05 8.33 ± 0.42
To L UAE 1321.81 ± 77.59 b,c 177.81 ± 16.23 a,b 22.78 ± 1.14 b,c 1.44 ± 0.07 a,b,c 22.97 ± 1.15 7.62 ± 0.38 a,b,c 1.06 ± 0.05 8.23 ± 0.41
To L MH 617.41 ± 100.63 a 179.93 ± 21.98 a,b,c 26.75 ± 1.34 1.81 ± 0.09 a 22.66 ± 1.13 7.12 ± 0.36 a,c 1.07 ± 0.05 8.76 ± 0.44
Tp F UAE 1052.38 ± 115.77 a,b,c 135.28 ± 18.19 24.23 ± 1.21 1.94 ± 0.10 a 22.48 ± 1.12 6.94 ± 0.35 a 1.03 ± 0.05 8.10 ± 0.41
Tp F MH 842.92 ± 116.24 a 293.86 ± 22.13 a,b,c 23.13 ± 1.16 b 2.00 ± 0.10 a 22.39 ± 1.12 7.62 ± 0.38 a,b,c 1.12 ± 0.06 a 8.30 ± 0.42
Ur L UAE 892.42 ± 62.39 a 137.64 ± 13.27 25.35 ± 1.27 1.94 ± 0.10 a 22.81 ± 1.14 6.95 ± 0.35 a 1.08 ± 0.05 8.66 ± 0.43
Ur L MH 1067.00 ± 146.53 a,b,c 125.33 ± 17.28 24.43 ± 1.22 2.00 ± 0.10 a 21.72 ± 1.09 5.87 ± 0.29 0.98 ± 0.05 8.05 ± 0.40
Vo R UAE 902.95 ± 90.50 a 105.25 ± 9.87 24.60 ± 1.23 1.78 ± 0.09 a 22.49 ± 1.12 5.98 ± 0.30 0.97 ± 0.05 7.94 ± 0.40
Vo R MH 663.62 ± 130.34 a 161.80 ± 14.07 a 24.28 ± 1.21 1.38 ± 0.07 a,b,c 23.03 ± 1.15 7.09 ± 0.35 a,c 1.03 ± 0.05 8.00 ± 0.40

Statistically significant differences (p < 0.05) (a) between the control group (C) and the botanical extracts; (b) between the formulation (CF) and the botanical extracts; (c) between commercial biostimulant (CB)
and the botanical extracts; Hp H, Hypericum perforatum L. (St. John’s wort, herb); Sg L, Solidago gigantea Ait. (giant goldenrod, leaf); To F, To L, Taraxacum officinale (L.) Weber ex F.H. Wigg (common dandelion,
flower, leaf); Tp F, Trifolium pratense L. (red clover, flower); Ur L, Urtica dioica L. (nettle, leaf); Vo R, Valeriana officinalis L. (valerian, root).
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Table 5. Effect of the foliar application of the botanical extracts on the microelements and toxic elements content of cabbage head after harvest (n = 3, mean ± SD).

Treatment
Fe Cu Zn Mn Ni Cd Pb

mg·kg−1 DW

C 41.88 ± 2.09 3.25 ± 0.16 21.93 ± 1.10 18.75 ± 0.94 b 2.39 ± 0.12 b,c 0.09 ± 0.00 3.41 ± 0.17
CF 40.88 ± 2.04 c 3.31 ± 0.17 24.44 ± 1.22 16.00 ± 0.80 a,c 3.18 ± 0.16 a,c 0.08 ± 0.00 3.88 ± 0.19
CB 47.50 ± 2.38 b 3.53 ± 0.18 23.94 ± 1.20 18.75 ± 0.94 b 4.13 ± 0.21 a,b 0.09 ± 0.00 3.45 ± 0.17

Hp H UAE 40.50 ± 2.03 c 2.88 ± 0.14 c 19.80 ± 0.99 b,c 15.63 ± 0.78 a,c 2.86 ± 0.14 a,c 0.15 ± 0.01 a,b,c 4.38 ± 0.22 a,c
Hp H MH 38.00 ± 1.90 c 2.98 ± 0.15 c 22.09 ± 1.10 18.75 ± 0.94 b 2.71 ± 0.14 b,c 0.10 ± 0.01 b 3.49 ± 0.17
Sg L UAE 45.13 ± 2.26 3.20 ± 0.16 23.09 ± 1.15 18.13 ± 0.91 2.94 ± 0.15 a,c 0.11 ± 0.01 a,b,c 4.23 ± 0.21 a,c
Sg L MH 35.25 ± 1.76 a,c 2.71 ± 0.14 a,b,c 20.78 ± 1.04 b 16.88 ± 0.84 2.85 ± 0.14 a,c 0.15 ± 0.01 a,b,c 3.84 ± 0.19
To F UAE 39.63 ± 1.98 c 3.30 ± 0.17 21.24 ± 1.06 18.63 ± 0.93 2.93 ± 0.15 a,c 0.15 ± 0.01 a,b,c 4.08 ± 0.20 a,c
To F MH 41.88 ± 2.09 3.18 ± 0.16 22.13 ± 1.11 16.63 ± 0.83 3.43 ± 0.17 a,c 0.09 ± 0.00 3.74 ± 0.19
To L UAE 37.38 ± 1.87 c 2.83 ± 0.14 b,c 19.83 ± 0.99 b,c 16.50 ± 0.83 2.50 ± 0.13 b,c 0.15 ± 0.01 a,b,c 4.45 ± 0.22 a,c
To L MH 47.00 ± 2.35 3.06 ± 0.15 22.10 ± 1.11 18.63 ± 0.93 3.36 ± 0.17 a,c 0.14 ± 0.01 a,b,c 3.86 ± 0.19
Tp F UAE 33.50 ± 1.68 a,b,c 2.84 ± 0.14 b,c 19.09 ± 0.95 b,c 16.63 ± 0.83 2.49 ± 0.12 b,c 0.16 ± 0.01 a,b,c 3.76 ± 0.19
Tp F MH 34.13 ± 1.71 a,b,c 2.63 ± 0.13 a,b,c 21.45 ± 1.07 15.38 ± 0.77 a,c 2.76 ± 0.14 c 0.11 ± 0.01 a,b,c 3.57 ± 0.18
Ur L UAE 39.75 ± 1.99 c 3.01 ± 0.15 c 21.69 ± 1.08 17.00 ± 0.85 2.64 ± 0.13 b,c 0.13 ± 0.01 a,b,c 4.07 ± 0.20 a,c
Ur L MH 38.75 ± 1.94 c 3.05 ± 0.15 c 21.56 ± 1.08 17.13 ± 0.86 2.74 ± 0.14 c 0.10 ± 0.01 b 3.38 ± 0.17
Vo R UAE 39.00 ± 1.95 c 3.06 ± 0.15 22.09 ± 1.10 18.50 ± 0.93 2.39 ± 0.12 b,c 0.09 ± 0.00 3.71 ± 0.19
Vo R MH 47.88 ± 2.39 b 2.91 ± 0.15 c 21.14 ± 1.06 17.00 ± 0.85 2.53 ± 0.13 b,c 0.14 ± 0.01 a,b,c 3.94 ± 0.20

Statistically significant differences (p < 0.05) (a) between the control group (C) and the botanical extracts; (b) between the formulation (CF) and the botanical extracts; (c) between commercial biostimulant (CB)
and the botanical extracts; Hp H, Hypericum perforatum L. (St. John’s wort, herb); Sg L, Solidago gigantea Ait. (giant goldenrod, leaf); To F, To L, Taraxacum officinale (L.) Weber ex F.H. Wigg (common dandelion,
flower, leaf); Tp F, Trifolium pratense L. (red clover, flower); Ur L, Urtica dioica L. (nettle, leaf); Vo R, Valeriana officinalis L. (valerian, root).
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In summary, the extract produced from common dandelion had the greatest influence
on the content of micro and macroelements in the cabbage biomass.

3.7. Volatile Compounds

The literature shows that methanethiol, dimethyl disulfide, and dimethyl trisulfide
are mostly responsible for objectionable sulfurous aromas and overcooked off-flavours
in cruciferous vegetables [51]. In the tested cabbage heads, 53 volatile compounds were
identified (Table S1). It was found that three compounds constituted the largest percentage
of the whole GC-MS chromatogram area, namely IS, trisulfide (dimethyl-), and tetrasulfide
(dimethyl-). The content of ISs, in general, accounted for about 40% of all extracted volatiles
compounds and was the most stimulated by the application of Sg L UAE (6.7% and 15.4%
more than in C and CB, respectively) and To L UAE (6.0% and 14.6% more than in C and CB,
respectively), and the least stimulated by To F UAE (25.1% and 19.0% less than in C and CB,
respectively), and Hp H MH (24.5% and 18.4% less than in C and CB, respectively). Then,
the trisulfide (dimethyl-) content was about 30% of the total chromatogram area, and the
following bio-products To F UAE (11.6% and 11.1% more than in C and CB, respectively),
Vo R MH (10.5% and 10.0% more than in C and CB, respectively), and Tp F UAE (9.5%
and 9.0% more than in C and CB, respectively) increased its amount to the greatest extent,
while Sg L UAE (15.1% and 15.5% less than in C and CB, respectively), Tp F MH (13.7%
and 14.1% less than in C and CB, respectively), and To L UAE (12.0% and 12.4% less than
in C and CB, respectively) was lowered the most. The third most abundant compound
was tetrasulfide (dimethyl-) and accounted for about 15% of the total chromatogram area.
The foliar spray with Hp H MH increased its content the most (28.3% and 16.0% more
than in C and CB, respectively), while Tp F MH decreased (24.9% and 32.1% less than in C
and CB, respectively). It could be seen that the extracts exerted differential effects on the
composition of the volatile compounds, and it is difficult to choose one specific bio-product
with the best properties.

3.8. Fatty Acids

The tested cabbage heads were characterised by a high content of the following fatty
acids (methyl ester): hexadecanoic acid, linolenic acid, linoleic acid, 9Z-9-octadecenoic
acid (ethyl ester), and octadecanoic acid (Table S2). The content of hexadecanoic acid
(methyl ester) was the most elevated in the groups treated with To L MH (34.7% and
11.3% more than in C and CB, respectively), To F MH (27.9% and 5.7% more than in C and
CB, respectively), and Tp F MH (22.7% and 1.3% more than in C and CB, respectively),
while it was lowered after the use of Vo R UAE (21.4% and 35.1% less than in C and CB,
respectively) and Sg L UAE (12.9% and 28.0% less than in C and CB, respectively).

The amount of linolenic acid (methyl ester) was stimulated to the greatest extent after
foliar spraying with Vo R UAE (66.0% and 90.2% more than in C and CB, respectively), To
L UAE (55.3% and 78.0% more than in C and CB, respectively), and Sg L UAE (39.2% and
59.5% more than in C and CB, respectively), while to a lesser extent after the application of
To L MH (49.8% and 42.5% less than in C and CB, respectively) and Vo R MH (31.3% and
21.3% less than in C and CB, respectively).

The higher values of linoleic acid (methyl ester) were observed in plants sprayed with
Vo R UAE (14.1% and aa.3% more than in C and CB, respectively), Sg L UAE (13.5% and
21.7% more than in C and CB, respectively), and Ur L UAE (10.9% and 18.8% more than in
C and CB, respectively), while the lower in cabbages sprayed with To L MH (32.3% and
27.4% less than in C and CB, respectively) and Vo R MH (22.7% and 17.2% less than in C
and CB, respectively).

Concerning the 9Z-9-octadecenoic acid (ethyl ester), its content was the highest in the
groups treated with To L MH (43.6% and 50.2% more than in C and CB, respectively) and
Vo R MH (39.5% and 46.0% more than in C and CB, respectively), and the lowest in Vo
R UAE (40.8% and 38.0% less than in C and CB, respectively) and To L UAE (31.0% and
27.8% less than in C and CB, respectively) groups. Concerning the quantitative effect on
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the amount of octadecanoic acid (methyl ester), the greatest effect was with the application
of To F MH (14.0% and 54.8% more than in C and CB, respectively) and Hp H UAE (7.1%
and 45.4% more than in C and CB, respectively), while Vo R UAE (65.0% and 52.5% less
than in C and CB, respectively) and To L UAE (60.2% and 45.9% less than in C and CB) less
affected its content.

The application of botanical extracts had a significant impact on the composition of
fatty acids present in cabbage heads. This suggests that Sg L UAE, To F MH, To L MH, and
Vo R UAE could be considered as possible bio-products to modify the composition of fatty
acids and to increase the content of the most important molecules.

3.9. Sterols

Table 6 shows the percentage contents of two sterols determined in the cabbage
heads. The application of botanical extracts did not statistically affect the content of sterols,
besides the valerian extract (MH). In this case, the content of campesterol was higher by
10.1% and 11.1% than in C and CB, respectively. However, the content of β-sitosterol was
lower (and the lowest in all the experimental groups) by 2.3% and 2.5% than in C and CB,
respectively. A similar tendency was observed after the treatment with To F UAE—the
content of campesterol increased (9.9% and 10.9% more than in C and CB, respectively)
while β-sitosterol was the second-lowest among all the groups (2.3% and 2.5% less than
in C and CB, respectively). The lowest values of campesterol (but still higher than in the
control groups) were noted after the foliar spraying with Tp F MH (1.2% and 2.2% more
than in C and CB, respectively) and Sg L UAE (1.4% and 2.3% more than in C and CB).
On the other hand, the highest amounts of β-sitosterol (but still lower than in the control
groups) were observed after treatment with Hp H UAE (0.4% and 0.6% less than in C and
CB, respectively) and Sg L UAE (0.3% and 0.5% less than in C and CB, respectively).

Table 6. Effect of the foliar application of the botanical extracts on the sterols composition (the amount of a single component
calculated as a percentage (%) of the whole GC-MS chromatogram area) and the sugar content in cabbage head after harvest
(n = 3, mean ± SD).

Group
Sterols Sugars

Campesterol, TMS
Derivative

β-Sitosterol, TMS
Derivative Reducing Total

% g·100 g−1 FW

RT, min 26.383 27.733 - -
RI_exp 2684 2785 - -
RI_lit 2689 2789 - -

C 18.7 ± 70.56 81.23 ± 0.56 3.82 ± 0.18 4.62 ± 0.10 b
CF 19.17 ± 0.38 80.83 ± 0.38 3.30 ± 0.26 c 3.53 ± 0.31 a
CB 18.60 ± 0.50 81.40 ± 0.50 4.10 ± 0.16 b 4.25 ± 0.29

Hp H UAE 19.11 ± 0.18 80.89 ± 0.18 5.64 ± 0.13 a,b,c 5.90 ± 0.16 a,b,c
Hp H MH 20.17 ± 0.78 79.83 ± 0.78 4.74 ± 0.21 a,b 5.20 ± 0.12 b,c
Sg L UAE 19.03 ± 0.29 80.97 ± 0.29 4.00 ± 0.12 4.10 ± 0.08
Sg L MH 20.25 ± 0.51 79.75 ± 0.51 4.75 ± 0.07 a,b 4.83 ± 0.09 b
To F UAE 20.63 ± 0.49 79.37 ± 0.49 3.90 ± 0.28 4.00 ± 0.20
To F MH 19.23 ± 0.39 80.77 ± 0.39 5.70 ± 0.24 a,b,c 5.82 ± 0.27 a,b,c
To L UAE 19.62 ± 0.49 80.38 ± 0.49 4.40 ± 0.08 b 4.60 ± 0.11 b
To L MH 19.29 ± 0.39 80.71 ± 0.39 4.48 ± 0.27 b 4.53 ± 0.14 b
Tp F UAE 19.79 ± 0.83 80.21 ± 0.83 3.42 ± 0.14 3.90 ± 0.24
Tp F MH 19.00 ± 0.55 81.00 ± 0.55 4.20 ± 0.29 b 4.55 ± 0.23 b
Ur L UAE 19.70 ± 0.66 80.30 ± 0.66 4.00 ± 0.26 4.60 ± 0.29 b
Ur L MH 19.36 ± 0.36 80.64 ± 0.36 3.60 ± 0.18 3.91 ± 0.17
Vo R UAE 19.19 ± 0.76 80.81 ± 0.76 2.62 ± 0.27 a,c 4.20 ± 0.22
Vo R MH 20.66 ± 0.74 c 79.34 ± 0.74 c 4.42 ± 0.22 b 4.55 ± 0.16 b

Abbreviations: RT, retention time; RI, retention indices; RI_lit, retention indices according to NIST [29]; RI_exp, retention indices based
on experiments. Statistically significant differences (p < 0.05) (a) between the control group (C) and the botanical extracts; (b) between
the formulation (CF) and the botanical extracts; (c) between commercial biostimulant (CB) and the botanical extracts; Hp H, Hypericum
perforatum L. (St. John’s wort, herb); Sg L, Solidago gigantea Ait. (giant goldenrod, leaf); To F, To L, Taraxacum officinale (L.) Weber ex F.H.
Wigg (common dandelion, flower, leaf); Tp F, Trifolium pratense L. (red clover, flower); Ur L, Urtica dioica L. (nettle, leaf); Vo R, Valeriana
officinalis L. (valerian, root).
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3.10. Glucosinolates

The glucosinolates detected on LC-MS are presented in Table 7. It could be seen that
the foliar application with botanical extracts did not have a statistically significant impact
on their content. According to the results obtained from chromatographic analyses, the
highest percentage content of all detected glucosinolates was neoglucobrassicin (~27%)
followed by singrin (~16%), glucobrassicin (~14%), and glucoraphanin (~14%).

3.11. Sugars

The data on the content of sugars in cabbage heads are summarised in Table 6. Con-
ducted tests revealed that the botanical extracts, on average, raised the content of reducing
sugars (RSGs) but had a smaller impact on the content of total sugars (TSGs). The increase
in the amount of RSGs was noticeable, especially after the use of To F MH (49.2% and
39% more than in C and CB, respectively) and Hp H UAE (47.6% and 37.6% more than in
C and CB, respectively) whereas a diminution was seen for Vo R UAE (31.4% and 36.1%
less than in C and CB, respectively), Tp F UAE (10.5% and 16.6% less than in C and CB,
respectively), Ur L MH (5.8% and 12.2% less than in C and CB, respectively), and To F
UAE (2.1% more than in C and 4.9% less than in CB). The content of TSGs was the most
elevated in the groups treated with Hp H UAE (27.7% and 38.8% more than in C and CB,
respectively), To F MH (26.0% and 36.9% more than in C and CB, respectively), and Hp
H MH (12.6% and 22.4% more than in C and CB, respectively) and the least with Tp F
UAE (15.6% and 8.2% less than in C and CB, respectively), Ur L MH (15.4% and 8% less
than in C and CB, respectively,) and To F UAE (13.4% and 5.9% less than in C and CB,
respectively). The application of commercial biostimulants slightly enhanced the content of
RSGs and reduced of TSGs. In general, mechanical homogenisation promoted an increase
in the content of sugars in cabbage heads. Hp H UAE and To F MH could be considered
for further research.
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Table 7. Effect of the foliar application of the botanical extracts on the glucosinolates composition (mg·100 g−1 and/or the amount of a single component calculated as a percentage (%) of
the whole LC-MS chromatogram area) of cabbage head after harvest (n = 3, mean ± SD).

Group Gluconapin Glucoiberin Singrin Glucoraphanin Glucobrassicanapin Gluconasturtin Glucobrassicin Neoglucobrassicin

Retention
time, min 2.63 3.39 4.33 4.66 12.23 13.05 21.32 23.09

Parent ion 372 422 358 436 386 422 447 477
Fragment ion 97 97 75 97 97 97 97 97

Collision
energy, V 26 26 31 25 25 27 26 24

Unit % % % mg·100 g−1 % % % % % mg·100 g−1

C 7.23 ± 0.20 8.05 ± 0.63 16.51 ± 0.38 27.68 ± 0.64 13.75 ± 0.18 6.60 ± 0.22 6.50 ± 0.22 14.01 ± 0.09 27.34 ± 0.25 35.56 ± 0.32
CF 7.47 ± 0.13 8.60 ± 0.26 15.81 ± 0.28 26.50 ± 0.47 13.45 ± 0.12 6.28 ± 0.13 6.46 ± 0.07 14.70 ± 0.29 27.24 ± 0.11 35.42 ± 0.14
CB 7.35 ± 0.24 9.05 ± 0.14 15.79 ± 0.33 26.47 ± 0.55 13.38 ± 0.08 6.47 ± 0.11 6.47 ± 0.20 14.33 ± 0.44 27.17 ± 0.07 35.34 ± 0.09

Hp H UAE 7.35 ± 0.25 8.08 ± 0.75 16.02 ± 0.22 26.86 ± 0.38 13.74 ± 0.15 6.77 ± 0.15 6.47 ± 0.27 14.33 ± 0.27 27.24 ± 0.15 35.42 ± 0.20
Hp H MH 7.40 ± 0.19 8.95 ± 0.09 15.81 ± 0.42 26.50 ± 0.71 13.43 ± 0.10 6.52 ± 0.08 6.37 ± 0.14 14.26 ± 0.55 27.27 ± 0.08 35.46 ± 0.10
Sg L UAE 7.38 ± 0.19 8.18 ± 0.57 16.11 ± 0.22 27.01 ± 0.38 13.62 ± 0.25 6.65 ± 0.17 6.55 ± 0.34 14.13 ± 0.15 27.38 ± 0.26 35.61 ± 0.33
Sg L MH 7.46 ± 0.10 8.57 ± 0.13 15.93 ± 0.25 26.71 ± 0.42 13.56 ± 0.16 6.45 ± 0.07 6.47 ± 0.26 14.35 ± 0.43 27.20 ± 0.15 35.38 ± 0.19
To F UAE 7.38 ± 0.26 8.41 ± 0.36 15.82 ± 0.36 26.52 ± 0.60 13.53 ± 0.16 6.64 ± 0.08 6.60 ± 0.23 14.32 ± 0.38 27.30 ± 0.24 35.51 ± 0.31
To F MH 7.48 ± 0.22 8.93 ± 0.11 15.81 ± 0.40 26.50 ± 0.68 13.43 ± 0.11 6.56 ± 0.08 6.34 ± 0.17 14.17 ± 0.68 27.27 ± 0.09 35.46 ± 0.11
To L UAE 7.36 ± 0.22 8.10 ± 0.66 16.02 ± 0.24 26.86 ± 0.41 13.80 ± 0.13 6.78 ± 0.20 6.62 ± 0.29 14.15 ± 0.08 27.17 ± 0.13 35.34 ± 0.18
To L MH 7.36 ± 0.13 8.80 ± 0.12 15.90 ± 0.29 26.65 ± 0.49 13.43 ± 0.09 6.47 ± 0.08 6.46 ± 0.14 14.37 ± 0.53 27.22 ± 0.07 35.40 ± 0.10
Tp F UAE 7.39 ± 0.17 8.12 ± 0.30 15.76 ± 0.39 26.43 ± 0.66 13.56 ± 0.26 6.66 ± 0.24 6.81 ± 0.26 14.40 ± 0.13 27.30 ± 0.20 35.51 ± 0.27
Tp F MH 7.46 ± 0.19 9.03 ± 0.15 15.79 ± 0.43 26.48 ± 0.73 13.40 ± 0.07 6.54 ± 0.17 6.24 ± 0.15 14.31 ± 0.63 27.23 ± 0.11 35.41 ± 0.14
Ur L UAE 7.36 ± 0.18 8.17 ± 0.42 15.81 ± 0.41 26.51 ± 0.69 13.69 ± 0.19 6.78 ± 0.07 6.40 ± 0.19 14.45 ± 0.42 27.33 ± 0.17 35.54 ± 0.23
Ur L MH 7.39 ± 0.17 8.27 ± 0.39 16.04 ± 0.18 26.89 ± 0.30 13.58 ± 0.22 6.45 ± 0.13 6.68 ± 0.23 14.18 ± 0.14 27.40 ± 0.13 35.63 ± 0.18
Vo R UAE 7.44 ± 0.22 8.14 ± 0.59 16.25 ± 0.21 27.24 ± 0.36 13.69 ± 0.16 6.26 ± 0.14 6.72 ± 0.22 14.07 ± 0.12 27.43 ± 0.35 35.67 ± 0.45
Vo R MH 7.39 ± 0.11 8.63 ± 0.25 15.84 ± 0.29 26.56 ± 0.48 13.39 ± 0.15 6.50 ± 0.06 6.54 ± 0.30 14.34 ± 0.28 27.36 ± 0.17 35.58 ± 0.22

Abbreviations: Hp H, Hypericum perforatum L. (St. John’s wort, herb); Sg L, Solidago gigantea Ait. (giant goldenrod, leaf); To F, To L, Taraxacum officinale (L.) Weber ex F.H. Wigg (common dandelion, flower, leaf); Tp
F, Trifolium pratense L. (red clover, flower); Ur L, Urtica dioica L. (nettle, leaf); Vo R, Valeriana officinalis L. (valerian, root).
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4. Discussion

Our results cast a new light on the possibility of using different raw materials in the
production of potential biostimulants, increasing yield and nutritional composition.

4.1. Total Yield, Fresh and Dry Weight of White Head Cabbage and Outer Leaves

Cabbage is one of the most commonly produced vegetables globally, followed by
carrots, onions, and beetroot [52]. Poland, after Romania (1.1 million tonnes), is the second-
biggest producer of cabbage, accounting for 955 thousand tonnes in 2019 [53]. The outer
leaves, generally are not used in food production and, together with the core of cabbage,
are treated as waste and used as a green fertiliser, animal feed, or dietary fibre powder.
Recently, outer leaves have become more attractive due to the possibility of recovery of
bioactive compounds for the preparation of food additives [54].

In the major cases, there was a negative relationship between the foliar application
of botanical extracts on the total yield, fresh and dry weight of white head cabbage. This
may be associated with the presence of high epicuticular wax on their surface as well as
the weak penetration of this layer by the prepared formulations. On the other hand, the
increases in examined parameters were observed after the second spraying with botanical
extracts. It can be therefore concluded that in the case of plants with a long growing season,
the bio-products should be applied more than three times to achieve higher yields.

The highest yield of cabbage heads was observed in the groups treated with Hp H
UAE while for outer cabbage leaves with Sg L UAE and Hp H UAE. On the other hand,
the highest dry weight of cabbage heads was obtained after application of Hp H UAE and
Vo R UAE. It can be seen from Table 1 that the use of Hp H HAE and Vo R UAE caused the
lowest dry weight content of samples collected after the second spraying and the highest
after the harvest. The opposite trend could be observed in the groups treated with Ur L
UAE and To F MH.

The treatment with Hp H UAE enhanced the antioxidant activity (assessed via ABTS
assay) and vitamin C content in outer leaves and decreased in heads (compared with the
control group), but at the same time, it decreased nitrates content in outer leaves and
increased in heads. The use of Vo R UAE increased the antioxidant activity (assessed via
DPPH and ABTS assays) in outer leaves and decreased in heads, while Ur L MH enhanced
the antioxidant activity (assessed via ABTS assay) in leaves and lowered in heads. The
application of To F MH increased the vitamin C content and antioxidant activity (assessed
via ABTS assay) in leaves and lowered in heads, and decreased the antioxidant activity
(assessed via FRAP assay) and nitrate content in leaves and increased them in heads.

These differences could result from the dose, concentration, and timing of applied
extracts. Further research aimed at optimising the use of these innovative bio-products is
needed to fully assess their effects on crops.

In our previous study, conducted on white head cabbage seedlings under laboratory
conditions, it was shown that the highest yield of shoots was observed in the groups treated
with Ur L UAE and To F UAE, while the highest root yields were seen with Vo R UAE, Sg
L UAE, To F UAE, To L UAE, Hp H UAE, and Ur L UAE. On the other hand, the highest
dry weight of shoots was obtained after application of To F UAE and Ur L UAE, while for
roots it the highest values occurred after the application of Vo R UAE, Sg L UAE, and To L
UAE [29,30]. The field trials on celeriac showed that the highest yield of leaves rosette was
obtained after the application of Hp H MH, while for roots, the highest yield was after the
application of Hp H MH. The highest dry weight of celeriac leaves rosette was noted in the
group treated with Tp F MH and of roots with To F MH, To L MH, Tp F UAE, and Vo R
MH [28].

In general, extracts based on Hypericum perforatum, Solidago gigantea, and Taraxacum
officinale could be recommended as universal bio-products used to increase the total yield,
whilst Valeriana officinalis and Taraxacum officinale to increase dry weight.

Our research confirmed the results of many works that the application of plant-
based bio-products could increase the yield of crops in comparison to untreated control
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groups. For instance, the positive effects of (a) garlic extracts on the growth and weight
of eggplant [55] and snap bean [56]; (b) moringa leaves extracts on cherry tomato [57],
coriander [58], wheat [59], peas [60], and rocket [61]; (c) liquorice roots extract applied to
common beans [62], onions [63], almonds [64], and fennel [65]; (d) red grape skin, blueberry
fruits, and hawthorn leaf extracts on maize [66]; (e) lantana extracts on green gram [67].

Botanical bio-products can enhance plant growth and development by stimulating
multiple physiological processes [68,69]. They constitute a rich source of biologically active
compounds easily assimilable by crops [70,71]. The effects of their usage vary depending on
the dose, concentration, application time and methods as well as crop species, development
stage, and growth conditions [66,70].

4.2. Vitamin C

Vitamin C is a major water-soluble antioxidant essential for almost all living organ-
isms. In humans, it protects the body from scurvy and diminishes the chance for diseases
such as arteriosclerosis, cardiovascular diseases, and certain types of cancer. It is neces-
sary to maintain good skin, gums and blood vessels, to form collagen, repair scar tissue,
inhibit nitrosamine formation, absorb inorganic iron, reduce plasma cholesterol levels,
and enhances the immune system [72–74]. Humans, along with other higher primates,
guinea pigs, bats, several species of birds, insects, fish, and invertebrates, are incapable
of synthesizing vitamin C [74–76]. The best source of vitamin C are plants that provide
greater bioavailability of this vitamin than synthetic vitamin C (present in drugs or supple-
ments) due to the content of various micronutrients and phytochemicals that can affect its
assimilability [76]. For this reason, it is essential to obtain plants with enhanced vitamin
C content. According to the US Department of Agriculture Agricultural Research Service
(USDA), cabbage contains 36.6 mg·100 g−1 of vitamin C. As reported by the Food and Nu-
trition Board, the Recommended Dietary Allowance (RDA) for vitamin C is 75 mg·day−1

for women and 90 mg·day−1 for men [77,78]. In turn, in plants, vitamin C also plays a
crucial role in, among other things, signal transduction and synthesis of the plant hormone
ethylene; it controls the cell growth, elongation, division and programmed cell death and
proper process of photosynthesis [75,76]. It can also enhance the resilience of crops to
diverse stresses and extend postharvest shelf life [76].

The content of vitamin C was the most elevated in cabbage heads in the groups treated
with To L UAE. It was observed that the amount of vitamin C was higher after the second
spraying and lower after the harvest in comparison to the control group sprayed with
water. This may be related to the nitrate content, which was lower in the outer leaves
and higher in cabbage heads [79]. A similar trend could be observed in the case of the
antioxidant activity measured using an ABTS assay.

The content of vitamin C in celeriac leaves rosette was the most elevated in groups
treated with Hp H MH, while in roots, vitamin C was most elevated with Ur L UAE [28].

It could be seen that, depending on the vegetable species, obtained botanical extracts
exerted diverse effects, and more research is required to select the best raw materials for
the extraction to produce biostimulant of plant growth.

Other authors stated that the application of moringa extracts could enhance the
ascorbic acid content in plum trees [80] and rocket [61], while the use of apple seeds, colza
seeds, and rice husk extracts could increase this compound in kiwifruit [81].

The assumed mechanisms responsible for the increase in ascorbic acid content could
be due to (1) the regulation of essential enzymes associated with the antioxidant home-
ostasis in cells and (2) the involvement in increased assimilation of macronutrients and
micronutrients, which could redound to the synthesis of amino acids, tyrosine, and pheny-
lalanine [82].

4.3. Total Phenolic Compounds

The human dietary intake of polyphenols at the level of 1 g per day was estimated and
recommended by Kühnau in 1976, but despite the plethora of published works on their
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content in plants and intake evaluations [83], it remains hard to assess the proper reference
intake [84]. The main source of polyphenols in the human diet is plant-based food such as
vegetables, fruits, berries, cocoa, tea, coffee, and wine [83–88].

They constitute the biggest group of phytochemicals, and over 8000 phenolic com-
pounds occur in the plant kingdom [8]. This group of compounds includes over 500 various
molecules and, depending on the chemical structure, can be divided into four main classes:
flavonoids, phenolic acids, stilbenes, and lignans [8,74,83,86,87,89]. Polyphenols exhibit
numerous positive impacts on human health, especially antioxidant, anti-inflammatory,
anticarcinogenic, antimicrobial, antiviral, antiallergic, antiproliferative, hepatoprotective,
pro-apoptotic activity, and hormonal regulation capacity and have beneficial effects in type
II diabetes, and cardiovascular and neurodegenerative diseases [1,13,74,84,86,87,90,91].
The absorption, bioavailability, and beneficial effects depend on the chemical structure of
polyphenols [87,88]. The coloured phenolic compounds, such as anthocyanins, betalains,
carotenoids, leucoanthocyanidin, and lycopenes, are strong antioxidants and may exhibit
pharmacological properties [13,90]. Cabbage is considered a good source of phenolic
compounds, such as flavonoids (mostly flavonols) and hydroxycinnamic acids [90].

It was shown that the total phenolic compounds content was stimulated to the greatest
extent in cabbage heads with Vo R UAE and Sg L UAE.

The TPC content in cabbage seedlings shoots was the highest in groups treated with
Ur L UAE [29,30], while in celeriac leaves rosettes, the highest TPC content was seen with
Tp F MH, and in celeriac roots, the highest TPC content was seen with Hp H UAE [28].
As in the case of vitamin C, further studies should be considered to select appropriate
raw materials.

The literature shows that the application of garlic-based extracts can increase the
content of phenolics in faba beans [92]. The use of moringa-based extracts can also enhance
the content of total phenolic content in coriander [58], anthocyanins in plum trees [80], and
phenols in rocket [61]. The extracts based on red grape skin, blueberry fruits, and hawthorn
leaves can increase the amount of phenolic acids in maize [66]. Mugwort extracts induced
changes in the concentration of polyphenols in potatoes [93]. Borage leaves and flowers
bio-products enhanced the total flavonoids and phenols content in lettuce [94]. French oak
chips could increase the content of polyphenols in grapevines [95].

The effects of usage of biostimulants can be attributed to the induction of the activity
of phenylalanine ammonia-lyase enzyme, which is an essential regulator in the phenols
synthesis pathway [27]. Natural extracts can enhance the anthocyanin and phenolic content
in crops as a result of the modulation of genes involved in the anthocyanin and flavonoid
biosynthesis pathway [96]. The higher phenolic concentration and antioxidant capacity can
be attributed as well to the presence of thiamine which evokes diverse genes that belong
to the phenylpropanoid pathway with a resultant greater enhancement of secondary
metabolites and antioxidant capacity [97]. The lower phenolic content may be associated
with high nitrogen fertilisation [98].

4.4. The Antioxidant Activity (DPPH, ABTS, and FRAP)

Antioxidants are responsible for the delay of the oxidation of other molecules by
inhibiting the initiation or propagation of oxidizing chain reactions by free radicals. They
are also able to diminish the oxidative damage to the human body and thus reduce
the risk of the development of various chronic diseases. It is reported that vegetables
(e.g., beets, broccoli, cabbage, carrots, and kale) have high antioxidant activities, which
may be attributed to the presence of nutrient antioxidants. The antioxidant activity of
vegetable extracts is influenced by many factors, for example, the type and polarity of
solvents, the isolation procedures, purity of active compounds, the assay techniques and
type of substrate [99].

The increment in antioxidant activity measured using a DPPH assay in cabbage heads
was noted in groups treated with Vo R MH, Sg L UAE, and Hp H UAE. Whilst using an
ABTS assay, the highest antioxidant activity was obtained in cabbage heads in groups
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treated with Hp H MH. While using FRAP test, the highest activity was observed for
cabbage heads in groups treated with Tp F UAE and Vo R MH.

The antioxidant activity in cabbage seedlings shoots measured using a DPPH assay
was the highest in groups treated with Ur L UAE; using an ABTS assay after the application
of To F UAE and Ur L UAE; while antioxidant activity was the highest using a FRAP assay
after spraying with Ur L UAE [29,30]. In tests conducted on celeriac, the activity was the
largest in leaves rosette after the use of Sg L MH (DPPH assay), Tp F UAE (ABTS assay),
and Sg L MH (FRAP test). In the case of roots, the highest growth was noted in groups
treated with Tp F UAE (DPPH test), To L UAE (ABTS test), and To F MH (FRAP test) [28].

The results demonstrated that Urtica dioica, Taraxacum officinale, and Trifolium pratense
were the most commonly appearing raw materials responsible for the higher antioxidant
activity of examined model plants.

Researchers stated that the application of moringa leaves extract can increase the
radical scavenging activity in coriander [58], the antioxidant activity of plum trees [80],
and the activity of antioxidants in quinoa [100]. The bio-products of alfalfa decreased the
activity of antioxidant enzymes in maize [101].

Elevated antioxidant activities are essential for extending the shelf life and enhancing
the nutritional quality of fresh food [97]. Phenolic compounds (e.g., carotenoids, antho-
cyanins, and flavonoids) have important health-related features and exhibit anticancer
and antioxidant activities [102,103]. The increase in the antioxidant activity measured
using a FRAP assay can be assigned to the activation of crucial enzymes connected with
the homeostasis of cellular antioxidants and the improved absorption of the elements
participating in the synthesis of amino acids [104].

4.5. Nitrates

The higher absorption of nitrates could be affected by a better-developed root sys-
tem [70]. The nitrate content is one of the main factors of the quality of vegetables [105],
and it can differ depending on the plant biological properties, the intensity of light, soil
type, source of nitrogen temperature, humidity, population density, plant maturity, har-
vesting time, and storage time [106]. The main sources of nitrates in the human diet are
raw vegetables (80%), with a smaller contribution from water (15%), animal products, and
grains (5%). The impact of nitrate on human health is associated with their intake [106,107].
The reference daily intake set by the European Union is 3.7 mg·kg−1 of body weight per
day, while the fatal adult dose is considered higher than 7–35 g [108]. Nitrates are relatively
non–toxic; however, as a result of the activity of anaerobic bacteria in the oral cavity and
gastrointestinal tract, 5%–20% of the ingested nitrate is transformed to toxic nitrite [105,106],
which may lead to methemoglobinemia and carcinogenic nitrosamines [105]. The ben-
eficial effect on the organism is associated with the conversion to NO, which improves
cardiovascular health and supports gastrointestinal and immune functions [106].

The highest nitrate content in cabbage heads was noticed in groups treated with Tp F
MH, To F UAE, Sg L MH, To L MH, and To L UAE.

The botanical extracts application could result in the reduction in nitrate content in
outer leaves due to the possible presence of specific bioactive compounds (e.g., amino
acids and phytohormones). Bio-products could affect the activation of certain physiological
processes in plants, as a result of which, in the initial stage of development, plants did not
take up so many nutrients as those from the control group. A similar observation could
be made in groups treated with a commercial biostimulant. The higher accumulation of
nitrates in biostimulant-treated cabbage heads could be due to a more developed root
system (biomass and root branching), which may have increased nitrate uptake and
translocation. The use of botanical extracts could be a promising strategy that would benefit
the environment by limiting the use of nitrogen fertilisers and livestock manure which is of
particular importance in Poland due to the implementation of the Nitrates Directive.

With reference to literature data, in the case of celeriac, the biggest amount of examined
parameter was observed after application of To L MH (for leaves rosette), and Tp F UAE
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and Ur L UAE (for roots) [28]. A comparison with data presented in this study revealed
that Trifolium pratense and Taraxacum officinale affected the increase in nitrate content in
model plants. In the case of other botanical extracts, borage extracts had no significant
impact on the nitrate levels in lettuce [94].

The higher content of nitrates can be related to the decreased content of vitamin C in
the samples [79,109]. A similar trend was observed in the case of the antioxidant activity
measured via ABTS assay.

4.6. Macroelements, Microelements and, Toxic Elements

Vegetables are good sources of minerals which are crucial components for the proper
metabolic activities of human body tissues, bones, teeth, blood, muscles, hair, and nerve
cells. They are also required for the correct assimilation of vitamins [74,110]. Macroele-
ments, required in larger amounts, especially vital for the body, are calcium, magnesium,
potassium, sodium, iron, phosphorus, and chloride. Microelements needed in smaller
quantities (less than 0.01% of the bodyweight), such as chromium, cobalt, copper, man-
ganese, and zinc, are present in the environment at very low levels. The high amount of
these metals might be toxic to the human body [74,111].

The application of botanical extracts resulted in the greatest content of macroelements
in cabbage heads in the groups treated with To L MH and Sg L MH. In the case of microele-
ments, the highest enrichment was noted in cabbage heads in groups treated with Sg L
UAE and To L MH.

As compared with the literature data, the use of the following bio-products resulted
in the greatest stimulation response in celeriac leaves rosette in the case of macroelements
in the groups treated with Vo R UAE, Vo R MH, and Ur L MH; while in roots, the greatest
response was seen with the application of Hp H MH, Tp F MH, Sg L UAE, and Ur L UAE.
In the case of microelements, the highest elemental enrichment was noted in celeriac leaves
rosette in the groups treated with Vo R UAE and Vo R MH; while the greatest enrichment
in roots was with the application of To L UAE [28].

The results confirm that Valeriana officinalis, Urtica dioica, Solidago gigantea, and Tarax-
acum officinale could be a good choice for macroelement content enhancement, while
Valeriana officinalis, Solidago gigantea, and Taraxacum officinale could be a good choice for
microelement enhancement. In the available literature, it was found that the extracts based
on moringa can increase the content of N, P, K, Ca, Mg, and Fe in rocket [61]. The increase
in N, Mn, Fe, and Zn was also observed after the application of liquorice root extract in the
cultivation of almonds [64]. The maize grains-based extracts can elevate the uptake of N, P,
K, and Mg in sunflower seeds [112].

Biostimulants can improve the nutritional value of crops by affecting the availability
of soil nutrients, soil properties (e.g., soil structure), plant nutrients uptake, their assimi-
lation and translocation, as well as plant’s physiology (root morphology, root activity of
H+ATPase, and root colonisation by arbuscular mycorrhizal fungi) [113–116].

4.7. Volatile Compounds

Essential oils are powerful compounds from natural sources, ordinarily plants, which
are valued for their healing properties and prevention and treatment of cancer and car-
diovascular diseases as well as antioxidant, antidiabetic, antiviral and antibacterial ac-
tivities [117–120]. Moreover, essential oils and volatiles are natural, biodegradable, and
display low toxicity to mammals [117]. It is estimated that over 3000 oils exhibit indus-
trial significance [120] and are widely used as perfumes, flavours for food and beverages,
pharmaceuticals, and cosmetics [117,118]. Ethereal oils are odorous and volatile chemical
compounds present in 10% of plants in very low quantities (usually below 1%) are accu-
mulated in special brittle secretory structures (e.g., glands, secretory hairs and cavities,
secretory ducts, and resin ducts) [118]. Essential oils can be extracted from various plant
parts (e.g., leaves, peels, barks, flowers, buds, and seeds) [119]. These oils play a crucial
role in attracting opponents of herbivores to ensure the prevention of pathogens, attracting
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pollinators and disseminators to ease plant reproduction, plant-to-plant signalling, plant
thermotolerance, etc. [120,121]. Simultaneously, they are not accumulating in the envi-
ronment and possess a vast array of activities that reduce the risk of developing resistant
pathogenic strains [117]. Volatile compounds (mainly mono-, sesqui-, and di-terpenes)
constitute one of the most worthwhile plant compounds along with alkaloids and phenolic
substances [117,122]. Factors like type and amount of constituents, abiotic factors, min-
eral nutrients, drought, light intensity, temperature, ozone, humidity, CO2 and density of
planting affect the emission, odour, and flavour of oils [117,119–121].

The composition of volatile compounds was also altered after the use of the tested
bio-products, for instance, in cabbage head groups treated with Sg L UAE, To L UAE, To F
UAE, Vo R MH, Tp F UAE, and Hp H MH.

The application of botanical extracts modified the content of the volatile compounds
(VCs) of celeriac leaves rosette as well (e.g., Sg L MH and Ur L UAE) [28]. It could be
seen that botanical extracts differentially influenced the composition of individual plants.
Bio-products that could be recommended for further investigation could be based on
Solidago gigantea and Taraxacum officinale biomass. Extracts based on liquorice root were
shown to improve the composition of essential oils in fennel [65], and the moringa extracts
could increase the volatile oil yields of coriander [58].

4.8. Fatty Acids

In the majority of plants, the predominant unsaturated fatty acids (UFAs) are 18-carbon
(C18) acids (oleate, linoleate, and α-linolenate [123,124]). These acids are components of
membranes, modulators in glycerolipids and carbon and energy reserve in triacylglycerols,
act as inherent antioxidants, precursors of diverse bioactive compounds and stocks of
extracellular barrier constituents, and play a significant role in plant defence, biotic and
abiotic stresses [124]. Furthermore, they show a variety of biological activities and physi-
ological functions in the human body [124,125]. For instance, linoleate and α-linolenate
acids are crucial because humans are unable to biosynthesise them. Additionally, their
great potential for application in many branches of industry (e.g., in the production of
biofuels, cosmetics, detergents, and pharmaceuticals) emphasises the importance of ma-
nipulating FA composition in crops [124]. On the other hand, polyunsaturated fatty acids
(PUFAs) (omega-3 and omega-6 fatty acids) play a key role as healthy dietary bioactive
compounds. A balanced consumption of PUFA may affect different aspects of immunity
and metabolism [10].

The modification of fatty acids composition was observed in cabbage heads in groups
treated with Sg L UAE, To F MH, To L MH, and Vo R UAE. In the case of celeriac roots, the
use of extracts such as Hp H MH, Tp F MH, and To F UAE exerted the highest impact on
the fatty acids composition [28]. Based on the obtained results, it was difficult to choose
universal raw materials that would positively affect all desired parameters, and additional
research is recommended. In the literature, it was noted that the maize grains bio-products
increased sunflower seeds oil content (oleic and linoleic fatty acids) and decreased other
saturated, mono-unsaturated, and polyunsaturated fatty acids [112].

4.9. Sterols

Phytosterols are similar in structure and function to cholesterol. These compounds
are involved in the formation of cell membranes and are present in lower amounts in
vegetables, fruits, cereals, nuts, etc. Generally, they occur in fat-rich or fat-soluble fractions
of plant parts [8]. Among the dietary phytosterols, the most abundant are sitosterol (50%)
and campesterol (33%). They exert numerous beneficial effects on disease prevention,
e.g., certain types of cancer such as colon, breast, and prostate cancers. Sterols are also able
to lower cholesterol levels [8,126].

The foliar spray with extracts changed the sterols composition of cabbage heads,
which was most noticeable after the application of Valeriana officinalis.
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4.10. Glucosinolates

Cruciferous vegetables contain more than 100 sulfur-containing glycosides, called
jointly glucosinolates, which consist of a large group of secondary metabolites. The hydrol-
ysis of glucosinolates by endogenous myrosinase can yield a variety of active products,
such as epithionitriles, epithioalkanes, isothiocyanates, nitriles, oxazolidine-2-thiones, and
thiocyanates [1,90,127–131]. The reaction depends on many factors, like the availability
of ferrous ions, substrate, pH conditions, and the level and activity of specific protein
factors [128]. The main groups of autolytic breakdown products are isothiocyanates and
indoles, which have anti-carcinogenic activities [128,132,133]. Glucosinolates, due to their
potent odour and taste, are involved in herbivores, and microbial defence systems whilst
their breakdown products exert allelopathic, bactericidal, fungicidal, and nematocidal ac-
tivities [127,133,134]. Early-stage research was mostly concerned with the negative impact
on the human body (embryonic death, slowing of growth, inhibition of thyroid activity, low
foetal weight, and damage to the thyroid, liver, kidneys, and pancreas), but further studies
stated that lower intake might exhibit important health-promoting effects like anticancer
(colon, oesophagus, lung, breast, and uterine) and antioxidant as well as a beneficial impact
on gut microflora [52,127,129,130,134]. The total glucosinolates content in a white head
cabbage amounts to 1.05–70.56 µmol·g-1 of dry weight [90].

Our finding proved that the application of botanical extracts did not stimulate the
composition of glucosinolates.

4.11. Sugars

Cabbage can be consumed in several forms (fresh, fermented, baked, etc.), whilst
sauerkraut is especially highly valued in Poland, Germany, and Eastern Europe. According
to the statistics, the average Pole consumes 11 kg of raw cabbage and 6 kg of sauerkraut per
year [52]. Fermentation is one of the techniques to preserve food and retain the nutritional
quality of vegetables during the offseason [135]. The sauerkraut fermentation process is
influenced by cabbage surface microflora and its sugar content [136]. Generally, cabbage
contains 4–5% sugar (2.5% glucose and 2% fructose) which during fermentation diffuses in
brine and its concentration rises [135].

Our results suggest that Taraxacum officinale (flowers) and Hypericum perforatum could
be used for increasing the sugar content.

Similar results were also found for other plant-based extracts; for example, the moringa
extracts could increase the cherry tomato fruit concentration of soluble sugars [57], total
sugars in coriander [58] and rocket [61]. The red grape skin, blueberry fruits, and hawthorn
leaf extracts could increase the sugars content in maize [66], while maize grains extracts
could improve the total soluble sugars in sunflower seeds [112]. Borage extracts showed a
lack of significant impact on the level of sugars [94].

4.12. The Explanation of the Differential Impact of the Botanical Extracts

Biostimulants contain a vast array of bioactive compounds (hormones, peptides, phe-
nolic compounds, saccharides etc.) affecting the diverse physiological processes responsible
for the stimulation of plant growth, the increment of nutrient use efficiency, resistance to
abiotic stress and to biotic stresses, and the reduction in the use of chemical fertilisers. The
application of these types of products does not cause an unfavourable impact on crop yield
or quality [24,137,138]. In general, the hypothesised mechanisms of their action could be
related to the modulation of gene expression, stimulation of amino acid biosynthesis, as
well as enhancing antioxidant, osmolyte, protein, or pigment content [137]. To identify
their mode of action, data concerning the detailed morphological, physiological, biochemi-
cal, and molecular analyses are required. However, it might be challenging because they
are derived mainly from complex sources containing multiple bioactive compounds that,
together, may contribute to specific effects in plants [139]. The difference between the bios-
timulants effects can be attributable to many factors, e.g., extracts per se, plant genotype,
weather conditions, cultivation methods, harvesting time, maturity etc. [138]. Despite the
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recent advancements in deciphering their physiological and biochemical mechanisms, addi-
tional studies are still necessary to understand, for instance, which molecular mechanisms
underlie the observed biostimulatory action, or what is the optimal method, dose, and time
of their application for enhancing plant growth, development and resilience to stresses.
Taking into account that there seem to be more questions than answers, the findings at-
tempting to unravel the complex mechanisms should combine the interaction between
the scientific community and the private industry. This will allow the development of
second-generation specific plant biostimulants [140].

The application of plant biostimulants appears to be the best method to meet the
urgent need in organic agricultural methods based on bioactive, eco-friendly, and safe
substances [24]. Therefore, research on new potential biostimulants should last several
years to be able to select the most promising raw materials for their production. Nonethe-
less, we believe that the examination of the potential of higher plants for the production
of innovative biostimulants is fully justified. Our study has shed light on the production
and application of innovative plant extracts that could increase quality attributes of crops
and, as a consequence, provide higher incomes for producers and safe and nourishing food
for consumers.

5. Conclusions

Plant biostimulants could make a significant contribution to ecologically and econom-
ically sustainable crop production systems as a novel and potential category of agricultural
inputs. This approach can complement the range of products available on the market,
mainly synthetic fertilisers, and fortify crops with essential nutrients and bioactive com-
pounds, which may be beneficial in health-related problems. Thus, there is a great potential
for the use of higher plants, commonly occurring in nature, for the development of poten-
tial biostimulants. In addition, the improvement in extraction techniques will be crucial
towards a sustainable method for their production.

Extensive research that has been carried out shows that higher plants are a good source
of bioactive compounds and can be used in the production of potential biostimulants.
Obtained formulations exhibited a significant impact on the growth and physiological
parameters of white head cabbage. Generally, the foliar application of botanical extracts did
not have a statistically significant effect on the yield of heads (excluding St. John’s wort) or
their dry weight (excluding St. John’s wort and valerian) but did on the yield of outer leaves
(e.g., giant goldenrod and St. John’s wort) and their dry weight (e.g., flowers of common
dandelion and nettle). An increase was observed in the content of photosynthetic pigments
(e.g., leaves and flowers of common dandelion, St. John’s wort, and giant goldenrod). The
content of vitamin C was enhanced in samples after a second spraying (e.g., red clover,
giant goldenrod, and the flowers of common dandelion) but diminished in heads after a
third spraying (excluding leaves of common dandelion). In the majority of cases, the tested
extracts did not enhance the amount of total phenolic compounds (excluding valerian
and giant goldenrod). The antioxidant activity measured was using DPPH, ABTS, and
FRAP assays demonstrated that bio-products had a differential impact on plants. The
tested botanical extracts tend to diminish the content of nitrates in samples after the second
spraying (e.g., giant goldenrod, common dandelion, and valerian) but increased in cabbage
heads (e.g., red clover, flowers, and the leaves of common dandelion and giant goldenrod).
The enrichment with macroelements and microelements in heads was observed. The
foliar application of the extracts exerted a varied impact on the composition of volatile
compounds, fatty acids, and sterols. Bio-products raised the content of reducing sugars
(e.g., flowers of common dandelion and St. John’s wort) but had a smaller impact on the
content of total sugars (e.g., St. John’s wort and flowers of common dandelion).

On the basis of the promising findings presented in this paper, work on their impact
on different plants and under different environmental conditions are recommended.
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Supplementary Materials: The following are available online, Figure S1. The weather conditions
during the field experiments. Table S1. Effect of the foliar application of the botanical extracts on the
L, a, b values of white head cabbage leaves collected seven days after the second foliar application
(n = 16, mean ± SD). Figure S2. Effect of the foliar application of the botanical extracts on the SPAD
values of white head cabbage leaves collected seven days after the second foliar application (n = 16).
Figure S3a. Effect of the foliar application of the botanical extracts on the total phenolic compounds
of outer leaves after the second spraying (n = 4). Figure S3b. Effect of the foliar application of
the botanical extracts on the total phenolic compounds of white head cabbage (n = 4). Table S2a.
Effect of the foliar application of the botanical extracts on the macroelements content of white head
cabbage (n = 3, mean ± SD). Table S2b. Effect of the foliar application of the botanical extracts on the
microelements and toxic elements content of white head cabbage (n = 3, mean ± SD). Table S3. Effect
of the foliar application of the botanical extracts on the volatile compounds profile (the amount of a
single component calculated as a percentage (%) of the whole GC-MS chromatogram area) of white
head cabbage (n = 3, mean ± SD). Table S4. Effect of the foliar application of the botanical extracts
on the fatty acids composition (the amount of a single component calculated as a percentage (%) of
the whole GC-MS chromatogram area) of white head cabbage (n = 3, mean ± SD). Table S5. Effect
of the foliar application of the botanical extracts on the sterols composition (the amount of a single
component calculated as a percentage (%) of the whole GC-MS chromatogram area) of radish roots
(n = 3, mean ± SD).
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Witaminy C); Polish Committee for Standardisation: Warszawa, Poland, 1990.
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