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Abstract: Ganoderma lucidum (G. lucidum), commonly known as Reishi or Lingzhi, is a medic-
inal mushroom with a rich history in traditional Asian medicine. This review examines
diverse bioactive components supporting therapeutic properties, including polysaccharides,
triterpenoids, phenolic compounds, fatty acids, peptides and proteins, vitamins, minerals,
and sterols. The mushroom offers numerous health benefits, including immunomodulation,
antioxidant and anti-inflammatory effects, liver protection, and anti-cancer activities. In
addition, it shows potential in managing diabetes, cardiovascular disease, and viral infec-
tions. Advances in extraction technologies, such as ultrasound and microwave-assisted
methods, have improved the bioavailability and efficacy of compounds. While G. lucidum
is an excellent functional food and therapeutic agent it remains an unexploited source of
nutrients. Further research is needed to optimize the industrial applications and evaluate
the safety in specific populations.

Keywords: Ganoderma lucidum; bioactive compounds; anti-aging; anti-diabetic; anti-cancer;
extraction methods

1. Introduction
The stress and demands of modern life place significant strain on the immune system,

which is particularly critical for those with weakened immunity, making them more vul-
nerable to infections and illness [1]. While technological advances have simplified many
aspects of life, many people seek more effective natural alternatives. One such option
is Ganoderma lucidum (G. lucidum)—a medicinal mushroom also known as “Reishi” and
“Lingzhi”. G. lucidum has been valued for centuries, even millennia, for health-promoting
properties associated with healing, longevity, wisdom, and happiness in China, Japan, and
Asian countries [2–4].

It is a giant, dark mushroom with a shiny outer surface and a woody texture. The
Latin term lucidus means “shiny” or “brilliant”, highlighting the mushroom’s varnished
appearance. In China, this mushroom is known as lingzhi, while in Japan, members of the
Ganodermataceae family are referred to as reishi or mannentake.

In total, 290 species within the family are classified under the genus Ganoderma. The
basidiocarps of this genus feature a shiny surface due to thick-walled pilocystidia within
an extracellular melanin matrix. Ganoderma species are distributed worldwide and are
identified based on traits like the shape and color (red, black, blue/green, white, yellow,
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and purple) of the fruiting body, host specificity, and geographic origin [3]. The diverse
species of G. lucidum mushrooms and their colors and structures are illustrated in Figure 1
and Table 1.

Table 1. Color, characteristics, and medicinal uses of Ganoderma species [5–7].

No Color /Taste Name of Species Common Name Medicinal Uses

1. Black/Salty Ganoderma
neojaponicum

Imazeki or
Black lingshi

Improves lung function,
ethnomedicinal potential,

cytotoxic effects

2. White/Hot Ganoderma
applanatum

Bear bread or
artist’s bread

Protects kidney;
skin-whitening and

anti-wrinkle potential
(anti-tyrosinase,
anti-collagenase,

anti-elastase).

3. Red/Bitter Ganoderma lucidum Lingzhi or Reishi Acids internal organs and
improve memory

4. Yellow/Sweet Ganoderma Curtisii Golden reishi Strengthens spleen function

5. Purple/Violaceous/Sweet Ganoderma sinense Zizhi
It enhances the function of
eyes, and joints, and helps

the complexion
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However, these morphological characteristics can vary due to differences in cultivation
conditions, climate, and natural genetic variations, leading to numerous synonyms and a
complex, overlapping taxonomy. Some taxonomists argue that macromorphological fea-
tures have limited value in identifying Ganoderma species because of their high phenotypic
plasticity. More reliable identification methods include examining spore shape and size,
context color and consistency, and the microanatomy of the pillar crust [3,9,10].

G. lucidum has been regarded as a medicinal mushroom for over two millennia, and
its benefits have been noted in early Chinese writings. One of the oldest pharmacological
texts, the Shen Nong Ben Cao Jing from the Eastern Han dynasty, classified G. lucidum
as a top-grade, non-toxic remedy. Further texts, like the Compendium of Materia Medica,
outlined its properties for enhancing energy, memory, and overall vitality, attributing it to
anti-aging effects [11]. The mushroom was featured in Taoist-inspired art and appeared
in paintings, carvings, and accessories. Various ancient texts describe G. lucidum growing
on decaying wood or soil, with different colors symbolizing unique qualities, such as a
red color resembling coral or a black-like lacquer. Its preparation was believed to promote
clarity, calm the mind, and support kidney function. Once rare and primarily accessible
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to the wealthy, G. lucidum was associated with the homes of immortals, its scarcity and
mystique reinforcing its reputation as a powerful tonic. Today, Ganoderma mushrooms
remain essential in traditional Asian medicine, and their global popularity continues to
grow [12,13].

Medicinal mushrooms have drawn significant research attention, particularly for their
biologically active compounds, including polysaccharides like β-glucans, polysaccharide-
peptides, polysaccharide-protein complexes, terpenoids, sterols, and phenolic com-
pounds [14]. These substances have been investigated for their anti-cancer, antioxidant,
anti-inflammatory, and immunomodulatory potential effects [1,15,16]. Research consis-
tently demonstrates that G. lucidum boosts immune function and reduces oxidative stress,
which may, in turn, improve productivity in livestock and poultry. Polysaccharides from G.
lucidum (GLP) are considered one of the mushroom’s primary bioactive compounds and
are widely used as health supplements [17]. Additionally, GLP has been shown to interact
with and regulate gut microbiota, indicating its potential to support intestinal health [4,18].

Therefore, the present manuscript is an up-to-date review of G. lucidum bioactive com-
pounds extraction methods and its chemical composition. Moreover, therapeutic, pharma-
ceutical, cosmetic and its food applications are highlighted together with its safety evaluation.

2. Extraction
G. lucidum has a fragile outer shell that must be broken to release its bioactive content.

Breaking the wall enhances oil extraction efficiency and facilitates the bioavailability and
absorption of bioactive compounds in the human body. The extraction process is essential
for isolating the bioactive compounds of G. lucidum, ensuring both their therapeutic effec-
tiveness and commercial viability. The choice of extraction technique significantly affects
the yield, purity, and bioactivity of the resulting compounds. Key methods for extracting
bioactive compounds from G. lucidum include ethanol precipitation, microwave-assisted
extraction (MAE), ultrasonic-assisted co-extraction (UACE), supercritical CO2 extraction,
and other methods illustrated in Table 2 and Figure 2 [19].
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Zheng et al. (2020) explored the extraction of polysaccharides and triterpenoids
through hot water extraction, ethanol precipitation, and ultrasonic-assisted co-extraction
(UACE). Their findings revealed that extracts obtained with UACE exhibited superior
antioxidant activity [20]. In a study conducted by Do et al. (2021), the extraction of polysac-
charides involved a combination of ultrasonic-assisted extraction and enzymatic extraction
methods. The process was further optimized using response surface methodology to maxi-
mize the yield of polysaccharides [21]. Huang et al. (2010) analyzed the MAE in a study
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that combined the ultrasonic-assisted extraction (UAE) and MAE methods (UMAE) and
compared them to hot water extraction and UAE. The results demonstrated that the UMAE
method produced a higher yield of polysaccharides than the traditional methods [22].

The supercritical CO2 method is commonly used for spore oil extraction because it
produces high oil yields, requires little energy, and prevents spore oil oxidation.

Innovative technologies are being refined to efficiently extract bioactive compounds
from G. lucidum while reducing environmental and health concerns. Techniques such
as microwave-assisted, ultrasonic-assisted, pressurized, and supercritical fluids achieve
high yields with minimal or no organic solvents. Extraction efficiency depends on the
process duration, temperature, solvent-to-sample ratio, extraction cycles, and type of
solvent. Higher temperatures enhance solubility, accelerating extraction by reducing
solvent viscosity and surface tension. Additional purification steps may be required to
eliminate impurities like waxes, chlorophylls, and lipids [23].

Many researchers are currently exploring the combined application of innovative
extraction technologies. However, these methods require further refinement and optimizing
the conditions is essential to enable their successful scalability for industrial processes [24].
The main extraction methods used for G. lucidum bioactive compounds are illustrated in
Figure 2.

Table 2. Extraction methods from G. lucidum to obtain bioactive compounds.

Source Extraction Methods Parameters Bioactive Compound
(Yields) References

Ganoderma lucidum
fruiting bodies

Microwave-assisted
extraction

300–600 W, 70% ethanol,
10–30 min

Polysaccharides: 13.08%
Triterpenoids: 9.15% [25]

Ganoderma lucidum
mycelium

Ultrasonic-assisted
extraction

140–245 W, 50% ethanol,
30 min

Polysaccharides: 6.1%
Phenolic compounds: 1.8% [26]

Ganoderma lucidum
fruiting bodies

Hot water
extraction/ethanol

maceration
70–100 ◦C, 2–6 h, 96% ethanol Polysaccharides: 4–8%

Triterpenoids: 1.2–1.5% [20,27]

Ganoderma lucidum
spores

Ultrasonic/Microwave-
assisted extraction

50 W, 40 kHz, 284 W, Water,
11.7 min Polysaccharides: 3.27% [22]

Ganoderma lucidum
fruiting bodies

Ultrasonic-assisted
co-extraction

210 W, 40 kHz, 50% ethanol,
25 min

Polysaccharides: 6.0%
Triperpenoids: 2.5% [20]

Ganoderma lucidum
fruiting bodies

Supercritical CO2
extraction

43 MPa, 54.8 ◦C
CO2: 7 mL/min

Triterpenoids:
1.56 mg/100 g [28]

Ganoderma lucidum
fruiting bodies Alkaline extraction 60 ◦C, 77.3 min, 5.1% NaOH Polysaccharides: 8.2% [29]

Ganoderma lucidum
fruiting bodies

Subcritical water
extraction 180 ◦C, 7 MPa, 1 mL/min

Triterpenoids and
Phenolic compounds:

58.42%
[30]

3. Bioactive Compounds
Like many mushrooms, G. lucidum consists of about 90% water by weight, while

the remaining 10% comprises various nutritional and bioactive components, including
polysaccharides, triterpenoids, sterols, phenolic compounds, and proteins. Studies indicate
that the mushroom contains 26–28% carbohydrates, 3–5% crude fat, 59% fiber, 7–8% protein,
and 1.8% ash in its dry form. Additionally, G. lucidum is rich in essential minerals such as
potassium, phosphorus, calcium, magnesium, selenium, zinc, and iron, contributing to its
health-promoting properties [3,14,31].

Among its bioactive components, polysaccharides are the most abundant, with struc-
tural variations influencing their biological activity. Triterpenoids, including ganoderic
acids, are another prominent group recognized for their structural complexity and func-
tional diversity. The mushroom’s phenolic compounds, sterols, and other nutrients comple-
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ment its bioactive profile, making it a subject of extensive research. This unique composition
supports traditional uses and highlights its potential in modern medicinal and nutritional
applications [3,32].

3.1. Polysaccharides

Mushrooms, including G. lucidum, are notable for their high content of polysaccharides,
which are structurally diverse macromolecules with significant biological functions. These
polysaccharides, extracted from the mushroom’s fruiting body, spores, and mycelia, are
composed of β-glucans, particularly β-1,3-D-glucopyranan backbones with β-1,6-linked
monoglucosyl side chains [33,34]. Such structural configurations are critical for interacting
with immune system receptors, influencing bioactivity. G. lucidum polysaccharides also
include heteropolysaccharides, which combine multiple monosaccharides like glucose,
mannose, and galactose, enhancing their functional diversity [35].

The molecular weight and tertiary structures, such as the triple helix conformation,
significantly affect the biological activity of these compounds. Polysaccharides with higher
molecular weights are often associated with more significant immunomodulatory activity,
though variations in branching can influence water solubility and receptor recognition [33,35].

3.2. Triterpenoids

Triterpenoids in G. lucidum, particularly ganoderic acids, are a class of lanostane-type
compounds characterized by their complex tetracyclic structure. These molecules often
contain hydroxyl (-OH), carboxyl (-COOH), or keto (=O) groups, which contribute to their
diverse functionality [36,37].

Over 380 different triterpenoids, including lucidenic acids and ganodermanontriol,
have been identified, each with structural variations that affect solubility and bioactivity [38].

These triterpenoids are typically concentrated in the mushroom’s fruiting body and
spores. They are often extracted using ethanol or supercritical CO2, followed by chromato-
graphic purification [39,40]. The lanostane backbone and associated functional groups
are essential for their biochemical interactions. Recent research highlights the role of
these triterpenoids in maintaining fungal cell wall integrity and regulating internal fungal
metabolism [36,37,39,41].

3.3. Phenolic Compounds

The phenolic compounds in G. lucidum include cinnamic acid derivatives, benzoic
acids, and flavonoids [42]. These compounds are characterized by their aromatic ring
structures with attached hydroxyl groups, which provide their antioxidant capabilities.
Phenolics are primarily found in the fruiting body and spores, where they serve as protec-
tive agents against oxidative stress and microbial attack [43].

Common phenolic acids in G. lucidum include caffeic, ferulic, and gallic acids [42,44].
These compounds can be extracted using ethanol or aqueous methanol solutions, and their
purity is often analyzed using high-performance liquid chromatography (HPLC) [45]. The
complexity of their aromatic structures and hydroxyl substitutions significantly influences
their ability to interact with reactive oxygen species [43].

3.4. Sterols

Sterols in G. lucidum, such as ergosterol and ergosta-5,7,22-trien-3β-ol, are essential
components of the fungal cell membrane. These molecules are precursors to vitamin D2 and
play a role in maintaining membrane fluidity [46]. Ergosterol, in particular, is abundant
and often serves as a marker for the quality of G. lucidum extracts.
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Ergosterol has been extensively studied for its structural integrity under UV exposure,
leading to its conversion into vitamin D2 [47]. Sterols are generally extracted using nonpolar
solvents such as hexane or supercritical CO2 [48].

3.5. Proteins and Peptides

G. lucidum is a rich source of bioactive proteins and peptides that contribute signif-
icantly to its therapeutic profile. The most notable is Ling Zhi-8 (LZ-8), a fungal protein
extracted from the mushroom’s mycelium and fruiting body. It comprises 110 amino acids
and forms a biologically active homodimer with an immunoglobulin-like, non-covalently
linked structure. This structure plays a role in immunomodulation and tumor growth
inhibition [49]. It is extracted using saline solutions and purified through ion-exchange
chromatography. The glycan portion of LZ-8, primarily composed of mannose, galactose,
and glucose, plays a critical role in its interactions with biological systems, influencing
immune-regulatory and anti-inflammatory activities [50,51].

Additionally, G. lucidum produces bioactive peptides, typically 5–21 amino acids,
exhibiting antioxidative, antimicrobial, and immunomodulatory properties. For example,
antimicrobial peptides are composed of hydrophobic amino acids, β-sheets, α-helices,
random coil structures, and disulfide bonds [52]. The proteins and peptides in G. lucidum
collectively play a synergistic role in the mushroom’s health-promoting properties, forming
a robust biochemical framework for therapeutic applications.

3.6. Minerals

G. lucidum contains a rich array of minerals, which are inorganic elements that play es-
sential roles in physiological processes. These minerals are necessary for various biological
functions, from enzyme activation to maintaining cellular structure and function. The key
minerals found in G. lucidum include the following [53]:

• Potassium (K): An essential mineral that is critical for maintaining the balance of fluids
within cells and tissues, as well as for nerve transmission and muscle contraction.
Potassium is crucial for maintaining fluid balance, nerve transmission, and muscle
contraction. G. lucidum contains approximately 432 mg of potassium per 100 g of the
mushroom [53,54].

• Calcium (Ca): A vital element for the formation of bone and teeth, muscle contraction,
and nerve signaling. It also plays a crucial role in the release of hormones and enzymes.
The mushroom provides about 1.88 mg of calcium per 100 g [53,54].

• Magnesium (Mg): An essential mineral in immune function, influencing processes
such as immune cell adhesion, the production of immunoglobulins, the interaction
between lymphocytes and Immunoglobulin M (IgM), antibody-mediated cytolysis,
and the response of macrophages to lymphokines. G. lucidum contains 7.95 mg of
magnesium per 100 g [53,54].

• Iron (Fe): A critical component of hemoglobin, the protein responsible for wearing
oxygen in the blood. Iron is also involved in cell energy production and supports
overall metabolic processes. The mushroom offers 2.22 mg of iron per 100 g [53,54].

• Zinc (Zn): A trace element vital for immune system function, DNA synthesis, protein
synthesis, and cell division. Zinc also contributes to wound healing and maintaining
skin and hair health. G. lucidum provides 0.7 mg of zinc per 100 g [53,54].

• Manganese (Mn): A trace mineral involved in forming connective tissue, bone health,
and wound healing. Manganese also acts as a cofactor for various enzymes, including
those involved in antioxidant defense. The mushroom contains 22 mg of manganese
per 100 g [53,54].
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• Phosphorus (P): Essential for repairing cells and tissues and growing the protein. G.
lucidum contains 225 mg of phosphorus per 100 g [53,54].

• Sulfur (S): Essential for immune function and blood clotting and is responsible for
transport across cell membranes. The mushroom provides 129 mg of sulfur per
100 g [53,54].

• Sodium (Na): Helps maintain electrolytic balance and nerve function. G. lucidum
contains 2.82 mg of sodium per 100 g [53,54].

• Copper (Cu): Involved in iron metabolism and red blood cell formation. The mush-
room provides 26 mg of copper per 100 g [53,54].

The mineral content of G. lucidum is not fixed and can vary significantly based on
environmental factors, cultivation practices, and post-harvest processing. For instance,
Ogbe and Obeka reported variations in calcium (1.99%), magnesium (0.34%), potassium
(1.11%), sodium (229.88 ppm), zinc (51.49 ppm), phosphorus (30.17 ppm), manganese
(71.06 ppm), copper (7.43 ppm), and iron (121.37 ppm) in wild specimens collected in
Nigeria, attributing these differences to the type of substrate and soil composition [55].
Senila et al. compared their study with the literature and demonstrated that local climatic
conditions and growth stages influence mineral profiles [56]. Additional research by Akiny-
eye et al. and Muhammad et al. highlighted the importance of iron and zinc in supporting
health and performance, while noting that antinutrients like phytates could reduce their
bioavailability [57,58]. Thus, this mushroom’s mineral profile reflects a complex inter-
action between environmental factors, processing techniques, and the specific analytical
methods employed.

3.7. Lipids and Fatty Acids

G. lucidum contains a variety of lipids and fatty acids, which are essential components
of its bioactive profile. Lipids serve as energy reserves, structural components of cell
membranes, and precursors to signaling molecules. The mushroom lipid composition
includes sterols, phospholipids, and neutral lipids [59,60].

Fatty acids in G. lucidum are both saturated and unsaturated. Unsaturated fatty
acids, such as oleic acid, linoleic acid, and palmitoleic acid, are particularly abundant.
These acids play critical roles in maintaining cellular membrane integrity and fluidity.
The mushroom polyunsaturated fatty acids (PUFAs) contribute to its biochemical and
nutritional complexity. Saturated fatty acids, such as palmitic acid, are also detected, albeit
in smaller amounts. These lipids and fatty acids enrich the overall bioactive composition of
G. lucidum [60,61].

3.8. Vitamins

G. lucidum is a natural source of several vitamins and essential organic compounds
required for metabolic processes. These vitamins enhance the mushroom’s nutritional
value and contribute to its role as a functional food [54,62].

Vitamin B Complex: G. lucidum contains a range of B vitamins, including the following [63]:

• Vitamin B1 (Thiamine): Plays a role in nerve function and energy production [64]. G.
lucidum contains 1.14 mg/100 g. The recommended daily intake (DRI) for Vitamin
B1 is 1.0 mg [65].

• Vitamin B2 (Riboflavin): Involved in energy metabolism and supports maintaining
healthy skin and eyes [64]. G. lucidum contains 1.86 mg/100 g. The DRI for Vitamin
B2 is 1.1 mg [65].

• Vitamin B3 (Niacin): Aids in DNA repair and energy production through redox reac-
tions [64]. G. lucidum contains 21.42 mg/100 g. The DRI for Vitamin B3 is 12 mg [65].
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• Vitamin B9 (Folate): Essential for DNA synthesis and cell production [66]. G. lucidum
contains 287.45 µg/100 g. The DRI for Vitamin B9 is 320 µg [65].

G. lucidum contains Vitamin D [54], primarily in the form of ergosterol (a precursor to
vitamin D2). This vitamin supports calcium absorption and bone health and is synthesized
when ergosterol is exposed to sunlight or UV light [67].

Vitamin C (Ascorbic Acid) [54]: Though present in small amounts (2.98 mg/100 g),
vitamin C is an antioxidant and plays a role in collagen synthesis and immune function [65,68].

Vitamin E (Tocopherol) [54]: G. lucidum contains tocopherols (0.36 mg/100 g), lipid-
soluble antioxidants that protect cellular membranes from oxidative damage [65,69,70].

4. Applications of G. lucidum
G. lucidum’s nickname, “the mushroom of immortality”, reflects its reputation for

promoting longevity and vitality. Revered initially in China and Japan, G. lucidum has
become a global symbol of natural health, backed by increasing scientific evidence. Its
bioactive components, including triterpenoids, polysaccharides, and peptides, make it an
essential of modern integrative [71]. Different applications of G. lucidum are illustrated in
Figure 3.
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4.1. Therapeutic Applications
4.1.1. Immunomodulatory Properties

One of the most well-documented properties of G. lucidum is its ability to modulate
the immune system. This dual action allows it to enhance a weakened immune response or
suppress an overactive one, making it invaluable for various conditions, from infections to
autoimmune diseases and cancer.

Polysaccharides, particularly β-glucans, are central to G. lucidum immunomodulatory
effects. These compounds bind to immune cell receptors such as Dectin-1 and Toll-like
receptors (TLRs), triggering pathways that activate macrophages, dendritic cells, and
neutrophils. For example, Dectin-1 in different cells produces signal transduction and
contributes to immune response. Similarly, TLR activation promotes the release of cytokines
that prime the immune system to respond to pathogens [72].
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Natural killer (NK) cells and cytotoxic T-cells, which are crucial for targeting virus-
infected and cancerous cells, are also stimulated by G. lucidum. The mushroom enhances its
cytotoxic activity by increasing the production of interferon-gamma (IFN-γ), a cytokine
that strengthens immune responses. Clinical studies have shown that cancer patients who
consumed G. lucidum experienced significant improvements in NK cell function and T-cell
proliferation, demonstrating its role as an adjunct therapy in oncology [72].

G. lucidum modulates cytokine production to maintain immune equilibrium. It
suppresses pro-inflammatory cytokines like tumor necrosis factor-alpha (TNF-α) and
interleukin-6 (IL-6), often elevated in chronic inflammatory and autoimmune conditions,
while enhancing anti-inflammatory cytokines such as IL-10 and TGF-β. This balance helps
prevent immune system overactivation, reducing tissue damage [72,73].

Studies examined the effects of G. lucidum on patients with advanced-stage cancer. The
results indicated an enhancement in immune responses, with increased activity of NK cells
and improved quality of life among participants. However, the study also noted that while
G. lucidum could be beneficial as an adjunct therapy, it should not replace conventional
cancer treatments [74,75].

4.1.2. Anti-Inflammatory Properties

Chronic inflammation is a hallmark of many modern diseases, including cardiovascu-
lar disorders, diabetes, and neurodegenerative conditions. G. lucidum contains triterpenoids,
potent bioactive compounds that inhibit key inflammatory pathways, making it a valuable
anti-inflammatory agent [76].

One of the primary mechanisms involves the suppression of the nuclear factor-kappa
B (NF-κB) signaling pathway. NF-κB is a factor that regulates the production of pro-
inflammatory cytokines. By inhibiting this pathway, G. lucidum reduces the production of
cytokines like TNF-α, IL-1β, and IL-6, alleviating chronic inflammation [77].

G. lucidum reduces the synthesis of prostaglandins and leukotrienes, inflammatory
mediators derived from arachidonic acid. This effect is particularly beneficial in conditions
like arthritis, where these molecules drive joint inflammation and pain [78]. In clinical
settings, patients with rheumatoid arthritis reported significant reductions in pain and
swelling after three months of supplementation with G. lucidum [79].

Its anti-inflammatory properties also extend to the nervous system. By modulat-
ing neuroinflammatory pathways, G. lucidum may protect against conditions such as
Alzheimer’s disease and multiple sclerosis, where chronic inflammation contributes to
disease progression [79].

4.1.3. Antioxidant Properties

Oxidative stress, caused by excess free radicals, is a significant factor in aging and
the development of chronic diseases. G. lucidum is a rich source of antioxidants, includ-
ing phenolic compounds, polysaccharides, and triterpenoids, which protect cells from
oxidative damage.

The mushroom scavenges free radicals directly and enhances the body’s endogenous
antioxidant defenses. It increases the activity of enzymes like superoxide dismutase (SOD),
catalase, and glutathione peroxidase, which neutralize harmful reactive oxygen species
(ROS). This dual action prevents oxidative damage to lipids, proteins, and DNA, reducing
the risk of conditions like cancer, cardiovascular disease, and neurodegeneration [15,80].

Studies have shown that elderly individuals who consumed G. lucidum experienced
significant reductions in oxidative stress markers and improved antioxidant enzyme activity.
These findings highlight its potential as an anti-aging agent and a preventive measure
against oxidative damage-related diseases [15,17,80].
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4.1.4. Hepatoprotective Effects

As the body’s primary detoxification organ, the liver is vulnerable to damage from
toxins, infections, and oxidative stress. G. lucidum offers robust hepatoprotective effects,
primarily through its triterpenoid content [81].

These compounds prevent lipid peroxidation in liver cells, a process that can lead
to cell membrane damage and liver dysfunction [81]. Additionally, G. lucidum enhances
the liver’s detoxification capacity by increasing the activity of enzymes, which neutralize
harmful metabolites [82].

In patients with non-alcoholic fatty liver disease (NAFLD), supplementation with G. lu-
cidum improved liver enzyme profiles and reduced fat accumulation [83]. Similarly, patients
with chronic hepatitis experienced reduced fibrosis and better liver function, demonstrating
its potential in managing both metabolic and infectious liver conditions [41,82,84–86].

4.1.5. Anti-Cancer Potential

The anti-cancer properties of G. lucidum are among its most extensively studied ben-
efits. Its bioactive compounds target cancer cells through multiple mechanisms while
sparing healthy cells. A primary mechanism is the induction of apoptosis, or programmed
cell death, in cancer cells. G. lucidum achieves this by activating caspases and disrupting
mitochondrial function. Additionally, it inhibits angiogenesis, forming new blood vessels
that supply tumors, thereby restricting tumor growth and metastasis [35].

The mushroom modulates the immune system to enhance the body’s natural anti-
cancer defenses. G. lucidum strengthens the immune system’s ability to recognize and
eliminate cancer cells by boosting NK cell activity and increasing T-cell-mediated re-
sponses [87,88].

Various studies have analyzed G. lucidum polysaccharides, which exhibited anti-cancer
effects through cytotoxicity, antioxidative properties, and apoptosis induction.

Zhong et al. carried out an in vitro investigation using GLP at concentrations ranging
from 0 to 15 mg/mL to explore their anti-cancer properties via cytotoxicity mechanisms [89].

YouGuo et al. examined the antioxidant effects of GLP, administering doses of 100–
300 mg/kg twice daily to rats with ovarian cancer [90].

Jin et al. studied the impact of GLP on cervical cancer cells in vitro, focusing on
its ability to induce apoptosis. Cancer cells were treated with GLP at concentrations of
0–500 µg/mL for a duration of 72 h [91].

YouGuo et al. demonstrated that G. lucidum polysaccharides reduce oxidative stress
by lowering malondialdehyde levels and enhancing antioxidant enzyme activity in ovarian
cancer-induced rats. Jin et al. showed that these polysaccharides induce apoptosis, inhibit
migration and invasion of cervical cancer cells (C-33A and HeLa), and block EMT and
JAK/STAT5 signaling pathways. Zhong et al. highlighted their ability to reduce tumor
malignancy and disrupt autophagic flux in various in vitro and in vivo models, confirming
the broad therapeutic potential of G. lucidum polysaccharides in oncology [89–91].

4.2. Pharmaceutical Applications

G. lucidum, widely recognized for its broad therapeutic properties, has shown consider-
able promise in several pharmaceutical domains, particularly in managing chronic diseases
such as diabetes, cardiovascular disorders, and viral infections. Its bioactive compounds,
such as polysaccharides and triterpenoids, play critical roles in regulating metabolic path-
ways, immune function, and cellular processes, making it a valuable candidate in modern
medicine [92].
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4.2.1. Anti-Diabetic Potential

Diabetes, particularly type 2 diabetes, is a global health crisis characterized by insulin
resistance and elevated blood sugar levels. G. lucidum has emerged as a promising natural
remedy for managing diabetes due to its ability to regulate glucose metabolism and enhance
insulin sensitivity [93].

Polysaccharides are the primary bioactive components responsible for G. lucidum
anti-diabetic effects, which enhance the body’s ability to metabolize glucose. Studies
have demonstrated that G. lucidum can activate the pathway of AMP-activated protein
kinase (AMPK), which is key in improving insulin sensitivity and cell glucose uptake.
This mechanism is particularly beneficial in type 2 diabetes, where insulin resistance is a
primary concern [94,95].

G. lucidum also helps regulate blood sugar levels by inhibiting the action of alpha-
glucosidase, an enzyme responsible for breaking down carbohydrates into glucose in the
small intestine with an insulin sensitivity effect. By inhibiting this enzyme, G. lucidum
reduces the rate at which carbohydrates are digested, leading to slower glucose absorption
and more stable blood sugar levels post-meal [93].

Clinical trials and animal studies have shown promising results in diabetic patients
supplemented with G. lucidum. In one study, patients who took G. lucidum extract ex-
perienced a significant reduction in fasting blood glucose levels and hemoglobin A1c
(HbA1c), a marker of long-term blood sugar control. This demonstrates the potential of G.
lucidum as an adjunct treatment for managing diabetes, alone or alongside conventional
therapies [94,96].

4.2.2. Cardiovascular Benefits

Cardiovascular diseases, including hypertension, atherosclerosis, and ischemic heart
disease, are leading causes of mortality worldwide. G. lucidum has been shown to offer
significant cardiovascular benefits through various mechanisms that support heart health
and reduce common cardiovascular risk factors [82].

One of the most notable benefits is the ability to regulate blood pressure. G. lucidum
contains triterpenoids that act as natural angiotensin-converting enzyme (ACE) inhibitors,
which help relax blood vessels and lower blood pressure [97]. By inhibiting the ACE, G.
lucidum reduces the production of angiotensin II, a peptide that constricts blood vessels and
raises blood pressure. This effect is particularly beneficial for individuals with hypertension,
as it can help normalize blood pressure levels [98].

Additionally, G. lucidum anti-inflammatory and antioxidant properties play a crucial
role in preventing the development of atherosclerosis, a condition in which fatty deposits
accumulate in the arteries. By reducing oxidative stress and inflammatory markers, G. lu-
cidum protects endothelial cells (the cells lining the blood vessels) from damage, preventing
plaque formation and promoting healthy blood flow [99–101].

Furthermore, G. lucidum has been shown to improve lipid profiles by reducing low-
density lipoprotein (LDL) cholesterol and increasing high-density lipoprotein (HDL) choles-
terol. In a clinical trial involving individuals with hyperlipidemia, supplementation with G.
lucidum extract significantly reduced LDL cholesterol levels, further supporting its role in
managing cardiovascular health [102].

4.2.3. Anti-Viral Properties

G. lucidum has long been recognized for its immune-enhancing properties, and emerg-
ing research has highlighted the potential in fighting viral infections. The mushroom
anti-viral effects are attributed mainly to its polysaccharides and triterpenoids, which
activate immune cells and interfere with viral replication [72].
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One of the key mechanisms through which G. lucidum combats viral infections is
stimulating NK cells and enhancing the body IFN-γ production. These immune responses
are crucial for recognizing and eliminating virus-infected cells. The ability of G. lucidum to
boost NK cell activity increases the immune system ability to fight off viruses such as the
herpes simplex virus (HSV), influenza, and hepatitis B [103].

Additionally, G. lucidum has demonstrated direct anti-viral effects by inhibiting the
replication of viruses. For example, studies have shown that G. lucidum extract can inhibit
the replication of the human immunodeficiency virus (HIV) by preventing the virus from
binding to immune cells [104]. Similarly, it has been shown to block the replication of
influenza viruses by interfering with viral protein synthesis, providing a natural alternative
to conventional anti-viral treatments [105].

These findings make G. lucidum a promising candidate for enhancing immune defense
against a wide range of viral infections, particularly in individuals with weakened immune
systems or those at high risk of viral exposure.

4.3. Cosmetic Applications

G. lucidum’s beneficial effects are not limited to internal health but also include skincare
and cosmetic applications. Its antioxidant, anti-inflammatory, and anti-aging properties
have made it a highly sought-after ingredient in various cosmetic formulations. From
reducing wrinkles to brightening the complexion, G. lucidum is a powerful ally in the fight
against skin aging and damage [82].

4.3.1. Anti-Aging Effect

As the skin ages, its ability to repair itself diminishes, leading to wrinkles, fine lines,
and sagging. G. lucidum’s antioxidant properties play a crucial role in combating the
visible signs of aging by neutralizing free radicals that accelerate skin aging. The phenolic
compounds and triterpenoids in G. lucidum protect skin cells from oxidative damage caused
by environmental stressors like UV radiation and pollution [106,107].

G. lucidum also supports collagen synthesis, a critical factor in maintaining skin elastic-
ity and firmness [108]. Promoting the production of collagen and elastin helps reduce the
appearance of wrinkles and sagging, giving the skin a firmer and more youthful appear-
ance. Clinical studies have demonstrated that regular use of G. lucidum extract in cosmetic
products can significantly improve skin texture and elasticity, providing visible anti-aging
benefits [107].

4.3.2. Skin Brightening and Reassuring Properties

For many, hyperpigmentation and uneven skin tone are persistent concerns, commonly
caused by sun exposure, aging, or hormonal imbalances. G. lucidum effectively tackles these
issues by regulating melanin production. The triterpenoids in this medicinal mushroom
inhibit tyrosinase activity, an enzyme crucial to melanin synthesis. By reducing melanin
production, G. lucidum minimizes the appearance of dark spots, age spots, and other forms
of discoloration, leading to a more radiant and even skin tone [109]. Clinical studies have
demonstrated that skincare products infused with G. lucidum can significantly enhance skin
brightness and reduce pigmentation, offering a natural and safe alternative to synthetic
brightening agents while supporting overall skin health [106].

In addition to its brightening properties, G. lucidum excels in its anti-inflammatory and
soothing capabilities, making it ideal for managing inflammatory skin conditions such as
acne, eczema, and psoriasis. These conditions are often exacerbated by the overproduction
of inflammatory cytokines like TNF-α and IL-1β, which contribute to redness, swelling,
and discomfort. G. lucidum triterpenoids effectively suppress these cytokines, calming
inflammation and promoting comfort for irritated skin [109].
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Moreover, G. lucidum is renowned for accelerating wound healing and supporting
tissue repair. It enhances the skin’s natural regenerative processes, aiding in recovering
scars, minor injuries, and inflamed areas. Soothing the skin and reducing redness helps
restore a balanced complexion and prevents recurring irritation. At the same time, its
regenerative properties promote the repair of damaged tissues and reinforce the skin’s
resilience over time [109,110].

By addressing multiple skin concerns, G. lucidum offers an extensive approach to
achieving healthier, more radiant skin. Whether incorporated into creams, serums, or
masks, this medicinal mushroom is a cornerstone of modern skincare, providing immediate
and long-term benefits for skin health and appearance.

4.4. Food Applications

To provide functional health benefits, G. lucidum is increasingly included in various
food products, such as teas, coffees, smoothies, and energy bars. Its high concentration of
polysaccharides and antioxidants makes it an ideal addition to functional foods, offering
enhanced immune support, stress relief, and antioxidant protection [54].

Studies have shown that incorporating G. lucidum into functional foods can improve
gut health by promoting beneficial gut bacteria, improving digestion, and supporting
overall metabolic function. Additionally, regular consumption of G. lucidum in food form
has been associated with enhanced mental clarity, better mood regulation, and improved
cognitive function, making it a valuable ingredient in brain-boosting supplements [32,99].

5. Safety Evaluation
Modern scientific evaluations confirm that G. lucidum is safe for therapeutic, cosmetic,

and dietary applications, provided it is consumed within recommended guidelines. It is
categorized as a Class 1 substance in the Plant Safety Manual published by the Ameri-
can Herbal Products Association [12]. In the United States, extracts such as beta-glucans
from the mycelium of G. lucidum have received GRAS (Generally Recognized As Safe) status,
allowing their use in food products such as bakery goods at a level of 150 milligrams
of β-glucans [111]. In the European Union, the fruiting body is accepted based on its
long history of traditional use. At the same time, the mycelium and its derivatives are
subject to novel food regulation, ensuring their safety through controlled evaluation pro-
cedures [112]. These regulatory approvals reinforce G. lucidum’s reputation as a safe and
valuable functional ingredient.

Clinical trials have explored the safety of G. lucidum in humans. For instance, a 16-week
randomized, double-blind, placebo-controlled trial assessed the safety and efficacy of G.
lucidum (3 g/day) in individuals with type 2 diabetes mellitus and metabolic syndrome. The
study reported no significant adverse effects or alterations in hematological and biochemical
safety markers, indicating good tolerability [113].

On the other hand, acute toxicity studies have shown that G. lucidum is safe, with a
maximum tolerated dose exceeding 20 g/kg body weight in animal models, indicating
minimal risk of toxicity, even at high doses. The recommended dose for humans is ap-
proximately 0.07 g/kg body weight. Chronic toxicity studies further support this, with
prolonged administration of G. lucidum powder in animals showing no significant adverse
effects on organ function, blood chemistry, or histological structure [114]. For example, rats
given mushroom powder for long periods did not show changes in activity levels, foods,
or weight [115].

The typical dosage for G. lucidum varies depending on its form and purpose. For
powdered forms, the safe range is 1.5 to 6 g/day, while concentrated extracts are commonly
consumed in doses of 150 to 300 mg/day. Liquid is usually taken in 1 to 3 mL/day.
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Clinical studies consistently show that these dosages are well-tolerated, with minimal
side effects. Occasionally, mild gastrointestinal symptoms such as nausea or dry mouth
have been reported, but these effects are transient and resolve with continued use or dose
adjustments [116].

It is noteworthy that wild G. lucidum mushrooms contain low levels of antinutrients
such as tannins, phytates, and oxalates. These compounds can interfere with nutrient
absorption, but proper processing, such as soaking or drying, significantly diminishes their
levels, ensuring that the mushroom’s nutritional benefits are preserved [55]. Processing
methods, such as drying or boiling, have effectively lowered the levels of antinutrients,
including oxalates and phytates, as reported by Akinyeye et al. [57]. Also, fermentation
effectively reduces antinutrients in G. lucidum, improving its nutritional profile and bioavail-
ability. During fermentation, microorganisms such as bacteria and fungi produce enzymes
like phytase, tannase, and oxalase, which degrade antinutrients such as phytates, tannins,
and oxalates. This enzymatic activity enhances mineral absorption by breaking down com-
plexes that inhibit essential elements like calcium, zinc, and iron bioavailability [117,118].
Studies have shown that solid-state and submerged fermentation significantly decrease
antinutrient levels while increasing the bioactivity of polysaccharides and other beneficial
compounds. Thus, fermentation transforms G. lucidum into a more nutritionally potent
product [119,120].

It is rare for mushrooms to cause allergic reactions or symptoms similar to allergies
when consumed or used as dietary supplements. While isolated cases of mushroom
allergies have been documented, there are no known reports of such reactions to G. lucidum
mushrooms. G. lucidum extract is often employed to alleviate allergy-related symptoms and
manage allergic conditions [121]. Special caution is advised for specific populations, such as
pregnant or lactating women, for whom safety data are limited, and for children, as specific
dosage guidelines remain poorly researched [116]. In addition, people with autoimmune
conditions should use G. lucidum with caution, as its immune-modulating effects may
interfere with immunosuppressive therapies or exacerbate symptoms [114,121–123].

6. Conclusions
G. lucidum, often referred to as the “mushroom of immortality”, holds significant

promise as a valuable natural resource in both traditional and modern medicine. Rich in
bioactive compounds, including polysaccharides, triterpenoids, and peptides, this mush-
room exhibits a wide range of therapeutic properties. Notably, it has been shown to possess
immune-modulating, antioxidant, anti-inflammatory, and anti-cancer effects, making it use-
ful in the prevention and management of chronic diseases such as diabetes, cardiovascular
disorders, and viral infections.

In recent years, advancements in extraction techniques, such as improved solvent
methods and novel technologies, have enhanced the bioavailability of G. lucidum com-
pounds, expanding their potential applications in pharmaceuticals, functional foods, and
cosmetics. These advancements have opened the door for the development of more effective
and targeted therapeutic products.

Despite its promising benefits, G. lucidum requires further research to optimize its
clinical applications, refine industrial processes, and assess its long-term safety in specific
populations, such as pregnant or lactating women, children, or individuals with underlying
health conditions. While it is generally regarded as safe, these populations should be
carefully considered in future studies to ensure the safe and appropriate use of G. lucidum.

Overall, G. lucidum presents an exciting opportunity for addressing modern health
challenges, offering potential solutions for the prevention and management of various
chronic conditions. Continued exploration of its bioactive compounds, clinical efficacy,
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and safety will further cement its role as a valuable natural therapeutic resource in both
traditional and modern healthcare settings.

Author Contributions: Conceptualization, M.-P.P., M.S.C. and A.C.F.; methodology, A.P.; investi-
gation, M.-P.P., M.S.C., A.P. and A.C.F.; resources, M.-P.P., M.S.C., A.P. and A.C.F.; writing—M.-P.P.,
M.S.C. and A.C.F.; writing—review and editing, M.S.C. and A.C.F.; visualization, A.P.; supervision,
M.S.C. and A.C.F.; project administration, A.P., M.S.C. and A.C.F.; funding acquisition, M.S.C. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Sanodiya, B.S.; Thakur, G.S.; Baghel, R.K.; Prasad, G.B.; Bisen, P.S. Ganoderma lucidum: A potent pharmacological macrofungus.

Curr. Pharm. Biotechnol. 2009, 10, 717–742. [CrossRef] [PubMed]
2. Khatian, N.; Aslam, M. A review of Ganoderma lucidum (Reishi): A miraculous medicinal mushroom. Inven. Rapid: Ethnopharmacol.

2018, 4, 1–6.
3. Wachtel-Galor, S.; Yuen, J.; Buswell, J.A.; Benzie, I.F. Ganoderma lucidum (Lingzhi or Reishi): A medicinal mushroom. In Herbal

Medicine: Biomolecular and Clinical Aspects, 2nd ed.; CRC Press: Boca Raton, FL, USA, 2011.
4. Xu, C.; Caserta, S.; Gangemi, S.; Pioggia, G.; Allegra, A. Preparing Ganoderma lucidum slices by improved steam explosion

enhances their apparent, functional and structural properties. Innov. Food Sci. Emerg. Technol. 2024, 97, 103835. [CrossRef]
5. Cancemi, G.; Caserta, S.; Gangemi, S.; Pioggia, G.; Allegra, A. Exploring the Therapeutic Potential of Ganoderma lucidum in Cancer.

J. Clin. Med. 2024, 13, 1153. [CrossRef] [PubMed]
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