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ABSTRACT
KEY WORDS: The current study aimed to examine the efficacy of nano-emulsion of seaweed
Ascophyllum nodosum; Bioactive Ascophyllum nodosum extract on growth of Silybum marianum callus, as well as its

compounds; Callus culture; Nano- L. L. . . . .. .
biotic elicitors; Silybum marianum. ~ @ntioxidant activity and bioactive components under light and dark conditions. Firstly, a

factorial experiment with ten replicates for each treatment to induce callus from seeds of

S. marianum was achieved using completely randomized design (CRD) at p< 0.05 on
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Revision: 09/05/2026 different concentrations of plant growth regulators TDZ and 2,4-D to select the optimum
Z‘;‘;‘e’;ﬂ‘;‘?i“g: g;gg gggg combination of them which was 1.0 mg. L' TDZ + 3.0 mg. L' 2,4-D. Then, a specific
Available online: 30/06/2026 weight of callus was cultured on different concentrations of A.nodosum nano-extract (0.0,
20, 40 and 60 mg. L) and incubated under light and dark circumstances. The best callus
fresh weight values were achieved in the treatment of 40 mg. L of nano-extract (0.874
© 2026.This is an open access and 0.908 g under light and dark respectively). A significantly higher antioxidant activity

article under the CC by licenses
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s/by/4.0 circumstances consecutively). Values of IC50 also recorded 113.46 and 102.28 pg.L !

for the same treatment of nano-extract at dark and light treatments respectively. These

results confirm the importance of the seaweed nano-extract as a biotic elicitor to enhance

was recorded in the treatment of 60 mg. L' (54.35 and 47.56 % under dark and light

growth of callus of medicinal plants and increasing accumulation of bioactive

components in it.
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INTRODUCTION
Wild medicinal plants are an important economic treasure for all countries around
the world, because of their great importance in their popular folk medicine with herbal
treatments and in treating many diseases since ancient times. One of these plants is
Silybum marianum (L.) Gaertn., which is a wild medicinal plant belonging to the
Asteraceae family and known by various names around the world, including the camel
thorn, milk thistle, blessed thistle etc., its native habitat is in the Middle East, North
Africa, Mediterranean region and Europe (Cacho ef al., 1999). The plant is an annual
winter herb that grows to 1-2 m in length. It is semi-smooth, pale green in colour and has
large, leathery, thick leaves, dotted with white thick veins and serrated, spiny edges. The
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stem is simple, hollow and surrounded by fluff, giving it a cottony appearance. Each stem
bears at its end a compound flower like aster, which is white and purple in colour terns
into black seeds with a bitter taste after drying. Leaves, tops and stems are eaten freshly
as they are palatable and highly nutritious (Marmouzi et al., 2021, Zhang et al., 2024). As
a medicinal plant, S. marianum is a rich source of several bioactive compounds, including
phenols, the most important of which are silymarin, silybin, quercetin and taxifolin. Most
of these compounds are found only in the seeds with strongly antioxidant activity and are
important in the treatment of many diseases. The plant prescribed to treat liver disorders
and gall stones, detoxification and regenerate damaged cells after treatments of radiation
and chemotherapy of cancer, also plant extracts have been used as antimicrobial agents
(Sayyad et al., 2025, Gad et al., 2020). As a result of the increasing demand for collecting
and harvesting wild medicinal plants, including S. marianum, from their natural habitats,
coinciding with climatic conditions such as drought and environmental pollution, their
wild populations have declined. Therefore, the focus has shifted towards plant tissue
culture to cultivate them and stimulate the production of their active compounds using
elicitation under controlled areas throughout the year, without being restricted by season
or conditions of plant growth via callus cultures (Eari ef al., 2017; Gad et al., 2021) and
cell suspensions (Hassanen ef al., 2021). Elicitors can be divided into abiotic (drought,
radiation, heavy metals, salinity, etc.), whereas biotic elicitors include living organisms
like fungi or bacteria, or their products (cell wall components, chitosan, sugars, peptides)
or their extracts (yeast and seaweed extracts) (Jain et al., 2024).

One of the biotic elicitors is the seaweed (Ascophyllum nodosum L.) Lelolis,
from brown algae, known as rockweed, found in the north-eastern coasts of North
America and north-western Europe (Moreira et al., 2017). Because of its richness in
macro and micro nutrients, some plant hormones, proteins, amino acids and
carbohydrates, most international companies have begun to manufacture extracts from it
(Kumari et al., 2023). So that, the effective role of 4. nodosum extract as a bio-stimulant
has been proven due to the essential components it contains which are necessary for the
growth and yield of horticultural plants and field crops, as well as their tolerance to
difficult environmental conditions, such as enhancing growth and quality of fruits,
vegetables and crops (Shukla et al., 2019, Shukla and Prithiviraj, 2021, Castronuovo et
al., 2023, Attia et al., 2025, Nasiri et al., 2025). Since the 4. nodosum extract is an
important source of the essential nutrients and elements, it has been provided in studies
for micro-propagation of different plants (Khan et al., 2011, Ahlawat ef al., 2021, Faize
et al., 2021). However, to the best of our knowledge, the marine algal extract has not
been used alone as a nanoemulsifire to promote plant tissue culture and accumulation of
active compounds of S.marianum plant. Accordingly, the present paper aims to examine
the influence of supplementing the nano-extract of Ascophyllum nodosum seaweed to the
growth medium of the callus of Silybum marianum and increasing its antioxidant activity
and its bioactive compounds under light and dark conditions.

MATERIALS AND METHODS
Collection and sterilization of Silybum marianum seeds

Seeds of Silybum marianum (Figure 1) were gathered from wildly growing
plants in the lands and fields surrounding the College of Education Mature and healthy
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seeds were selected, placed in glass containers, and taken to a plant tissue culture
laboratory and were washed well with water and liquid soap in the laboratory. Then, in
laminar air-flow cabinet, The sterilization process of the seeds was conducted through
immersing 0.1% HgCl for 3 minutes. After that, they washed three times with sterilized
distilled water (2-minutes each) and they became ready to culture.

Figure 1. Whole plant (left) and seeds (right) of Silybum marianum .

Culturing of seeds on MS Medium

This research was achieved in laboratories of Biology Department, College of
Education, Al-Iraqia University, during the year 2025. Murashige and Skoog's MS
medium (Murashige and Skoog, 1962) produced by Casson Laboratories, USA, was used
in all research experiments, by weighing 4.9g of medium powder per litre, along with 30g
sucrose (BDH-England) and 100mg inositol (HI-Media, India) and supplemented with
0.0, 1.0, 2.0, and 3.0 mg.L"! 2,4-D along with 0.0, 1.0 or 2.0 mg.L"' TDZ. The pH of
medium was 5.7+ 0.1 and solidified with 7g of agar (HI-Media, India) and was poured
into 20ml glass vials with screw caps (10ml per vial). Sterile seeds were cultured on MS
with above concentrations, with 10 replicates per treatment. Incubation of cultures (30—
45 days) in a growth room was achieved in two groups, one in the light (at conditions of
25+ 2°C, 16 light/8h dark at 1000 lux), the other group in the dark (at 25 + 2°C), in order
to select the ideal combination of 2,4 and TDZ based on fresh weight of the induced
callus. Specific pieces of induced callus were taken and recultured on ideal combination
of 3.0 mg.L! 2,4-D and 1.0 mg. L' TDZ for multiplication and to gain sufficient callus
quantities for other experiments.
Callus Subculturing and Phytochemicals Accumulation Elicited with Nano seaweed
extract (Ascophyllum nodosum) Concentrations

In current study, the nano-extract of seaweed Ascophyllum nodosum supplied
by Agri-Science Ltd., Pancar Torbal, Izmir, Turkey. It was prepared as a nano-emulsion
(with rods shape of nanoparticles and average size was 39.41 nm, Figure-2) and its
preparation was according to Asree (2022), by weighing 10 g of dried and ground
seaweed powder and extracted with 200 ml of distilled water at 60°C for two hours under
continuous stirring. The extract was then filtered through Whatman No. 1 filter paper and

216



Kalefa et al., TJAS Vol. 26, No.2: pp. 213-225

centrifuged at 4000 rpm for 15 minutes. The supernatant was used to prepare a nano-
emulsion. The aqueous phase was prepared by dissolving 1% (w/v) of seaweed extract
with 3% (w/v) of Tween 80 in distilled water at 40°C for 30 minutes. The oil phase
consisted of 8% (v/v) of coconut oil that was added drop wise to the aqueous phase under
stirring on a magnetic stirrer at 1000 rpm for 10 minutes to form a coarse emulsion which
was then subjected to ultra-sonication using a probe-sonicator (500 W, 20 kHz) for 5
minutes in an ice bath with pulsed cycles of 5 seconds on and 2 seconds off to prevent
overheating. Various concentrations (0.0, 20.0, 40.0, or 60.0 mg. L'!) were prepared from
this nano-emulsion extract and added to MS medium with the optimal concentration of
3.0 mg.L!2,4-D and 1.0 mg.L! TDZ. Callus was cut and transferred to media containing
the concentrations of seaweed mentioned above, with ten replicates for each
concentration. Cultures were then incubated under the same conditions (as described
above) for 30 days. Fresh weight, antioxidant activity, and phenolic compounds of
multiplying callus were estimated.

Figure 2. Ascophyllum nodosum in habitat (left) and nanoparticles of its extract (right)
(Asree,2022).

Measuring of Antioxidant Activity Using DPPH Method

A stock solution of the stable free radical 2,2-diphenyl-1-picrylhydrazyl
(DPPH) was prepared at a concentration of 400 pg mL™, by dissolving 40 mg of DPPH
is in 100 ml of methanol following the procedure described by (Antolovich et al., 2002).
To obtain the standard solutions, 500 mg of vitamin C and 500 mg of the sample were
dissolved separately in 100 mL of methanol and distilled water to produce 5000 ppm
stock solutions. Using these initial stocks, a series of diluted concentrations (30, 60, 120,
250, and 500 ppm) were prepared in accordance with the dilution formula
(Vaidyaratnam, 2002). Solutions without plant extracts were also prepared as a negative
control. One milliliter of the plant extract was mixed with one milliliter of DPPH solution
(and in the same way with vitamin C as a positive control). After 30 minute incubation in
the dark at room temperature, the absorbance of the reaction mixture was recorded at 517
nm using a Shimadzu UV-VIS spectrophotometer (Ahmed et al., 2013). A decrease in
absorbance indicated an increase in the sample’s ability to neutralize free radicals
(Koleva et al., 2012). The radical-scavenging capacity was quantified using the equation:
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DPPH scavenging activity (%) = [Absorbance of blank - Absorbance of sample /
Absorbance of blank] *100.

Where A blank: represents the absorbance of solutions that are the negative
control (i.e., without plant extracts or vitamin C), and A sample: represents the
absorbance of solutions in the presence of plant extracts or vitamin C.

The concentration of the extract required to inhibit 50% of the DPPH radicals
(IC50) was obtained from the plotted logarithmic dose—response curve. The IC50 values
were calculated using Microsoft Graf Pad Prism by projecting the concentrations of the
plant extract onto the x-axis and the radical inhibition percentage onto the y-axis. The
experiment was conducted with three replicates for each concentration.

Estimation of Bioactive Compounds using HPLC Analysis
Phenolic constituents were isolated from homogenized callus tissues

cultivated on varying concentrations of nano—seaweed extract. Initially, 100 mL of
chloroform was added to 20 g of finely ground callus, and the mixture was placed on an
electric shaker for 3 hours to facilitate lipid removal. The chloroform phase was
subsequently discarded, and the remaining material was dried at 50 °C to ensure complete
evaporation of any residual solvent. A 10 g portion of the dried sample was then
subjected to extraction using a 70:30, ethanol: water solvent system. Ultrasonic extraction
was performed in an Ultrasonic Bath (USA) for one hour at ambient temperature.
Following filtration, 5 mL of the resulting extract was used to determine extraction yield.
The solvent was eliminated using a vacuum rotary evaporator (Slovenia), and the extract
was dried at 40 °C until a constant weight was achieved. To minimize oxidative
degradation, the dried extracts were stored in glass vials at 4 °C until further analysis.

Quantification of single phenols in the mixtures in conducted by applying a
SYKAM HPLC system (Germany) provided with a UV indicator set at 280 nm.
Silymarin, silybene, rutin, and quercetin were used as standard compounds for the
bioactive compounds in callus extracts. Chromatographic separation was achieved on a
C18-OSD column (which is the stationary phase) consisting of silica molecules
chemically bonded to long hydrocarbon chains made up of 18 carbon atoms (with
dimensions: column length 250mm * column diameter 4.6mm * particle size 5 pm) at a
flow rate of 0.7 mL min™ and a column temperature of 30 °C. A gradient elution
program was applied using methanol as eluent A and 1% formic acid (v/v) in water as
eluent B, as follows: initially 0—4 min, 40% B, 4-10 min, 50% B. The injection volume
for both standards and samples was 20 pL. The calibration curve showed excellent
linearity over the range (1-50 pg.ml™") with a coefficient of determination (R?) of (0.999).
The limits of detection (LOD) and limits of quantity (LOQ) were calculated to be (0.06-
0.08 pg.ml') and (0.13-0.21 pg.ml?'), respectively. The recovery rate also ranged
between (95-105%) and standard purity was 99% confirming the accuracy and validity of
the method used for determining the substance (Radovanovi¢ et al., 2015).
Statistical Analysis

The inducing experiment and multiplications of callus were conducted with ten
replicates by applying the completely randomized design (CRD) while the analysis of
HPLC and DPPH were tested with three replicates for each. The two-way ANOVA table
test was achieved to compare among groups under P < 0.05 (Al-Sahoki and Waheeb,
1990), followed by Duncan s test using IBM SPSS statistics (Version 27 for windows).
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RESULT AND DISCUSSION
Callus Initiation from Silybum marianum Seeds

Results in (Table 1) demonstrated the fresh weight of callus initiated from Silybum marianum seeds
cultivated on MS medium provided with different combinations of TDZ and 2,4-D under light and dark
consecutively, where the optimum combination was 1.0 mg. L'! TDZ+ 3.0 mg. L' 2,4-D which gave the
highest averages of callus fresh weight reached to 0.392 g and 0.547 g under dark light consecutively. The
initiated callus was granulated and white friable in texture (Figure 3).

Table 1: Influence of TDZ and 2,4-D combinations on fresh weight (g) of callus initiated from Silybum

marianum seeds after 45 days of culture under light and dark conditions.
Combinations of Fresh weight of callus (g)

TDZ+2,4-D (mg.L™")

Light Dark

0.0+0.0 0.0+0.0 h 0.0£0.0 g
0.0+1.0 0.078+0.008 g 0.229+0.025
0.0+2.0 0.101+0.012 g 0.273+0.031 e
0.0+3.0 0.178+0.030 f 0.301+0.039 de
1.0+0.0 0.213+0.036 ¢ 0.33740.043 cd
1.0+1.0 0.296+0.038 d 0.340+0.042 be
1.0+2.0 0.357+0.038 b 0.363+£0.039 b
1.0+3.0 0.392+0.042 a 0.547+£0.059 a
2.0+0.0 0.314+0.040 c 0.324+0.038 d
2.0+1.0 0.254+0.027 e 0.351+£0.044 ¢
2.0+2.0 0.293+0.031d 0.27240.045 ¢
2.0+3.0 0.289+0.036 d 0.274+0.045 e

-Each value represents the mean +SD. and different letters in each column denote significant differences
among means according to Duncan's test at (p<0.05).

Figure 3. Callus initiated from Silybum marianum seeds on MS medium containing 1.0 mg. L' TDZ+ 3.0
mg. L' 2,4-D in light (left) and dark (right).

The combination of 1.0 mg. L' TDZ+ 3.0 mg. L! 2,4-D was used to multiply callus for obtaining
sufficient quantities for subsequent experiments. In their study, Rady et al. (2013) induced callus from the
leaves and shoot tips of S. marianum seedlings using balanced combination of kinetin and 2,4-D under
optimal light and dark conditions, whereas a study by Khan et al. (2013) demonstrated greater callus
induction under dark conditions compared to light. They attributed the reason to light interacting with some
substances that regulate plant growth during morphogenesis, and accordingly, this interaction directly
affects cell division, growth and biomass formation. The above results illustrated the importance of
interaction between cytokinin and auxin in stimulating cell division and controlling phenotypic and cellular
formation, as cytokinin enhances the effect of auxin of callus initiation via regulating genes expression, that
had a major and direct impaction these processes (Abdelazeez et al., 2025). Another study of Kalefa et al.
(2025), they used 2,4-D lonely to stimulate callus from Moringa oleifera seeds under normal conditions (8
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hrs. dark+ 16 hrs. light). This may be depending on the plant species and type of cultured explant with the
incubation conditions.

influence of Nano-extract of Ascophyllum nodosum on Fresh Weight of S. marianum Callus under
Light and Dark Conditions.

It is clear from the results of (Table 2) that the concentrations of seaweed (Ascophyllum nodosum) nano-
extract significantly affected the fresh weight of S. marianum callus as the concentration of 40 mg. L™
significantly exceeded the callus fresh weight under both conditions of light and dark (0.874 + 0.294 g and
0.908 + 0.127 g respectively) followed by concentration of 60 mg. L-!, where the control group recorded
lowest fresh weight. The observed increases in callus biomass may be attributed to the bioactive
compounds in seaweed extracts, which can stimulate cell division and growth via enhanced hormonal
activity and nutrient availability. This finding aligns with previous reports that documented the growth-
promoting effects of algal extracts on in vitro cultures due to the presence of auxins, cytokinins, and trace
elements (Khan et al., 2009, Renuka et al., 2018).

Table 2: Influence of different concentrations of Ascophyllum nodosum Nano-extract on fresh weight of

Silybum marianum callus after 30 days of culture under light and darkness conditions.

Ascophyllum nodosum Fresh weight of callus (g)

Nano-extract

concentrations (mg.L™") Light Dark

0.0 (mg.L") 0.221 £ 0.065 ¢ 0.388 £ 0.096 ¢
20 (mg.LY) 0.657+0.144 b 0.764+0.175b
40 (mg.LY) 0.874+0.294 a 0.908+0.127 a
60 (mg.LY) 0.663+0.154 b 0.644+£0.196 b

* Differences among groups are significant at (p < 0.05).
- The values are the (means + SD) of three replicates.
-The significant differences according to Duncan's test (p < 0.05) were indicated by different letters in each
column.
Influence of Nano-extract of Ascophyllum nodosum on Antioxidant Activity of S.marianum Callus
using DPPH Assay

Results in (Table 3) revealed a significant increasing in the antioxidant activity of S. marianum callus
cultured on different concentrations of nano-extract of 4. nodosum as compared with control treatment
using DPPH radical assay under light and dark conditions, where the highest significant average was found
in the concentration of 60 mg. L ! in both light (54.356 + 5.82 %) and dark (47.568 + 5.09 %), displays the
activity of DPPH under varying concentrations of marine seaweed extract applied under both light and dark
treatments. These results suggest that both extract concentration and light exposure play crucial roles in
enhancing DPPH activity, possibly due to synergistic effects of bioactive compounds like phenolic and
flavonoids in seaweed that are more active under photic conditions. Similar findings have been reported
where algal extracts were shown to enhance antioxidant enzyme activities and stimulate metabolic
responses in plant tissue under light exposure (El-Boukari et al., 2020, Zhang et al., 2021).

Table 3: Influence of different concentrations of Ascophyllum nodosum Nano-extract on antioxidant
activity of Silybum marianum callus by DPPH assay after 30 days of culture under light and dark

conditions.

Seaweed Extract .
Concentration Light Dark (p-value)
0.0 (mg.L") 46.9933+£5.03 b 44.218+4.73¢
20 (mg.L") 49.486+5.30 ab 45.438+4.86 be

(0.0194%)
40 (mg.L") 52.326+5.60 a 46.5524+4.98 b
60 (mg.L™) 54.356+5.82 a 47.56845.09 ab

* Differences among groups are significant at (p < 0.05).
-Groups with different letters are statistically different.
-The values inside the table are expressed as (mean + standard deviation)
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-In each group, the significant differences according to LSD test were indicated by the different letters.

Data presented in (Table 4) illustrated the trend of antioxidant activity (IC50 values) across different
treatment groups under both light and darkness conditions. The results demonstrated a clear dose-
dependent decrease in IC50 values as the concentration of the seaweed nano-extract increased from 20 to
60 mg.L-1, indicating enhanced antioxidant activity with higher extract concentration. Under light
conditions all treatment groups showed lower IC50 values compared to their counterparts in darkness
confirming the positive influence of light on the antioxidant capacity of the extract. This is particularly
evident at the 60 mg.L-! level, where the IC50 dropped to 102.28 mg.L™!, the lowest among all groups,
compared to 113.46 mg.L-1 in darkness. Similarly, the control and 20 mg.L-! groups also showed greater
improvement under light, reinforcing the light-induced enhancement in free radical scavenging. Moreover,
the effect of extract concentration regardless of light exposure, but with greater magnitude under light,
aligning with previous research that supports the role of photo-stimulation in enhancing the synthesis or
activity of phenolic and antioxidant compounds (De Alencar ef al., 2021).

Table 4: Influence of different concentrations of Ascophyllum nodosum Nano-extract on IC50 values of

Silybum marianum callus after 30 days of culture under light and dark conditions.

Groups IC50 (ng.L) (p-value)
Light Darkness

Vitamin C 136.67+7.39a 136.67+7.39a

0.0 (mg.L™") 122.17+5.28 b 125.89+5.16 b 0017 *

20 (mg.L") 115.07 + 4.85 be 12024 +524 ¢

40 (mg.L") 107.79 + 5.79 de 118.62 + 4.63d

60 (mg.L") 10228 +2.14 ¢ 113.46 = 1.89 de

* Significant difference between groups (p < 0.05)
- The values are the (means + standard deviation) of three replicates
-The significant differences according to Duncan's test (p < 0.05) were indicated by different letters.

Influence of Different Concentrations of Nano-extract of Seaweed Ascophyllum nodosum on Bioactive
Compounds of S.marianum Callus using HPLC

Results in (Table 5) represent a comprehensive comparison of the effects of varying concentrations of
nano-extract of seaweed 4. nodosum on callus bioactive compounds (Silymarin, Rutin, Silybin, and
Quercetin) profile under light and dark conditions. Under light, Silymarin exhibited a concentration-
dependent increase in content from 179.08 + 19.16 ppm (control) to 193.66 + 20.72 ppm at 60 mg. L.,
Under dark, this compound also increased from 174.98 + 18.72 ppm to 183.65 £ 19.65 ppm. This
demonstrates that light enhances the biosynthesis of Silymarin, consistent with previous findings on
flavonolignans activating enzymatic pathways under illuminated conditions (Karimi et al., 2021).

Under 60 ml.L"! concentration, the maximum content of Rutin was observed in both light (16.88+ 1.81 to
28.77£3.08 ppm) and dark (13.65£1.46 to 22.9+2.45 ppm) as compared to control treatment in both
conditions. Study of Lim ef al. (2025) demonstrated the significant accumulation of Rutin in root cultures
of Actinostemma lobatum under both dark and light conditions. On the other hand, Silybin content, under
light condition increased steadily from 68.74 = 7.36 to 82.65 + 8.84 ppm, with each concentration group
showing significant distinctions as reflected by different letters. Under dark, values ranged from 65.14 +
6.97 to 77.8 + 8.32 ppm, again showing a consistent trend. These results align with earlier research
suggesting that Silybin content was more pronounced under light-enhanced metabolic states (Narayan et
al., 2022).

Quercetin also demonstrated a positive concentration-dependent increase under light (from 11.08 + 1.19
to 16.8 + 1.8 ppm) and dark (from 9.23 = 0.99 to 15.49 = 1.66 ppm) at the treatment of 60 mg. L-!. Previous
studies referred to the effective role of light to enhance the growth of in vitro cultures and accumulation of
secondary metabolites, whereas dark conditions may slow the accumulation of secondary metabolites
(Kawka et al., 2017, Park et al., 2024, Lim et al., 2025).

Accordingly, it is clear that the addition of nano-extracts of seaweeds may increase the contents of
bioactive components in cultured tissues due to the effective compounds in the extracts that may be a
precursors or play as triggers to the biosynthesis of different bioactive compounds in plants (Mohamed et
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al., 2023), and can increase the antioxidant activities of these compounds (see table-3). Marine algae
extracts have been recognized to be rich important sources of many compounds and nutrients, including
carbohydrates, lipids, proteins, minerals, as well as vitamins and growth regulators (Cmikova et al., 2025).
This is what makes the spotlight focus on their using as elicitors for stimulating growth and producing
effective bioactive components in various plant species.
Table 5: Influence of different concentrations of Ascophyllum nodosum Nano-extract on content of
bioactive compounds (ppm) of Silybum marianum callus after 30 days of culture under light and dark

conditions.

Bioactive compounds Concentrations Light Dark (p-value)
0.0 (mg.LY) 179.08+19.16 b 174.98+18.72 b
20 (mg.L") 184.11+19.7ab 177.15£18.96 b

Silymarin (0.0176%*)
40 (mg.L") 189.8+20.31 a 181.65+19.44 ab
60 (mg.L) 193.664+20.72 a 183.65+19.65 ab

(p-value) (0.0347%) (0.0132%)
0.0 (mg.L") 16.88+1.81 ¢ 13.65+1.46 d
20 (mg.L") 20.14+£2.15b 17.88+1.91 be

Rutin (0.0113%)
40 (mg.L") 25.65£2.74 a 19.98+2.14 b
60 (mg.L") 28.77+3.08 a 22.9+2.45 ab

(p-value) (0.0289%) (0.0273%)
0.0 (mg.L") 68.74+7.36 ¢ 65.14+6.97 ¢
20 (mg.L") 73.66+7.88 b 68.74+7.36 be

Silybin (0.018%)
40 (mg.L™") 79+8.45 a 72.65+7.77 b
60 (mg.L") 82.65+8.84 a 77.8+8.32 ab

(p-value) (0.0294%) (0.0013%)
0.0 (mg.L") 11.08+1.19 ¢ 9.234£0.99 ¢
20 (mg.L") 12.65+1.35¢ 10.25+1.1¢

Quercetin (0.023%)
40 (mg.L") 14.8+£1.58 ab 12.33£1.32 be
60 (mg.L") 16.8t1.8 a 15.49+1.66 a

(p-value) (0.0163%*) (0.0187%)

* Differences among groups are significant at (p <0.05).
-Groups with different letters are statistically different.

-The values inside the table are expressed as (mean + standard deviation)
-In each group, the significant differences according to LSD test were indicated by the different letters.

CONCLUSION

The nano-extract of seaweed Ascophyllum nodusum was

demonstrated statistically significant

improvements in activity with increasing concentration, especially under light conditions compared with
dark conditions to enhance the Silybum marianum seeds’ callus growth and its content of bioactive
compounds, as well as the antioxidant activity via DPPH assay. Light consistently amplified the biological
activity of the seaweed compounds, which may lead to an increase in the biomass of the cultured tissues
and enhancing the accumulation of bioactive phytochemicals in them.
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