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Abstract

This study investigates changes in the antioxidant capacity of basil
(Ocimum basilicum L.) exposed to various abiotic stress factors (50 and 100
mM salinity, drought, and photoperiodic stress). The antioxidant
potentials of the prepared methanolic extracts were evaluated using the
DPPH radical scavenging assay (7.81-1000 pg/mL). The findings
demonstrated that all extracts exhibited strong, dose-dependent activity.
Notably, plants subjected to moderate drought and extended photoperiod
showed higher DPPH inhibition than ascorbic acid at 62.5 pg/mL under
the tested conditions. Salinity treatment induced a biphasic response: it
decreased activity at 50 mM but activated the defense system and

Extended photoperiod increased antioxidant capacity at the 100 mM level. In conclusion, stress

treatments such as controlled drought and extended photoperiod appear
to effectively enhance the non-enzymatic defense systems of Ocimum
basilicum, thereby increasing its potential as a natural antioxidant source.

This is an open access article
under the CC BY NC license.
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1. Introduction

Throughout human history, a wide variety of therapeutic methods and agents have been
utilized to combat diseases. In this ongoing quest, natural compounds still largely constitute
the raw materials for newly developed pharmaceuticals (Benek et al., 2023). The practice of
utilizing medicinal plants in the treatment of various diseases dates back to ancient times. This
historical accumulation of knowledge has not been limited to traditional medicine; rather, the
critical role of medicinal plants in the modern healthcare sector persists through the direct
synthesis of numerous contemporary pharmacological agents from plant materials (Canli et
al., 2023).

Among these medicinal plants with high pharmaceutical and industrial potential, basil
(Ocimum basilicum L.), belonging to the Lamiaceae family, stands out due to its rich
phytochemical profile. The genus Ocimum comprises more than 30 herbaceous and shrub
species. This genus is native to Asia, Central and South America, and Africa (Shahrajabian et
al., 2020). The majority of commercial basil varieties available on the market belong to the
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Ocimum basilicum L. species. According to the classification established by Darrah, seven
distinct types of O. basilicum are recognized based on their morphological and aromatic
characteristics. These types include sweet basil forms, large-leaved robust types such as the
'Lettuce Leaf' or 'Italian' basil, dwarf varieties, compact Thai basil types, small-leaved 'Bush'
basil, purple varieties such as Purpurascens and 'Dark Opal' with their characteristic aromas,
and the Citriodorum group, which is distinguished by its lemon scent (Suppakul et al., 2003).

Basil, which possesses a wide range of applications, is utilized in its fresh, dried, or processed
forms not only as a flavoring agent in the food industry but also as a valuable raw material in
the cosmetics and perfume sectors due to its distinctive aromatic profile. Notably, pesto
sauce—a global icon of Italian cuisine—stands out as the most renowned industrial
application of processed basil. Beyond these industrial uses, the rich bioactive compounds
contained within the plant make it an integral component of traditional medicinal practices as
well (Garibaldi et al., 1997).

Both the essential oil levels and the concentrations of other phytochemical constituents are not
limited merely to the plant species or cultivar, but exhibit substantial variance under different
cultivation conditions and environmental factors (Shahrajabian et al., 2020). Abiotic stress
conditions such as drought, salinity, and variable light, which disrupt the ideal growth
environment, are the primary factors that significantly change this chemical profile of the
plant. Stress refers to environmental factors that negatively affect plant growth, development,
and productivity. In plants, stress is evaluated under two main classes: abiotic (physical and
chemical environmental factors) and biotic (living organisms such as diseases, pests, etc.) (Gull
et al., 2019).

Being sessile organisms by nature, plants lack the ability to physically escape unfavorable
environmental conditions; this obligates them to exhibit resistance in situ against abiotic stress
factors such as salinity, drought, and extreme temperatures (Zhang et al., 2022). Among these
environmental factors, salinity stress, which is particularly widespread, restricts water uptake
in plants and induces a severe osmotic imbalance at the cellular level. Osmotic pressure, along
with ion toxicity, leads to the excessive accumulation of reactive oxygen species (ROS), thereby
triggering a destructive oxidative stress that the plant must combat to survive (Acosta-Motos
et al., 2017). When plants are exposed to high salt concentrations, the primary physiological
deviation occurring at the cellular level is the disruption of the stability of the cytoplasmic
Na*/K* ratio. This ionic imbalance constitutes a primary response that directly threatens
normal metabolic activities (Gull et al., 2019).

Water is a vital requirement for plant survival. Defining the relationship between soil moisture
and water availability from an agronomic standpoint is termed drought. When the amount of
water in the soil decreases, the absorption of water and dissolved mineral nutrients also
declines. Drought occurs due to climate change and soil structure (Pamungkas & Farid, 2022).
Under drought stress, plants exhibit distinct physiological and biochemical responses at both
the cellular and whole-organism levels. Stomatal closure, membrane degeneration, and the
inactivation of enzymes involved in ATP synthesis are the primary factors limiting the
photosynthetic rate under drought stress. Plants establish physiological and morphological
lines of defense to withstand this water scarcity. Increased diffusion resistance that minimizes
transpiration losses, deep root systems that maximize water acquisition, and smaller,
succulent leaf formations that balance transpiration form the basis of these strategies (Farooq
et al., 2012). One of the morphological responses observed under drought stress is leaf rolling,
and this condition enhances resistance in certain plants (Terzi & Kadioglu, 2006). The
photorespiration process under drought stress constitutes the primary source of cellular HO»
accumulation and, consequently, ROS production. To minimize this oxidative damage and
enhance plant resistance, supporting the activation of enzymatic and non-enzymatic natural
antioxidant defense systems is a critical vital strategy (Hasanuzzaman et al., 2013).
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Light represents one of the most critical environmental factors governing plant growth and
development. In addition to its regulatory roles in vegetative growth and productivity, it
directly determines the photosynthetic rate and assimilation dynamics. However, in their
natural habitats, plants are frequently exposed to suboptimal or excessive light intensities.
These photic fluctuations, collectively referred to as “light stress,” disrupt fundamental
metabolic processes such as carbon and nitrogen fixation, suppress photosynthetic
performance, and trigger antioxidant defense mechanisms, thereby profoundly affecting the
morphological and agronomic characteristics of the plant (Yang et al., 2019). Continuous or
extended illumination conditions suppress the potential quantum yield of photosystem II
(Fv/Fn) in plant physiology, while dynamically altering the antioxidant defense system and
chlorophyll/carotenoid pigment balances to absorb the photic damage occurring at the
cellular level (Shibaeva et al., 2022).

In light of this information, the present study aims to comprehensively evaluate the alterations
in the antioxidant activity capacity and the defense responses of basil (Ocimum basilicum L.)
plants exposed to different abiotic stress factors (salinity, drought, and extended photoperiod).

2. Materials and Method

2.1. Plant growth conditions

In this study, basil (Ocimum basilicum L.) was used as the plant material. Seeds were sown in
pots containing peat, and the plants were cultivated under controlled environmental
conditions. The plants were allowed to grow under natural photoperiod conditions at room
temperature (=24-26 °C) and subjected to a regular watering regime. After reaching a specific
developmental stage, the plants were subjected to abiotic stress treatments.

2.2. Experimental Design and Stress Treatments

When Ocimum basilicum L. seedlings reached 6-7 weeks of age, corresponding to the 4-5 true-
leaf developmental stage, they were divided into seven distinct experimental groups, with at
least three biological replicates per group (n = 3), and subjected to the respective abiotic stress
treatments for 3 weeks (21 days) prior to harvest. The ambient temperature was maintained at
24-26 °C throughout the experimental period, and the plants were kept under a protective
cover system to minimize excessive evaporation.

The control group (BTN) was maintained under a natural winter photoperiod of
approximately 10 h light/14 h dark and irrigated three times per week with tap water at a
standardized volume of approximately 100 mL per pot. Salinity stress was imposed by
irrigating the plants three times per week with 50 mM (BTT1) or 100 mM (BTT2) NaCl
solutions. Drought stress was induced by reducing the irrigation frequency, with moderate
drought (BTK1) receiving water twice per week and severe drought (BTK2) receiving water
once per week. In the photoperiod stress groups, the irrigation regime was maintained at the
same frequency as that of the control group. The short-day group (BTI1) was exposed to
approximately 6 h light/18 h dark per day in a light-isolated chamber, whereas the extended-
photoperiod group (BTI2) was exposed to approximately 22 h light/2 h dark per day using
supplementary artificial lighting. Following the 3-week stress treatment period, the aerial
parts of all plants were harvested and used for subsequent biochemical extractions and
analyses.

2.3. Preparation of plant extracts

The basil (Ocimum basilicum L.) plants used in this study were cultivated under controlled
conditions. To prevent mold formation, the harvested plant samples were dried at room
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temperature in an environment protected from direct sunlight. The dried plant materials were
ground into a homogeneous powder using a laboratory-type grinder. For each sample, 4 g of
the ground plant material was weighed, transferred into a glass Erlenmeyer flask, and mixed
with 40 mL of methanol. The prepared flasks were placed on an orbital shaker and agitated at
140 rpm for 3 days at room temperature in a dark environment. Following the shaking period,
the resulting mixture was filtered using Whatman No. 1 filter paper, and the filtrate was
transferred into glass evaporation flasks. To prevent the thermal degradation of antioxidant
compounds, methanol in the filtrate was removed under vacuum using a rotary evaporator at
35 °C. After the evaporation process, the obtained dry extract was dissolved by adding 7 mL
of methanol to prepare the stock extract. The prepared extracts were transferred into Falcon
tubes and stored at +4 °C in a dark environment until further analysis.

2.4. Determination of antioxidant activity

To prepare the DPPH (2,2-diphenyl-1-picrylhydrazyl) radical solution used for determining
the antioxidant activity of the samples, 0.0039 g of DPPH was weighed and dissolved in 50 mL
of methanol in a 250 mL Erlenmeyer flask, following the general procedure described by
Mensor et al. (2001), with slight modifications (Benek, 2024). To prevent the degradation of the
prepared DPPH solution due to light exposure, the containers containing the solution were
wrapped in aluminum foil and stored in a dark environment. To evaluate the DPPH radical
scavenging activity, the prepared DPPH solution and various concentrations of extracts
obtained from all treatment groups (ranging from 7.812 to 1000 ng/mL) were added to a 96-
well plate. The plate was then incubated in the dark at room temperature for 30 minutes.
Following the incubation period, the absorbance of the wells was measured at 515 nm using a
microplate reader (Biotek Microplate Spectrophotometer, Winooski, VT, USA). In this assay,
ascorbic acid was utilized as the positive control, and all assays were performed in triplicate.

2.5. Statistical analysis

Statistical analysis of the data was performed using two-way analysis of variance (ANOVA)
to evaluate the main effects of the groups, concentration levels, and their interaction (group
concentration). When a significant difference was observed, Duncan's multiple range test was
applied for post-hoc comparisons. All data were expressed as mean * standard deviation, and
statistical significance was defined as p < 0.05. Statistical analyses were performed using IBM
SPSS Statistics (version 26.0).

The half-maximal effective concentration (ECso) values were determined using nonlinear
regression analysis in GraphPad Prism software by fitting the data to a sigmoidal dose-
response curve using the variable-slope model.

3. Results

The DPPH radical scavenging activities of the tested extracts were evaluated across a
concentration range of 7.81-1000 ng/mL, and the findings are presented in Table 1. Ascorbic
acid was used as the standard positive control for comparison. Experimental data revealed
that all extracts exhibited strong, dose-dependent radical scavenging activity. Two-way
ANOVA revealed that the overall model was statistically significant (F = 144.347, p < 0.001),
with significant main effects of both concentration level (F =1196.073, p < 0.001) and treatment
group (F =37.538, p <0.001). Furthermore, a significant group x concentration interaction was
observed (F =9.358, p < 0.001), indicating that the radical scavenging response across declining
concentrations varied significantly depending on the specific abiotic stress treatment. Notably,
while the antioxidant capacities of the extracts were comparable to those of ascorbic acid at
higher concentrations (250-1000 ng/mL), specific groups —namely, the drought stress groups
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(BTK1 and BTK2) and the extended photoperiod group (BTI12) —demonstrated higher DPPH
inhibition than ascorbic acid at 62.5 pg/mL under the tested conditions (Figure 1).

Table 1. DPPH radical scavenging activities (% inhibition) of the tested extracts at varying

concentrations

Groups 1000 ug/mL 500 ug/mL 250 ug/mL 125 pug/mL 62.5 ug/mL 31.25 ug/mL 15.625 pg/mL 7.81 ug/mL
Ezf:_zle 95.19£0.98Aa  91.14+0.00Aa  92.57+0.24Aa  51.69+0.00Bb  32.56+0.05Cc  26.91+2.31Cd 20.98+1.42Ee 18.49+2.17Be
BTT1 90.86+0.40Ba  92.09£0.27Ba  91.94+1.05Aa  87.85+2.59Aa 45.14+0.58Cb  33.82+4.15Cc 24.21+1.75DEcd ~ 13.88+1.07Bd
BTT2 91.05£0.83Ba  91.34+0.62Ba  91.18+0.40ABa  89.69+1.14Aa 64.31£240Bb  45.11+0.00ABc  28.64+3.94BCDd  20.38+2.14ABe
BTK1 9243+0.51Ba  91.44+0.58Ba  92.23+0.29Aa  89.21+1.71Aa 87.10£3.17Aa  52.83+0.00ABb  32.92+1.73ABCc  19.09+1.59Bd
BTK2 89.54+1.28Ca  91.66£1.17Ba  91.56£0.22ABa  90.21+0.49Aa 87.33+0.69Aa  57.38+0.70ABb  34.69+0.52ABc 20.94+2.25ABd
BTI1 91.66+0.32Ba  90.54+0.92Bab  90.58+1.04Bab  86.91+1.31Ab  65.27+0.81Bc  46.52+2.92ABd  26.81+249CDEe  18.18+1.61Bf
BTI2 91.96+0.87Ba  90.72£0.64Ba  91.53£0.29ABa  89.98+0.13Aa  84.47+2.17Ab  55.52+1.88Ac 36.39£2.42Ad 25.54+2.16Ae
BTN 89.56£0.79Ca  90.87+0.61Ba  91.86x0.63Aa  89.39+0.85Aa 63.11£0.10Bb  39.76+2.37BCc  24.50+1.93DEd 14.62+2.24Be

Values are expressed as mean * SD (n = 3). Different uppercase letters indicate statistically
significant differences among treatment groups, whereas different lowercase letters indicate
statistically significant differences among concentration levels (p < 0.05).

62.5 pg/mL

120+
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Figure 1. Comparison of DPPH radical scavenging activity of 62.5 pg/mL
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The antioxidant capacities of Ocimum basilicum extracts obtained from all treatment groups
were evaluated using the DPPH radical scavenging assay. Based on non-linear regression
analysis, the BTK2 group exhibited the highest antioxidant activity, with the lowest ECs value
(28.92 ng/mL). This was followed by the BTK1 (31.57 pg/mL), BT12 (32.25 ng/mL), and BTI1
(40.13 pg/mL) groups. The BTT2 and BTN extracts showed moderate and comparable
activities (44.67 and 45.43 pg/mlL, respectively), whereas the BTT1 group displayed the lowest
radical scavenging capacity, with an ECsp value of 72.26 ng/mL (Table 2).

Table 2. ECs values of Ocimum basilicum L. extracts

Treatment Group Code ECso(pg/mL)
Severe drought BTK2 28.92
Moderate drought BTK1 31.57
Extended photoperiod BTI2 32.25
Reduced photoperiod BTI1 40.13
High salinity BTT2 44.67
Control BTN 45.43
Moderate salinity BTT1 72.26

4. Discussion

The DPPH radical scavenging assay revealed that all O. basilicum extracts exhibited a strong,
dose-dependent antioxidant capacity. According to the findings, the drought (BTK) and
extended photoperiod (BT12) groups exhibited the highest radical scavenging activities, while
the low salinity stress group (BTT1) and the standard positive control, ascorbic acid, showed
the lowest values (p < 0.05). Previous studies indicate that the antioxidant capacity of O.
basilicum is primarily driven by its phenolic and flavonoid contents rather than its essential
oils, with its activity often rivaling commercial sources like green tea and oregano (Juliani &
Simon, 2002). In our study, the high DPPH radical scavenging performance of the extracts
suggests a possible enhancement of non-enzymatic antioxidant pools, particularly under
drought (BTK groups) and extended photoperiod (BTI groups) conditions. The increased
DPPH radical scavenging activity observed under drought stress may be associated with
enhanced antioxidant defense mechanisms induced by water deficit, consistent with previous
findings reporting increased antioxidant activity under drought conditions (Temur et al.,
2023). This phenomenon is highly consistent with recent literature demonstrating that mild
water deficit acts as a robust elicitor in basil; while it suppresses primary growth parameters
like shoot development, it strategically reallocates metabolic resources to maximize phenolic
accumulation and DPPH scavenging activity (Pirbalouti et al., 2017). This stress-induced
defense mechanism elevated the extracts' antioxidant capacity beyond standard baseline
levels, making them highly potent natural antioxidant alternatives.

Previous research has also reported changes in the antioxidant defense system of O. basilicum
under drought stress, suggesting a possible involvement of antioxidant mechanisms in the
plant’s adaptation to water deficit (Taha et al., 2020).

Interestingly, the salinity stress treatments revealed a highly dynamic, dose-dependent
continuum in the oxidative response of O. basilicum. At the mild salinity level (50 mM NaCl,
BTT1), DPPH scavenging activity dropped to 45.14%, falling below the unstressed control
(BTN). This initial decline may be associated with the utilization of the plant’s existing basal
antioxidant pool during early stress adaptation, as suggested in previous stress response
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models. However, as the stress escalated to a moderate level (100 mM NaCl, BTT2), the activity
surged to 64.31%. This pattern may indicate a hormetic response, where the 100 mM threshold
acted as an elicitor, strongly activating the defense pathways. This biphasic adaptation in our
study provides a critical contrast to the cellular damage observed at higher salinity levels in
the literature. Recent studies show that as salinity progresses to 80 mM and eventually peaks
at extreme levels like 160 mM NaCl, the plant's tolerance threshold is breached. Indeed,
previous studies have demonstrated that such extreme salinity levels can induce significant
membrane damage, as indicated by elevated MDA levels, leading to a marked reduction in
total polyphenol content (from 496.28 to 436.25 mg GAE g FW) and a consequent 21.8%
decrease in antioxidant activity in basil (Jadczak et al., 2022). Collectively, these findings
suggest that mild stress (50 mM) reduces basal metabolic reserves, while very high stress levels
(160 mM) cause severe cellular damage. In contrast, moderate salinity (100 mM) exhibited the
highest radical scavenging activity among the tested salinity treatments. This adaptive
response aligns with literature indicating that moderate salt exposure can trigger cellular
oxidative signaling, which is often accompanied by an enhancement in non-enzymatic
antioxidant pools and radical scavenging capacity (AbdElgawad et al., 2016).

In parallel with this, the BTI2 group, which was subjected to an extended photoperiod in our
study, exhibited a highly robust radical scavenging activity, showing higher DPPH inhibition
than ascorbic acid at 62.5 pg/mL under the tested conditions (Table 1). Conversely, the BTI1
group, which was subjected to a reduced photoperiod, demonstrated a relatively lower
activity at the same concentration (Table 1). The higher radical scavenging activity observed
in the BTI2 group is consistent with previous findings reporting enhanced antioxidant activity
under an extended photoperiod in basil (Eghbal et al., 2024).

This is generally consistent with the finding that plants in a greenhouse environment —where
oxidative stress is minimal —accumulate secondary metabolites at basal levels (Mili¢ Komic¢ et
al., 2023). Consequently, the findings suggest that an extended photoperiod may stimulate the
non-enzymatic secondary metabolite defense system in plants, analogous to the light stress
mechanisms documented in previous studies.

5. Conclusion

In conclusion, this study on Ocimum basilicum L. demonstrated that controlled abiotic stress
treatments can influence the antioxidant potential of the plant. Among the tested conditions,
drought and extended photoperiod treatments showed the highest DPPH radical scavenging
activities, while the response to salinity varied depending on stress intensity. These findings
suggest that controlled abiotic stress may be a useful approach for modulating the antioxidant
potential of O. basilicum. The observed antioxidant responses may be associated with stress-
induced changes in antioxidant-related secondary metabolites. These findings also highlight
the potential of O. basilicum as a natural source of antioxidants with possible applications in
pharmaceutical and nutraceutical fields.
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