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Abstract 
 

Panax ginseng (C.A. Meyer) is a highly valued medicinal 

plant widely recognized for its bioactive compounds and 

health-promoting properties. The roots, leaves, and berries 

of P. ginseng contain a complex mixture of bioactive 

constituents, including ginsenosides, polysaccharides, 

polyacetylenes, flavonoids, peptides, and phenolic 

compounds. Ginsenosides, the primary pharmacologically 

active components, are triterpenoid saponins classified into 

protopanaxadiol (PPD) and protopanaxatriol (PPT) types 

based on their aglycone structures, with major forms 

including Rg1, Rb1, Re, Rc, and Rd. Other secondary 

metabolites, such as ginseng polysaccharides and 

polyacetylenes (e.g., panaxydol and panaxynol), contribute 

complementary antioxidant, anti-inflammatory, and 

immunomodulatory effects. The chemical composition and 

concentration of these metabolites vary between plant parts 

and species, influencing their functional properties and 

therapeutic efficacy. Experimental studies have 

demonstrated that P. ginseng exhibits a wide range of 

biological activities. Its antioxidant properties mitigate 

oxidative stress by scavenging free radicals and enhancing 

endogenous defense mechanisms. Ginseng also modulates 

immune responses by affecting macrophages, natural killer 

cells, dendritic cells, and T and B lymphocytes, thereby 

supporting resistance to infections and improving immune 

regulation. Additionally, ginseng has been reported to 

enhance cognitive function, including memory, attention, 

and mood, while reducing mental fatigue and promoting 

overall vitality. Polysaccharides and ginsenosides 

contribute to metabolic regulation, including improved 

insulin sensitivity and blood glucose control. Emerging 

evidence also suggests potential anticancer benefits, with 

ginsenosides influencing cell cycle regulation, inhibiting 

abnormal cell proliferation, and mitigating chemotherapy-

induced side effects. This review consolidates current 

knowledge on the chemical composition, functional 

properties, and health benefits of Panax ginseng. It 

emphasizes the need for high-quality standardized extracts 

and rigorous clinical studies to validate therapeutic effects 

and fully realize the medicinal potential of this traditional 

herb. © 2025 The Author(s) 
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Introduction 

 
Ginseng, a member of the genus Panax in the family 

Araliaceae, is one of the most renowned herbal medicinal 

plants in East Asia, valued for its remarkable therapeutic 

properties (Ratan et al., 2021; Potenza et al., 2022). Among 

East Asian countries particularly Korea, China, and Japan, 

ginseng holds a prominent place as one of the most 

significant medicinal herbs (Zhang et al., 2020). The Panax 

genus includes about 17 recognized species, of which P. 

ginseng, P. quinquefolius, and P. notoginseng are the most 

commonly used species for both medicinal and functional 

food applications (Ichim & de Boer, 2021; Zheng et al., 

2022). The name Panax, given by Russian botanist Carl A. 

Meyer, comes from the Greek words pan meaning „all‟ and 

akos meaning „cure‟ or „medicine‟, reflecting the 

traditional belief that ginseng serves as a universal remedy 

(Foster, 2016). The English name „ginseng‟ comes from 

the Chinese word renshen, which means „human root‟ 

because the root looks like a human body (Mandal, 2023). 

In the ancient Chinese pharmacopeia Shennong‟s Herbal 

Classic, herbs were categorized based on their toxicity 

levels. Ginseng is considered a safe herb and is 

recommended for regular use to boost energy and vitality. 

The World Health Organization reports that almost 80% of 

people worldwide rely on herbal medicine for additional or 

alternative healthcare (Ekor, 2014). 

      Medicinal plants are widely recognized as rich sources 

of bioactive secondary metabolites, many of which exhibit 

strong antioxidant, anti-inflammatory, and therapeutic 

properties. Numerous studies have demonstrated that the 

chemical composition of medicinal plants contributes 

significantly to their health-promoting effects, particularly 

through metabolites such as phenolics, flavonoids, and 

saponins. For example, Khan et al. (2020) highlighted the 

remarkable antioxidant potential of plant-derived 

secondary metabolites, emphasizing their importance in 

modern phytotherapeutic research. The pharmacological 

mechanism of ginseng remained unclear until 1963, when 

researchers isolated ginsenosides, its key bioactive 
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secondary metabolites. Since then, extensive studies have 

focused on understanding the functions and mechanisms of 

individual ginsenosides, as their composition varies among 

Panax species (Park et al., 2017). These secondary 

metabolites are largely responsible for ginseng‟s diverse 

medicinal effects, contributing to its importance in both 

traditional and modern medicine (Lee et al., 2006; 

Tsutsumi et al., 2011).   

      Emerging evidence indicates that ginsenosides, also 

known as ginseng saponins, are the principal bioactive 

compounds of ginseng (Shi et al., 2019). The root of Panax 

ginseng typically contains about 2–3% ginsenosides, with 

Rg1, Rc, Rd, Re, Rb1, Rb2, and Rb0 being the most 

abundant forms (Lü et al., 2009; Mohanan et al., 2018). 

Among different ginseng species, Asian ginseng (Panax 

ginseng) generally exhibits higher total ginsenoside content 

than American ginseng varieties (Chen et al., 2020). 

Structurally, ginsenosides possess a tetracyclic triterpenoid 

backbone similar to that of steroids, with attached sugar 

moieties (Yu et al., 2025). To date, researchers have 

identified more than 40 different ginsenosides from P. 

ginseng roots. These compounds typically possess two or 

three hydroxyl groups, which may exist in free form or be 

linked to mono-, di-, or trisaccharide chains (Wang et al., 

2023). Differences in the orientation of the hydroxyl 

substituent at the C-20 position can also produce 

stereoisomeric variants (Ye et al., 2023). Based on the 

structure of their aglycones, ginsenosides are generally 

categorized into two major groups: protopanaxadiols 

(PPD) and protopanaxatriols (PPT). In PPD-type 

ginsenosides, sugar residues are most commonly attached 

at the C-3 position of the dammarane triterpene nucleus, a 

group that includes Rb1, Rb2, Rc, Rd, Rg3, Rh2, and Rh3. 

In contrast, PPT-type ginsenosides feature carbohydrate 

attachments at the C-6 position, represented by compounds 

such as Re, Rf, Rg1, Rg2, and Rh1 (Gwak et al., 2019). 

Besides ginsenosides, P. ginseng contains several other 

important bioactive constituents that contribute to its 

pharmacological activity. These include ginseng 

polysaccharides, which exhibit immunomodulatory and 

antioxidant effects; polyacetylenes such as panaxydol and 

panaxynol with reported anticancer and anti-inflammatory 

properties; phenolic compounds with more antioxidant 

capacity; and ginseng peptides that support antioxidant 

defense and cellular protection. Although ginsenosides 

remain the major characteristic components, these 

additional metabolites play complementary roles and 

enhance the overall biological efficacy of ginseng (Hyun et 

al., 2020; Valdés-González et al., 2023; Song et al., 2025). 

      More recently, previously unreported ginsenosides 

including 25-OH-PPD and 25-OH-PPT have been 

discovered and isolated from ginseng fruits (Kim et al., 

2018a). Notably, 25-OH-PPD has demonstrated protective 

effects against cancer cell proliferation (Wang et al., 2009). 

In addition, malonyl-ginsenosides such as Rb1, Rb2, Rc, 

and Rd have been reported, alongside other acidic 

ginsenosides like Ro. These acidic and neutral 

ginsenosides collectively contribute to the diverse 

pharmacological properties of ginseng (Kim et al., 2016; 

Yao et al., 2017; Kim et al., 2018b).  

 

 

Chemical constituents of Panax ginseng berry 

 

Panax ginseng, commonly known as Korean ginseng, has 

long been recognized worldwide as an important medicinal 

plant (Zhang et al., 2020). While extensive research has 

focused on the chemical composition and biological 

activities of P. ginseng roots, recent studies have 

highlighted that the berries of P. ginseng also possess 

significant biological and pharmacological potential (Lee 

et al., 2010; Song et al., 2025). However, compared to 

roots, the chemical profile of P. ginseng berries remains 

relatively understudied (Lee et al., 2010). The berries of 

Korean ginseng can be harvested earlier than the roots, 

providing an additional medicinal resource without 

compromising root yield (Park et al., 2019). 

Phytochemical analyses have revealed that ginseng berries 

contain a wide array of bioactive constituents. The major 

compounds include ginsenosides such as Rb1, Rb2, Rc, 

Rd, Re, Rg1, Rg2, Rg3, and Rh1, many of which differ in 

proportion from those found in roots (Hyun & Jang, 2017; 

Song et al., 2025). In addition to ginsenosides, P. ginseng 

berries are rich in polysaccharides, which contribute to 

immunomodulatory and antioxidant activities, and 

phenolic compounds, which exhibit strong free radical 

scavenging potential (Choi et al., 2017). Flavonoids and 

polyacetylenes, such as panaxydol and panaxynol, are also 

present and are believed to play roles in anti-inflammatory 

and anticancer effects (Attele et al., 2002; Yuan et al., 

2012). Other minor constituents, including amino acids, 

organic acids, and fatty acids, may also contribute to the 

overall pharmacological profile of ginseng berries (Song et 

al., 2025). Notably, extracts from ginseng berries have 

demonstrated antihyperglycemic and metabolic regulatory 

effects, supporting their potential use in the development 

of novel antidiabetic and functional food products (Attele 

et al., 2002; Yuan et al., 2012; Choi et al., 2017). 

Continued research into the chemical and biological 

properties of P. ginseng berries will not only expand 

understanding of their medicinal value but also encourage 

exploration of new applications and mechanisms of action 

in this emerging field. 

 

 

 

Breeding approaches used in developing ginseng 

cultivars  

 

The reproduction of ginseng is a challenging process due 

to its long life cycle and low seed productivity. It typically 

takes around four years for ginseng plants to produce 

viable seeds, and even then, the yield is relatively low. 

Because of this, breeding programs for Panax ginseng 

require extensive time and careful management (Zhang et 

al., 2020). To improve genetic traits, researchers have 

utilized local landraces and wild populations as valuable 

genetic resources for selection (Bohra et al., 2022). 

Cultivars such as „Hwangsuk‟, „Chungkyung‟, and 

„Jakyeong‟ have been developed through this approach 

(Zhang et al., 2020).  
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      In traditional breeding programs, superior individual 

plants are selected and grown separately across multiple 

generations. Their progenies are carefully evaluated, and 

the best-performing lines are retained for further 

propagation. Subsequently, the pure-line selection method 

was adopted for the development of improved P. ginseng 

cultivars (Ramadevi et al., 2024). This method generally 

involves two approaches: line selection and propagation, 

and hybridization. In the hybridization approach, selected 

elite plants are crossed to combine desirable traits, and the 

resulting progenies are evaluated through several 

generations of selection (Shahiba et al., 2023). Because of 

ginseng‟s slow growth rate, the complete development of a 

new cultivar using this method usually requires five to six 

generations, taking approximately 20 to 24 years to 

complete a full breeding cycle (Zhang et al., 2020). 

      To overcome this long life cycle, modern molecular 

and biotechnological tools now offer new opportunities for 

precision breeding (Aziz & Masmoudi, 2025). The 

integration of genomic data, molecular markers, and tissue 

culture techniques can significantly accelerate the 

development of high-yielding, disease-resistant, and 

pharmacologically enhanced ginseng cultivars, ensuring 

the sustainability and competitiveness of ginseng 

cultivation worldwide (Jarallah et al., 2025). Tissue culture 

methods are widely used in ginseng breeding and 

propagation. Through in vitro culture, elite genotypes can 

be multiplied quickly while preserving their genetic 

characteristics (Xu et al., 2023). In addition, somaclonal 

variation, genetic variations that arise during the tissue 

culture process provides a useful source of novel traits that 

can be selected for cultivar improvement (Jing, 2024). 

Regeneration from callus or somatic embryos sometimes 

produces lines with modified secondary metabolite 

contents, including altered ginsenoside compositions. 

These variants are screened and selected for potential 

commercial use (Lee et al., 2023). Progress in molecular 

genetics has made it possible to use DNA markers to assess 

genetic variation and to assist in selecting superior ginseng 

genotypes. Techniques such as RAPD (Random Amplified 

Polymorphic DNA), AFLP (Amplified Fragment Length 

Polymorphism), SSR (Simple Sequence Repeats), and SNP 

(Single Nucleotide Polymorphism) have been widely 

applied to analyze genetic diversity and clarify 

relationships among Panax ginseng accessions (Bohar et 

al., 2020; Hasan et al., 2021; Nair & Pandey, 2021). 

Marker-assisted selection (MAS) allows breeders to detect 

and choose alleles linked to key traits such as disease 

resistance and increased ginsenoside contents without 

relying exclusively on observable characteristics. This 

approach accelerates breeding progress and enhances the 

accuracy of developing improved cultivars (Collard & 

Mackill, 2007). Recent genomic studies, including the 

sequencing of the P. ginseng genome, have further 

facilitated the identification of genes associated with 

metabolic pathways and stress responses, opening the door 

for genome-assisted breeding (Mohanan et al., 2023). 

Although modern biotechnological tools, including 

CRISPR/Cas9 gene editing, transgenic approaches, and 

metabolic engineering, hold promise for modifying genes 

involved in ginsenoside biosynthesis or disease resistance 

(Choi et al., 2022), but practical implementation in ginseng 

remains challenging. Panax ginseng is highly recalcitrant 

to genetic transformation due to its slow growth, low 

regeneration efficiency, and sensitivity to in vitro culture 

conditions. These limitations reduce transformation 

efficiency and make stable gene integration difficult. 

Nevertheless, progress with Agrobacterium-mediated 

transformation, hairy root cultures, and somatic 

embryogenesis has provided potential platforms for 

targeted improvement, though further optimization is 

required to achieve reliable and scalable genetic 

modification (Choi et al., 2022). 

 

Ginseng composition  
 

Ginseng contains a complex mixture of bioactive 

compounds, including over 30 ginsenosides (triterpenoid 

saponins), polysaccharides such as Ginsan, flavonoids, 

amino acids, peptides, and essential oils. The concentration 

and ratios of these compounds vary by species (P. ginseng 

vs. P. quinquefolius) and plant part, influencing their 

pharmacological effects (Fatoki, 2021). The concentration 

and balance of these ginsenosides vary significantly among 

different ginseng species (Li et al., 2022). Understanding 

these compositional differences, particularly between 

Panax ginseng C.A. Meyer (Asian ginseng) and Panax 

quinquefolius (American ginseng), are especially 

important for accurately assessing their pharmacological 

efficacy and safety profiles (Li et al., 2022). Traditional 

Eastern medicine describes these two ginseng types 

through the yin-yang concept: American ginseng is 

associated with a yin or “cooling” effect that helps relieve 

stress (Yue et al., 2007), while Asian ginseng is considered 

yang, providing a “warming” and stimulating effect (Xu et 

al., 2018). These contrasting physiological effects are 

believed to stem from the distinct ginsenoside 

compositions found in the two species (Azike et al., 2011). 

Beyond ginsenosides, researchers have also identified 

other bioactive constituents, such as an acidic 

polysaccharide known as Ginsan, which exhibits notable 

immunomodulatory properties (Kim & Yang, 2018; Wang 

et al., 2021; Valdés-González et al., 2023). To ensure 

consistency in research, recent studies have utilized 

standardized and authenticated ginseng samples from both 

Asian and North American sources (Ichim & de Boer, 

2020). Among the numerous ginseng-based products 

present, six have been recognized as key markers for 

evaluating the quality and concentration of ginseng-based 

products (Piao et al., 2020). Although the root remains the 

traditional source of ginsenosides, significant quantities are 

also found in the leaves and berries, expanding potential 

applications for product formulation (Kang & Kim, 2016). 

Ginseng extracts are often incorporated into multivitamin 

and mineral supplements; however, such combinations 

may alter the biological activity or bioavailability of their 

compounds (Ratan et al., 2021; Frazer et al., 2025). 

Studies have shown that the oral absorption of certain 

ginsenosides, such as Rg1 and Rg2, is relatively low. The 

minimal recovery of these parent compounds in fecal 

samples suggests that extensive metabolic or microbial 

transformations occur in the gastrointestinal tract (Han & 

Fang, 2006). Interestingly, some of these ginsenoside 

metabolites have demonstrated antigenotoxic and bioactive 
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properties, implying that the health effects of ginseng may 

depend more on these metabolic derivatives than on the 

original compounds themselves (Nag et al., 2012). 

 

Panax ginseng cultivars in China 

 

Most of China‟s Panax ginseng varieties originate from the 

Fusong and Ji‟an areas, which together make up nearly half 

of the nation‟s total ginseng-growing region. Between the 

1960s and 1990s, ginseng breeding primarily focused on 

improving yield, root morphology, and ginsenoside content 

(Zhang et al., 2020). However, with increasing 

deforestation and the subsequent shortage of suitable forest 

land for cultivation in the late 1990s, breeding priorities 

shifted toward developing cultivars that could thrive in 

farmland environments and tolerate continuous cropping 

conditions. Developing a forest-type ginseng cultivar 

requires almost fifty years, which is why China currently 

has only one officially registered forest ginseng variety 

(Zhang et al., 2020). Among the cultivated Panax ginseng 

types, Jishen 01, Fuxing 01, and Fuxing 02 are notable for 

their high-yield performance. Additionally, the cultivars 

Xinkaihe 01 and Xinkaihe 02, which possess elongated 

primary roots, were specifically developed for the 

production of Biantiao-type ginseng. A unique variety, 

Jilin Huangguo Renshen, produces yellow fruits unlike all 

other registered cultivars that bear red fruits. Kangmei 01 

demonstrates strong adaptability to farmland cultivation, 

while Zhongnong Huangfengshen shows exceptional 

resistance to the adverse effects of continuous cropping. 

Additionally, Zhongda Linxiashen is prized for its visually 

appealing root shape, making it a favored option for 

producing premium wild-simulated ginseng (Zhang et al., 

2020). 

 

Chemical structures and classifications of Ginsenosides 

 

Ginsenosides, or ginseng saponins, are the primary 

bioactive compounds in ginseng, typically comprising 2–

3% of the root, with Rg1, Rc, Rd, Re, Rb1, Rb2, and Rb0 

among the most abundant (Lü et al., 2009; Leung & Wong, 

2010; Shi et al., 2019; Yu et al., 2019). Structurally, they 

consist of a steroid-like tetracyclic core bound to one or 

more sugar units (Fig. 1) (Li et al., 2024), and over 40 

distinct ginsenosides have been identified in Panax ginseng 

roots. Each molecule contains two or three hydroxyl 

groups, which may be linked to mono-, di-, or 

trisaccharides, with variations at the C-20 hydroxyl 

position generating different stereoisomers (Sun et al., 

2005; Lü et al., 2009; Wang et al., 2023). Based on the 

aglycone (sapogenin) structure, ginsenosides are classified 

into two main types: protopanaxadiol (PPD) ginsenosides, 

where sugars attach at the C-3 position of the dammarane-

type triterpene backbone, including Rb1, Rb2, Rc, Rd, 

Rg3, Rh2, and Rh3, and protopanaxatriol (PPT) 

ginsenosides, with sugars linked at C-6, such as Re, Rf, 

Rg1, Rg2, and Rh1 (Nag et al., 2012; Gwak et al., 2019; 

Tong et al., 2022). Recently, novel ginsenosides such as 

25-OH-PPD (25-hydroxy-protopanaxadiol) and 25-OH-

PPT (25-hydroxy-protopanaxatriol) have been isolated 

from ginseng fruits (Lü et al., 2009; Hou et al., 2021). 

Interestingly, 25-OH-PPD has demonstrated protective and 

anticancer effects in experimental studies. In addition to 

these, acidic ginsenosides such as ginsenoside Ro and 

malonyl derivatives of Rb1, Rb2, Rc, and Rd have also 

been reported (Nag et al., 2012; Li et al., 2023). These 

compounds, along with neutral ginsenosides, contribute to 

the overall pharmacological diversity of ginseng and its 

wide range of biological activities (Zhang et al., 2025).

 

 
 

                                                 Fig. 1 Chemical structure of ginsenoside 

 
Genome wide identification of novel genes in P. gensing 
 

To determine the functional classification of the PgERF 

gene family, a total of 397 transcripts corresponding to 189 

PgERF genes identified were analyzed using Blast2GO 

software. Of these, 195 PgERF transcripts were 

successfully annotated, while 202 remained unclassified, 

indicating that a significant portion of the PgERF gene 
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family in Panax ginseng may have novel or 

uncharacterized functions (Jiang et al., 2024). The 

annotated PgERF genes were categorized into three main 

Gene Ontology (GO) domains: molecular function (MF), 

biological process (BP), and cellular component (CC). 

Among the 195 annotated sequences, 186 transcripts were 

associated with all three domains. Certain genes showed 

associations with only two categories, such as PgERF069, 

linked to BP and CC, and PgERF135-1 and PgERF135-3, 

connected to BP and MF (Ding et al., 2018). Additionally, 

six genes, PgERF152-1, PgERF152-2, PgERF152-3, 

PgERF152-4, PgERF105-3, and PgERF087 were related 

to both BP and CC. At the Level 2 GO classification, the 

195 PgERF genes were further divided into eight 

functional groups, including nucleic acid binding, binding 

activity, metabolic process, cellular process, developmental 

process, organelle, cell component, and cell (Aniya et al., 

2022). Chi-square analysis revealed that three 

subcategories such as nucleic acid binding transcription 

factor activity, binding, and cellular process were the most 

prevalent, consistent with the established role of ERF 

transcription factors in gene regulation. The remaining five 

subcategories showed relatively lower or insignificant 

enrichment compared to the whole-genome background 

(Su et al., 2025). Expression profiling across multiple 

developmental stages and tissues demonstrated dynamic 

PgERF activity. Specifically, PgERF expression patterns 

were examined in the roots of 5-, 12-, 18-, and 25-year-old 

plants, across 14 different tissues from 4-year-old ginseng 

plants, and in the roots of 42 distinct genotypes. In all 

cases, the PgERF transcripts were classified into the same 

eight functional subcategories, suggesting that the 

functional roles of PgERF genes are conserved across 

developmental stages, tissues, and genotypes (Jiang et al., 

2024). However, significant variations in transcript 

abundance were observed, indicating differential gene 

expression influenced by age, tissue type, or genetic 

background. Overall, 189 PgERF genes were classified 

into five subfamilies including DREB, ERF, AP2, RAV, 

and Soloist paralleling the organization seen in 

Arabidopsis thaliana. Conserved AP2/ERF domains were 

identified among these genes, supporting their 

classification within the broader AP2/ERF transcription 

factor superfamily. Despite functional divergence, most 

PgERF members appear to participate in coordinated 

regulatory networks, implying that the majority of these 

genes retain biological relevance (Chen et al., 2020). The 

comprehensive identification and characterization of 

PgERF genes provide valuable resources for understanding 

their roles in plant development, stress responses, and 

secondary metabolite biosynthesis particularly the 

regulation of ginsenoside production in Panax ginseng and 

related species (Jiang et al., 2024). 

 

Health benefits 
 

Ginseng has been used in traditional Chinese medicine for 

centuries due to its restorative and adaptogenic properties. 

This slow-growing perennial herb, characterized by its 

fleshy, forked roots, is classified according to age and 

processing method into three main types: fresh ginseng, 

harvested before four years; white ginseng, harvested 

between four and six years and air-dried; and red ginseng, 

harvested after six or more years and steamed before 

drying (Song et al., 2025).  

 

Reduce inflammation 

 

Ginseng exhibits notable anti-inflammatory properties, 

largely attributed to its bioactive compounds, including 

ginsenosides, which can modulate cellular inflammation 

and enhance antioxidant capacity. In vitro studies have 

shown that extracts of ginseng, such as Korean red 

ginseng, can reduce inflammatory responses and improve 

antioxidant activity in skin cells, including those from 

individuals with eczema (Ratan et al., 2021). Human 

studies also provide supporting evidence: in one trial, 18 

young male athletes consumed 2 grams of Korean red 

ginseng extract three times daily for seven days, resulting 

in significantly lower markers of inflammation after 

exercise compared with a placebo group, with effects 

lasting up to 72 hours (Jung et al., 2011). However, the 

interpretation of these results is limited by differences in 

placebo treatments, highlighting the need for further 

research. In a larger study involving 71 postmenopausal 

women, daily supplementation with 3 grams of red ginseng 

for 12 weeks improved antioxidant activity and reduced 

markers of oxidative stress, suggesting that ginseng may 

help mitigate inflammation and oxidative damage by 

enhancing the body‟s natural antioxidant defenses (Seo et 

al., 2014). 

 

Benefit brain function 

 

Ginseng has been shown to support brain function, 

including improvements in memory, attention, mood, and 

cognitive performance. Laboratory and animal studies 

suggest that ginseng compounds, such as ginsenosides and 

gintonin, protect neurons from oxidative damage caused 

by free radicals (Lee et al., 2024). In human trials, 

supplementation with Panax ginseng has demonstrated 

measurable cognitive benefits. For instance, 30 healthy 

participants who consumed 200 mg of Panax ginseng daily 

for four weeks showed improvements in mental health, 

social functioning, and mood, although these effects 

diminished after eight weeks, suggesting that prolonged 

use may reduce efficacy (Reay et al., 2010). In another 

study, single doses of 200 or 400 mg of Panax ginseng 

were administered to 30 healthy adults before and after a 

brief cognitive test; the 200 mg dose improved mental 

performance and reduced fatigue more effectively than the 

higher dose, potentially by helping regulate blood glucose 

levels. A separate trial reported that 400 mg daily for eight 

days enhanced calmness and mathematical performance. 

Additionally, some studies indicate that ginseng may have 

beneficial effects on cognitive function and behavior in 

individuals with Alzheimer‟s disease, highlighting its 

potential as a supportive agent for both healthy and 

impaired brain function (Hwang et al., 2025). 

 

Boost the immune system 

 

Ginseng has been shown to enhance immune system 

function, particularly in individuals undergoing medical 
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treatments such as surgery or chemotherapy (Chen et al., 

2014). Studies have reported that ginseng supplementation 

can improve immune markers and reduce symptoms in 

patients recovering from cancer (Chen et al., 2014). For 

example, 39 patients who had undergone stomach cancer 

surgery and took 400 mg of ginseng daily for two years 

demonstrated significant improvements in immune 

function and overall health. Similarly, patients with 

advanced stomach cancer receiving chemotherapy showed 

enhanced immunity after three months of red ginseng 

supplementation compared with control or placebo groups 

(Kim et al., 2018c). Some studies have even suggested that 

ginseng use may increase five-year disease-free survival 

rates by approximately 35–38% following surgical 

treatment. Additionally, ginseng may boost resistance to 

infections such as influenza. While these findings highlight 

ginseng‟s potential to support immune function, most 

research has focused on individuals with compromised 

immunity, and further studies are needed to confirm its 

effectiveness in healthy populations (Ratan et al., 2020). 

 

Potential benefits against cancer 

 

Ginseng has demonstrated potential benefits in reducing 

the risk of certain cancers, largely due to its bioactive 

compounds, particularly ginsenosides, which exhibit anti-

inflammatory and antioxidant properties. These 

compounds can influence the cell cycle, helping to prevent 

abnormal cell proliferation and the growth of malignant 

cells (Wee et al., 2011). A review of multiple studies 

suggests that regular ginseng consumption may be 

associated with an approximately 16% lower risk of 

developing cancer. Experimental evidence also indicates 

that ginseng intake may reduce the likelihood of 

developing specific cancers, including those of the lip, oral 

cavity, stomach, colon, liver, and lungs. Additionally, 

ginseng has been reported to support the health of 

chemotherapy patients, alleviating treatment-related side 

effects and potentially enhancing the efficacy of certain 

anticancer medications. However, despite these promising 

findings, the evidence remains inconsistent, and further 

well-controlled studies are needed to clarify ginseng‟s role 

in cancer prevention and adjunctive therapy (Jin et al., 

2015). 

 

Combat fatigue and boost energy levels 

 

Research indicates that certain compounds in ginseng, such 

as polysaccharides and oligopeptides, may help reduce 

oxidative stress and enhance cellular energy production, 

which can contribute to fighting fatigue (Bach et al., 2016; 

Yu et al., 2022). In one four-week study, 90 individuals 

with chronic fatigue were given either 1 or 2 grams of 

Panax ginseng or a placebo. Participants who received 

Panax ginseng reported less physical and mental fatigue 

and showed lower markers of oxidative stress compared 

with the placebo group (Arring et al., 2018). Another study 

involving 364 cancer survivors experiencing fatigue 

administered 2,000 mg of American ginseng or a placebo. 

After eight weeks, the ginseng group reported significantly 

reduced fatigue levels compared with those taking the 

placebo. Overall, a review of more than 155 studies 

concluded that ginseng supplementation can help alleviate 

fatigue and enhance physical performance (Lu et al., 

2021). 

 

Lower blood sugar 

 

Both American and Asian ginseng have been found to 

support pancreatic function, enhance insulin production, 

and help regulate blood sugar levels (Chen et al., 2019). 

Studies report an average 11% reduction in blood sugar, a 

38% decrease in fasting insulin, and a 33% improvement 

in insulin sensitivity. In one small study, American 

ginseng improved blood sugar response in ten healthy 

participants after a sugary beverage challenge. Boiled red 

ginseng, in particular, appears to be effective in managing 

blood sugar. Research indicates that taking 2.7 grams of 

boiled red ginseng daily can lower blood sugar and 

increase insulin levels after a test diet, compared with a 

placebo (Luo & Luo, 2008).  

      Although Panax ginseng is generally considered safe 

when consumed in recommended doses, it may cause mild 

side effects such as insomnia, headaches, gastrointestinal 

discomfort, or nervousness in some individuals (Frazer et 

al., 2025). Caution is advised for people taking 

anticoagulants, antiplatelet drugs, or medications that 

affect blood sugar, as ginseng can interact with these 

treatments and potentially alter their efficacy. Long-term 

or high-dose consumption may also lead to hormonal 

effects, including changes in blood pressure or menstrual 

cycles. Pregnant or breastfeeding women are typically 

advised to avoid ginseng due to limited safety data. 

Therefore, while ginseng offers numerous health benefits, 

awareness of potential adverse effects and drug 

interactions is essential for safe use (Thompson-Coon & 

Ernst, 2002). 

 

Conclusion 
 

Ginseng has long been recognized for its biological 

activity, and recent research has provided more detailed 

insights into its effects at both the cellular and molecular 

levels. A common challenge in many studies has been the 

use of unspecified or variable ginseng sources, which has 

made it difficult to fully validate findings or assess the 

efficacy and safety of different preparations. This issue is 

particularly relevant given the notable differences between 

ginseng species, such as Panax ginseng and Panax 

quinquefolium, which contain diverse profiles of 

potentially bioactive compounds. Commercial ginseng 

products also show significant variability. One study of 50 

products from 11 countries found that over 90% differed in 

total ginsenoside content by 2–9%, and some contained no 

detectable ginsenosides at all. The development of 

standardized, certified ginseng from Asia and North 

America will be crucial for conducting reliable, double-

blind human studies to evaluate its therapeutic potential. 

The focus of this review has been on identifying high-

quality Korean and Chinese P. ginseng varieties, 

particularly those with favorable physical traits, disease 

resistance, high yield, and elevated saponin contents. Such 

varieties are designed to overcome common cultivation 

challenges, including root diseases and environmental 
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stress, while maximizing bioactive compounds. This 

information can guide individuals in selecting ginseng 

types that support a healthy lifestyle. Furthermore, the 

potential for inter- and intraspecific hybridization of Panax 

species offers opportunities for developing new varieties 

with enhanced properties and health benefits. The findings 

of this study can inform the development of standardized, 

high-quality Panax ginseng products with consistent 

ginsenoside content, ensuring safety and efficacy for 

therapeutic use. Such products can support controlled, 

double-blind clinical trials to determine optimal dosing and 

health benefits. Inter- and intraspecific hybridization and 

selective breeding offer opportunities to create new 

ginseng varieties with enhanced bioactive compounds, 

improved disease resistance, and greater environmental 

adaptability.  
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