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Abstract: In the context of agricultural soil degradation caused by the extensive use of chemical
amendments, ecological alternatives with minimal detrimental impact on ecosystems are gaining
popularity. Recent advancements in processing technologies have improved the quality and extraction
efficiency of bioactive compounds, particularly when multiple conventional or innovative techniques
are being used to potentially overcome the most common limitations. This paper proposes the
development and testing of a hybrid technology design that employs two extraction techniques,
namely ultrasound and high pressure, that can be used either separately or in tandem. An initial
assessment of the prototype potential for isolating the desired compounds was made, by testing
three various working regimens for the processing of a mixture of onion, pea, and soybean. By
incorporating the bioactive compounds produced during the experimental phase in the seedling
transplantation holes, we were able to test the potential of stimulating the development rate of
vegetables and reducing the attack of pests. The extracts obtained using the hybrid technology
showed positive results when used to reduce pest attacks (decreasing average attack frequency by
7%), however had negative effects when used to promote biostimulation, when acted as an inhibitor.
The hybrid extraction approach improved the mass transfer into solvent by 14% when compared to
high-pressure processing and by 7% when compared to sonication.

Keywords: organic and sustainable agriculture; hybrid extraction; plant stimulation; pests attack

1. Introduction

Many communities around the world relied on nature to heal their crops; however,
due to the development of complex and highly reliable synthetic chemicals, natural prod-
ucts have lost ground [1]. The widespread use of high-remanence chemical compounds
in agriculture has lately become controversial, due to their potential toxicity and environ-
mental pollution. Bioactive substances are potential substitutes for synthetic pesticides
because they are easily accessible, quickly biodegradable, present a broad activity, and are
not harmful to people or nontargeted species [2].

These ecological compounds typically refer to various secondary metabolites obtained
from plants, fungi, microbes, and animals. A variety of new uses have been made possi-
ble by the recent research of bioactive products and technologies, and the new formulas
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have additionally decreased manufacturing time and expenses. Ecofriendly novel extrac-
tion fluxes, based on unconventional methods of isolating bioactive compounds assisted
by microwaves, pulsed electric fields, enzymes, ultrasound, or pressure, are replacing
conventional extraction methods [3].

Recent developments in chemical characterization and the identification of symbiotic
relationships at the microbiological level have supported the new approaches oriented to-
wards organic agriculture [4]. Emerging technologies are expected to increase the economic
feasibility of extractions, particularly from organic wastes, promoting a sustainable circular
economy [5,6]. The emerging extraction techniques aim to meet the green process concept
requirements [7], which include avoiding or minimizing the use of hazardous organic
solvents, lowering extraction temperatures and energy use, increasing mass transfer and
extraction yields, and maintaining the phytocomplex integrity, particularly when there are
thermosensitive components.

The use of hybrid extraction is relatively new, but it has shown great potential to
improve the selective separation of valuable compounds with applications in a variety of
industries. A variety of bioactive compounds have been successfully extracted, including
caffeine [8], capsaicinoids [9,10], apigenin [11], phenolics [12,13], and piceatannol [14]. The
main classes of substances that prove bioactive effects are considered by many authors [15]
to be polyphenols, terpenoids, polysaccharides, capsaicinoids, triterpenes and phytos-
terols, carotenoids and tocopherols, alkaloids, saponins, and glucosinolates. The extraction
method may vary significantly even for the same technology used, because bioactive com-
pounds can be produced from a variety of primary sources, such as agro-industrial residues,
fungi, animals, and bacteria [16-19].

When developing or optimizing various extraction strategies, the elements usually
considered are the source matrix, the relative solubility, the structure, and the chemical
properties of the bioactive compound and the solvents used. In addition, a series of
process parameters, such as temperature, pressure, pH, extraction period, and extraction
selectivity, are also considered [20]. Conventional extraction techniques such as maceration
and decoction present some important disadvantages, such as lengthy extraction periods,
the need for large amounts of solvent, and lower efficiencies. When the primary solvent
being used needs to have a high level of purity or is harmful during processing, difficulties
become even more significant [21,22].

The most researched unconventional extraction technologies identified in the liter-
ature include ultrasound-assisted extraction (UAE), pressurized liquid extraction (PLE),
supercritical fluid extraction (SCFE), microwave-assisted extraction (MAE), and pulsed-
electric-field-assisted extraction (PEFAE) [23-25].

Ultrasound-assisted extraction (UAE) is one of the most effective nonthermal extrac-
tion techniques in terms of bioactive compounds’ separation potential [6]. The ultrasonic
waves are used to create cavitation, collisions, macroturbulence, and disturbance of the
solid particulates, the pressure exceeding the attractive force joining the molecules together.
This produces pores, which speed up mass transfer and allow the solvent to enter the
material more easily [26]. It is widely acknowledged that using ultrasound in extraction
methods improves extraction output and/or minimizes solvent usage. Furthermore, it was
demonstrated that the composition of the collected bioactive compounds is unaffected by
the use of ultrasound [27]. The separation of polyphenols, carotenoids, fragrances, and
carbohydrates from plant matrices is effectively accomplished using ultrasound technology.
Depending on the extraction requirements, the process can be configured differently and
used with a wide range of solvents, including water, ethanol, methanol, or acetone. This
method’s potential to be applied at lower temperatures while still maintaining the stability
of thermosensitive compounds is one of its primary benefits [28]. For optimal extraction, it
is necessary to precisely regulate the functioning factors, such as frequency, power, pulse
duration, temperature, time, solvent type, and liquid—solid ratio. Researchers have exam-
ined both the individual and combined impacts of these factors when attempting to extract
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bioactive substances from fruits and vegetables, in order to maximize the production of
one or more substances of interest [29].

The pressurized liquid extraction (PLE) method makes use of the mass transfer proper-
ties at increased pressures and temperatures, after immersion in a solvent. The temperature
may play a significant role in the process, modifying the chemical characteristics of the
solvent and improving extraction selectivity [30]. The desired component consequently
desorbs from the sample and incorporates into the extraction solution. The setup for PLE
could be static and dynamic or a combination of the two. Using the dynamic system, the
fluid is constantly circulated in aliquots at a flow rate of 0.5 to 2.5 mL/min, while using the
static method the solution is collected every 5 to 10 min [31].

The process of creating novel extraction methods takes into account a number of
factors, including the choice of solvent, the impact of temperature and pH, specificity,
the molecular structure of the product to be extracted, and process viability. By using
optimization techniques specific to the procedure, one can reach at an appropriate set of
parameters [32,33].

Further research into efficient and sustainable ways to filter, extract, characterize,
process, and market high-quality bioactive substances is required in consideration of
this increase in demand [34-36]. According to some studies, traditional chromatographic
assessments do not accurately depict the efficacy of ecological crop management techniques
due to the complex chemical and biological compounds in the soil and the synergies that
are created between them [37-40].

The transition from laboratory to industrial-scale extract production, using a hybrid
high-pressure and ultrasound system remains a difficult task. The goal of creating low-cost
and high-concentrated extracts might present several technological challenges. Large-
scale ultrasound-associated extraction is difficult to obtain, as a result of the demand for
high ultrasound power and longer ultrasound irradiation periods. Since there are gauge
restrictions on the ultrasound generator, applying the required power may be difficult
or unaffordable. Among the potential ways to reduce expenses may be introducing new
reactor designs, application of pulses, new types of extraction materials, or simultaneous
operation of smaller reactors [7]. Given that the coupling of high-pressure systems with
low-frequency ultrasound on the laboratory scale has significantly increased the extraction
yield of the target compounds, the technique has a bright future for higher aggregated
value items, such as pure chemicals or expensive raw materials.

The objective of the study is to develop an extractive technology that uses high-
pressure processing and sonication and has a high degree of operational customization.
Several field tests were conducted in order to determine whether the bioactive substances
extracted using the equipment from various plant materials may serve as a biostimula-
tor, repellent, or insecticide for vegetable crops. The research initial phase, which was
documented in the current paper, involved processing three functional vegetables, onion,
pea, and soybean, which are conventionally known to have the desired qualities. The
biostimulation and antipest qualities of the produced compounds were assessed through
field testing.

2. Materials and Methods
2.1. Research Approach and Expected Output

In order to produce efficient ecological and economic bioactive compounds, advanced
treatment technologies have to be identified and tested in real conditions for an adequate
configuration of the process parameters. The obtained compounds and their effect have
to be tested and validated for various vegetable crops, in order to identify which recipe
is the best for each species, for different development conditions. The key phases of the
strategy development for producing ecological bioactive compounds that will help replace
synthetic chemicals with harmful environmental effects are presented in Figure 1.
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Figure 1. Phases in technology development for producing bioactive compounds applied to sustain-
able agriculture.

The obtained extracts were used for a series of experiments in the laboratory and in
the field to evaluate the effect produced for three types of vegetables, namely cucumber
(Ekol F1), bell pepper (Regal), and tomato (Florina 44). The seedling transplantation holes
were treated with the bioproducts produced through the three extraction methods, and the
results were evaluated comparatively according to several indicators, such as the number
of leaves, the frequency of the attack, and the chlorophyll content index. According to
specific research, plants such as onion (Allium cepa L.) contribute to the composition of the
extract with antimicrobial and antioxidant activity [41,42], while peas (Pisum sativum L.)
contribute to insecticidal [43] and antimicrobial action [44], and soy (Glycine max L.) as a
product stabilizer and as a source of neurotoxins for insects [45].

2.2. Description of the New Pilot Equipment Designed for the Extraction of Bioactive Elements
from Plants, Using Percolation and Sonication

The proposed bioactive extraction system has a new design that integrates two simul-
taneous processing operations: percolation and extraction in the ultrasound field. The
operational parameters of the process are controlled using the programmable logic con-
troller (PLC) as well as the ultrasound generator interface, allowing the extraction process
to be managed sequentially or autonomously according to the specific needs. The perco-
lation process involves creating a hydrostatic pressure in the extraction vessel, by means
of a hydro-pneumatic cylinder, that receives compressed air from a 2.2 kW compressor.
The ultrasonic extraction process involves the generation of an ultrasonic field with an
amplitude of up to 200 um, using a specialized equipment.

The functional diagram defining the operating principle designed to extract a wide
range of concentrated bioactive compounds is presented in Figure 2.

As described in Figure 2, the operation of a concentrated bioactive extractor from
vegetables and aromatic plants using ultrasounds and percolation (sequential or simul-
taneous extraction processes) is composed of a vessel for solvent storage (1), two pumps
(2) and (4), an extraction vessel (3), ultrasonic generator (5) that produces a high and low
amplitude sonic field, the solenoid valves 8, 9, 13, and 14 that actuate the hydro-pneumatic
cylinder (10), the compressed air group (12), the pneumatic distributor (11) equipped with
a pressure regulator, a pressure sensor (6), and the temperature sensor (7). The sensors are
used to monitor the extraction process, while the input and operating data are displayed
on a touchscreen interface.

The experimental model was designed in 3D using SOLIDWORKS software (3 D CAD
2016) and was constructed and tested within INMA Bucharest Institute.
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Figure 2. Functional schematic of a technology designed to produce bioactive compounds for
agricultural use: (1) vessel for solvent storage, (2) firs pump, (3) extraction vessel, (4) second pump,
(5) ultrasonic generator, (6) pressure sensor (7) temperature sensor, (8, 9, 13, 14) solenoid valves,
(10) hydro-pneumatic cylinder, (11) pneumatic distributor.

The main dimensional characteristics of the experimental model are the length, 1150 mm;
width, 1050; height, 1500 mm; total mass, 140 kg; maximum extractive pressure, 10 bar; and
useful volume processed on each batch, 20 L. Figure 3 depicts a simplified schematic and the
experimental model, highlighting the key components. The technical details of each component
are described in more detail in the following pictures.

10

.

Figure 3. Simplified schematic and experimental model for the bioactive-compounds extraction
equipment: 1, extraction vessel; 2, expansion and solvent storage tank; 3, ultrasonication system; 4,
pressure generator; 5, hydro-pneumatic cylinder; 6, pressure regulator; 7, liquid filtration system; 8,
liquid recirculation pump; 9, process monitoring and control system; 10, support structure.

All the main component parts of the technical equipment are mounted on a frame,
made of u-type metal profiles, perforated with elongated holes—35 x 35 x 1.25 mm. The
metallic frame was covered with 2 mm sheet metal, and laser cuts were made for the major
component exits.

Figure 4a depicts the extraction vessel design, having a maximum capacity of 20 L.
It is constructed of stainless steel and is made of three bodies that are connected together:
upper cover (b), main body (c), and lower body (d), as well as two sieves for maintaining
the processed material, the upper sieve (e) and the lower sieve (f).
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Figure 4. Extraction tank design, associated with the experimental pilot model: (a) overview of
extraction vessel design, (b) upper cover, (c) main body, (d) lower body, (e) upper sieve, (f) lower
sieve, and (g) locking clamp.

The bottom cover is welded to the main body and includes four mounting elements for
secure attachment to the metal frame. The upper cover is fixed with a specific hinge-type
mechanism. To ensure the tightness of the extraction vessel, it is designed with a sealing
channel and a rubber seal at the junction of the two component parts. At the upper and
lower ends of the vessel, as well as in the side wall, threaded holes are made for hydraulic
connections. The maximum working pressure is 10 bar.

Figure 5 illustrates the most significant component parts of the pilot experimental model.

Figure 5. The final design of the pilot equipment used for the extraction of bioactive substances,
using a hybrid ultrasound and high-pressure technology: (a) Experimental Extraction Pilot top view,
(b) Experimental Extraction Pilot side view.

The main experimental pilot subassembly is the extraction vessel, which is provided
with a high-pressure resistant cover (1), attached to the extractor body (2) by the locking
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system (3) and the hinges (4). The extraction vessel contains two sieves that keep the
processed material inside; however, in the case of finely grounded materials, an inner
textile bag is additionally used. The upper sieve (5) is equipped with six stabilizing blades.
The extraction vessel is provided with two openings for the recirculation of the solvent
and a hole for the entrance of the sonication probe (6) of the ultrasonication equipment (7)
(Hielscher UP400ST Ultrasonic Processor, Hielscher Ultrasonics, Teltow, Germany). The
hydro-pneumatic cylinder (8) and the pressure regulator (9) have the role of maintaining a
controlled pressure for the percolation phase. The compressed air generator (10) (Mecafer
B3800B 200 L 10 bar, Mecafer, Valence, France) is used for providing the needed pressure for
the equipment, while the programmable logic controller (11) has the purpose of controlling
and monitoring processes. All subsystems are fixed on a metal frame (12), which forms the
metal skeleton of the equipment, while the expansion vessel is made of stainless steel (13)
and is equipped with a drain valve.

In order to circulate the solvent throughout the extraction process, a 30 L buffer tank
(extraction tank) constructed of food-grade stainless steel with two holes in the upper part is
used (Figure 6a). The vessel is also utilized to discharge the resulting extract. The expansion
tank is made of DN300, stainless steel 304 L, with a thickness of 2 mm, h = 465 mm, and
the inlet and outlet holes are 1.27 cm. Solvent recirculation processes during the extraction
and discharge are carried out with a pump h = 100 mm, hole &J 15 (Figure 6b). For the
percolation process, the air pressure required for the operation is supplied from a 2.2 KW
compressor, with an optimal output pressure of 10 bar (Figure 6¢c). The compressor’s
(Figure 6e) air supply is used to activate the hydro-pneumatic cylinder (Figure 6d). A
distributor with a filter system and a pressure regulator is used to control the air volume.

Figure 6. The main subassemblies of the experimental equipment for the extraction of bioactive
compounds: (a) control panel, (b) recirculation pump, (c) recirculation pump, (d) hydro-pneumatic
cylinder, (e) compressor.

The ultrasonication extraction is carried out with UP 400ST equipment (HIELSCHER,
Bonn, Germany), with the following characteristics: working frequency 24 kHz, maximum
amplitude 200 pm, maximum energy density 300 W/cm?, S2d22D sonotron diameter
22 mm, power in water 180 W, and radiant surface 5.4 cm?. The ultrasonic subassembly
was connected to the body of the extraction vessel using a bushing, which ensures tightness
between the ultrasonic equipment’s probe and the vessel, and a tightening screw.

The extraction process can be controlled simultaneously or separately for each individ-
ual process, using a programmable logic controller (PLC). The operations can therefore be
customized for the percolation or sonication functioning, or the two processes can be carried
out consecutively. The automation box consists of a 220 V/24 V switching voltage source,
a programmable logic microcontroller ALPHA AL2-14MR-D, (Mitsubishi Electric, Tokyo,
Japan) and a graphic interface (operating terminal) equipped with GOT 1000 touchscreen
(Mitsubishi Electric, Tokyo, Japan).

2.3. Biofertilizer Production Technology Using Three Distinct Extraction Methods

The vegetable raw material was subject to the extraction process using three different
methods: percolation, ultrasound treatment, and a hybrid processing method (using both
percolation and sonication performed successively). Distilled water (8 L), yellow onion
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(2.5 kg, sliced into 4 slices), green beans (1 kg), and dried soybeans (0.5 kg) were the
ingredients used for the three experiments. The first phase of the methodology involves
the preliminary preparation of the plant material subject to extraction, which includes the
operation of weighing, cutting, washing, and mixing with the extraction solvent (in the
presented case distilled water). The raw materials are added into a bag made of a special,
very fine sieve to allow their expansion and compression during the process, then the
upper sieve is placed in position, and the container is closed using the special safety locking
system. Recipes that require ultrasonication involve an additional phase of connecting the
UP400ST ultrasonic field generation system.

Figure 7 shows several images from the experimental work, using the experimental
equipment.

(<)

Figure 7. Description of the working method for the production of bioactive compounds: (a) weighing
and shredding of the raw material, (b) adding the materials and the solvent to the extraction vessel,
and (c) preparing the extraction and the expansion vessels.

2.3.1. Operation Mode No. 1: Extraction by High Pressure

The extraction process using high pressure had the following technical input data:
extraction time, 7200 s; high extraction percolation pressure, 1.2-1.5 bar; low extraction
percolation pressure, 0.2-0.6 bar; number of cycles at high pressure, 4 cycles; number of
cycles at low pressure with quasi-dynamic pressure variation between 0.2 and 0.6 bar,
4 cycles; high-pressure cycle duration, 1200 s; low-pressure cycle duration, 600 s with
a quasi-dynamic cycle duration of 60 s, a 60 s break before and after the high-pressure
cycle and a 60 s break between low-pressure quasi-dynamic cycles; extraction temperature,
20-25 °C.

2.3.2. Operation Mode No. 2: Extraction Using the Ultrasound Process

The extraction operation using ultrasonication had the following technical input data:
extraction time, 180 min; ultrasonic field amplitude, 046 um; low-amplitude duration of
0-15 um, 600 s; duration of high amplitude of 2040 um, 600 s.
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Figure 8 illustrates the workflow for the extraction equipment using the ultrasonication
technique (integrating into the system an ultrasound generator).

Figure 8. The experimental operation for the ultrasonic extraction mode.

2.3.3. Operation Mode No. 3: Extraction Using Hybrid Process

In the hybrid processing, time was the single variable factor, and the other parameters
remained similar as in the previously discussed cases. Therefore, the 180 min were split into
90 min intended for percolation and 90 min for sonication. Figure 9 shows the flowchart
for the combined percolation-ultrasonic extraction method.
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Figure 9. Diagram of the hybrid extraction process: percolation (compressed air)-ultrasonication
(ultrasonic field generation).

Three extracts were produced as a result of the experimental activity, and they were
examined for their potential as a biofertilizer and a bioinsecticide for three vegetable crops.

2.3.4. Testing the Bioactive Compounds for Vegetable Crops Established Outdoor

Plowing, soil fragmentation, irrigation, and fertilizer addition were the soil work-
related tasks completed in the experiment’s location, prior to the establishment of the crops.
The seedlings were planted in soil openings, having 5 cm in circumference and 15 cm in
depth, being positioned 1 m apart (both between rows and between plants) (Figure 10).

At the end of transplanting, each plant was irrigated with 1 L of water and then
covered with a layer of dry soil to prevent evaporation. Ten days after transplanting,
the first observations were made, considering the number of leaves on each plant, the
intensity of the pest attack, and the chlorophyll content index. In the case of tomatoes, the
chlorophyll content was not determined because the width of the leaf was smaller than the
diameter of the evaluation window of the CCM 200 Plus chlorophyll meter (Opti-Science,
Hudson, NY, USA).



Agriculture 2023, 13, 899

10 of 17

Figure 10. Establishment of vegetable experimental cultures for evaluating the effectiveness of
bioactive compounds.

Statistical analysis calculations were performed using GraphPad and Microsoft Excel
2014 software.

The selection of the plants used as sources of bioactive compound extraction was
made after a review of the specialized literature and taking into account the experts’ prior
research and experiences. Table 1 lists a few research studies that had successful extractions
from the same raw material and produced positive outcomes.

Table 1. The most important bioactive substances with a role in biostimulation, fertilization, and
repellent against pests.

. . . .. Bibliographical
No. Plant Species Biological Activity Compounds References
Superoxide dismutase, catalase,
glutathione peroxidase, peroxidase,
1 Allium cepa Antioxidant glutathione reductase, glqtathlone
S-transferase, glutathione,
a-tocopherol, ascorbic acid, [41,42]
[3-carotene
) Antimicrobial . . . . .
2 Allium cepa activity Dipropyl disulphide, allicin
3 Allium cepa Insecticidal activity Dimethyl disulphide
4 Pisum sativum Insecticidal activity Protein PA1b [43]
5 Glycine max Insecticidal activity Gm-TX [44]
6 Glycine max Extract stabilization Lecithin [45]

3. Results

The findings aimed at an evaluation of the experimental biofertilizer extraction equip-
ment’s capacity for producing viable components for the treatment of vegetable crops. At
this phase, only the production of several solutions that could be tested in the field was
pursued; no chemical characterization of the derived compounds was performed. After
using the three operational methods (percolation, sonication, and mixed treatment), then
the obtained solutions were tested for tomato, pepper, and cucumber crops.

The mass transfer from the raw material subjected to processing in the extraction
solvent was 17% for the high-pressure processing, 24% for the ultrasonication process, and
31% for the combined percolation-ultrasonication process.

Bioactive Solutions Testing on Vegetable Crops Established in the Field

The three types of extracts have been used in 20%, where the solvent was the water
obtained from the local irrigation wells. The evaluation was assessed according to the
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Figure 11. The influence of the obtained solutions on the tomato, pepper, and cucumber leguminous

crops, in terms of seedling biostimulation: (a) stimulation rate measured according to the percentage
of developed leaves (after 10 days) and (b) comparative evaluation of the extracts” impact on seedlings
(median and standard deviation statistical processing).

The repellent or bioinsecticide effect for the three analyzed substances has been as-
sessed by considering the number of attacked leaves and the attack frequency, within 10
days of establishing the culture. Figure 12 shows the number of attacked leaves, for each of
the examined vegetable crops.

o
l

- Tomato
. 8
0 High-pressure O repper
2
[ Sonication Il cucumber
[ Hybrid treatment 3
OControl

IN)
L

[N
1

Number of attacked leaves,

o
I

High pressure Sonication Hybrid treatment

Cucumber

(b)

Figure 12. The influence of treatments on pest attack reduction: (a) rate of leaves attacked for tomato,
pepper, and cucumber crops and (b) comparative evaluation of the extracts” impact on seedlings’
resistance to pests (median and standard deviation statistical processing).

The frequency of pest attacks on vegetable leaves was also considered as a performance
indicator of the obtained solutions. Figure 13 shows how often the seedlings were visited
by pests.
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statistical evaluation.

The leaf chlorophyll content is a key indicator used to investigate leaf nutrient defi-
ciencies and changes in chlorophyll. The chlorophyll content is influenced by fertilizer
application (especially, nitrogen); therefore, the obtained solutions have an impact on this
specific indicator, as can be seen in Figure 14.
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Figure 14. The influence of the obtained solutions as a biofertilizer, analyzed according to the
chlorophyll content of the leaves: (a) chlorophyll content index and (b) statistical evaluation.

4. Discussion
4.1. Overview and Limitations of the Current Research

The central long-term objective is to develop an extraction technology and associate
a suitable raw material in a way that allows for avoiding phytotoxic extraction solvents
and very complicated extraction processes. After the development of the hybrid extraction
equipment, it was intended to use water only as a solvent and to add certain synergistic
compounds (such as soybean lecithin, which is amphiphilic and compatible with plant
protection agents), to enhance the process.

This paper’s primary goal was to provide an overview of the developed equipment
design; however, at this stage does not include the characterization of the obtained com-
pounds. The obtained solutions were used directly on cultures, where some indications
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were obtained regarding extracts functionality, which will serve as a foundation for further
investigations.

4.2. The Stimulation Rate Evaluation after 10 Days from the Application of the Extracts

The treatment of tomato roots with vegetable extracts obtained by percolation and
hybrid treatment gave positive results, obtaining a 12% stimulation rate (compared to the
control sample); however, the treatment with the extract obtained by sonication induced a
decrease in the number of leaves. The pepper seedlings benefited from a 4-4.4% stimulation
rate following the treatment with the extract obtained by percolation and hybrid extraction
and by 8.5% in the case of extraction by sonication (compared to the control sample).
Regarding cucumber seedlings, the treatment with vegetable extracts induced a modest
increase in leaf growth of only 1.8% for the extract obtained by percolation and a negative
effect in the case of the extracts made by sonication and hybrid extraction. Most likely,
for the cucumber hybrid planted, an inhibitory effect was obtained by ultrasonication;
therefore, only high-pressure percolation techniques will be considered for this plant.
The statistical results (one-way ANOVA-Tukey’s multiple comparisons test) showed that
there were small significant differences between the treatments, especially because the
evaluation was carried out for a short period of time and a small number of measurements
were made. The analysis of the positive and negative influences (six positives vs. three
negatives) led, however, to the conclusion that this mixture of plant extracts offers a
biostimulatory potential.

4.3. Evaluation of the Attack Frequency of Diseases and Pests after 10 Days from the Treatment
with Plant Extracts

Plant extracts had a positive influence on the decrease in the frequency of attack on
tomato leaves by Septoria lycopersici. The best results were obtained in the case of treating
the seedlings with the extract made by the percolation method. The high values of the
coefficient of variation from the statistical analysis indicate that the attack of septoriosis
was sporadic, contrary to the meteorological conditions characterized by a high level
of precipitation, which indicates the possibility of plant infection following the injury
produced by insects. The attack on pepper leaves was uneven and caused by pests from the
limacidae family, reaching frequency values of almost 9% in plants treated with the extract
by percolation. Treating cucumbers with vegetable extracts processed by percolation and
sonication favored both the presence of aphids and the appearance of foliar diseases. Due
to the low values of the degree of attack for the cases where the hybrid treatment was used,
it can be stated that there is a synergy between the two extraction methods and that the
extraction of several active compounds requires complex processes.

4.4. The Influence of the Obtained Solutions to the Chlorophyll Content in the Leaves

Treatment with vegetable extracts obtained from onions, peas, and soybeans in the
transplanting holes generally produced negative effects on the chlorophyll content of
pepper and cucumber crops. The exception was only the treatment with the vegetable
extract obtained by percolation for the cucumber crop. Since the values of the coefficients
of variation related to the chlorophyll content were lower in the treated varieties than in
the untreated control, it can be hypothesized that the plant extracts could interact with the
magnesium ions in the soil in a way that limits the biological availability.

Through the simultaneous analysis of the defense effects against insects and diseases
with the inhibition of chlorophyll accumulation, respectively the limitation of magnesium,
it may be concluded that the plant extract could interact with living cells through mecha-
nisms involving the functioning of ion pumping. This type of mechanism is the basis of
modern pesticides.
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4.5. Discussions Regarding the Hybrid Extraction Technology Compared to the Ultrasonication and
High-Pressure Functioning

The hybrid ultrasound-high pressure assisted extraction process evaluated in the
present research confirms that this technology allows improved performance in terms
of extraction repellent or insecticidal compounds. The special feature of the equipment
to work in different regimes (high pressure, sonication, or hybrid) and the potential to
extensively vary the operating parameters confer very important advantages for further
research. One of the enhancements that will be made to the equipment is the addition of
an exterior cover designed to allow the heating or cooling agents, in order to have better
control over the temperature.

This was only the first evaluation from a larger series of planned determinations for
the equipment. We believe that it is required for the study to be extended over several
batches and longer periods of time, for better relevance. Other medicinal plants with
various compounds with a fertilizing or antimicrobial role will also be tested.

4.6. Comparative Evaluation of the Results with Other Similar Research

Research studies have shown that dipropyl disulphide can be obtained from Allium
cepa (extraction in water, at room temperature for 3 h), obtaining a quantity of 27.54 & 3 ug
per 100 g fresh tissue [46]; however, if the temperature is maintained at 100 °C for 2 h, then
a quantity of 110.22 % 43.76 ug per 100 g of fresh tissue can be extracted [46]. The amount
of Allicin extracted from the onion recorded values around 1168.09 £ 149.60 mg/kg dw
Allicin when it was sonicated in a hydro-alcoholic solution for 30 min at 50 Hz [47]. During
the extraction of Protein PA1b from Pisum sativum (in sodium acetate buffer, 0.1 M, pH 4.9,
homogenization for 30 or 60 min at room temperature), 21.3% of pea flour was obtained [48].
When extracting Gm-TX from Glycine max (extraction in Tris-HC), 68.3 £ 1 (mg/100 100 g
defatted seed) was obtained, and while extracting Lecithin (in a solvent from a mixture of
chloroform and methanol) 8.91 & 0.71 (mg/g soy flour) was obtained [49].

Similar findings were observed when utilizing onion for reducing pest attacks [50].
The fact that the repellent effects persisted 10 days after the treatment shows that treating
the transplant holes is an effective way to disperse volatile compounds gradually around
crop plants. The product’s ability to repel could be improved by adding garlic extract to
the mixture.

5. Conclusions

There are several significant difficulties related to bioactive compounds used in organic
agriculture, especially for those that have dual effects—insecticide and a biostimulator. The
main challenges are the instability over time and the possible antagonistic effects.

In terms of their use as remedies at the time of the transplantation phase, the three
different extraction techniques used to separate the compounds from onions, peas, and
soybeans produced a range of mixed outcomes, most of which were favorable.

The more energetic extraction methods produce an accumulation of hydrophobic
biochemical compounds in the mass of the bioproduct, compounds that have an inhibitory
character for the development of pathogens but also have a phytotoxic effect at higher
concentrations. For this reason, in-depth research will be carried out in the future studies
on the component’s characterization for more variations of the extraction parameters.

A series of experiments will be carried out to obtain several formulas aimed at vegeta-
bles’ specific problems, regarding their biofertilizer and bioinsecticide activity.
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