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Abstract: Plant extracts are getting attention for their sterilizing, growth-promoting properties in
the agricultural field. No exception exists when it comes to the treatment of propagating material
with these natural components. Plant extracts may have complex compositions which affect plants or
seeds in a positive way. However, they could also cause negative effects, like decreased germination,
secondary metabolite contents or biomass gain. As the agricultural field requires sustainable tech-
niques for plant growth and quality assurance in production, it is important to evaluate the potential
effects of every alternative natural compound that shows promise for future plant treatment. Garlic
(Allium sativum L.) is a popular spice crop grown in various regions of the world. Therefore, our study
focused on an investigation of the early physiological and biochemical changes in garlic cloves (cv.
‘Jarus’ and ‘Vasariai’) treated with Thymus vulgaris essential oil and Syzygium aromaticum extract. Ex-
periments were carried out in controlled climate conditions, in which the treated cloves were kept for
four weeks. Results show that S. aromaticum extract increased germination in cv. ‘Jarus’ compared to
untreated garlic cloves. Meanwhile, T. vulgaris caused lower germination of both cultivars compared
to untreated cloves. None of the extracts increased biomass gain in garlic cloves. ABTS antioxidant
activity was decreased by both extracts in cv. ‘Jarus’ (~7–47%) and ‘Vasariai’ (~22–32%) compared to
untreated garlic cloves. Antioxidant DPPH and FRAP activities were ~6–11% and ~14–15% higher
after ‘Vasariai’ treatment with extracts. Meanwhile, in ‘Jarus’ only, S. aromaticum extract caused an
increase in DPPH and FRAP antioxidant activities. The elemental content was the highest in garlic
cloves treated with T. vulgaris essential oil. Total phenolic compounds (TPC) and flavonoids (TF) were
1.2 times higher after S. aromaticum treatment of ‘Jarus’ compared to untreated cloves, while slightly
increased TPC and two times higher TF values were found after treatment with T. vulgaris. Around
10% higher TPC and 1.5–3 times lower TF values were observed after the plant extract treatment of
‘Vasariai’ garlic cloves. Our study demonstrates initial changes in garlic cloves dependent on the
plant extract treatment and cultivar. This provides important information for the future utilization of
such technology, either alone or in combination with others.

Keywords: garlic; germination; antioxidant response; physiological response; plant extracts

1. Introduction

Assurance of a sufficient amount of food by improving cultivation technologies is
one of the key factors in connection with the growing population. One of the disease
inoculum sources in plants could be propagation material; therefore, it is important to
guarantee healthy seeds or effective protection against possible disease. Treatment of
seeds can have several positive effects, like reducing seedborne pathogens and increasing
seedling emergence [1]. Current global goals aim to ensure food security in sustainable
ways; moreover, organic farming is being encouraged. As a result, propagation material
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treatment technologies must adapt or change to obtain not only their primary aims, but
also to be favorable to the climate and the environment.

Garlic (Allium sativum L.) is a valuable spice, rich not only in taste but also in medic-
inal properties [2]. It has a high nutritional content of protein, calcium, magnesium,
iron, zinc, potassium, arginine, selenium [3], polyphenols, alkaloids and vitamins. How-
ever, sulfur is the major element in garlic bulbs [4]. Garlic has anticancer, antioxidant,
anti-inflammatory, antimicrobial, antithrombotic, hypocholesterolemic, hypoglycemic and
hypotensive properties, and is used to treat various diseases and illnesses [5]. Garlic is
also a source of organosulfur compounds, flavonoids and polyphenols [6]. Regarding the
mentioned properties, the value of garlic is only increasing, and cultivation of this crop will
be relevant globally.

The beginning of vegetable vegetation starts with seeds, or, in the case of garlic,
cloves. Propagation material treatment may promote plant growth, resistance to diseases,
survival in unfavorable conditions, etc. As garlic is propagated with cloves, it is crucial
to sow healthy garlic cloves and protect plantlets during the early growth stages, as
disease symptoms often become visible only later [7]. Fungi could significantly decrease
garlic clove germination and lower other important parameters [8]. Seed treatment with
essential oils can be used not only to prevent infections but also to protect seeds during
seedling germination, emergence and initial development [9]. Several studies on seed
treatment with plant extracts are present in the literature [1,10–18]. Extracts from A. vera,
C. arabica and Y. schidigera were tested on tomato seeds of different cultivars for bacterial
leaf spot control, seedling vigor, height and weight investigation [13]. S. aromaticum and
T. vulgaris essential oils were investigated as carrot seed pretreatments to control Alternaria
radicina both in combination with hot water treatment and individually [15]. Pearl millet
seed germination and seedling vigor were enhanced, and downy mildew disease was
decreased by plant extracts, especially by 10% V. album extract [11]. Essential oils of
H. marrubioides, C. verbenacea and A. gratissima reduced Colletotrichum truncatum infection
in inoculated soybean seeds and increased the development of seedlings compared to
non-treated seeds [12]. However, only germination parameters are available together with
inhibition of fungus, and no evaluation of the initial internal response of seeds to the plant
extract applications could be found.

Various innovative technologies were applied as garlic clove treatments. For example,
garlic cloves were treated with weakly ionized, low-pressure oxygen plasma [19] and
gibberellic acid [20]. Chemical and morphological changes occurring at the garlic skin
surface were analyzed after the application of gaseous plasma to improve germination [21].
Edible coatings were used to increase minimally processed green garlic quality during
storage [22]. Ben-Jabeur et al. [17] found that coating wheat seeds with thyme oil enhanced
the water-stress avoidance strategies under stress conditions. Nanoparticle solutions
increased the germination of wheat, maize, peanut and garlic [23]. Thermal treatment
was used to enhance the growth and yield of garlic [24,25] and to reduce sprout and root
growth in peeled or unpeeled cloves [26]. For protection from diseases, gaseous ozone flow
was investigated [27]. Antioxidant levels in peeled garlic cloves were preserved under the
influence of UV-C [28].

Plant extracts are often investigated as growth promoters [29,30], antifungal com-
pounds [17,31–37] and phytotoxic agents against weeds [38] in the horticultural sector.
S. aromaticum essential oil and extract were found to have strong antifungal activity in vitro
against Fusarium spp. [31,36] and B. cinerea [37], which was also expressed on plant leaves
in vitro [35]. Meanwhile, T. vulgaris essential oil had strong antifungal activity against
C. acutatum [39]. T. vulgaris essential oil-treated carrot seeds exhibited reduced A. radicina
germination and a reduced infection percentage in the plants [15]. Furthermore, this essen-
tial oil was very effective for onion, tomato and carrot seed disinfection against Alternaria
spp. [40]. In other research, S. aromaticum and T. vulgaris essential oils demonstrated promis-
ing disinfection effects against seedborne pathogens on cabbage seeds [10]. Seed treatment
with antifungal agents as plant extracts could reduce the risk of soil-borne pathogen resis-
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tance and reduce usage of conventional pesticides [9]. Compounds in garlic change during
storage [6]; thus, when applying new measures, for example, plant extracts, it is relevant to
identify whether changes are positive or not. Antioxidant compounds in plants can help
to fight infections. Furthermore, this could be an indicator of plant response to changing
conditions, like stress occurred after the application of natural compounds. There are
studies indicating plant extracts’ impact on antioxidant activity and compounds in plants
and fruits. Coriander seed essential oil and extract decreased DPPH, ABTS antioxidant
activity and total phenolic compounds in inoculated strawberry leaves, but only with lower
applied concentrations [41]. A dose-dependent effect was observed with Lawsonia inermis
L. extract, which increased wheat shoot and root system growth and accumulated 90%
more total phenolic compounds in wheat compared to untreated plants [42]. The total
concentration of polyphenols in potato leaves treated with extracts from Artemisia vulgaris
L. increased by up to 20% compared to untreated plants and was dependent on the amount
of the natural preparation used and the extraction method [43]. An Aloe vera gel coating and
a Fagonia indica plant extract preserved a reduction in total flavonoids, strongly inhibited
the loss of total phenolics and increased DPPH antioxidant activity in sapodilla fruit during
storage [44].

As is shown in the literature, various technologies are applied in garlic to protect
plants from diseases or to promote growth. There are no scientific data regarding the
evaluation of the early antioxidant response of garlic cloves and changes in elemental
composition, which could help to identify the eligibility of plant extracts as propagation
material treatments. Furthermore, there is no study investigating plant extracts for such an
application. Treatment of garlic cloves with a plant extract instead of a chemical one could
decrease synthetic compound consumption in food production, guarantee an increase in
physiological properties and promote future resistance to diseases. Thus, in this study, we
evaluated the initial physiological, biochemical and elemental composition changes in garlic
cloves of two garlic cultivars, ‘Vasariai’ and ‘Jarus’, treated with plant extracts: T. vulgaris
essential oil and S. aromaticum extract. The germination, biomass gain, antioxidant capacity,
total phenolic compounds, total flavonoids, and elemental composition of garlic cloves
were investigated.

2. Materials and Methods
2.1. Plant Extracts

The experimental design contained three treatments of garlic cloves: (1) untreated,
(2) 0.01% Thymus vulgaris essential oil (THY) and (3) 0.75% Syzygium aromaticum extract
(SYZ). These specific concentrations of the extract were used based on antifungal activity
studies performed at the Institute of Horticulture. The chosen concentrations had high
antifungal activity against horticultural pathogens; therefore, they have potential to be
used for garlic clove treatments as antifungal agents. Based on that, it was appropriate
to investigate them in this experiment. THY contained 41.35% thymol in its volatile
fraction [39] and was produced from dried T. vulgaris leaves collected and prepared as
described in our previous study [39]. SYZ contained 52.88% eugenol, and determined
volatile compounds of the used extract were presented in our previous study [35]. SYZ was
prepared from dried S. aromaticum buds, and the sources of the material and the extraction
conditions were described in previous research [37]. In the further text, THY and SYZ
together will be referred to as ‘plant extracts’.

2.2. Treatment of Garlic Cloves

Garlic cloves (Allium sativum L.) were provided from the propagation material col-
lection of the LAMMC Institute of Horticulture; the cultivars were ‘Vasariai’ (LAMMC
Institute of Horticulture, Lithuania) and ‘Jarus’ (Polan, Zabno, Poland). ‘Vasariai’ and
‘Jarus’ are mid-early garlic cultivars, representing softneck morphotypes. Both cultivars
are suitable for storage and for spring planting. Non-peeled garlic cloves were surface
sterilized using 1% NaOCl solution for 3 min. in a sterile chamber and dried well. The
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garlic cloves were put in a flask, into which 250 mL of each treatment solution (plant
extract + sterile water) was poured separately, and left on a rotary shaker for 30 min. After
treatment, the garlic cloves were dried well in a laminar flow cabinet, weighed on scales
and put in sterilized aluminum boxes with two layers of sterile filter paper with 30 mL of
sterile water. The boxes were covered with food film and transferred to a controlled climate
chamber to be kept for four weeks under the following conditions: 21 ◦C temperature, 60%
moisture, 16/8 day/night period. The treatment contained 4 replicates, 8 cloves each. The
experiment was performed in randomized blocks and was repeated twice.

2.3. Germination and Physiological Parameters of Garlic Cloves

After 3, 7, 14 and 21 days, the germination percentage of the garlic cloves was evaluated
and calculated: germination percentage (%) = germinated cloves/cloves overall. At the
end of the experiment, the fresh garlic cloves were weighed on the scales again and the
biomass gain was calculated: biomass gain (g) = mass of garlic cloves at the end of the
experiment–mass of garlic cloves at the beginning of the experiment. The dry matter of the
garlic cloves was evaluated first by weighing the fresh garlic cloves (FW). The garlic cloves
collected at the end of the experiment were frozen in liquid nitrogen and freeze-dried using
an FD-7 Vacuum Freeze Drying Chamber (SIA Cryogenic and Vacuum Systems, Ventspils,
Latvia). After the freeze-dry process, all the material was weighed again and ground. The
dry (DW) and fresh weight ratio (DW/FW × 100) was calculated and expressed as dry
matter (%).

2.4. Determination of Macro- and Microelements

The garlic macro- and microelement contents were determined by the microwave
digestion technique combined with inductively coupled plasma optical emission spectrom-
etry (ICP-OES). A complete digestion of dry plant material (0.2 g) was achieved with 65%
HNO3 using a microwave digestion system, the Multiwave GO (Anton Paar GmbH, Graz,
Austria). The digestion program was as follows: (1) 170 ◦C reached within 5 min, digested
for 10 min; (2) 180 ◦C reached within 10 min, digested for 10 min. The mineralized sam-
ples were diluted to 50 mL with deionized water. The elemental profile was analyzed by
means of an ICP—OES spectrometer (Spectro Genesis, SPECTRO Analytical Instruments,
Kleve, Germany). The operating conditions employed for the ICP-OES determination
were: 1300 W RF power, 12 L min−1 plasma flow, 1.0 L min−1 auxiliary flow, 0.8 L min−1

nebulizer flow, and 1.0 mL min−1 sample uptake rate. Calibration standards were prepared
by diluting a stock multi-elemental standard solution (1000 mg L−1) in 6.5% (v/v) nitric
acid and by diluting stock phosphorus and sulfur standard solutions (1000 mg L−1) in
deionized water. The calibration curves for all the studied elements were in the range of
0.01–400 mg L−1.

2.5. Antioxidant Activity Determination

The ABTS antioxidant activity was determined using the radical cation ABTS (2,2′-
azino-di-[3-ethylbenzthiazoline sulphonate]) generated following Re et al. [45]. The radical
solution was diluted to reach an absorbance value of 0.70 ± 0.05 at 734 nm, and 10 µL of
the garlic extract was added to perform the analysis. Trolox standard solutions were used
for comparison, and activity was expressed as mM Trolox equivalent antioxidant capacity
(TE g−1 fresh weight (FW)) of plant material.

The DPPH antioxidant activity of the methanolic garlic extracts was evaluated spec-
trophotometrically [46]. The absorbance was scanned at 515 nm after 16 min from the
beginning of the reaction, and the DPPH antiradical activity of the garlic cloves was
calculated as mM Trolox equivalent antioxidant capacity (TE g−1 FW) of plant material.

The FRAP method is based on reducing ferric ion (Fe3+) to ferrous ion (Fe2+). A fresh
working solution was prepared by mixing 300 mM, pH 3.6 acetate buffer, 10 mM TPTZ
(2,4,6-tripyridyl-s-triazine) solution in 40 mM HCl, and 20 mM FeCl3 × 6H2O at 10:1:1
(v/v/v) [47]. Readings of the colored product (ferrous tripyridyl-triazine complex) were
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then taken at 593 nm after 30 min. A calibration curve was determined using Fe2(SO4)3
(Iron (III) sulfate; 97% purity; Sigma-Aldrich, Burlington, MA, USA) as an external standard
with a range of concentrations from 0.005 to 0.5 mM (R2 = 0.99). The antioxidant power
was expressed as Fe2+ antioxidant capacity (Fe2+ µmol g−1 FW).

2.6. Total Phenolic Compounds and Flavonoids

The total phenolic compounds in the methanolic garlic extracts were analyzed as
reported by [48], using the Folin–Ciocalteu method. The absorbance was scanned at 765 nm
after 20 min. from the beginning of the reaction. A calibration curve was prepared using
Gallic acid as a standard. Total phenols were expressed as gallic acid equivalents (GAE)
g−1 FW.

The total flavonoid content in the methanolic garlic extracts was analyzed based on
Engida et al.’s report [49]. A calibration curve was prepared using Gallic acid as a standard.
The absorbance was scanned at 510 nm after 20 min. from the beginning of the reaction.
Total flavonoids were expressed as gallic acid equivalents (GAE) g−1 FW.

2.7. Statistical Analysis

MS Excel Version 2310 and XLStat 2023 Data Analysis and Statistical Solution for
Microsoft Excel (Addinsoft, Paris, France) statistical software were used for data processing.
Analysis of variance (ANOVA) was carried out along with the Tukey multiple comparisons
test for statistical analyses, p < 0.05, with three biological replicates, and conjugated samples
(from ten garlic cloves) for biochemical analysis, with three analytical replicates.

3. Results
3.1. Germination and Physiological Parameters of the Garlic Cloves

The plant extracts’ impact on the germination of the garlic cloves is presented in
Figure 1. The germination peak of both cultivars was from day 7 to day 14. SYZ-treated
‘Jarus’ garlic cloves had the highest germination percentage, 77.8%; THY-treated cloves had
a germination percentage of 61.8%; and the untreated cloves had a germination percentage
of 65.3%. While in ‘Vasariai’ none of the extracts caused higher germination than in the
untreated cloves (93.1%), the THY-treated cloves had a germination percentage of 57.4%
and the SYZ-treated cloves had a germination percentage of 85.4%. SYZ treatment increased
germination in ‘Jarus’ the most only in the last quarter of the investigation (from day 14
to 21). THY caused slower but constant germination of both cultivars’ garlic cloves. In
cv. ‘Jarus’, it was 12.5% on days 3 and 7, 44.4% on day 14 and 61.8% on day 21, and in cv.
‘Vasariai’, it was 3.5% on day 3, 12.5% on day 7, 23.6% on day 14 and 57.6% on day 21. SYZ
treatment of garlic cloves resulted in a higher germination percentage compared to THY in
both cultivars. Statistically significant differences were determined on germination days 3,
7 and 14 for ‘Jarus’ garlic and on germination day 3 for ‘Vasariai’ garlic.
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Biomass gain results cover germinated sprouts and root growth together with loss or
absorption of moisture, which may affect germination results. To evaluate this parameter
correctly, fresh and dried weights of the garlic cloves were registered and dry matter (%)
values were calculated. The obtained results are presented in Table 1.

Table 1. Physiological parameters of garlic cloves with no additional treatment (untreated) and
treated with T. vulgaris essential oil (THY) and S. aromaticum extract (SYZ).

Cultivar Treatment Biomass Gain, g Dry Matter, %

Jarus
Untreated 1.332 ± 0.20 a 33.039 ± 0.62 b

THY 0.543 ± 0.32 b 35.613 ± 0.35 a
SYZ 0.734 ± 0.27 ab 30.391 ± 0.71 c

Vasariai
Untreated 2.558 ± 0.52 a 28.006 ± 0.79 c

THY 0.477 ± 0.42 b 37.215 ± 0.55 a
SYZ 0.914 ± 0.12 b 35.078 ± 0.52 b

Data are presented as means ± standard deviations. Different letters indicate significant differences between the
means according to Tukey (HSD) analysis (p < 0.05).

Although the germination of ‘Jarus’ garlic cloves treated with extracts was condition-
ally equal on the 21st day of germination, biomass gain reveals which extract caused more
productive sprouts and root sizes. As can be seen (Table 1, Figure 2), SYZ treatment resulted
in a higher biomass gain than THY, almost 0.2 g in ‘Jarus’ and 0.5 g in ‘Vasariai’. Values
differed statistically only in ‘Vasariai’ between extract treatments. Meanwhile, the SYZ
treatment biomass gain was around 45% lower compared to untreated cloves in ‘Jarus’
and almost 65% lower in ‘Vasariai’. SYZ-treated garlic had significant differences from
untreated garlic in cv. ‘Vasariai’. Even though the THY treatment influence is not that
noticeable visually (Figure 2), it caused a slightly lower biomass gain in ‘Jarus’ garlic cloves
compared to SYZ. Overall, it was around 60% lower in ‘Jarus garlic’ and 82% lower in
‘Vasariai’ garlic compared to untreated cloves. Significant differences from untreated garlic
were observed in both cultivars. SYZ-treated cloves had the lowest dry matter percentage
(30.39%) in ‘Jarus’, which suggests that these cloves absorbed more moisture than the
others, which could affect higher biomass gain. Meanwhile, THY-treated garlic cloves had
the highest dry matter in both cultivars, which was ~8% higher in ‘Jarus’ and ~33% higher
in ‘Vasariai’ garlic.
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‘Vasariai’ garlic cloves after SYZ treatment had a higher biomass gain than those
treated with THY. Although the biomass gain in the THY- and SYZ-treated ‘Vasariai’ garlic
cloves was low, the dry matter was high, which suggests the dryness of these garlic cloves.
Overall, none of the extract treatments produced higher biomass than in the untreated
garlic cloves. However, the dry matter in the untreated cloves was lower than in the
THY-treated ‘Jarus’ cloves and the THY- and SYZ-treated ‘Vasariai’ cloves. It is possible that
high absorbance of moisture probably influenced high germination, with consequential
high biomass gain.

3.2. Macro- and Microelements in the Plant Extract-Treated Garlic Cloves

At the end of the experiment, the macro- and microelements in the garlic cloves were
evaluated (Table 2). An interesting tendency is visible in THY-treated garlic cloves of both
cultivars, where the majority of determined elements were in higher amounts than in the
other garlic cloves. Statistically significant increases in phosphorus, potassium, sulfur,
copper, magnesium, manganese and zinc were detected in ‘Jarus’ garlic cloves, while an
increase in phosphorus, sulfur, calcium, copper, magnesium and manganese was found
in ‘Vasariai’. Lower macro- and microelement contents in the cultivar ‘Jarus’ were found
in the garlic cloves treated with SYZ, and only several macro- and microelements were
found in higher contents than in the untreated garlic cloves. In contrast, in ‘Vasariai’, SYZ
treatment resulted in higher elemental contents than in the untreated garlic cloves for the
majority of elements, which were close to the THY treatment results.

Table 2. Macro- and microelements (mg L−1) in garlic cloves with no additional treatment (untreated)
and treated with T. vulgaris essential oil (THY) and S. aromaticum extract (SYZ).

Cultivar Treatment P K S Ca Cu Fe Mg Mn Zn

Jarus

Untreated 0.131 ±
0.002 b

0.005 ±
0.001 b

0.291±
0.002 c

0.014 ±
0.000 a

0.370 ±
0.007 b

0.004 ±
0.000 a

3.167 ±
0.093 b

0.254 ±
0.001 b

0.046 ±
0.003 c

THY 0.230 ±
0.027 a

0.011 ±
0.003 a

0.358 ±
0.014 a

0.012 ±
0.001 b

0.577 ±
0.052 a

0.002 ±
0.001 b

4.651 ±
0.302 a

0.416 ±
0.036 a

0.124 ±
0.013 a

SYZ 0.149 ±
0.001 b

0.005 ±
0.001 b

0.292 ±
0.004 b

0.014 ±
0.000 a

0.356 ±
0.049 b

0.004 ±
0.000 a

3.490 ±
0.005 b

0.276 ±
0.000 b

0.082 ±
0.010 b

Vasariai

Untreated 0.123 ±
0.002 c

0.005 ±
0.001 a

0.194 ±
0.002 c

0.010 ±
0.000 c

0.285 ±
0.016 b

0.003 ±
0.000 b

2.753 ±
0.024 c

0.226 ±
0.003 c

0.089 ±
0.006 a

THY 0.153 ±
0.000 a

0.005 ±
0.000 a

0.277 ±
0.001 a

0.016 ±
0.001 a

0.410 ±
0.011 a

0.004 ±
0.001 a

3.601 ±
0.026 a

0.277 ±
0.002 a

0.088 ±
0.003 a

SYZ 0.148 ±
0.002 b

0.003 ±
0.001 b

0.249 ±
0.003 b

0.014 ±
0.000 b

0.290 ±
0.001 b

0.004 ±
0.000 a

3.491 ±
0.000 b

0.252 ±
0.001 b

0.059 ±
0.006 b

Data are presented as means ± standard deviations. Different letters indicate significant differences between the
means according to Tukey (HSD) analysis (p < 0.05).

3.3. Antioxidant Response, Total Phenolic Compounds and Total Flavonoids in the Plant
Extract-Treated Garlic Cloves

Antioxidant activity in the garlic cloves is presented in Figure 3a–c. In both cultivars,
THY- and SYZ-treated cloves had lower ABTS antiradical activity compared to untreated
cloves (24.64 mM TE g−1 FW in ‘Jarus’ and 40.83 mM TE g−1 FW in ‘Vasariai’). ABTS
was ~47% lower after THY treatment (13.05 mM TE g−1 FW) and ~7% lower after SYZ
treatment (22.92 mM TE g−1 FW) in ‘Jarus’. Only the THY treatment showed significant
differences from untreated garlic with respect to ABTS antiradical activity in this cultivar.
In ‘Vasariai’, ABTS was ~32% lower after THY treatment (27.90 mM TE g−1 FW) and
~22% lower after SYZ treatment (31.87 mM TE g−1 FW). Moreover, both extract treatments
differed significantly from untreated garlic. In contrast, ‘Vasariai’ cloves treated with THY
and SYZ had higher antiradical DPPH (73.54 and 77.09 mM TE g−1 FW, respectively)
and FRAP (57.06 and 57.37 Fe2+ µmol g−1 FW, respectively) activities than the untreated
cloves (DPPH: 69.63 mM TE g−1 FW and FRAP: 50.14 Fe2+ µmol g−1 FW, respectively).
THY treatment resulted in the lowest ABTS, DPPH and FRAP activities in ‘Jarus’ garlic
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cloves, which were also lower than in the untreated cloves. No significant differences were
observed between DPPH and FRAP antioxidant activities comparing the untreated garlic
and plant extract treatments.
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Figure 3. ABTS (a), DPPH (b) and FRAP (c) antioxidant activities; total phenolic compounds (d); and
total flavonoids (e) of ‘Jarus’ and ‘Vasariai’ garlic cloves with no additional treatment (untreated) and
treated with T. vulgaris essential oil (THY) and S. aromaticum extract (SYZ). Different letters indicate
significant differences between the means according to Tukey (HSD) analysis (p < 0.05).

The total phenolic compound (TPC) determinations are presented in Figure 3d. The re-
sults were similar between the treatments; however, the extract treatments of both cultivars’
garlic cloves resulted in higher total phenolic compound amounts overall. SYZ treatment
of ‘Jarus’ garlic resulted in a TPC value of 3.05 GAE g−1 FW, which was significantly higher
than that for the untreated garlic cloves (2.47 GAE g−1 FW), while the THY treatment
resulted in a TPC value for ‘Vasariai’ of 73.54 GAE g−1 FW. Figure 3e demonstrates total
flavonoids (TF) in garlic cloves. In ‘Vasariai’, both THY- and SYZ-treated garlic cloves
had significantly lower contents of flavonoids (0.018 and 0.009 GAE g−1 FW, respectively)
compared to untreated cloves (0.027 GAE g−1 FW). In contrast, in ‘Jarus’, both extracts
resulted in 1.2–2 times higher contents of total flavonoids compared to the untreated cloves.

4. Discussion

The treatment of garlic cloves with plant extracts is a prospective, albeit not frequently
investigated, method of processing garlic propagation material. Other studies have revealed
the important antifungal activity of plant extracts in various plant seeds, with no negative
effect on seed germination [10–12,14]. The current study showed that T. vulgaris essential oil
(THY) and S. aromaticum extract (SYZ) exerted versatile effects on garlic clove germination.
Statistically significant differences were mostly observed in the germination of cv. ‘Jarus’
garlic. Despite previous reports of S. aromaticum’s phytotoxicity on the germination of weed
seeds [50], it did not demonstrate a negative effect on garlic clove germination in the cultivars
‘Jarus’ and ‘Vasariai’. In contrast, T. vulgaris decreased garlic clove germination and was high
in dry matter, which suggests that this essential oil may increase dryness, for example, through
osmotic processes. Uncoated, minimally processed garlic cloves lost approximately 1% of
their initial mass after 9 days of storage [22]; however, in our study, we did not experience
biomass loss. THY did not completely stop the germination but slowed it down, as we still
registered biomass gain, only much lower than in the untreated garlic cloves in both cultivars.
A similar effect was observed in carrot seeds with T. vulgaris, where mild phytotoxicity was
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detected in fresh biomass of plants from essential oil-treated seeds [15]. In another study
involving cabbage seeds, T. vulgaris essential oil exhibited relatively low phytotoxicity and
high activity against seed fungal infections [10]. Summing up, both investigated extracts
caused initial changes in garlic cloves’ germination and physiological parameters, with SYZ
being more effective in the case of garlic cloves. Considering the antifungal and antibacterial
activity of S. aromaticum [31,35,36], it demonstrates a higher potential for application in garlic
cloves (or other plant seeds) than T. vulgaris essential oil. However, these findings could be
proved by performing antifungal assays. We should state that in this study of initial changes
in garlic cloves, root development was not evaluated and should be performed in the future,
together with further study of plant development from treated garlic cloves after planting.
Combining different techniques showed positive effects of seed applications [15], and SYZ
and THY should be under consideration for use together with other seed treatments.

Interesting findings were observed in elemental analysis of treated garlic cloves.
In both garlic cultivars, THY treatments resulted in increased contents of macro- and
microelements. During the germination of garlic cloves, plant extracts serve as specific
media, with only a small amount of water added to prevent drying. Given the individual
compositions of bioactive compounds, plant extracts could influence initial changes in
developing garlic cloves, as they have biological differences from seeds and may be more
easily affected at the surface by biological compounds from plant extracts. Plasma treatment
(time: 60 s) increased the elemental composition of nitrogen by up to 1.9%, calcium by up
to 1.2% and potassium by up to 0.6% in peeled garlic cloves, which could be correlated
with higher etching of organic material [21]. In this study, THY, a strong organic substance,
may have influenced changes in garlic clove surfaces or deeper layers after soaking, which
resulted in increased elemental contents. SYZ treatment had a neutral effect on ‘Jarus’ garlic
and a stronger effect on ‘Vasariai’. These findings suggest that the biological structure of
different cultivars’ garlic cloves should also be considered.

Phenolic compounds play a vital role in the protective mechanisms of plants and in-
crease during stress conditions [44]. Increased antioxidant activity and phenolic compound
contents after treatment with extracts could provide an effective natural way to enhance
the defense response of plants, fruits and vegetables. There are almost no data on the initial
changes in germinating garlic cloves’ antioxidant compounds. In this study, we observed a
tendency for the THY treatment of ‘Jarus’ garlic cloves to cause lower antioxidant activity
in garlic cloves compared to untreated ones. The opposite effect was observed with SYZ, as
it increased DPPH and FRAP activities, but not ABTS. We observed statistically significant
changes in ABTS antioxidant activity. In cv. ‘Jarus’, THY significantly decreased ABTS an-
tioxidant activity. It should be stated that no significant differences were observed between
values of DPPH and FRAP antioxidant activities in the untreated and extract-treated garlic.
In ‘Vasariai’, both extracts slightly increased DPPH and FRAP activities and lowered ABTS.
Initial changes in antioxidant activity were evident after treatment with the extracts and
depended on the cultivar. In Skrovankova et al.’s study [51], DPPH antioxidant activity in
different types of garlic ranged from 93.2 to 190.6 mg TE 100 g−1 of fresh samples, while
ABTS ranged from 331.6 to 525.2 mg TE 100 g−1. In a study of long-term storage of garlic,
DPPH and FRAP activities increased through time and were highest at 8 weeks [6]. In
another study of different types of garlic, ABTS antioxidant activity varied from 0.784 to
1.492 µmol TE g−1, DPPH varied from 0.664 to 1.578 µmol TE g−1, TPC varied intensely
from 212.86 to 623.72 µg GAE g−1, and TF varied from 119.56 to 353.58 µg QE g−1 [52].

In our case, slightly higher (2.8–23.5%) total phenolic compound (TPC) contents
were observed in the plant extract-treated garlic cloves than in the untreated ones. TPC
change was statistically significant only in SYZ-treated cv. ‘Jarus’ garlic. Our obtained
values were lower than the range of 17.16–42.53 mg GAE g−1 dry weight which was
observed in garlic bulbs of 32 different cultivars [53]. Also, higher total polyphenols were
determined—in a range from 92.2 to 119.6 mg GAE 100 g−1 fresh weight—in various
A. sativum and A. ursinum cultivar samples [51]. Although variability in TPC and total
flavonoids (TF) was observed between different cultivars of garlic [53], our results for
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untreated garlic were similar between the cultivars ‘Jarus’ and ‘Vasariai’ for TPC (2.47 and
2.59 GAE g−1 FW) and TF (0.021 and 0.027 GAE g−1 FW). Similar results were obtained
after UV-C treatment in peeled garlic cloves. After 15 days of storage, the total phenolic
compound content in garlic treated with irradiation of UV-C was 507.98–559.08 GAE
mg kg DW−1, whereas in the untreated garlic, it was 502.60 GAE mg kg DW−1 [28].
There is no other study of plant extracts’ impact on phenolics in garlic cloves. Based
on our results, we suggest that SYZ and THY demonstrate initial phenolic-enhancing
effects in short-term germination processes of 21 days. Chen et al. [53] determined TF
from 0.15 to 0.60 mg rutin DW g−1 in different cultivars of garlic. Flavonoid content
increased only in ‘Jarus’ cultivar garlic cloves after treatment with extracts. In another
study, coating with carvacrol chemotype thyme oil activated plant signaling at the early
vegetative growth stage and increased flavonoids at a further plant growth stage [17].
Total flavonoid content increased significantly after treatment with 2 kJm−2 UV-C and
within the first 5 days of storage at room temperature. However, after 15 days of storage
in the control treatment, TF deteriorated by around 4% from initial levels, while in the
UV-C treatments, the deterioration ranged from approximately 2 to 11%, depending on
the dose [28]. We found total flavonoids in the extract-treated ‘Vasariai’ garlic cloves to be
37–67% significantly lower than in the untreated ones at 21 days of germination. As other
authors have stated, flavonoids depend on storage time [28]; in our case, we could also
suggest dependence on the cultivar.

In a phytotoxicity study of S. aromaticum, T. vulgaris and other extracts expressed
varied phytotoxic effects, and the authors suggested dependence on the phytochemical
composition of the extracts [38]. We could agree with the statement, as, in our results,
THY had a slight phytotoxic effect on garlic germination, and a much higher amount of
thymol was used [39] than in the Rolli et al. [38] study, where T. vulgaris did not express
as high a phytotoxic effect on weed seeds as expected. Phytochemical composition could
also influence changes in garlic clove organic compounds, resulting in changed secondary
metabolites. Another assumption would be that plant extracts have selective phytotoxicity
and could affect vegetable seeds, garlic cloves and weed seeds differently.

There are several studies investigating the further development of garlic under field
conditions. Chilling treatment significantly improved various biological parameters of
garlic grown in soil [24]. Our results indicate initial changes in garlic cloves’ physiological
parameters, including antioxidant capacity, total phenolic compounds, total flavonoids, and
macro- and microelements, which may be dependent on the cultivar, plant extract chemical
composition and other environmental factors. Evidently, soaking in SYZ and THY affects
garlic cloves during germination, and various techniques involving these extracts should
be investigated in the future. Examination of the response in garlic roots and seedlings in
the soil or in the field could further extend the findings of the current study.
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