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Article Info ABSTRACT
Avrticle type: Silybum marianum exhibits significant biological activities, such as antioxidant and

anticancer effects, attributed to its phytochemical properties. Hence, it has long been
considered a valuable medicinal plant. The purpose of this study was to investigate the
effect of biological stimuli, including bacteria (Pseudomonas putida), yeast (Yarrowia
lipolytica), fungi (Aspergillus niger), and AgNOs, elicitors, on the contents of phenolic
compounds, silymarin and antioxidant potential in the seeds and aerial parts of plant
during the vegetative and reproductive growth stages. This study was conducted as
separate experiments in a completely randomized design with 3 repetitions in the
research greenhouse of Ferdowsi University of Mashhad. The results of the experiment
Received: 3 August 2024 revealed that the content of phenolic compounds in the seeds of plants treated with bio
and non-bio stimulants was greater than that found in the aerial parts in both the
vegetative and reproductive growth stages, whereas the lowest 1Cso was assigned to

Research Article

Avrticle history:

Received in revised form: 31

October 2024 the seeds in all the investigated treatments. In this study, the total flavonoid content
Accepted: 16 December 2024 decreased as the p_Iant pr(_)gresse_d frc_)m the vegetative _stage to_ the rep_roductive_* stage

) ) ] and seed production. This decline is probably associated with the increase in cell
Published online: Spring 2025 differentiation during the period of growth, as well as the mechanisms for protection

against pest attack, degradation, and a reduction in the activity of enzymes involved in
biosynthetic pathways. Although AgNOs increased the silymarin percentage in both
the vegetative (9.96%) and reproductive stages (6.64%) in comparison to the control,
it was bacterial inoculation that had the most significant impact on increasing the
silymarin content in the seed production stage, resulting in a 33% increase in silymarin
free radical, phenolic compounds, content relative to the control.
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Extended Abstract

Introduction

The milk thistle (Silybum marianum (L.) Gaertn.) contains silymarin, a flavonolignan found in its seeds, which is used
for the treatment of liver, digestive, biliary, and poisoning diseases. Elicitors are substances that can boost the synthesis of
secondary metabolites in plants by activating defense mechanisms. Aspergillus niger is known as the main source of citric
acid production, Pseudomonas putida can produce significant quantities of organic acids through the decomposing organic
substances in the soil and subsequently providing more phosphorus in the soil for absorption by plants. The yeast Yarrowia
lipolytica is recognized as the host of naringenin biosynthesis, which serve as a precursor in the synthesis of flavonoids.
Silver nitrate enhances the expression of certain genes and various intracellular enzymes by inhibiting ethylene activity,
thereby affecting the synthesis of secondary metabolites in plants. Considering the importance of milk thistle as a medicinal
plant, this research was undertaken to explore the potential for enhancing the production of medicinal compounds,
particularly silymarin and antioxidant compounds, through the application of various biotic and abiotic elicitors at different
phenological stages.

Materials and methods

Twenty-day-old seedlings of milk thistle cultivated in sterile soil in a greenhouse were subjected to four different
treatments. These included Pseudomonas putida, Yarrowia lipolytica, each at a concentration of 0.5 McFarland standards,
approximately 1.5x108 bacteria or yeast, and Aspergillus niger at a concentration of 1.2 x 107 spores per ml. These
treatments were added to the rhizosphere in a volume of 10 ml. Additionally, silver nitrate treatment (at a concentration of
100 ppm) was applied through leaf spraying during both vegetative and reproductive stages. The plants aerial parts were
collected at two stages namely vegetative and reproductive stages as well as seeds to examine their biochemical
characteristics. A methanolic extract prepared by dissolving 1 g of plant powder in 10 ml of 80% methanol to assess the
total phenol, flavonoid, phenolic acid content, 1Cso, as well as silymarin content.

Results and Discussion

The results revealed that the highest content of total phenol in the areal parts at vegetative stage was attributed to the
application of silver nitrate (5.33 mg GAE g DW), whereas in the reproductive stage, the highest content was associated
with the control treatment (5.11 mg GAE g* DW). Furthermore, in seeds, the highest level was obtained through the use
of yeast (12.94 mg GAE g* DW). The maximum content of flavonoids during the vegetative stage was linked to silver
nitrate (5.5 mg QE g* DW), while in the reproductive stage it was related to fungi application (3.4 mg QE g* DW), and in
the seeds, was belonged to yeast application (4.5 mg QE g* DW). The highest content of phenolic acid in the vegetative
stage (2.73 mg CEA g* DW) was related to the application of bacteria, and in the reproductive stage, it was related to fungi
(1.62 mg CEA g'* DW), and in the seeds, it was attributed to yeast (3.5 mg CEA g* DW). The studied bio stimulants are
sources for citric acid production and are able to produce and accumulate phenolic and flavonoids compounds within the
vacuole, thereby enhancing antioxidant activity. Certain heavy metals, such as silver nitrate, protect plants against oxidative
damage by the promoting of phenolic compound synthesis ,mitigating free radical damage and improving the compatibility
of plants with their environment.

The highest antioxidant activity and value of DPPH (ICso) were obtained in both the vegetative (85.99 ug mlt) and
reproductive stages (65.45 pg mlt) using silver nitrate trearment, while in seed production stage (37.54 pg mlt) was
assigned to yeast treatment. By changing the plasma membrane, yeast can synthesize secondary metabolites and activate a
defensive response against reactive oxygen species. .

The application of silver nitrate resulted in the highest synthesis of silymarin in the aerial parts of the plant during both
the vegetative (9.96%) and reproductive (6.64%) stages. Furthermore, the application of bacteria significantly enhanced
the silymarin content in the seeds. Heavy metals bind to receptors on the surface of the plasma membrane, initiate a network
of signal transmissions and cause the overexpression of all genes involved in the synthesis of secondary metabolites,
including silymarin. Bacteria, as external producers of auxin and gibberellin hormones, induce flavonoid synthesis
pathway, which in turn promotes the synthesis of taxifolin and silymarin. Yeast increases the synthesis of phenylalanine,
as a precursor in the silymarin synthesis pathway.

Conclusion

The results indicated that the total phenol content of aerial parts of plant increased from the vegetative to the
reproductive stage and subsequently in the seed; however, it was different for total flavonoid content. It seems that elicitors
have diverse effects on various stages of plant growth, attributable to their specific roles in the biosynthetic pathways of
different compounds.
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2. Rosmarinus officinalis
3. Phenylalanine ammonia lyase (PAL)
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2. mitogen-activated protein kinase (MAPK
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1. Erythrina suberosa
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1. Chalcone Synthase
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