OPUT'MHAJIBHASA CTATbA « ORIGINAL ARTICLE

STUDYING AND UTILIZATION
OF PLANT GENETIC RESOURCES

Original article
UDC 633.82
DOI: 10.30901/2227-8834-2025-1-17-26 @)y |

Effect of zinc and copper on the growth characteristics, yield,
essential oil composition, and antimicrobial properties of Thai basil
(Ocimum basilicum var. thyrsiflora) cultivated in Vietnam

Tong Van Giang!, Tran Thi Huyen?, Le Thi Thanh Huyen?!, Vu Ngoc Lan?

Hong Duc University, Thanh Hoa, Vietnam
2Vietnam National University of Agriculture, Hanoi, Vietnam

Corresponding author: Tong Van Giang, tongvangiang@hdu.edu.vn

Thai basil (Ocimum basilicum var. thyrsiflora (L.) Benth.) (Lamiaceae) is widely used for its aromatic leaves and culinary value.
This study investigated the effects of zinc (Zn; 0, 10, 20 mg/kg of soil) and copper (Cu; 0, 5, 10 mg/kg of soil), individually and
combined, on the growth, yield, essential oil composition, and antimicrobial properties of Thai basil grown in Vietnam. The
optimal plant responses, including increased height, lateral branches of the stem number, fresh and dry yield of green mass, and
essential oil yield, were achieved at Zn 10 mg/kg and Cu 5 mg/kg. The major essential oil components were linalool
(41.64-53.27%), and methyl chavicol (22.45-37.56%), with the highest concentrations recorded at Zn 10 mg/kg and Cu
5 mg/kg. Antimicrobial tests showed strong activity of essential oil against Staphylococcus aureus, Escherichia coli, and Candida
albicans, with minimum inhibitory concentrations (MIC) between 25 and 100 pg/mL. However, higher levels of Zn and Cu nega-
tively impacted growth, yield, and oil quality. The study highlights the importance of regulating Zn and Cu levels in soil to opti-
mize the growth and essential oil properties of Thai basil. These findings offer valuable guidance for enhancing the agricultural
production of Thai basil, balancing both quantity and quality.
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B/inssHMe HMHKAa U MeAM Ha XapaKTePUCTUKHU POCTA, YPOKANHOCTD,
cocTtaB 3¢pUPHOro Macjia Uy aHTUMUKPOOHbIE CBOMCTBA TaMCKOI'0
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Basunuk tavickuii (Ocimum basilicum var. thyrsiflora (L.) Benth.) (Lamiaceae) Hames mupokoe npuMeHeHHe 6J1arofjaps cBoe-
My XUMHUY€ECKOMY COCTaBYy B maproMepuu, MeJUIMHe U KyJMHApUU. B JaHHOM HccieJOBaHUM U3y4aJloCh BIUSIHUE IUHKA (Zn;
0,10, 20 mr/xr noussl) u Meau (Cu; 0, 5, 10 Mr/Kr no4Bbl), Kak M0 OTAEJIBHOCTH, TAK U B KOMOMHAIMH, HA POCT, yPOXKAHHOCTB,
cocTaB 3UPHOro Macja 1 aHTUMUKPOOHbIE CBOMCTBA TAMCKOTO 6a3UJIMKa, BhIpAllleHHOTO Bo BbeTHaMe. OnTHMaIbHbIE TAapa-
MeTpbl PAaCTEeHUH: yBeJMYeHNe BBICOThI, KOJIMYECTBA GOKOBBIX MOOETOB, YpOXKasi CBEXKEH U CyXOU 3eJIeHOM MaccChl, a TaKXe
BBIX0/ 93pUPHOTro Mac/a, 6bLJIY MOJIy9eHbl IPU KoHLeHTpanuax Zn 10 mr/kr u Cu 5 Mr/kr. OCHOBHbIE KOMIIOHEHTBI 3QUPHOT0
Macsa - guHasnooa (41,64-53,27%) u MeTusnxaBukos (22,45-37,56%), MakcuMasibHble KOHIIEHTPALMH KOTOPBIX ObLJIM 3a-
UKCUPOBaHBI IPU TeX Ke /03aX [[MHKAa U MeJJi. AHTUMUKPOOHbIE TeCThl T0Ka3aJ1 BbICOKYI0 aKTUBHOCTb 3HUPHOTO MacJa
npoTuB Staphylococcus aureus, Escherichia coli n Candida albicans, c MUHUMaJIbHBIMH MOAABJISIONIMMY KOHLIEHTPALUAMU
(MIC) ot 25 o 100 Mkr/mu. OpgHako 60Jiee BbICOKHE YPOBHU Zn U Cu OTPULIATEIBHO CKa3bIBAJHCh HA POCTE, YPOXKAWHOCTH
Y KayecTBe 3¢UpHOTo MacJa. McciegoBaHre nojyepKrBaeT BAXKHOCTb KOHTPOJIS yPOBHEH LIMHKA M Me/IX B IIOYBE JJIs1 ONTH-
MH3aLHUH POCTA U CBOKCTB 3pUPHOro Macia Takckoro 6asurka. [losydeHHbIE pe3yIbTaThl MOTYT GbITh PEKOMEH/J0BaHbI A1
MOBBIIIEHHS CETbCKOX035IMCTBEHHOTO TPOM3BO/CTBA TAWCKOr0 6a3U/IMKA C yYeTOM IOBBIIIEHUS KaK YPOXKAHHOCTH 3eJIeHOU
Macchl, Tak 1 ee KauecTBa.

Kawuesvie caoea: Ocimum basilicum var. thyrsiflora, MUKp03/1eMeHTBI, XapaKTEPUCTHUKH POCTa, 3GUPHOE MaCJI0, aHTUMU-
KpoOHast aKTUBHOCTh

baazodapHocmu: aBTOpBI BEIpaXXaroT 6J1arojapHocThb YHUBepcuTeTy XoHT /lpik (BreTHaM) 3a mojjep:KKy M IMOMOIIb B OCY-
I1eCTBJIEHUH HACTOSIIEr0 UCCIEJOBaHUS.
ABTODBI 6/1ar0JapsAT PELIEH3EHTOB 3a UX BKJIA/] B 3KCIIEPTHYIO OLIEHKY 3TO paGoThl.

Aaa yumupoeanusa: 'iaur T.B, Xyen U.T, Xyen JL.T.T, Jlan B.H. Biusanue nuHka U MeAu Ha XapaKTepPUCTUKHU POCTa, ypo-
»KaHHOCTB, COCTAaB 3QUPHOro Macja U aHTUMUKPOOHBIE CBOMCTBA Talckoro 6asuauka (Ocimum basilicum var. thyrsiflora),
BhIpaliMBaeMoro Bo BoeTHame. Tpydel no npukaadHoil 6omaHuke, 2enemuke u cesexyuu. 2025;186(1):17-26. DOI: 10.30901/
2227-8834-2025-1-17-26
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Introduction

Thai basil, scientifically known as Ocimum basilicum var.
thyrsiflora (L.) Benth,, is a unique and aromatic herb that hails
from the mint family, Lamiaceae (Sahu et al., 2022). Originat-
ing in Southeast Asia, particularly in Thailand, this basil vari-
ety is widely cultivated for its distinctive flavor and culinary
applications (Sahu et al,, 2022). Characterized by its vibrant
green, slightly serrated leaves, and strong, sweet fragrance,
Thai basil stands out among other basil varieties (Sahu et al,,
2022). In cuisine, this basil variety is an essential ingredient,
adding a delightful twist to various dishes. It is a key compo-
nent in traditional curries, stir-fries, and noodle dishes, im-
parting a unique and aromatic flavor that is both spicy and
slightly sweet. The leaves are often used as a garnish, contrib-
uting both visual appeal and a burst of fresh aroma to the pre-
sented dishes. Beyond its culinary uses, Thai basil is also val-
ued for its potential health benefits. Like other basil varieties,
it is rich in essential oils, antioxidants, and nutrients, which
are believed to possess anti-inflammatory and antibacterial
properties (Avetisyan etal., 2017; Lyczko etal, 2020; Sahu
etal, 2022; Sahu et al,, 2024). Additionally, the herb is appre-
ciated for its role in traditional medicine, where it is used to
address various ailments (Pripdeevech et al,, 2010).

Mineral nutrients are pivotal for the growth and develop-
ment of plants, playing essential roles as key elements in di-
verse physiological and biochemical processes (Hansch, Men-
del, 2009). Two standout contributors to overall crop health
and productivity are zinc (Zn) and copper (Cu) (Mousavi
etal, 2013; Kumar etal,, 2021). It is important to understand
the initial composition of the soil to ensure that plants would
receive an adequate supply of these essential nutrients. As an
indispensable micronutrient, Zn actively participates in nu-
merous enzymatic reactions crucial for plant metabolism
(Mousavi etal,, 2013). It plays a central role in nucleic acid
and protein synthesis, facilitating cell division and elongation.
Additionally, Zn is essential for activating enzymes in photo-
synthesis, thereby influencing the overall energy conversion
efficiency in plants (Mousavi et al., 2013; Prasad et al., 2016).
Moreover, it supports the development of a robust root sys-
tem, enhancing the plant’s capacity to absorb water and nu-
trients from the soil (Mousavi et al,, 2013). Cu, another vital
micronutrient, is integral to various biochemical processes
within plants (Kumar et al., 2021). It acts as a cofactor for nu-
merous enzymes engaged in redox reactions and electron
transport chains. Cu’s participation in photosynthesis and
respiration makes it indispensable for energy metabolism
(Kumar et al,, 2021). Furthermore, Cu contributes to cell wall
lignification, providing structural support to plants and bol-
stering their resistance to diseases (Adrees etal, 2015; Ku-
mar et al., 2021). Inadequate levels of Zn or Cu can result in di-
verse growth disorders, adversely affecting plant yield and
quality (Adrees et al.,, 2015; Prasad et al,, 2016). Thus, ensur-
ing that plants receive a balanced and sufficient supply of
these minerals is crucial for optimal performance.

In recent years, the cultivation of Thai basil has signifi-
cantly increased in Vietnam, with farmers drawn to its adapt-
ability to various soil types and climates, making it suitable
for both lowland and upland areas. Despite its popularity,
there is a scarcity of research on the micronutrient require-
ments of this plant, particularly concerning Zn and Cu. This
lack of research underscores the necessity for comprehensive
studies to fill this knowledge gap. Hence, the present study in-
vestigates the effects of Zn and Cu, individually and in combi-
nation, on the growth, yield, essential oil composition, and an-
timicrobial properties of Thai basil grown in Vietnam.

Materials and methods

Plant materials

The Thai basil (Ocimum basilicum var. thyrsiflora) seeds
were procured from the Vietnam High-tech Plant Seed Center
and subsequently cultivated within the net house at Hong Duc
University, Thanh Hoa (19°46’16”N, 105°46°'47”E), Vietnam.
The sowing process commenced in February 2022, during
which the ambient temperature averaged 26 * 2°C, and the
relative humidity was maintained at 65 + 2%. Plastic germi-
nation trays served as the chosen containers, and the growth
medium employed was a peat-based substrate. During the
initial 2-week post-sowing period, the plants underwent
a daily watering procedure, which was subsequently adjusted
to a weekly schedule. Following a growth duration of 5 weeks,
the seedlings underwent transplantation into plastic pots
that had been treated with Zn and Cu.

Experimental design and treatments

Plastic pots, measuring 14 cm in diameter and 12 cm in
height, were employed in this investigation and filled with
soil. The soil samples were obtained from the surface down to
a depth of 25 cm at the research farm of Hong Duc University,
Thanh Hoa, Vietnam. The trace element composition of the
soil was analyzed using atomic absorption spectroscopy
(AAS). The physicochemical properties of the soil were deter-
mined, with the following results: soil texture - sandy loam;
electrical conductivity (EC) - 3.85 dS/m; potential of hydro-
gen (pH) - 7.23; organic carbon - 0.61%; total nitrogen (N) -
0.08%; phosphorus (P) - 7.54 mg/kg; potassium (K)-
167 mg/kg; iron (Fe) - 11.32 mg/kg; manganese (Mn) -
8.49 mg/kg; copper (Cu) - 0.72mg/kg, and zinc (Zn) -
0.80 mg/kg.

The experimental design comprised three levels of Zn (0,
10, 20 mg/kg of soil) and three levels of Cu (0, 5, 10 mg/kg
soil), administered as ZnS0,.2H,0 and CuSO,.5H,0, respec-
tively. A total of nine treatments were implemented, en-
compassing all possible combinations: (Zn,Cu,), (Zn,Cu,),
(ZnCu, ), (Zn,Cu), (Zn,,Cu,), (Zn, Cu, ), (Zn,,Cu ), (Zn,,Cu,),
and (Zn, Cu, ), with Zn Cu, serving as the control. Application
of these treatments involved dissolving specified metal salt
amounts in 200 mL of distilled water, and uniformly spraying
them over the soil surface of each pot to ensure even distribu-
tion. Following the treatment application, a two-month incu-
bation period ensued to establish Zn and Cu equilibrium in
the pot soil. Subsequently, the seedlings, prepared as de-
scribed above, were planted in pots treated with Zn and Cu.

The experiments were conducted utilizing a randomized
block design with three replications in the net house of Hong
Duc University, Thanh Hoa, Vietnam. The plots were irrigated
immediately after transplanting and throughout the growing
seasons as needed. No pesticides were employed during the
experiment, and weed control was carried out manually. Fer-
tilization with essential nutrient elements (N-P-K, urea, tri-
ple superphosphate, and potassium sulfate) was applied on
the basis of on soil test results to optimize conditions for plant
growth. After 12 weeks, Thai basil plants were harvested by
cutting them at 5 cm above the soil surface.

Measurement of some morphophysiological traits

Various parameters relevant to plant growth, such as
plant height and the number of lateral branches on the stems
per plant, were observed. Plant height was measured using
aruler and expressed in cm. The study also investigated fac-
tors affecting yield, including both fresh and dry produce, and
examined pigment content (SPAD). Total fresh yield was doc-
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umented and presented in g/plant, and the total dry yield of
green mass was measured and reported in g/plant after stor-
ing harvested material for 72 h in an oven set at 72°C. Addi-
tionally, assimilatory pigment content was evaluated using
a non-destructive portable chlorophyll content meter (SPAD
502, Minolta, Japan), which measured the optical absorbance
of chlorophyll, with readings recorded in SPAD units.

Essential oil extraction

A total of 200 g of dried aerial parts of Thai basil under-
went hydrodistillation for 4 h utilizing a Clevenger-type
apparatus, following established procedures (Giang et al.,,
2023). The essential oil extraction process was reiterated
three times to ensure reproducibility. Subsequently, the col-
lected essential oil underwent drying over anhydrous sul-
fate and was stored at 4°C in preparation for analysis. The
essential oil yield was calculated and expressed as a per-
centage (v/w).

Essential oil analysis

The chemical compositions of the essential oil extracted
from Thai basil were analyzed using gas chromatography-
flame ionization detection (GC-FID) and gas chromatogra-
phy-mass spectrometry (GC-MS), following established pro-
tocols (Giang etal, 2023). The GC-FID analyses were con-
ducted on an Agilent Technologies HP 7890A Plus gas chro-
matograph, equipped with a flame ionization detector and an
HP-5MS column (30 m x 0.25 mmi. d., film thickness 0.25 pm).
The initial oven temperature was set at 60°C for 2 min, fol-
lowed by an increase to 220°C at a rate of 4°C/min. The injec-
tor and detector temperatures were maintained at 250°C and
260°C, respectively. Helium served as the carrier gas with
a flow rate of 1 mL/min.

For GC-MS analyses, an Agilent Technologies HP 7890A
Plus gas chromatograph, coupled with an HP 5973 MSD mass
spectrometer, was employed. The same capillary column and
chromatographic conditions from the GC-FID analyses were
applied. Mass spectra were collected within the 35-350 amu
range at a rate of 1 scan/s, utilizing ionizing electron energy
of 70 eV and an emission current of 40 mA. Helium gas served
as the carrier gas at a flow rate of 1 mL/min, and the transfer
line temperature was set at 260°C.

The identification of essential oil components relied on
GC retention time, compared with known compounds, and
a comparison of mass spectra with those in the computer da-
tabase and published spectra (Adams, 2007; NIST, 2018). The
percentage composition of components was determined by
normalizing the peak area without applying correction fac-
tors.

Antimicrobial assay

To evaluate the antimicrobial effectiveness of Thai basil
essential oil, three strains of microorganisms were subjected
to testing, encompassing one Gram-positive bacteria strain
(Staphylococcus aureus ATCC 25923), one Gram-negative bac-
teria strain (Escherichia coli ATCC 25922), and one yeast
strain (Candida albicans ATCC 10231). The minimum inhibi-
tory concentration (MIC) was determined using the previ-
ously established broth microdilution susceptibility method
(Giang et al.,, 2023). Gram-positive bacteria were cultured in
Mueller-Hinton broth (MHB), while yeast strains were culti-
vated in Sabouraud broth (SB). The essential oil was dissolv-
ed in 1% dimethylsulfoxide (DMSO) and serially diluted in
a 96-well microtiter plate. Overnight cultures of each strain
were prepared, with a final concentration adjusted to
5x10° CFU/mL for bacteria and 1x10° CFU/mL for yeast in

each well. The microorganisms were then incubated for 24 h
at 37°C and 30°C for bacteria and yeast, respectively. Gen-
tamicin and nystatin served as standards for bacteria and
yeast, respectively. The MIC was defined as the lowest concen-
tration of essential oil that inhibited visible growth of the mi-
croorganism.

Statistical analysis

The results were expressed as means and standard errors.
The statistical analysis to ascertain significant differences
among treatments included the comparison of means through
an analysis of variance (ANOVA). Those analyses were per-
formed using the SPSS™ software on a personal computer
(SPSS Inc., IL, USA). Subsequent comparisons of treatment
means were executed using the least significant difference
test, with a significance level set at p < 0.05.

Results and discussion

Growth and morphophysiological characteristics

The concentrations of trace elements, such as Zn and Cu,
in soils play a crucial role in promoting healthy plant growth
and development (Hénsch, Mendel, 2009). Plants require
a well-balanced combination of essential nutrients to ensure
normal growth and achieve optimal yields. The impact of var-
ious treatments involving Zn, Cu, and their combinations on
the growth and morphophysiological parameters of Thai basil
is detailed in Table 1.

The study revealed that the applied treatments signifi-
cantly (p < 0.05) influenced several key parameters, including
plant height, number of lateral branches on the stems per
plant, fresh yield, dry yield of green mass, and SPAD, com-
pared to the control treatment. It was noted that plants
treated with different concentrations of Zn and Cu exhibited
enhanced growth and morphophysiological parameters com-
pared to the control (Ghorbanpour et al,, 2016; Lajayer et al,,
2017). However, as the concentrations of Zn and Cu increased
in various treatments, the vegetative growth parameters
gradually declined (see Table 1). The most favorable results in
terms of growth and morphophysiological parameters in Thai
basil plants were observed with the Zn, Cu, treatment. Simi-
lar positive effects of low Zn and Cu levels have been reported
in other plant species, such as Mentha pulegium (Lajayer et al.,
2017), Matricaria chamomilla (Grejtovsky etal., 2006), and
Ocimum basilicum (Ghorbanpour etal, 2016). The applica-
tion of Zn and Cu at low doses is believed to enhance plant
growth by meeting nutritional requirements, improving the
efficiency of macro- and microelement absorption, activating
enzymes, and facilitating elongation and cell proliferation
(Hansch, Mendel, 2009; Adrees etal, 2015; Prasad etal,
2016).

In this study, the lowest values for growth and morpho-
physiological parameters in Thai basil plants were recorded
when the highest concentrations of Zn and Cu (Zn, Cu, ) were
applied (see Table 1). These values were significantly lower
(p < 0.05) than those of the control treatment. The decrease
in the mentioned growth parameters can be attributed to the
accumulation of toxic levels of Cu and Zn in plant tissues, dis-
rupting essential nutrient uptake and transport (Mir etal,
2021; Kaur, Garg, 2021). This interference subsequently af-
fects the mineral nutrition composition of plants, chlorophyll
content, photosynthetic rate, and root growth.

Essential oil yield
The essential oil yield of Thai basil, subjected to varying
concentrations of Zn and Cu, is illustrated in Figure 1. Our
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Table 1. The effect of zinc (Zn) and copper (Cu) on morphological and physiological characteristics
of Thai basil (Ocimum basilicum var. thyrsiflora)?

Ta6auna 1. Brusaxaue nuHka (Zn) u meau (Cu) Ha mopdosiornyeckre U Gu3N0/I0rHYeCKUe XapaKTepUCTHKH
Talickoro 6asusnka (Ocimum basilicum var. thyrsiflora)?

Treatments Plar;tcrl:le)ight La:)‘afl;all:eb;;l:lilsles F{ esh yield Dry yield SPAD
(number per plant) g/plant) (g/plant)

Zn Cu, 53.03+1.05c 15.19+0.74 ¢ 62.24+1.01c 11.04£0.33c 3487 +0.39¢c
Zn Cu, 5314+ 1.14c 1492 +0.57c 60.75+1.48 ¢ 10.57 £0.36 ¢ 34.62+041c
Zn Cu,, 51.69+1.54c 1445+ 0.63 c 60.22£1.07 c 10.42+0.40c 3431+045¢c
Zn, Cu, 6395+1.41a 20.15 +0.66 ab 75.81+1.64 ab 13.45+0.28 ab 43.18+0.43 ab
Zn, Cu, 64.47 £1.22a 22.27+083a 79.26 £1.41a 14.28+0.42a 45.26 +0.27 a
Zn, Cu,, 58.04 +0.86b 1846+ 0.70b 71.84+150b 12.82+0.37b 40.39+0.31b
Zn, Cu, 50.89+1.61c 14.31+0.75¢ 58.37+1.04 c 10.27 £0.51 ¢ 35.08+0.44 c
Zn, Cu, 52.26 +1.64c 15.48+0.87c 61.28+1.27c 1095+0.29¢ 35.21+0.58¢
Zn, Cu,, 45.27 £1.01d 11.24+0.62d 51.31+1.17d 8.30£0.33d 30.15+0.27d

Note: @ - results are means of three measurements * standard errors. Within each column, means with the same lower-case letters are not
statistically differentat p < 0.05 according to Tukey’s test

HpuMeqal—me: a- pe3yJbTaThbl lIpeCTaBJIEeHbl KaK CpeJHUe 3HAaYEeHUA TpexX I/I3MepeHl/Iﬁ + cTaHZlapTHBIE oKOKH. B npejesax Kaxaoro
CTOJIGL[a CpeHHe 3Ha4YeHHUH], 0603HaYeHHbIE OZJMHAKOBbIMH CTPOYHBIMHU 6yKBaMI/I, CTAaTUCTUYECKHU HE PA3JINYAIOTCA IPU P < 0,05 I10 KpH-

Teputo ThlOKU

1.0
0.8 -
£
= 0.6
s
E 0.4 -
P
0.2 -
0.0 -
Q\}Q OQ") C)Q'\ C)}\Q QQ,Q Q, C)
‘\}\Q (\/Qg «\?’“ (\,0\ (\)Q\Q (\)Q\Q z\}\”v «\}\"9 (\)Qq’b

Treatments

Fig. 1. The effect of zinc (Zn) and copper (Cu) on essential oil yield (%, v/w) of Thai basil
(Ocimum basilicum var. thyrsiflora). Results are means of three measurements # standard errors. Means with the same
lower-case letters are not statistically different at p < 0.05 according to Tukey’s test

Puc. 1. Baiusanaue nuHkKa (Zn) u meau (Cu) Ha Bbixog, 3¢pupHoro maciaa (%, v/w) Taiickoro 6asujauka
(Ocimum basilicum var. thyrsiflora). PesynbraThl Ipe/icTaB/eHbl KaK CpeIHUE 3HAUeHUs TpeX U3MepeHUH + CTaHAapTHbIe
oumn6ku. CpeiHUE 3HAaYeHUs], 0003HAaYeHHbIe OZJMHAKOBBIMU CTPOYHBIMU GYKBaMH, CTATUCTUYECKH HE PA3/INYaloTCs

npu p < 0,05 no kputeputo Tbroku
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findings revealed a significant impact (p < 0.05) of Zn and Cu
treatments on the essential oil yield of Thai basil. Remarkably,
the Zn, Cu, treatment yielded the highest essential oil, show-
casing its efficacy in enhancing aromatic compound produc-
tion. Conversely, Thai basil treated with high concentrations
of Zn and Cu (Zn,Cu, and Zn, Cu, ) exhibited the lowest es-
sential oil yields, even falling below those of the control group.
This pattern aligns with previous studies on herbs like Oci-
mum basilicum (Ghorbanpour et al., 2016) and Matricaria re-
cutita (Jeshni et al,, 2017), indicating a consistent response to
Zn and Cu treatments across different plant species. The ob-
served outcomes can be attributed to the indirect influence of
Zn on terpenoid biosynthesis, primarily by augmenting pho-
tosynthesis. Furthermore, the potential stimulation of auxin
biosynthesis and increased cell division due to Zn application
may contribute to the expansion of leaf area and enhanced
plant photosynthesis (Mousavi etal, 2013). Similarly, Cu
plays a crucial role in enzymatic activities associated with the
synthesis of secondary metabolites (Kumar etal., 2021; Ku-
mar etal, 2022). Optimal levels of Cu support the proper
functioning of enzymes involved in essential oil formation.
However, it is crucial to note that while Zn and Cu are neces-
sary, an excess of Zn and Cu can have adverse effects on plant
health, leading to oxidative stress and a decrease in essential
oil production (Mir et al,, 2021; Kaur, Garg, 2021).

Chemical compositions of the essential oil

The data concerning the chemical profile of Thai basil es-
sential oil under various treatments are presented in Table 2.
A total of 25 essential oil constituents were identified, repre-
senting 95.01%-97.44% of all constituents in the essential
oil. The analysis revealed that Thai basil essential oil primar-
ily consisted of oxygenated monoterpenes (74.20%-93.21%),
followed by sesquiterpenes hydrocarbons (3.40%-17.65%),
monoterpene hydrocarbons (0.44%-3.36%), and oxygenated
sesquiterpenes (0.20%-0.68%). The principal volatile com-
ponents identified in Thai basil in this study were linalool and
methyl chavicol. Our findings align with the research con-
ducted by A. Avetisyan et al. (2017), where linalool and methyl
chavicol were identified as major compounds in Thai basil es-
sential oil from Armenia. Similar results were reported by
Ma Xiaojing et al. (2022) and J. Lyczko et al. (2020), who iden-
tified oxygenated monoterpenes as major compounds in Thai
basil essential oil. Additionally, linalool was reported as a ma-
jor compound in Thai basil essential oil grown in Egypt, ac-
cording to literature (Said-Al Ahl et al.,, 2015). R. Sishu et al.
(2010) also reported linalool (42.44%) as the main com-
pound in Thai basil essential oil from Ethiopia.

In this study, linalool ranged from 41.64% to 53.27%, and
methyl chavicol varied from 22.45% to 37.56% under differ-
ent treatments (Fig. 2). The contents of linalool and methyl
chavicol in Thai basil essential oil significantly increased in
plants treated with Zn, Cu, Zn, Cu,, and Zn, Cu, . A similar
beneficial effect of micronutrients on essential oil composi-
tion was previously reported in Mentha spicata (Pande et al,,
2011), Mentha pulegium (Lajayer et al., 2017), Ocimum basili-
cum (Ghorbanpour etal, 2016), and Matricaria chamomilla
(Grejtovsky etal,, 2006). However, other treatments had no
significant effect on linalool and methyl chavicol content. Ad-
ditionally, the content of linalool and methyl chavicol signifi-
cantly decreased with the application of high Zn and Cu levels,
consistent with previous studies that demonstrated adverse
effects of excess Zn and Cu on essential oil composition (Ghor-
banpour et al,, 2016; Lajayer et al.,, 2017; Kumar et al., 2022).
Other essential oil constituents were altered by the applied
treatments without a clear trend.

The composition of essential oils is influenced by a multi-
tude of factors, encompassing genetic traits, evolutionary
characteristics, climatic fluctuations, photoperiod, tempera-
ture, light exposure, and agronomic considerations such as
soil amendments, nutrients, and trace elements (Figueiredo
etal, 2008; Barra, 2009; Moghaddam, Mehdizadeh, 2017; Ku-
mar etal, 2022). Numerous research studies have under-
scored the impact of micronutrients like Zn and Cu on essen-
tial oil composition (Ghorbanpour et al, 2016; Jeshni et al,
2017; Moghimipour etal.,, 2017; Lajayer etal,, 2017; Kumar
etal, 2022). Optimal levels of Zn and Cu play pivotal roles in
plant physiology, participating in crucial processes such as
metabolism, photosynthesis, the respiratory electron trans-
port chain, chlorophyll and protein synthesis, auxin synthesis,
cell division, and serving as essential components of various
enzymes (Héansch, Mendel, 2009; Adrees etal., 2015; Prasad
etal, 2016). Additionally, these micronutrients function as
regulatory cofactors and contribute to saccharide metabolism
(Hansch, Mendel, 2009). It is well-established that low-level
applications of Zn and Cu can enhance essential plant func-
tions, including photosynthesis, CO, fixation, and glucose pro-
duction (Adrees etal.,, 2015; Prasad et al.,, 2016). These pro-
cesses are particularly noteworthy as they serve as precur-
sors for terpenoid biosynthesis (Kumar et al., 2022). There-
fore, maintaining optimal levels of Zn and Cu becomes crucial,
as they not only play essential roles in enzymatic activity and
metabolic processes related to the terpene biosynthesis path-
way but also have the potential to influence essential oil qual-
ity positively.

Antimicrobial activity of the essential oil

The antimicrobial effectiveness of Thai basil essential oil
under different treatments was assessed against three micro-
organisms using the broth microdilution method. Table 3 dis-
plays the MIC values for the Thai basil essential oil. Results in-
dicate inhibitory activity against Staphylococcus aureus, Esch-
erichia coli, and Candida albicans, with MIC values ranging
from 25 to 100 pg/mL under different treatments. These vari-
ations in MIC values may be attributed to differences in the
chemical composition content of the essential oils. Previous
literature supports the notion that alterations in the chemical
composition directly influence the antimicrobial activity of
essential oils (Chouhan etal,, 2017; Angane et al., 2022). Our
findings align with previous studies exploring the antimicro-
bial properties of essential oils derived from various basil va-
rieties globally (Hussain etal., 2008; Avetisyan etal., 2017).
Past research has established that essential oils exhibit potent
antimicrobial effects when MIC values are below 100 pug/mL
(Oliveira et al., 2022). Notably, the essential oil from Thai ba-
sil under various treatments in our study demonstrated ro-
bust antimicrobial activity based on this criterion.

The antimicrobial effectiveness of Thai basil essential oil
against S. aureus, E. coli, and C. albicans can be attributed to
its chemical constituents, primarily linalool and methyl chav-
icol (Moghaddam etal, 2014; Herman etal, 2016). These
compounds, alongside minor components, such as 1,8-cine-
ole, B-elemene, a-humulene, and germacrene D, collectively
contribute to the oil’s antimicrobial properties (De Lacerda
Leite etal, 2021; Maczka etal.,, 2021). Linalool, a monoter-
pene alcohol, is renowned for its antimicrobial effects, dis-
rupting microbial cell membranes and interfering with meta-
bolic processes, ultimately leading to cell death against vari-
ous bacteria and fungi (Herman et al.,, 2016). Methyl chavicol,
or estragole, is another essential compound in Thai basil oil
with proven antimicrobial properties, exerting antibacterial
and antifungal effects by disrupting cell membranes and in-
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Fig. 2. The effect of zinc (Zn) and copper (Cu) on the content of main compounds (% of the total oil) in Thai basil
essential oil (Ocimum basilicum var. thyrsiflora). Results are means of three measurements # standard errors.
Means with the same lower-case letters are not statistically different at p < 0.05 according to Tukey’s test

Puc. 2. BiusaHue nuHKa (Zn) u megu (Cu) Ha cogep:kaHue OCHOBHBIX KOMIOHEHTOB (% OT 06111ero Mac/a) B 3GHMpPpHOM
MacJie Taiickoro 6asuimka (Ocimum basilicum var. thyrsiflora). PeaynbTaTel NpeAcTaB/IeHbl Kak CpeIHUeE 3HAaYeHUs Tpex
M3MepeHUH * cTaHJapTHble oNOKHU. CpeHYe 3HaYeHHs1, 0603HaYeHHble OJJMHAKOBBIMHU CTPOYHBIMU 6yKBaMH,
CTAaTUCTUYECKH He pasinyaroTcs npu p < 0,05 mo kputeputo Thioku

Table 3. Antimicrobial activity of Thai basil essential oil (Ocimum basilicum var. thyrsiflora)
under different zinc (Zn) and copper (Cu) levels, MIC: pg/mL

Ta6smna 3. AHTUMUKPOGHAsA aKTUBHOCTb 3UPHOro MacJ/ia Talckoro 6asusuka (Ocimum basilicum var. thyrsiflora)
NPH pa3JIUYHbIX YPOBHAX IUHKA (Zn) u meau (Cu), MIC: MKr /M

Treatments
Microorganisms
InCu, | ZnCu, | ZnCu,, | Zn, Cu, | Zn, Cu, | Zn Cu, | Zn,Cu, | Zn, Cu, | Zn,Cu
Staphylococcus aureus 25 100 50 50 25 50 100 50 50
Escherichia coli 50 50 25 25 50 25 50 50 100
Candida albicans 100 50 100 100 50 50 100 50 100

hibiting enzymatic activities (Herman et al., 2016). The minor
components, such as 1,8-cineole, f-elemene, a-humulene,
and germacrene D, collectively contribute to the oil’s antimi-
crobial activity by employing various mechanisms, including
the disruption of microbial membranes and interference with
cellular processes (Angane et al., 2022). The combined action
of these chemical constituents results in a broad-spectrum
antimicrobial effect against S. aureus, E. coli, and C. albicans.
The richness and diversity of compounds in Thai basil essen-
tial oil offer a multifaceted approach, providing valuable in-
sights into its potential therapeutic applications as a natural
and effective antimicrobial agent.

Conclusions

In conclusion, the results of this study underscore the sig-
nificance of Zn and Cu concentrations in influencing the char-

acteristics of Thai basil and its essential oil properties. Opti-
mal plant height, lateral branch number, as well as fresh and
dry yields, along with essential oil yield, were achieved when
Thai basil was exposed to Zn and Cu concentrations of 10 and
5 mg/kg, respectively. The main chemical constituents in the
essential oil of Thai basil are linalool (41.64-53.27%) and
methyl chavicol (22.45-37.56%). The antimicrobial investi-
gation highlighted the potent activity of Thai basil essential
oil against Staphylococcus aureus, Escherichia coli, and Can-
dida albicans, with MIC ranging from 25 to 100 ug/mL across
all treatments. Nevertheless, elevated concentrations of Zn
and Cu resulted in growth inhibition, reduced productivity,
and a decline in the quality of Thai basil essential oil. This em-
phasizes the crucial role of managing soil metal concentra-
tions to optimize the growth and bioactive properties of Thai
basil. In general, this study provides valuable insights for cul-
tivating Thai basil to enhance both its quantity and quality.
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