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Background
Basil (Ocimum basilicum L.) is a medicinal plant largely used in medicine,
cosmetics, and cooking.
Objective
The current work aimed to improve the production of both phenolic and flavonoid
compounds in the callus cultures of sweet basil (O. basilicum L.), which can be used
in cosmetics as antioxidant and sun-protection agents.
Materials and methods
Different combinations of growth regulators have been used to induce calli.
Phenylalanine and salicylic acid have been used to enhance phenolics and
flavonoids production. Quantitative analyses including total phenolics (TPC),
total flavonoids, 2,2′-diphenyl 1-Picryl-hydrazyl radical scavenging activity, half-
maximal inhibitory concentration (IC50), correlation coefficient (R2) between
antioxidant activity and both TPC and TFC, and sun-protective factor have been
performed for both treatments and control.
Results and conclusions
Results reported that 1-naphthaleneacetic acid (NAA)+6-benzylaminopurine (BAP)
was the best combination to induce calli tissue with good texture. The addition of
1.0 g/l phenylalanine for 2 weeks and 0.5mm salicylic acid for 4 weeks were the
best treatments to increase the production of phenolic and flavonoid components,
and it showed the maximum % radical scavenging capacity. Higher correlation
coefficient was found between% radical scavenging capacity and TPC compounds
(0.83). The treatment of 1.0 g/l phenylalanine for 2 weeks indicated the lowest and
best IC50, and it showed the maximum sun-protective factor value (36.50±0.003).
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Introduction
Sweet basil (Ocimum basilicumL.), family Lamiaceae, is
one of the most important aromatic herb native to
tropical and subtropical Asia. It is cultivated
economically worldwide for its use in
pharmaceuticals, cosmetics, ornamental use, and in
food industry [1]. Sweet basil contains more than
200 phytochemicals, with phenolics and flavonoids
being the main phytochemical compounds [2].

The main phenolic compounds in basil are rosmarinic
acid, vanillic acid, lithospermic acid, hydroxybenzoic
acid, coumarinic acid, syringic acid, ferulic acid,
protocatechuic acid, and caffeic acid [3,4].

Secondarymetabolites could be enhanced and produced
through plant tissue culture by many ways such as organ
and callus cultures, cell suspensions, precursors and
elicitors addition to the growth media, bioreactors,
and immobilization of the plant cells [5,6].

In vitro cultures of sweet basil were subjected to study
for different objectives, including micropropagation
Wolters Kluwer - Medknow
[7], physiological investigations [8], and production
of some important secondary metabolic compounds
such as essential oils [9], rosmarinic acid [10],
anthocyanins [11], and triterpenes [12]. The
elicitation of cultures is required to achieve higher
metabolite production, including chemical,
biological, physical, and chemical elicitation. The
addition of precursors was the most widely used
[13]. Plant growth regulators can also be used to
induce chemical elicitation, leading to a significantly
higher production of phenolic compounds [14].

Free radicals cause damage of most body tissues,
leading to the occurrence of many diseases. The
main role of antioxidants is to neutralize the effect
of free radicals and thus prevent diseases [15].
Currently, discovery of plant natural compounds that
DOI: 10.4103/epj.epj_124_22
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have antioxidant properties are safe is the great interest
to many studies. Among the most essential effects of
antioxidant compounds is their use as sunscreens. The
use of phenolics and flavonoids as natural substances
extracted from plants to absorb harmful sunlight to
prevent ultraviolet (UV)-mediated diseases was
reported by Chandrakasan and Neelamegam [16].
The current study aimed to evaluate the ethanolic
extract produced from sweet basil callus cultures as
an antioxidant and sun-protective agent. In this
context, the main components accountable for these
effects (phenolics and flavonoids) were estimated.
Materials and methods
Plant material
Seeds of sweet basil (O. basilicum L.) were supplied by
Medicinal and Aromatic Plants Farm, Faculty of
Pharmacy, Cairo University. The plant samples were
identified and authenticated by a plant taxonomist
Prof. Dr. Abdel-Haleem Abdel-Megaly,
Department of Flora Research and Plant Taxonomy,
Horticultural research Institute, Agriculture Research
Center.

The seeds were immersed in 70% ethanol for 2–3min
and then rinsed in sterile distilled water. The seeds
were then sterilized for 20min in 20% commercial
Clorox (5% NaOCl) containing 0.5% Tween 20,
followed by rinsing three times with sterile distilled
water. Under aseptic condition, the seeds were cultured
on MS-medium [17] containing 3% (w/v) sucrose and
solidified with 0.2% (w/v) Gelzan (Gelrite). Culture
medium was adjusted to pH 5.8. The cultures were
incubated in a culture room at 26±2°C and kept under
16-h photoperiod of fluorescent, 45 μmol cool white
light tubes and 8-h dark.
Callus initiation
Leaf explants (about 0.5 cm) were taken from 30-day-
old in vitro growing seedlings and cultured on MS-
solid medium containing different combinations of
2,4-dichlorophenoxy acetic acid (2,4-D) or
naphthalene acetic acid (NAA) as auxin, whereas
kinetin (kin) or benzylaminopurine (BAP) were used
as cytokinins. The following culture media were
subjected for callus induction:

MS+1.0mg/l 2,4-D+0.5mg/l kin (B1).

MS+1.0mg/l 2,4-D+1.0mg/l kin (B2).

MS+1.0mg/l NAA+ 0.5mg/l BAP (B3).
MS+1.0mg/l NAA+ 1.0mg/l BAP (B4).

MS+2.0mg/l NAA+ 1.0mg/l BAP (B5).

After 30 days of culturing, callus initiation frequency
percentages were recorded and calculated based on the
following equation:

Callus initiation frequency%
¼ Number of initiated callið Þ=

Number of inoculated explantsð Þ× 100:

Addition of phenylalanine and salicylic acid on the
culture medium
The culture medium (1.0mg/l NAA+1.0mg/l BAP)
which showed maximum % callus initiation frequency
in the previous experiment was selected in callus
production. After two subcultures onto the same
culture medium, two concentrations of both
phenylalanine (0.5 and 1.0 g/l), and salicylic acid
(0.5 and 1.0mm) were added to the culture
medium. The callus tissues were harvested after 2
and 4 weeks to perform the extraction procedure
and different determination analysis.
Extraction method and determination analysis
Extract preparation

Callus tissues were lyophilized using Labconco freeze
dryer (United states, Kansas city), Console, 12 l,
−50°C, Stoppering Tray Dryer, FreeZone, 240V,
Catalog No. 7754030, Serial No. 100931482 D,
USA. The drying was performed on −50°C,
0.1mbar and 48 h. Overall, 1.0 g of each sample was
grinded, then 20ml of ethanol 80% was added, left it
on an orbital shaker overnight, then filtered,
evaporated below 40°C, and stored at 4°C until
further use.
Determination of total phenolics and total flavonoids
contents

The concentration of total phenolic (TPC) compounds
was determined by the spectrophotometric method
using the Folin–Ciocalteu reagent [18]. A
calibration curve of gallic acid, Merk 97.5% (20, 40,
40, 60, 80, and 100 μg/ml), was prepared, and the
absorbance for tests and standard solutions was
determined against the reagent blank at 550 nm.
TPC content was expressed as milligrams of gallic
acid equivalent/g of dry weight (DW) plant material.

TFC content was measured using a modified
colorimetric method of Vabkova and Neugebauerova
[19]. The standard curve was prepared using different
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concentrations of quercetin (Sigma-Aldrich, 95%). The
flavonoid content was expressed as milligrams of
quercetin equivalents per gram of plant material DW.
2,2′-diphenyl 1-Picryl-hydrazyl radical scavenging capacity (%)

Radical scavenging activity of plant extracts against
stable 2,2′-diphenyl 1-Picryl-hydrazyl (DPPH) was
determined by a slightly modified method of Brand-
Williams et al. [20]. Overall, 500 μl of each extract was
added to 2.5ml of methanolic solution of DPPH
(0.3mM). After 30min at room temperature, the
absorbance values were measured at 517 nm.

Radical scavenging capacity (%) was calculated by the
following formula:

RSC% ¼ ADPPHAS=ADPPH½ �× 100:

Where ADPPH is the absorbance of the DPPH solution
and AS is the absorbance of the sample.

IC50 was performed by using different concentrations
of plant extracts (200, 400, 600, 800, and 1000 μg/ml).
A calibration curves were established between
concentration of plant extract and RSC%, and then
IC50 was calculated from the resulting equation (Y=
0.032X+21.81).
Figure 1
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Determination of sun-protective factor
The determination of sun-protective factor (SPF) is
performed according to the method described by More
et al. [21]. From the dried extract, 100 μg/ml stock
solution was made of aqueous ethanol extracts.
Spectrophotometric readings of these solutions were
taken in wavelength ranging from 290 to 320nm at 5-
nm interval, and the readings were noted down. All the
readings were taken in triplicate at each point. The
Mansur equation [22] was used to determine the SPF
values of the formulations:

SPF ¼ CF×∑
290

320

EE λð Þ× I λð Þ×Abs λð Þ:

In this equation, CF=10 (correction factor), EE (λ)=
erythemogenic effect of radiation at wavelength λ, I
(λ)=intensity of solar light at wavelength λ, and Abs
(λ)=absorbance of wavelength (λ) by a solution of the
preparation. The obtained absorbance values were
multiplied by the EE (λ) values; their summation
was taken and multiplied by the correction factor 10.
Treatments

Callus initiation frequency (%) after one month of culturing from leaf
explant on different treatments, B1 (1.0mg/l 2,4-D+0.5mg/l kin); B2
(1.0mg/l 2,4-D+1.0mg/l kin); B3 (1.0mg/l NAA+0.5mg/l BAP); B4
(1.0mg/l NAA+1.0mg/l BAP)); B5 (2.0mg/l NAA+1.0mg/l BAP).
Statistics analysis
Means and SE were obtained from analysis of each
treatment by using computer programMicrosoft Excel
2010. Data were presented as means±SE.
Results
Callus initiation
This experiment aimed to obtain callus tissues from leaf
explant. After one month of culturing on MS-medium
contained different combinations of 2,4-D+kin and
NAA+BAP data was recorded. According to the
data in Fig. 1, the NAA+BAP combination achieved
a higher callus initiation frequency (%) than 2,4-D
+kin.

Among the different five treatments, maximum callus
initiation frequency (%) was recorded with 1.0mg/l
NAA+1.0mg/l BAP, which represents 96% (Fig. 1),
whereas the minimum value (65%) was recorded with
1.0mg/l 2,4-D+0.5mg/l kin treatment.

It is obvious from Fig. 2 that callus tissues were varied
because of the different treatments. With B1 and B2
combinations, noticed callus tissues tend to be creamy
with some brown color, whereas with B4 and B5
combinations, callus tissues were creamy green in
color. It is different from the treatment B3, which
formed more white root hairs than callus formation.
Therefore, callus tissue formed on MS-medium
contained 1.0mg/l of each NAA and BAP (B4
treatment) was subjected in the followed experiment.
Total phenolics and flavonoids
Phenolics and flavonoids are the common important
secondary metabolites formed in plants that act as
antioxidants. Adding precursors and elicitors in the
culture medium is one of the most serious strategies
that increase desired components to approximate the
percentage that is found in the mother plant within a
shorter time. In this experiment, the effects of
phenylalanine and salicylic acid have been examined



Figure 2

Callus formation from leaf explant after one month of culturing on the different treatments.

Figure 3
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on TPC and TFC in calli cultures after 2 and 4 weeks.
Data shown in Fig. 3 reveal that both phenylalanine
and salicylic acid have stimulating effect on phenolic
compounds production in sweet basil calli compared
with untreated callus tissues. Phenylalanine addition
generates a positive effect after 2 and 4 weeks, whereas
salicylic acid was only influential after 4 weeks, and had
a negative effect after 2 weeks compared with the
control. When comparing these values, it turns out
that, the maximum value of TPC was recorded by
adding salicylic acid (0.5mm) after 4 weeks,
representing 10mg/g DW, followed by
phenylalanine (1.0 g/l) after 2 weeks, recording
9.7mg/g DW, compared with untreated calli, which
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recorded 6.5 and 3.9mg/g DW after 2 and 4 weeks,
respectively.

Regarding the TFC content (Fig. 4), the same
direction in the results was also found.
Phenylalanine had a positive effect in both 2 and 4
weeks, counter to salicylic acid, which was more
effective after 4 weeks. The maximum TFC content
recorded with phenylalanine (1.0 g/l) after 2 weeks
represents 19.6mg/g DW, followed by salicylic acid
(0.5mm) after 4 weeks, which recorded 17.2mg/g
DW, compared with untreated calli, which recorded
15.4 and 9.1mg/g DW after 2 and 4 weeks,
respectively. From these observations, it can be
Figure 4
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Figure 5
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Table 2 Sun-protective factor of sweet basil calli extracts
treated with phenylalanine and salicylic acid

λ EExI Two
weeks
control

Two weeks
1.0 g/l

phenylalanine

Four weeks
0.5mM salicylic

acid

290 0.0150 0.0112 0.0321±0.006 0.0111±0.001

Ethanolic extract of sweet basil callus culture Ibrahim et al. 83
radical scavenging capacity (%) recorded by salicylic
acid addition after 4 weeks two concentrations 0.5 and
1.0mM represents 93.1 and 92.8%, respectively,
followed by phenylalanine addition after 2 weeks
concentration 1.0 g/l, which represents 92.4%.

IC50 values were calculated from the resulting equation
(Y= 0.032X+21.81) and estimated for the sweet basil
extracts that own the highest phenolics and flavonoids
content as well as the highest antioxidant activity
compared with control. Three extracts were selected
based on this criterion (2 weeks control, 1.0 g/l 2 weeks
phenylalanine, and 0.5mM 4 weeks salicylic acid).
Data shown in Table 1 clarify that, the lowest IC50

was detected in 0.5mM 4-week salicylic acid (0.88mg/
ml) followed by 1.0 g/l 2-week phenylalanine (0.91mg/
ml), whereas the highest value was detected in 2-week
control (1.01mg/ml). Based on these results, the
treated calli with 0.5mM salicylic acid for 4 weeks is
considered the best extract, inducing the maximum
radical scavenging capacity.
±0.001

295 0.0817 0.0912
±0.002

0.2609±0.004 0.0866±0.099

300 0.2874 0.3209
±0.009

1.0088±0.002 0.2989±0.002

305 0.3278 0.3651
±0.003

1.2052±0.010 0.3507±0.004

310 0.1864 0.1994
±0.001

0.7270±0.001 0.2081±0.005

315 0.0837 0.0928±
±0.001

0.3437±0.007 0.2081±0.007
The correlation between the total phenolics, flavonoids
content, and the antioxidant activity
Many studies have confirmed the existence of a positive
correlation between antioxidant activity and phenolic
and flavonoid yields. In the current study, a higher
correlation coefficient was detected between TPC
content and antioxidant activity (0.83) compared
with TFC, which recorded a relatively lower value
Table 1 IC50 value of sweet basil calli extract treated with
phenylalanine and salicylic acid by 2,2′-diphenyl 1-Picryl-
hydrazyl assay

Extracts IC50 (mg extract/ml)

Two weeks control 1.01

1.0 g/l 2 weeks phenylalanine 0.91

0.5mm 4 weeks salicylic acid 0.88

Figure 6
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Sun-protective factor of basil extracts
SPF values of three basil extracts (2-week control, 2-
week 1.0 g/l phenylalanine, and 4-week 0.5mM
salicylic acid) were assessed by measuring the
absorbance using the UV spectrophotometric
method in the range of 290–320 nm, every 5 nm.
Overall, 100 μg extract/ml of each sample was used.
R² = 0.4151
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320 0.0180 0.0204
±0.002

0.0725±0.001 0.0218±0.002

Total
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1 11.01
±0.003
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SPF values were calculated and are presented in
Table 2. The maximum SPF value was recorded
with 2-week 1.0 g/l phenylalanine, representing
36.50±0.003, followed by 4-week 0.5mM salicylic
acid and 2-week control, which recorded 11.85
±0.017 and 11.01±0.003, respectively. COLIPA
(European Cosmetics Trade Association)
recommends categories of photoprotection, updated
in 2007, applied on skin of volunteers or plastic
screen, and it classifies the class of protection as low,
medium, high, and very high [25]. Based on the study’s
findings, ethanolic extract of sweet basil calli that has
been exposed to phenylalanine for 2 weeks exhibits a
high level of sunscreen protection. This means that it
can be used in lotions that are designed for sun
protection.
Discussions
As mentioned by Priyanka and Vikas [26], callus
cultures play an important role in large-scale
production of plant materials that produce secondary
metabolites and bioactive compounds.

In the preceding study, friable callus of O. basilicum L.
was obtained from leaves with 0.2mg/l NAA in
combination with high or low levels of BA [27].
Likewise in another study, good texture of callus
tissues was obtained from O. basilicum L. leaves by
using NAA+BAP combination [28]. The combination
of BAP : NAA (5 : 1mg/l) yields the maximum
biomass accumulation of Purple Basil (O. basilicum
L. var purpurascens) [14]. Unlike these findings,
callus tissues of leaves of O. basilicum L. were
obtained using 2,4-D, maximum callus fresh weight
recorded with 0.5mg/l [29]. Callus induction is
regulated by various conditions; the most
fundamental factor is the balance between cytokinins
and auxins in the culture medium [30].

Sweet basil contains appreciable levels of phenolic and
flavonoid compounds as reported by different previous
studies. For example, TPC and TFC in the methanol
extract of sweet basil seeds obtained 7.15 and 3.28mg/
g extract, respectively [31]. TPC and TFC in sweet
basil leaves were evaluated in ethanol and aqueous
extracts; higher levels of TPC and TFC were
obtained in the ethanol compared with the aqueous
extract, with values of 29.60 and 19.85mg/g DW,
respectively [32].

When referring to the previous studies at the level of
callus culture, the content of phenolics and flavonoids
increased after 1 week of sweet basil culture, recording
6.54mg gallic acid/g FW and 7.38mg rutin/g FW,
respectively, using 0.5mg/l 2,4-D [29].

The maximum TPC and TFC were obtained in sweet
basil calli exposed to UV for 50min, recording 18.4 and
13.4mg/g DW, respectively, compared with other
treatments (melatonin addition and other UV
durations time) [14]. The maximum radical
scavenging activity with IC50 value of 1.29mg/ml
was detected in sweet basil leaves collected from
Minia than from other regions [33]. Additionally,
maximum radical scavenging capacity with IC50 of
85.17 μg/ml was reported in the ethanol extract of
sweet basil leaves compared with the aqueous
extract, which presented a lower value [32].

Salicylic acid and phenylalanine have been applied
widely in previous studies to increase phenolic and
flavonoids [34,35]. In the current study, 10mg/g
DW of phenolics was achieved and recorded the
maximum value when salicylic acid (0.5mM) was
used for 4 weeks. The maximum TFC was recorded
using 1.0 g/l phenylalanine after 2 weeks, representing
19.6mg/g DW.

Phenylalanine is a precursor for different classes of
phenolic biosynthesis, including phenolic acids,
flavonoids, coumarins, lignins, and tannins.
However, salicylic acid works as a signal molecule,
activates plant receptors, and induces second
messenger molecules that lead to increase in the
expression of secondary metabolite-related genes [36].

Antioxidant activity was previously evaluated for sweet
basil methanolic extract using the DPPH assay [4].
The authors mentioned that among different phenolic
acids that have been detected, rosmarinic acid was the
major component accountable for antioxidant activity.
Antioxidant activity of five green basil cultivars was also
studied using ethanol 80% as an extraction solvent [37].
The results indicated an intense correlation between
TPC and antioxidant activity, representing 0.93; this is
also strongly consistent with our results. A significant
antioxidant activity of sweet basil callus tissue extract
grown on the medium containing 0.5mg/l 2,4-D was
previously reported [29].

Phenylalanine has been used extensively in the culture
medium to increase phenolic compounds as well as
antioxidant activity, for example, in Ginkgo biloba cell
cultures [35] and in culture medium of carrot [38].
Salicylic acid plays a vital role in plant development and
promotes stress tolerance [39]. Rosmarinus officinallis
L. plants treated with 100–300 ppm salicylic acid
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showed a higher antioxidant activity than untreated
plants, including boost in enzymes activity of ascorbate
peroxidase, catalase, and superoxide dismutase [40].

Phenolics and flavonoids are the major components
accountable for antioxidant activity as a result of their
ability to catch free radicals. This is due to the nature of
their chemical composition, which enable them to
interact with free radicals with several mechanisms;
the most common mechanism is donating hydrogen
atoms to the free radicals [41].

The efficacy of sunscreen is commonly measured by
SPF, which is the ratio of UV energy required to
produce a minimal erythemal dose in protected skin
to unprotected skin [42]. The absorbance of the
product is measured between 290 and 320 nm at
every 5-nm intervals. There is limited application for
using some sunscreens in cosmetics, due to their
possibility to induce toxicity when used on the skin;
plant extracts may be an alternative way to achieve the
same function without inducing any harm on the skin
[42]. SPF values of leaf extracts of different plant
(Datura metel, Loranthus longiflorus, and Eucalyptus)
were previously evaluated using extraction by water and
methanol, and the maximum value was recorded with
Eucalyptus in both water and methanol extracts,
representing 17.9 and 23.5, respectively, at 150 μg/
ml [43]. Another study examined SPF value of
different plant extracts [44], where they found
Punica granatum (Linn) extract was the most
effective, recording 6.06 at concentration of 40 μg/ml.

Scientists are trying to examine the effect of various
plant extracts to UV absorption spectra for the
possibility of their use and application in sunscreens
[45]. 4-nerolidylcathecol is a plant-derived compound
that showed promise as a sunscreen, in addition to
polyphenolic compound isolated from Pothomorphe
umbellata roots [46].
Conclusion
Plant tissue cultures, especially callus cultures, can be
effective for gaining plant extracts for serious industrial
applications. In this study, ethanolic extract was
prepared from basil callus cultures and treated with
phenylalanine and salicylic acid for 2 and 4 weeks, and
then evaluated in terms of active compounds (phenolics
and flavonoids), antioxidative activity, and sun-
protection effect. The findings indicated a potential
for increasing the active ingredients, which in turn
increased antioxidative activity and a sun-protective
agents.
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