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The synthesis of metallic nanoparticles using plant extracts has attracted significant interest in the scientific community due to their unique properties, which can be applied across various fields, including health, agronomy, and food. Bioreduction, or green synthesis, can be performed using plant extracts containing alkaloids, phenolic compounds, and terpenoids, which are responsible for reducing metal ions. However, the antimicrobial activity of nanoparticles is not yet fully understood; metal‑based nanoparticles, especially silver and gold, act through oxidative stress, ion release, and membrane damage rather than a single universal mechanism. Pfaffia glomerata contains distinctive bioactive compounds, such as β-ecdysone and phenolic constituents, which suggest a strong potential for use in nanoparticle synthesis; however, this application has not yet been experimentally demonstrated in the literature. This study aimed to conduct a literature review on "nanoparticles," "green synthesis," "plants ginseng," and "antimicrobial" in major scientific databases in a recent literature (2013-2025). The results of the reviewed studies demonstrated the use of Panax ginseng, Siberian ginseng, and red and black ginseng in the synthesis of silver and gold nanoparticles, with potential applications as antimicrobials and anticancer agents. In conclusion, it is essential to conduct further research on the studied plant species, particularly those belonging to the Amaranthaceae family, to deepen our understanding of the mechanisms and reducing agents involved in the green synthesis of silver and gold nanoparticles.
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1 Introduction
Excessive and prolonged antibiotic use induces microbial resistance, leading to community infections and affecting a wide range of human pathogens. This has contributed to the emergence of drug-resistant bacteria, sometimes rendering commercial antibiotics ineffective. An alternative would be the use of natural products, such as medicinal plants, plant extracts, and essential oils, which contain bioactive compounds. These substances have been studied for their ability to inhibit the growth or kill microbial agents. This scenario highlights the need for continuous exploration of discoveries and scientific studies in the chemical and medicinal fields. The field of nanotechnology has been gaining prominence across various fields of knowledge due to its unique physicochemical properties (distinct from those of their macroscopic counterparts) and surface interaction mechanisms. In this context, metallic nanoparticles, which are small metal aggregates at the nanoscale, hold significant potential for applications in environmental, agricultural, health, and food-related fields (Saravanan et al., 2021; Abisharani et al., 2019; Wongyai et al., 2020; Kalita, Baruah, 2019).
Over the years, various methods have been studied for producing metallic nanoparticles via physical, chemical, and photochemical means (Yagoob et al., 2020). However, most available techniques are costly and environmentally harmful. Green synthesis offers significant production advantages over traditional methods (Baláž et al., 2021). This approach uses renewable materials like plants, fungi, algae, and bacteria as reducing or stabilizing agents, avoiding toxic substances and reducing waste. Within this context, ginseng (among the 11 known species) supports the immune system, acts as an antioxidant, and serves other functional purposes (Wang et al., 2020).
The objective of this work is to conduct a literature review on sustainable methods for the green synthesis of metallic nanoparticles. The focus is specifically on gold (AuNPs) and silver (AgNPs), using extracts from ginseng species (Panax spp. and related plants). This review aims to map synthesis protocols and characterize reduction and stabilization mechanisms mediated by bioactive compounds. It will also evaluate the influence of extraction conditions and concentrations on nanoparticle formation and properties. Finally, the review will discuss potential applications of these green NPs in biomedicine, agriculture, and environmental remediation, while highlighting advantages over traditional chemical methods.

2. State of the art
2.2 Ginseng

There are several species of ginseng found worldwide. These species are of medicinal interest, particularly in Asian countries such as China and Japan. The main species include: a) Panax ginseng, known as Korean ginseng, found in China and Korea; b) Panax japonicus (Mohsin et al., 2020), known as Japanese ginseng, found in Japan and China; c) Panax quinquefolius, or American ginseng, found in the United States and Canada; d) Eleutherococcus senticosus (Gerontakos et al., 2021), popularly known as Siberian ginseng, found in Russia; and e) Pfaffia glomerata, or Brazilian ginseng, found in Brazil. Each species contains various bioactive compounds with antioxidant, anti-inflammatory, anti-diabetic, antimicrobial, and other properties.

2.2.1 Ginseng brasileiro (Pfaffia glomerata)

Pfaffia glomerata (Spreng.) Pedersen is one of the three species in the Pfaffia genus, belonging to the Amaranthaceae family. Indigenous to South American countries, particularly Brazil, in regions spanning Paraná, São Paulo, Goiás, and Mato Grosso, Pfaffia glomerata is commonly known as Brazilian ginseng. This nomenclature stems from both its morphological resemblance to Asian ginseng and its similar medicinal effects. (Vardanega et al., 2016, Huang et al., 2021).

In Brazil, Pfaffia glomerata grows endemically near rivers due to soil composition and prevailing moisture. In the state of Paraná, the municipality of Querência do Norte is one of the major producers. The cultivation in this area is carried out sustainably by the inhabitants of the Ilha Grande National Park.
In Pfaffia glomerata, the phytoecdysteroid β-ecdysone (20E) or 20-hydroxyecdysone serves as a chemical marker for the plant and is analogous to insect hormones. The extraction of secondary metabolites from Pfaffia glomerata is crucial for the discovery of new constituents (Balastreri et al., 2018). Martins et al. (2020) detected β-ecdysone in the roots, stem, flowers, and leaves (0.68 ± 0.05, 0.62 ± 0.06, 1.14 ± 0.10, and 1.65 ± 0.14, respectively), indicating its distribution throughout the plant. In addition, total phenolic content increased in the following order: leaf > flower > stem > root, suggesting a link between these compounds and antioxidant capacity. Specifically, chlorogenic, ferulic, and hydroxybenzoic acids in the leaf contribute to phenolic composition (Martins, 2020).
Recent studies have deepened the understanding of Pfaffia glomerata’s biochemical composition, environmental interactions, and extraction processes. Terhaag et al. (2025) investigated the separation of bioactive compounds from P. glomerata roots using various drying methods and green extraction technologies. Their work demonstrated that sustainable extraction techniques, including ultrasound-assisted and pressurized liquid extraction, significantly influence the yields and purities of major compounds, such as β-ecdysone and phenolic constituents. Additionally, the physicochemical assessment of the obtained extracts revealed promising stability and antioxidant potential, emphasizing the importance of optimizing post-harvest and processing parameters to preserve the plant’s bioactivity. Complementarily, Neves et al. (2022) evaluated the effects of lanthanum oxide nanoparticles (La₂O₃ NPs) and their bulk counterpart on P. glomerata development. Their results indicated that nano-sized La₂O₃ altered nutrient uptake dynamics and elemental composition, suggesting enhanced bioavailability of certain micronutrients but also potential toxicity at higher nanoparticle concentrations. The study provided valuable insights into the physiological responses of P. glomerata to nanoparticle exposure, particularly relevant for cultivation in soils influenced by nanomaterial inputs. Together, these investigations underline the dual importance of sustainable extraction strategies and environmental risk assessment for maintaining the medicinal and ecological value of P. glomerata. By integrating such findings, future studies can improve both the efficiency of bioactive compound recovery and the environmental safety of this culturally and economically significant Brazilian species.

2.3 Green synthesis of metallic nanoparticles

The concept of nanotechnology involves physics, medicine, chemistry, biology, and materials science. The prefix "nano" is derived from the Greek word "nanos," meaning dwarf. In engineering terms, it represents one billionth of a size, that is, (10^-9 m), with a nanometer considered to be in the order of <100 nm. For instance, a protein is approximately 50 nm long. Nano-scale materials are of interest because they can be produced in different forms. However, it is crucial to produce them in a reduced timeframe and at the desired size to enhance their stability (Hulkoti; Taranath, 2014). In general, nanoparticles have an approximate size of up to 100 nm and a large surface area relative to their volume. Due to these characteristics, nanoparticles are of great scientific interest, as they can, for example, traverse cell membranes and biological barriers. Therefore, the size reduction of nanoparticles has offered significant opportunities for scientific advancements in modern technology, with enormous potential for human well-being (Balakumaran et al., 2015).
Chemical, physical, and photochemical methods are the most common approaches for synthesizing metallic nanoparticles (NPMs) (Yaqoob et al. 2020). However, the chemical routes commonly used for the synthesis of metallic nanoparticles (NPs) often involve toxic solvents and the generation of environmentally harmful waste (Silva et al. 2017).

The metals commonly used to form metallic nanoparticles (NPs) include gold, silver, zinc, copper, iron, platinum, aluminum, titanium, and palladium. The mechanisms for these syntheses have not been completely elucidated due to the complexity of the reaction medium, which can accommodate additional reducing agents (sodium borohydride, hydrazine) and other nanoparticle stabilizers. Their properties involve photoelectrochemical, magnetic, and electronic aspects. Infrared spectroscopy data have revealed that bands corresponding to amino groups in proteins stabilize particles and prevent the growth of nanoparticles (NPs). (Hulkoti; Taranath, 2014).

The change in solution color to brown indicates the formation of AgNPs (silver nanoparticles). For proper nanoparticle characterization, researchers must monitor size, morphology, and shape using stabilization and various reducing agents. Green synthesis is popular because it is cost-effective, flexible, and easy to prepare (Deshmukh, Gupta, and KIM, 2019). Barabadi et al. (2014) note that during gold nanoparticle (AuNP) formation, the color shifts from pale yellow to dark purple. This shift is due to the emergence of the surface plasmon band, which arises from the collective oscillation of surface electrons in response to monochromatic radiation. An electronic transition in the visible spectrum then indicates metallic nanoparticle formation. Figure 1 describes the role of NPs in intracellular synthesis.[image: ]

Figure 1. Representation of intracellular synthesis of a nanoparticle. N-nucleus, NP-nanoparticle, (+) ions, (-) charges on the cell wall. Source: Authors, 2023. (https://Biorender.com)

Due to growing concern about the development of cleaner, more sustainable technologies, efforts have been made to develop methods for the synthesis of metallic nanoparticles (NPMs) using non-toxic or less toxic reagents and solvents, renewable sources, and reduced waste generation, among other aspects. Rai (2013) highlights that, in addition to these aspects, green synthesis should also be clean, cost-effective, and environmentally friendly. Green synthesis primarily employs fungi, bacteria, and plant extracts to reduce and stabilize nanoparticles (NPs). An advantage of using plant extracts is that they can act in the synthesis in three ways, primarily reducing silver or gold ions, metals more commonly employed in this type of synthesis. This is because these matrices contain aldehydes, ketones, and carboxylic acids, which accelerate the formation of metallic nanoparticles. Another contribution of the extracts is their promotion of nanoparticle stability, eliminating the need for surface-binding reagents to prevent agglomeration and precipitation. The antimicrobial activity observed in metallic nanoparticles (NPMs) from plant extracts primarily arises from the quantity of silver or another metal released, which interacts with fluids and the sample's water (Behravan et al., 2018). However, depending on the plant species employed, there may be an enhancement or synergy in the antimicrobial action due to the combination with the metal of the nanoparticle.
The synthesis of these metallic nanoparticles (NPM) is of interest in biomedicine, optics, catalysis, and photonics. Gold NPMs, due to their stability under atmospheric conditions and oxidation resistance, are used in pharmaceutical applications. Their average diameter is influenced by the medium pH, salt concentration, and incubation temperature. The green synthesis of AgNPs and AuNPs requires a biological reducing agent, which is abundant in biological systems. Initially, silver ions are obtained from water-soluble salts, with water as the preferred solvent. (Srikar et al., 2016).
The mechanism of AgNPs synthesis involves the reduction of silver nitrate, with bioorganic compounds serving as reducing agents and playing a significant role in their antifungal and antimicrobial performance. Nanoparticles tend to aggregate to reduce surface energy, which diminishes their antibacterial effectiveness. (Qasim et al., 2015).

During AgNP synthesis, silver ions (Ag+) are sourced from silver salts, such as silver nitrate. In water, these become reactive and form other compounds. Silver nitrate acts as an antimicrobial salt. NPs are agglomerations of reduced silver atoms, while metallic nanoparticles (NPMs) with a precursor salt stabilize the suspension. Color intensity varies with salt and plant extract concentrations. The NP size also affects antimicrobial action. Silver nitrate operates intracellularly, whereas NPs disrupt the cell membrane (Porto, 2012).

According to Carmona et al. (2017), the green synthesis of silver nanoparticles involves the chemical reduction of silver from an AgNO3 solution and the use of a plant extract, in which nucleation occurs: silver atoms with high activation energy form small nuclei. The phase in which these nuclei are grouped (giving rise to AgNPs) can be stable during their creation. The selected extract is ideal because the biomolecules it contains serve as reducing agents in the synthesis. Figure 2 illustrates the mechanism of green synthesis using plant extracts. The plant extract is added to the metallic salt under constant temperature and agitation. After a change in solution color, the steps of solid formation, nucleation, and particle growth occur, ultimately leading to the formation of NPMs in different shapes.[image: ]

Figure 2. Green synthesis procedure for the formation of metallic nanoparticles. Source: Authors, 2023. (https://Biorender.com)

Several factors, such as the type of extract, concentration of the metallic salt, pH, and synthesis temperature, can influence the synthesis time and morphology of NPMs. As a consequence, there is a greater consumption of reagents, energy, and working time. However, an advantage of green synthesis is that it usually does not require additional stabilizing additives, which is a positive aspect compared to chemical methods (Barabadi et al., 2014).
Carmona et al. (2017) reported in their study the use of Buddleja globosa Hope, adding 5% of the plant extract to AgNO3 at concentrations ranging from 0.1 to 10 mmol/L to synthesize AgNPs. They mentioned that phenolic compounds, terpenoids, proteins, amino acids, enzymes, flavonoids, polysaccharides, and alkaloids can contribute to green synthesis.
The study by Sathishkumar et al. (2016) demonstrates that flavonoids in cut leaves of Alternanthera tenella stimulate the synthesis of silver nanoparticles (AgNPs). For Chrysanthemum indicum, nanoparticle formation was attributed to glycosides, tannins, and flavonoids. In Potentilla fulgens, flavonoids were found to be four times more responsible for nanoparticle formation than phenolics. For European black elderberry, carbonyl and hydroxyl groups from the extract reduced silver ions to metallic silver nanoparticles. Additionally, flavonoids such as hesperidin, diosmin, and naringin yielded silver nanoparticles ranging from 5 to 80 nm.

According to Siakavella et al. (2020), the biological basis of synthesis using plant extracts is considered the best method. Since 1900, the characteristic of these materials in reducing metal ions and also acting as stabilizing agents has been known. This prevents particles from aggregating in the plant extract. Different reports describe the preparation conditions; thus, it is valid to examine the impact of each extract on NP preparation. For example, Rajan et al. (2018) conducted a synthesis using henna leaves (Lawsonia inermis) with cadmium chloride and selenium (separately). After 1 minute, the light yellow color turned brown, indicating a reaction that remained stable for over 2 days without alteration. One possible explanation for this synthesis involved the secondary metabolites present in the green extract. According to Barabadi et al. (2014), in a study using the fungus Penicillium and bacteria from the Enterobacteriaceae family, nanoparticles of copper oxide, silver, and gold were synthesized.

2.4 Microorganisms of interest

Bacteria and fungi are microorganisms that belong to the Monera and Fungi kingdoms, respectively. The former can be found in the environment and the human body; some cause diseases. Fungi are also commonly found in nature; some, such as those causing candidiasis, can harm humans. Treating certain bacteria, like Staphylococcus aureus, can be costly due to the potential need for prolonged antibiotic use. Some microorganisms have developed resistance to most available antimicrobials, including oxacillin, methicillin, and cephalosporins. This resistance poses a significant threat to global health. Nanoparticles are being explored as alternative treatments that exert toxicity against bacteria through mechanisms similar to those of conventional antibiotics. For example, silver nanoparticles (AgNPs) disrupt cellular morphology, impair ribosome function, deactivate proteins, and accumulate to lethal levels within cells (Jankauskaite et al., 2016).
According to Correa et al. (2020), one of the most significant microorganisms causing hospital, urinary, and intestinal infections is Escherichia coli (E. coli). It is a Gram-negative, facultative anaerobic bacterium that is a natural part of the human intestinal microbiota. This bacterium causes urinary tract infections (UTIs) in a considerable number of individuals. Another category of microorganisms, staphylococci, consists of Gram-positive cocci found in the human microbiota. Staphylococcus aureus is an opportunistic pathogen capable of causing deep, superficial, and toxigenic infections (Correa et al., 2020). Methicillin-resistant Staphylococcus aureus (MRSA) is resistant to all β-lactam antimicrobials. It infects and colonizes animals and humans, who are considered the main reservoirs of these microorganisms. MRSA-infected animal-origin foods also serve as a transmission vehicle, with prevalence in the production chain from ruminants to dairy products (Papadopoulos et al., 2018). Within the realm of significant microorganisms, the bacterium Klebsiella pneumoniae carbapenemase (KPC) was discovered in the United States in the 2000s. It has become a microorganism resistant to antibiotics and is a public health problem due to its global spread. This issue leads to hospital costs and mortality and presents adverse effects in its treatment, such as hepatotoxicity and nephrotoxicity. This underscores the need for studies to discover effective methods to combat it (Castañeda et al., 2018).
Among fungi, Candida albicans is the causative agent of candidiasis. It can affect the mouth, oropharynx, vagina, gastrointestinal tract, and skin. It can occur in both healthy individuals and those weakened by chronic diseases, antibiotic or catheter use, neoplasms, and, as a result of the illness, decreased immunity (Correa et al., 2020).
3 Methodology 
For this bibliographic research, the search covered studies published from 2014 to 2023. Figure 3 illustrates the research process flowchart. In the identification process, various databases were used, including Portal Capes, Scopus, ScienceDirect, and Google Scholar. English keywords were used to select articles. Exclusion criteria involved work unrelated to biological activities or where access to the complete work was not permitted.

Eligibility and Inclusion

Article 
selection

Identification Process

Portal Capes, Scopus, Science direct, google acadêmico

150 articles were consulted using the database and selected based on searches in abstracts, titles, and/or keywords

75 articles used

10 articles excluded

“green synthesis”, “gold and silver nanoparticles”, “plant extract root flower leaf stalk”, “brazilian ginseng”, “antimicrobial activity”, “Pfaffia”, “sustainability”

22 articles included in the literature review

Figure 3. Methodology flowchart. Source: Authors, 2023


4 Results and Discussion
After extensive research, several scientific articles on various types of ginseng were found, with special emphasis on P. ginseng. Regarding P. glomerata, no studies were found on the use of the plant for the green synthesis of NPMs with biological activity. The data on the parameters, time, morphology, and biological activity of silver and gold nanoparticles obtained via green synthesis using plant extracts were summarized in Table 1.

Table 1. Comparative study of green synthesis parameters for silver and gold nanoparticles using extracts from different ginseng species. Where: NPs – Nanoparticles; M/E – ratio of metal salt to plant extract; Au – Gold; Ag – Silver.







	Plant Species
	Part
	Type of NPs
	
	Synthesis Conditions
	Characterization
	Microorganism
	Reference

	
	
	
	Formation Time
	Temperature (0C)
	S/E
	Size (nm)
	Morphology
	
	

	Ginseng Siberian
	Leaf and Root
	Au
	24 hours to 30 days
	28
	20 ml of solution (4 mM HAuCl4) / 1.5 mL extract

	200
	Spherical
	Murine B16 melanoma cells
	Fenglian et al. (2019)

	Panax ginseng
	Leaf and Root
	Au and Ag
	Au - 3 min
Ag - 45 min
	80
	1mL (0.1 mM HAuCl4)/1g of the powder
	AuNP – 10 to 20 
Ag NP – 5 to 15
	AuNP - Spherical
	E.coli, S.enterica, Vibrio parahaemolyticus, S.aureus, Bacillus anthracis e Bacillus cereus
	Singh; Kim; Yang (2015)

	Panax ginseng Meyer
(White Ginseng)
	Raiz
	Au and Ag
	Ag -120min
Au – 5min
	80
	1mM of (Ag or Au) for 50mg/mL of the extract 


	AuNPs: 10-40
AgNPs: 10-30
	
	
E. coli e S. aureus
	
Wang et al. (2016)

	Panax ginseng Meyer
(Red Ginseng)
	Raiz
	Au and Ag
	Ag -60 min
Au -10 min
	80
	1mM of (Ag or Au)/50mg/mL of the extract
	AuNPs: 10-30
AgNPs: 10-30
	AuNPs - Spherical
AgNPs - Spherical
	E. coli e S. aureus
	Wang et al. (2016)

	
Panax ginseng Meyer
(Black Ginseng)
	
Raiz
	
Au and Ag
	
Ag -60 min
Au - 3 min
	
90
	
1mM of (Ag or Au)/50mg/mL of the extract 
	
AuNPs: 5-30
AgNPs: 5-30
	
AuNPs - Icosahedral
AgNPs - Spherical
	
E. coli e S. aureus
	
Wang et al. (2016)

	
Panax ginseng
	
Leaf
	
Ag
	
-
	
80
	
5 mM (Ag)/0.15 g/mL of extract
	-
	-
	
A549 lung cancer cell
MCF7 breast cancer cell
HepG2 hepatocellular carcinoma cell 


	
Castro-Aceituno, Verónica et al. (2016)

	Panax ginseng
	Leaf
	Au
	3 min
	80
	1mM (Au)/150mg/mL of extract
	10-20 nm
	
	Human dermal fibroblast and murine B16BL6 melanoma cell lines

	
Jiménez-Pérez, Zuly Elizabeth et al. (2018)

	Red Ginseng 
	Root
	Ag and Au
	 – 

	80
	1mM of (Ag or Au) / 100mg/mL extract
	10–30 nm
	Spherical
	Vibrio parahaemolyticu, S. aureus, Bacillus cereus, Candida albicans and Pseudomonas aeruginosa. 
	Priyanka Singh et. al (2016) 

	Ginseng siberiano
	Leaf and Stem
	Au
	-
	-
	4 mM (Au)/1000 mg/mL of extract
	200 nm
	Spherical
	B16 melanoma cells
	

	
 Panax ginseng
	
Root
	
Ag
	
24h
	
25
	9volumes of 1 mM (Ag)/1 volume of extract, 1 g/5 mL of water
	
 50–90 nm
	
Spherical
	
F. graminearum, F. avenaceum, F. poae, and F. sporotrichioides
	Yugay, Yulia et al. (2021)














Fenglian et al. (2019) synthesized gold nanoparticles using Siberian Ginseng, and characterization through UV-vis, FTIR, and TEM revealed the formation of spherical particles with an average diameter of 200 nm, encapsulated by polyphenolic compounds. The anticancer properties against melanoma cells were studied, and the cytotoxicity of the obtained nanoparticles was minimal. The authors report that further studies are needed, particularly to evaluate the effects of metallic nanoparticles in the human body.

In studies by Singh et al. (2015), the authors successfully synthesized silver and gold nanoparticles using red ginseng extract without any additional stabilizing agents. The obtained nanoparticles ranged in size from 10 to 30 nm and exhibited monodispersity. In this research, the obtained NMPs were considered stable after 1 month of synthesis, as UV-Vis spectra showed no significant changes in the bands associated with the NMPs. The antimicrobial activity of AgNPs was evaluated against E. coli, S. enterica, Vibrio parahaemolyticus, S. aureus, Bacillus anthracis, and Bacillus cereus. The study also demonstrated the potential to inhibit biofilm formation by S. aureus and P. aeruginosa.
In a study by Castro-Aceituno et al. (2016), the authors investigated the anticancer potential of AgNPs synthesized from Dendropanax morbifera Léveille extract and assessed their cytotoxicity. However, the study did not provide specific details regarding the synthesis and characterization of the nanomaterial. The authors examined the effects on various cancer cell types and observed that AgNPs reduced cell viability, inhibited cell migration, and induced cellular apoptosis. At the end of the study, the researchers suggested that the nanoparticles' mechanism of action still requires further investigation.
Jiménez-Peres et al. (2017) investigated various properties of silver nanoparticles, including antioxidant activity, moisture retention capacity, mushroom tyrosinase activity, and effects on melanin cells. The authors observed that the nanoparticles' antioxidant properties are enhanced by the presence of ginseng extract, which stabilizes the particles. The nanoparticles exhibited moisturizing properties similar to the glycerin standard and also demonstrated inhibitory activity against mushroom tyrosinase. The results indicated that gold nanoparticles could be a promising multifunctional component in cosmetics.
In the research conducted by Yugay et al. (2021), 24 hours at 25 °C were required for the formation of AgNPs. After physicochemical characterization, it was determined that the particles were spherical, with sizes ranging from 50 to 90 nm, and that their surfaces were protected by compounds derived from the ginseng extract, demonstrating the extract's ability to reduce and stabilize metallic nanomaterials. The AgNPs obtained exhibited antifungal effects against F. graminearum, F. avenaceum, F. poae, and F. sporotrichioides. Additionally, the nanoparticles demonstrated a fungistatic effect, inhibiting fungal growth on wheat grains and preventing issues in plant growth and morphology.
In the study by Wang et al. (2019), an ethanolic extract of Panax notoginseng leaves was used to synthesize AuNPs. The obtained NPs remained stable for 30 days, with no significant changes in the UV-Vis data. The observed morphology included spherical, oval, hexagonal, and triangular shapes, with average sizes ranging from 80 to 12 nm. In the infrared spectroscopy, various bands related to compounds present in the P. notoginseng extract were observed. Antitumor and cytotoxicity tests were also performed against pancreatic cells, revealing the nanoparticles' anticancer effects.
In Singh et al.'s work (2017), although the synthesis of nanoparticles (NPs) was not the primary objective, some properties of the NPs were evaluated in comparison with precursor salts, revealing higher DPPH antioxidant activity. According to the authors, this enhancement was attributed to the presence of Panax ginseng leaf extract. The study also investigated the effects of NPs on cell viability, anticancer activity, and nitric oxide production. The results demonstrated that AgNPs derived from ginseng exhibit important characteristics for biomedical applications. Therefore, green synthesis using ginseng extract is considered both cost-effective and advantageous for the development of herbal remedies.
In the research by Gouyau et al. (2021), citrate-coated metallic nanoparticles (NMPs) were synthesized. The study found that gold nanoparticles (AuNPs) exhibited mild antibacterial activity against E. coli and S. aureus. On the other hand, silver nanoparticles (AgNPs) exhibited high antibacterial activity against E. coli, including multidrug-resistant strains.
Naik, Devi (2021) compared the antimicrobial action of Momordica dioica-based AgNPs against S. aureus, B. subtilis, E. coli, P. aeruginosa, K. planticola, and C. albicans. It was observed that intracellular contents leaked from the evaluated microorganisms after exposure to AgNPs, leading to microbial cell death due to membrane damage. According to the authors, this effect occurs by inducing oxidative stress in the pathogens, confirming their potential applicability as therapeutic agents and in the pharmaceutical industry.
According to Sharma et al. (2015), the toxicity of nanoparticles (NPs) varies depending on their charge, chemical composition, and surface organic coating. The fate and toxicity of humans and the ecosystem remain poorly understood. Generally, gold and silver NPs exhibit cytotoxicity and ecotoxicity against bacteria, aquatic organisms, and plants. The toxic mechanism involves the generation of reactive oxygen species (ROS) and DNA damage caused by AgNPs or released Ag+ ions, as exemplified in Drosophila melanogaster.
A study investigated the toxicity of naturally formed AgNPs and found that the encapsulating material of the NPs influences the Minimum Inhibitory Concentration (MIC) (Sharma et al., 2015). In other words, regardless of the metal used, the encapsulating material plays a crucial role in the nanoparticles' antimicrobial activity.

Singh et al. (2015) found that AgNPs with extracts from Panax ginseng roots exhibited antimicrobial activity against Escherichia coli, Salmonella enterica, Vibrio parahaemolyticus, Staphylococcus aureus, Bacillus anthracis, and Bacillus cereus. Both the proposed AgNPs and AuNPs demonstrated anticoagulant action. The authors considered the proposed methodology to be rapid, easy, environmentally friendly, and highly economical, with the potential for application across a wide biological spectrum and on a large scale. This suggests the possibility of future innovations in these syntheses. The AuNPs produced from Penicillium crustosum by Barabadi et al. (2014) exhibited a UV-Vis absorption band resulting from aromatic amino acids of proteins. The FTIR spectrum showed peaks at 3432 cm-1 associated with O-H stretching and at 2922.26 cm-1 attributed to the C-H stretch of methylene groups in proteins. The bands at 1407.36 and 1629.91 cm-1 corresponded to the N-H stretching of primary amines and to the carbonyl stretching in proteins, respectively. The AuNPs obtained after experimental optimization had an average size of 100 nm and a spherical shape.
In the study by Madhumitha, Elango, and Roopan (2014), AgNPs synthesized using chemical reagents via different methods were assessed for stability based on morphological characteristics. The researchers reported the effectiveness and safety of these AgNPs and proposed mechanisms for their interactions with methicillin-resistant Staphylococcus aureus (MRSA) in human cells. According to the authors, silver is a suitable metal for medical applications and for use in living organisms. AgNPs were found to kill bacteria at low concentrations (mg/L) without acute toxicity to human cells. The use of AgNPs associated with polymers can enhance antimicrobial action. Colloidal solutions prepared with AgNPs can remain stable for up to six months, and it was observed that advanced synthetic techniques with greater dispersion stability increase antibacterial activity.
According to Viana et al. (2021), predictions suggest that by 2050, bacterial infections could cause the deaths of 10 million patients per year. These authors found that AgNPs synthesized from cashew tree extracts and curcumin exhibited inhibitory activity against S. aureus, with a particle size of 20 nm.
To assess the physical size of NPs, microscopy techniques can be employed when they are in their solid state. In a liquid medium, Dynamic Light Scattering (DLS) is commonly used. Fourier Transform Infrared Spectroscopy (FTIR) is a simple, cost-effective method that indicates the presence of functional groups in molecules during the bioreduction of metal ions (SARGAZI et al., 2022).
NPs can also be successfully used as chromium adsorbents, contributing to wastewater treatment, according to Ren et al. (2017). These authors proposed the synthesis of porous magnetite NPs using titanium residue as an oxidizing agent and pyrite as a reducing agent in a controlled atmosphere. Thus, NPs can contribute to sustainable development and environmental protection, including promoting waste recycling initiatives.

5 Conclusion
Metallic silver and gold nanoparticles produced via green synthesis using extracts from ginseng species and related plants have significant potential for applications as anticancer and antibacterial agents. The majority of scientific studies have focused on P. ginseng, known as Korean ginseng, due to its medicinal properties and health benefits. Regarding microorganisms studied, E. coli and S. aureus have been the primary focus of research. In general, the formation time of AuNPs (gold nanoparticles) is significantly shorter than that of AgNPs (silver nanoparticles).
In this context, the results of this study contribute valuable insights into the mechanisms of nanoparticle formation using plant extracts. There is a clear need for further research on green synthesis to explore the contributions of the studied species, particularly P. glomerata. Notably, to date, no studies have reported the use of Pfaffia glomerata (Brazilian ginseng) for the green synthesis of metallic nanoparticles. This reveals a relevant research gap and underscores the innovative character of investigations seeking to employ this native Brazilian species as a reducing and stabilizing agent in nanoparticle production.
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