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Abstract: Basil (Ocimum basilicum L.) is one of the most common aromatic herbs, a rich source of
bioactive compounds, and is used extensively to add aroma and flavor to food. The leaves, both
in fresh and dried form, are used as a culinary ingredient in different cultures. O. basilicum is also
famous for its therapeutic potential and preservation effects. The present study investigated the
cytotoxicity of basil at three different growth stages (GS), i.e., GS-1 (58 days of growth), GS-2 (69 days
of growth), and GS-3 (93 days of growth) using the brine shrimp lethality assay. The results revealed
that cytotoxicity was influenced by GS and the concentration of extracts. Aqueous extracts of basil
at a concentration of 10 to 1000 ug/mL did not show notable toxicity. The lowest mortality rate,
i.e., 8.9%, was recorded for GS-2 at the highest tested dose of basil extracts. The mortality rate at
GS-1, GS-2, and GS-3 was found to be 26.7 + 3.34%, 8.91 + 0.10%, and 16.7 £ 0.34%, respectively,
at 1000 pug/mL. GS-2 basil powder with the lowest toxicological risk was extracted with different
solvents, viz., n-hexane, dichloromethane, ethanol, and water. The highest concentration of plant
secondary metabolites including total phenolic acid, flavonoids, and tannin content was observed in
ethanol extracts. Ethanol extracts also exhibited the highest antioxidant activity in DPPH, FRAP and
H,0, assays. LC-ESI-MS/MS analysis presented ethanol extracts of basil as a promising source of
known health-promoting and therapeutic compounds such as rosmarinic acid, ellagic acid, catechin,
liquiritigenin, and umbelliferone. The results suggest basil, a culinary ingredient, as a potential source
of bioactive compounds which may offer an array of health promoting and therapeutic properties.

Keywords: Artemia salina; brine shrimp; coumarin; DPPH; FRAP; mass spectrometry; polyphenol;
radical scavenging

1. Introduction

Bioactive compounds of plant origin are well appreciated for their extended appli-
cations in food preservation, value addition, and as therapeutic ingredients for different
health ailments [1]. The data are abundant enough to justify medicinal herbs as an alternate
to, and future of, conventional and/or synthetic antimicrobials. Likewise, evidence validat-
ing the adverse health effects of synthetic food additives, and their injudicious application
in the food industry, warrants exploring an extended role for natural ingredients in food
processing and preservation. Growing evidence on the risks of health hazards linked to
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injudicious application of synthetic food additives is suggesting limiting their application
and exploring relatively safer choices of natural origin [2,3]. During the last few decades,
polyphenols have gained considerable attention as promising additives for improving food
quality and the potential to prevent the risk of certain diseases, including oxidative stress,
inflammation, and cancer [4].

A famous culinary herb in the Lamiaceae family, Ocimum basilicum L., known as sweet
basil, is native to India and other Asian countries such as Pakistan, but it is now grown all
over the world [5]. As a folk cure, basil leaves have long been used to treat a wide range of
health issues. These include cancer, tremors, dysentery, mental disorders, inflammation,
biliousness, tooth decay, and bronchitis [6]. The traditional claims are well supported by
pharmacological evidence, including radical scavenging, anticancer, antipain, anti-infective,
and immunomodulatory properties [7]. These bioactivities are ascribed to phenolic acids,
flavonoids, rosmarinic acid, aromatic compounds, and O. basilicum essential oils such as
eugenol, chavicol, linalool, and «-terpineol [8,9]. Ethanol/water extracts of O. basilicum
leaves exhibit considerable antioxidant potential and antibacterial activity against Gram-
positive and Gram-negative bacteria [10]. Recent evidence also reports that leaf extracts of
O. basilicum possess anti-inflammatory, neuroprotective, immunoprotective, antidiabetic,
cardioprotective, antistress and antitussive properties [11-15]. O. basilicum leaves were also
reported to possess antimelanoma and radioprotective characteristics toward metastatic
melanoma cell lines [16]. Quercetin and rutin have been listed as the most common
flavonoids of sweet basil and possess anti-inflammatory and cytoprotective characteristics
towards different cancers [17,18].

Common culinary applications of O. basilicum have been cited and are not limited to
seasoning of soups, tomato-based dishes, spinach, sandwiches, cream cheese, dips, pasta,
and a variety of squashes [19], but the herb also offers shelf-life stability properties for
nutrient dense perishable goods [20]. Recently, bread prepared with O. basilicum extracts
was reported to offer better antioxidant activity than breads incorporated with ascorbic
acid and potassium sorbate [10]. O. basilicum, as a culinary herb of universal acceptance,
has been substantially explored in terms of phytochemical composition, yet the variability
in chemical composition of various anatomical fractions of the plant and their biological
potential is still suggested to be mapped to different geographical settings. The aromatic
profile of basil, characterized by the quality of its essential oil, is markedly influenced
by the vegetative stage of the plant [19]. In Italy, small and young leaves of a basil plant
that is 10-12 cm height are considered to be most relishing for pesto production [19,21].
Studies suggest basil plants at preferred growth stages possess higher concentrations of
methyleugenol, which is considered toxic due to its structural resemblance to carcinogens
such as estragole and safrole [22-25]. The current study was therefore planned to determine
the link between growth stages and variability in toxicological response for the leaf extracts
of O. basilicum cultivated in the temperate climate of Southern Punjab, Pakistan. The GS
with the least toxicity or a non-toxic response was analyzed further for phytochemical
composition, and antioxidant properties.

2. Materials and Methods
2.1. Collection of Plant Material

Sweet basil seeds were procured from a local market in Multan and verified by the
botanist at Bahauddin Zakariya University, Multan, Pakistan. Voucher samples of the
O. basilicum seeds were stored for future reference at the Institute of Food Science and
Nutrition. The seeds were sown at a mean temperature and relative humidity of 27.2%
and 34 °C, respectively, in a green house facility at the Faculty of Agricultural Sciences
and Technology on 17 March 2019. The leaves of the plant were harvested at three growth
stages, viz., G5-1 (15 cm plant height, 6 weeks post germination), GS-2 (31 cm plant height,
8 weeks post-germination), and GS-3 (61 cm plant height, 11 weeks post germination).
Approximately 200 g of basil leaves (~20 leaves per plant) was collected for experimentation.
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Leaves collected from each stage were washed with distilled water, shade-dried, and stored
in air-tight plastic containers at 4 °C for further analysis.

2.2. Chemicals and Equipment

Solvents for extraction (n-hexane, dichloromethane, ethanol) as well as reference
and reagents for antioxidant and cytotoxicity analysis (tannic acid, gallic acid, ferrous
sulphate, quercetin, Folin—Denis reagent, 2,4,6-tripyridyl-s-triazine (TPTZ), etoposide)
were purchased from the local Sigma-Aldrich distributor. The chemicals, reagents and
solvents used in this study were of analytical grade unless otherwise stated. Equipment
used in analyses were: rotary evaporator (Hei-VAP, Heidolph, Schwabach, Germany),
UV-Vis spectrophotometer (UV-Vis 3000, Dresden, Germany), and LC-ESI-MS/MS (LTQ
XL, Thermo Electron Corporation, Walthan, MA, USA).

2.3. Preparation of O. basilicum Extracts

Non-sequential extraction of O. basilicum was performed with n-hexane, dichloromethane,
ethanol, and water. Dehydrated leaves were ground to a mesh size below 80 mm using a
kitchen grinder. Powdered leaves were subsequently extracted by suspending 20 g powder in
200 mL solvent. Extraction was performed using a rotary shaker while extraction conditions
were set as 100 rpm, 24 h and 35 °C. Homogenates were filtered through Whatman filter
paper no. 1. The filtrates recovered were condensed by rotary evaporation at 40 °C and
freeze-dried to powder. Dried extracts were further used in bioassays after dissolution in
respective solvents.

2.4. Brine Shrimp Lethality Test

Brine shrimp lethality assay was performed in accordance with the method followed
by Ayaz et al. [26]. Artificial seawater was prepared by dissolving commercial salt mixture
in distilled water. Fifty milligrams of shrimp (Artemia salina) eggs provided by Husein
Ebrahim Jamal Research Institute of Chemistry (HE]), Karachi, Pakistan, were sprinkled
into the artificial seawater in 22 cm x 32 cm dark compartment of a rectangular plastic
tray. Incubation was performed for 48 h at 37 °C and the hatched larvae were collected
with Pasteur pipettes. Aqueous extracts of O. basilicum leaves at three different growth
stages were prepared at concentrations of 10, 100, and 1000 ug/mL. Samples with different
strengths were individually transferred to clean vials. Incubation vials were prepared by
transferring 1 mL of artificial sea water and 30 shrimps into each vial. Final volume of the
vial was filled to 5 mL with artificial seawater and pH of the shrimp growth medium was
adjusted to 7.4 using 1IN NaOH. The vials were incubated for 24 h at 26 °C. Survival rate of
the shrimps in all vials including positive control, i.e., etoposide, was counted.

2.5. Preparation of O. basilicum Leaf Extracts Using Different Solvents

Basil leaf powder which showed minimum toxicity at 1000 pg/mL was subjected
to extraction for further analysis. Extraction was performed with different solvents: n-
hexane, dichloromethane, ethanol, and water in accordance with the method described
in Section 2.3. Extracts recovered were stored at —18 °C and phytochemical qualitative
screening, phytochemical quantification analysis, and antioxidant potential were evaluated.

2.6. Phytochemical Analysis of O. basilicum Leaf Extracts
2.6.1. Qualitative Analysis of Phytochemicals
Screening of the O. basilicum leaf extracts was performed for phenols, alkaloids, tan-

nins, flavonoids, steroids, terpenoids, and saponins in accordance with the procedure of
Kokate et al. [27] briefly presented in Table 1.
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Table 1. Qualitative phytochemical screening methods for O. basilicum leaf extracts.
Test Method Observation Constituents
Extract (2 mL; 2 g/20 mL) + .
Wagner’s Test 1% HCL (1 mL) bf;;im'rfeegd;f;e Alkaloids
+ Wagner’s reagent (0.5 mL) precip
Ferric Chloride Test Extract (2 mL; 0.5 g/5 mL) + 10% Dark brown or blackish Flavonoids
FeCl3 (few drops) red color
Extract (1 mL; 0.5 g/5mL) +
Folin—Ciocalteu reagent Test ~ Folin—Ciocalteu reagent (0.5 mL) Gray or black color Phenols
+ aqueous sodium (few drops)
Froth Test Extract (1 mL; 0.5 g/5mL) + Copious lather formation Saponins
water (5 mL)
Extract (1 mL; 0.2 g/2mL) +
Salkowki’s Test chloroform (1 mL) + conc. HySOy4 Brown ring formation Steroids
(few drops)
. . Extract (1 mL; 0.5g/10mL) + 5%  Greenish brown, blue green or .
Ferric Chloride Test FeCl; (3 drops) blue-black color Tannins
Extract (2 mL; 0.5 g/5mL) +
Salkowki’s Test chloroform (1 mL) Red brownish precipitate Terpenoids

+ conc. H,SO4 (2 mL)

2.6.2. Determination of Total Phenolic and Total Flavonoid Content

Total phenolic content in O. basilicum leaf extracts was measured using Folin—Ciocalteu
reagent method previously adopted by Hossain and Shah, (2015) [28] using gallic acid as
standard. Initially, 0.5 mL of O. basilicum extract was added to the test tube containing
1.2 mL NayCO3; and 1.5 mL Folin—Ciocalteu reagent. Tubes were incubated in darkness for
30 min and absorbance was recorded at 765 nm via UV-Vis spectrophotometer. Ethanol
was used as blank and results were presented as mg gallic acid equivalents (GAE)/g
dried extract.

Aluminum chloride assay was used to determine the total flavonoid content in O.
basilicum leaf extracts as adopted by Oriakhi et al. (2014) [29]. O. basilicum leaf extract
(0.5 mL) was added to a test tube containing 0.5 mL distilled water, 0.15 mL NaNO,,
and 0.15 mL of AlCl3. Contents of the tubes were incubated for 30 min in darkness and
absorbance was read at 510 nm via UV-Vis spectrophotometer. Quercetin was used as
standard, ethanol as blank, and results were expressed as mg quercetin equivalent (QE)/g
dried extract.

Total tannin content in O. basilicum leaf extracts was measured by the Folin—Denis
method [30] using tannic acid as standard. Absorbance values of the samples and standard
were recorded at 725 nm using spectrophotometer. Total tannin content in O. basilicum leaf
extracts was expressed as mg tannic acid equivalent (TAE)/100 g dried extract.

2.7. Determination of Radical Scavenging Activity
2.7.1. DPPH Radical Scavenging Activity

DPPH free radical scavenging activity of the O. basilicum leaf extracts was determined
by the method recommended by Alara et al. [31]. Initially, 1 mL of the O. basilicum leaf
extracts (1 g/20 mL) was mixed with 3 mL of DPPH solution (0.004%) prepared in methanol.
After 30 min incubation, the absorbance was recorded at 517 nm. Quercetin (125 pug/mlL)
was used as positive control (standard), while distilled water was used as blank (control).
The DPPH inhibition percentage was computed from the below mentioned equation and
results were expressed as % inhibition.

%Inhibtion = [(abs of control — abs of sample) <+ abs of control| x 100
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where abs of control is the absorbance of DPPH radicals + distilled water and abs sample is
absorbance of DPPH radicals + sample extracts/standard.

2.7.2. Ferric Reducing Antioxidant Power (FRAP)

FRAP assay was conducted according to Zahin et al. [32]. FRAP working solution
was prepared by mixing 10 mmol/L TPTZ, 20 mmol/L FeCls, 300 mmol/L acetate buffer
(pH 3.6) in a ratio of 1:1:10 (v/v/v). A test sample of 100 pL (1 g/20 mL) was mixed with
FRAP working solution. Absorbance was recorded at 593 nm after 10 min reaction time at
37 °C. Ferrous sulphate was used as reference sample and outcomes were expressed as Fe
umol/g dried extract.

2.7.3. Hydrogen Peroxide Scavenging Activity

Hydrogen peroxide scavenging activity of O. basilicum extracts was analyzed according
to Ruch et al. [33]. A 40 mM H,O, solution was prepared with 50 mM phosphate buffer
(pH 7.4). The 100 pL test samples (1 g/20 mL) and 0.6 mL H,O; solution were mixed,
and incubated for 10 min. The absorbance of the samples was recorded at 230 nm on
a spectrophotometer. Phosphate buffer solution was used as control and quercetin as
standard. O. basilicum extract HyO, scavenging activity was calculated as follows.

H,0, scavenging activity (%) = [(abs of control — abs of sample) =+ abs of control | x 100

where abs of control is the absorbance of HyO, + phosphate buffer and abs sample is
absorbance of H,O, + sample extract/standard.

2.8. Characterization of Phenolic Compounds by LC-ESI-MS-MS

To verify strong antioxidant potential, extracts were subjected to bioactive profiling
through LC-ESI-MS/MS analysis [34]. Detection was performed by employing direct
injection mode ESI (electron spray ionization) in both positive and negative modes. The
mass range, capillary temperature, and flow rate was kept as m/z 50 to 1000, 280 °C,
and 8 pL/min, respectively. Collision-induced energy generated during MS/MS analysis
depended upon the nature/type of parent molecular ion subjected to 10 to 45 eV. For
better ionization and ion transfer, each compound was optimized for MS parameters.
Similarly, parent and daughter signals were also optimized either manually or by analyte
infusion, while source parameters remained the same for each analyte. The structures of the
compounds were identified using online software and compared with published literature
(www.chemspider.com, accessed on 24 August 2021).

2.9. Statistical Analysis

The data presented are expressed as mean =+ standard deviation of three replicates.
The data were subjected to one-way and two-way analysis of variance (factorial ANOVA)
where applicable, and the differences between the sample means were determined with the
least significance difference test using Minitab (V17, LLC). A p-value < 0.05 was considered
as significant.

3. Results and Discussion
3.1. Cytotoxicity of O. basilicum Water Extracts

The brine shrimp lethality assay is a cost effective, quick, and reliable method of
performing toxicological screening of herbal medicines and plant extracts [35]. In the
present study, O. basilicum leaf aqueous extracts from three growth stages (GS-1, GS-
2, GS5-3) were examined for their possible cytotoxicity on brine shrimps using different
concentrations. The results revealed that mortality percentage of aqueous extracts on brine
shrimps was notably influenced by the growth stages. Whereas dose-dependent mortality
was observed for GS-1 and GS-3, this was not the case for GS-2 (Table 2).
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Table 2. Brine shrimp lethality assay for O. basilicum leaf aqueous extracts.

Percentage of Mortality at Various Concentrations of Extract

Growth Stage (GS)
10 ug/mL 100 ug/mL 1000 ng/mL
GS-1 6.66 £ 0.02 10.0 £ 1.80 26.7 £+ 3.34
GS-2 6.66 £ 0.03 6.66 £+ 0.34 8.91 £0.10
GS-3 13.3+0.33 13.3 £ 0.67 16.7 £ 0.34
Etoposide (standard) 732 £0.21 100 £ 0.01 100 £ 0.01

All results are presented as mean £ SD. GS-1, 58 days of growth period; GS-2, 69 days of growth period; GS-3,
93 days of growth period.

In addition, basil crude extracts when tested at three different concentrations (10, 100,
and 1000 pg/mL) were recorded as producing non-substantial toxicological effects. Lowest
toxicity as identified from the brine shrimp mortality index was observed at the second
growth stage of O. basilicum (Table 2).

The mortality rate at GS-1, GS-2, and GS-3 was observed as 26.7 £ 3.34%, 8.91 £ 0.10%,
and 16.7 £ 0.34% at 1000 pg/mL. Interestingly, the highest mortality of brine shrimps
exposed to O. basilicum leaf aqueous extracts (GS-1 and GS-3) was observed at 1000 pg/mL
while the lowest mortality rate was recorded at 10 pg/mL exposure levels. In a previous
study, ethanol extracts of O. basilicum leaves collected from Sudan were recorded as having
LCs¢ greater than 1000 pug/mL in the brine shrimp assay [36], which supports the findings
of the present study. The recent findings, on the other hand, contrast with those of Khan
et al. [37] wherein O. basilicum leaf crude extracts showed LCsj value of 91.6 ug/mL in the
brine shrimp lethality assay. It has been reported that toxicological effects of O. basilicum
vary depending on the cultivar, plant age and height, biochemical content, extract type,
plant part studied, and chemotype [21].

Relying on the results obtained using the brine shrimp test, ethanolic basil leaf extract
recovered from O. basilicum during the second growth stage was selected for further analysis
due to less toxic effects.

3.2. Qualitative Phytochemical Screening of O. basilicum Extracts

The qualitative examination revealed the presence of both primary and secondary
plant metabolites in various basil crude extracts (Table 3). Alkaloids, phenols, tannins,
flavonoids, terpenoids, steroids, and glycosides were detected in basil leaf aqueous extracts
but saponins were absent. Alkaloids were also absent in n-hexane extract; alkaloids,
terpenoids, and glycosides in ethanol extract; and alkaloids, saponins, and terpenoids
in dichloromethane extract. The results of Gebrehiwot et al. [38] and Hamad et al. [39]
support the findings of the current investigation wherein chloroform/methanol (1:1, v/v)
and aqueous extracts of O. basilicum leaves, respectively, were also detected with these
phytochemicals during screening tests. Corroborating the recent findings, a previous study
of aqueous extracts of O. basilicum, which are traditionally used in folklore medicine were
reported to contain higher to trace amounts of alkaloids, saponin, flavonoids, steroids,
terpenes, tannins, coumarins, and carbohydrates [40,41].

Table 3. Qualitative phytochemical screening of various O. basilicum leaf extracts.

Extract Alkaloids  Flavonoids Phenols Steroid  Saponins  Tannins Terpenoids Glycosides
n-Hexane - + + + + + + +
Ethanol — + + + + + _ _
Water + + + + — + + +
Dichloromethane — + + + - + — +

+; detected, —; not detected.
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Our qualitative screening results for the O. basilicum crude extracts validate the pres-
ence of a wide range of phytochemicals thus indicating the plant’s ability to provide the
anticipated promising biological response. Strong correlation has been established between
the secondary plant metabolites of Ocimum spp. and their bioactivity including radical
scavenging activity in a study by Das et al. [42]. In another study by Daniel et al. [43], the
secondary plant metabolites bearing promising radical scavenging activity were suggested
to improve healing processes. Crude extracts, as have been deployed in this study, are
considered as a pool of bioactive compounds. While polarity of the solvent is the key
concern in extracting secondary plant metabolites, the said property had also been reported
to influence antioxidant and toxicological activities of the crude extracts. In a surge of
food-grade plant extracts, though aqueous leaf extracts of O. basilicum yield a range of
secondary metabolites few of these (such as tannins and cyanogens) may have toxicological
effects for the consumer [44]. Contrary to the above, aqueous extracts of O. basilicum were
not found to limit toxicological risk for consumers.

3.3. Total Phenolic Content, Total Flavonoid Content, and Tannin Content of O. basilicum Extracts

In the present study, ethanol extracts of O. basilicum leaves were recorded to have more
affinity towards the extraction of total phenolic (191.2 mg GAE)/g content, considerably
more than identified in dichloromethane (86.6 mg GAE/g) and aqueous (70.7 mg GAE/g)
extracts. In contrast, n-hexane extracts of O. basilicum leaves exhibited the lowest potential
of total phenolic content at 29.7 mg GAE/g (Figure 1A). The current findings are consistent
with those of Vlase et al. [45], who found 175.5 mg GAE/g of total phenolic content in O.
basilicum ethanol extract. Another study reported 45.4 mg GAE/g total phenolic content
in 80% aqueous methanol extracts of O. basilicum [46]. Likewise, aqueous extracts of O.
basilicum were reported to hold comparable total phenolic content, i.e., 96.4 mg GAE/g [39],
that corroborates the findings of our work. Previously, the findings of Kim et al. [47]
and Shiga et al. [48] corelated the radical scavenging capacity of basil leaf extracts with
total phenolic content. Our study also reported on rosmarinic acid, an important phenolic
compound in O. basilicum that exhibits substantial radical scavenging, antipain, antiviral,
and antimicrobial activities.

Ethanol extracts of O. basilicum leaves were noted to contain higher total flavonoid, i.e.,
13.3 mg, and quercetin equivalent (QE)/g) content than dichloromethane (9.63 mg QE/g)
and aqueous (6.49 mg QE/g) extracts. In contrast, the least affinity towards extraction
of total flavonoids was shown by n-hexane extracts, i.e., 3.51 mg QE/g (Figure 1A).
Vlase et al. [45] reported notable concentrations of total flavonoid content (6.72 £ 0.19 mg
rutin equivalent (RE)/g) in ethanol extracts of O. basilicum. Similarly, Hamad et al. [39]
observed 32.7 mg catechol/g of total flavonoid content in aqueous extracts of O. basilicum
which substantiates the results of the current study.

Higher concentrations of total tannins (13.3 g mg tannic acid equivalent (TAE)/100 g)
were observed in O. basilicum leaf aqueous extract than ethanol (4.60 mg TAE/100 g),
dichloromethane (1.90 mg TAE /100 g), and n-hexane (1.20 mg TAE /100 g) extracts (Figure 1B).
Akin to the present investigation, in previous studies polar solvent extracts, viz., methanol,
ethanol, and ethyl acetate, of O. basilicum leaves were reported with total tannin content, i.e.,
54.2, 56.0, and 46.5 mg, catechin equivalent (CE)/g dry extract, respectively, which is notably
higher than 4.49 mg CE/g reported for dichloromethane extracts [49]. Moreover, Tewari
et al. [50] also found O. basilicum leaf extracts rich in total tannin content (2.32 + 0.56 mg
TAE/100 g).
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Figure 1. Phytochemical content of different solvent extracts of basil (O. basilicum; 2.5 mg/mL).
(A) Total phenolic (mg GAE/g) and total flavonoid content (mg QE/g). (B) Tannin content (mg
TAE/100 g). Values are means + S.D. GAE, gallic acid equivalent; QE, quercetin equivalent; TAE,
tannic acid equivalent; DCM, dichloromethane.

3.4. Antioxidant Potential of O. basilicum Extracts

Antioxidant potential of plant extracts can be evaluated by employing widely accepted
techniques, i.e., stable free radial scavenging using the DPPH assay, ferric reducing an-
tioxidant power (FRAP), and scavenging of hydrogen peroxide (H,O,) [51]. In our study,
ethanolic extracts of O. basilicum leaves outlined notable antioxidant activity in DPPH
(82.4%), HoO, (54.0%) (Figure 2A), and FRAP (237 umol Fe/g) (Figure 2B) assays. In
addition, aqueous and dichloromethane extracts presented moderate antioxidant activity,
whereas n-hexane extracts bared non-influential results in all three assays, i.e., DPPH
(32.4%), FRAP (316 pmol Fe/g), and H,O; (12%). It can be concluded from the findings of
the antioxidant assays that the higher radical scavenging activity of ethanolic O. basilicum
leaf extracts may be attributed to the presence of phenolics, flavonoids, and tannins. The
findings of Ahmed et al. [52] also outlined a positive relationship among antioxidant ac-
tivity, phenolic content, and geographical location. It was also observed that 70% ethanol
extract of O. basilicumn (Minia location) offered higher phenolic content (82.45 mg pyro-
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catechol equivalents (PE)/g) and antioxidant activity determined via DPPH assay (ICsg
1.29 mg/mL) when compared with O. basilicum extracts from two other locations, i.e.,
Assiut and Beni Suef. The antioxidant potential of O. basilicum leaves was also reported by
Mahirah et al. [53] suggesting methanolic extracts of freeze-dried leaves offer the highest
DPPH scavenging activity, i.e., 92.6%, followed by ethanolic extracts (42.6%), and aqueous
extract. Sekar et al. [54] also reported O. basilicum leaves to hold substantial antioxidant
potential as determined by DPPH assay.
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Figure 2. Antioxidant potential of different solvent extracts of basil (O. basilicum: 50 mg/mL; positive
control quercetin: 125 pg/mL): (A) H;O, and DPPH assay; (B) FRAP assay. Values are means + S.D.
DCM, dichloromethane.

3.5. LC-ESI-MS/MS Phenolic Compound Identification

The ESI-MS/MS data exhibited the presence of liquiritigenin (flavanone), catechin
(flavan-3-ol), umbelliferone (hydroxycoumarin), ellagic acid, and rosmarinic acid (phenolic
acid) in the ethanol extract as shown in Table 4. Umbelliferone and liquiritigenin were
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identified as novel compounds from the ethanolic extracts of O. basilicum leaves. There have
been previous reports suggesting O. basilicum leaves contain rosmarinic acid, a bioactive
compound known for its significant radical scavenging and antibacterial properties [47,48].
Basil has also been reported to hold catechin and ellagic acid, already acknowledged
for their antioxidant activities [55,56]. Liquiritigenin isolated from Glycyrrhizae radix has
been shown to protect osteoblasts from oxidative stress and mitochondrial dysfunction
in MC3T3-E1 cells through its antioxidant properties [57]. Liquiritigenin has also been
reported as having notable radical scavenging and antimicrobial activities, as demonstrated
by Ramalingam et al. [58]. Umbelliferone, a phenolic compound identified in the present
study, has also been reported as a significant free radical scavenging compound [59].

Table 4. LC-ESI-MS/MS main phenolic compound identification in ethanol extract of O. basilicum.

Average Mass (m/z) Rt. (min) ESI-MS/MS (Positive Mode) Identification hggl::izr References
256 421 255,237 Liquiritigenin Cy5H1204 [59]
301 5.06 301, 286.08, 283, 258, 231.17, 186 Ellagic acid C14H¢Os [60]
359.33, 344.08, 331.17, 315, L
359 2.30 229.08, 197, 161 Rosmarinic acid C18H160g [61]
290 12.55 291.25, 273, 247.25 Catechin C15H140¢ [62]
161 1.27 161.08, 133 Umbelliferone CyoHgOs3 [63]

4. Conclusions

The current study was conducted in order to assess the toxicity, phytochemicals,
antioxidant potential, and bioactive profiling of basil leaves at three different growth
stages. The results of the current research showed that basil leaf extracts did not show
potential toxicity and are an excellent source of natural antioxidants. The presence of
phenolic compounds is associated with strong antioxidant potential. Furthermore, LC-ESI-
MS/MS profiling revealed the presence of compounds having strong antioxidant potential
including rosmarinic acid, ellagic acid, catechin, liquiritigenin, and umbelliferone. These
findings support the utilization of basil as an additive in novel foodstuffs. Further extensive
experimental research is also needed to validate the bioactive compound characterizations
to be used as a natural preservative in food products.
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