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Abstract
Ganoderma lucidum is a highly praisedmedicinal mushroom having high demand
worldwide. Intense research activities are being carried out on the medicinal
applications of this mushroom that include anticancer, antiallergic, antioxidant
potential, etc. This wonder mushroom contains many bioactive compounds such
as polysaccharides, triterpenes, polyphenols, proteins, amino acids, and organic
germanium. Ancient Chinese use this mushroom in their medicinal preparations
and declared good health and longevity. Health benefits of this mushroom are
highly praised in ancient manuscripts. Many pharmaceutical and beauty products
made from this mushroom are available in the markets and demands high price.
Cultivation and production of this mushroom are limited to certain countries,
which leads to an increase in its market value. This chapter describes the details
of this special mushroom, including its taxonomy, morphology, ecological and
economic status, cultivation, bioactive molecules, and its medicinal applications.

Keywords
Ganoderma lucidum · Bioactive compounds · Cultivation · Therapeutic
applications · Polysaccharides · Triterpenes

Abbreviations
C:N Carbon nitrogen ratio
EPS Extracellular polysaccharides
G. lucidum Ganoderma lucidum
GA Ganoderic acid
GTS Ganoderma triterpenes
HDP Host Defense Potentiators
IPS Intracellular polysaccharides
LSC Liquid state cultivation
LSF Liquid state fermentation
LZ Lingzhi
PBP Protein-bound polysaccharide
RIP Ribosome inactivating proteins
ROS Reactive oxygen species
SOD Superoxide dismutase
SSC Solid state cultivation
SSF Solid state fermentation

1864 S. Sudheer et al.



1 Introduction

Mushrooms are progressively being evaluated in the East and West for their
nutritional value. Many of the mushrooms are nutritionally considered as func-
tional foods and some of which are purely evaluated as a source of medicinally
beneficial compounds called “nutraceuticals.” Ganoderma lucidum (Fig. 1) is such
a popular mushroom worshipped for its medicinal use and the history of its usage
goes back to many thousands of years in the orient. Ganoderma lucidum holds a
prominent place in traditional Chinese medicine and is well documented in ancient
scripts [1, 2]. It has a long record of use in promoting health and longevity in
China, Japan, and other Asian countries. Its medicinal activity is usually localized,
for example, moderating the immune system by reducing its activity when over-
stimulated, and proliferating the immune system by increasing the number of
active cells. For Chinese people, G. lucidum symbolizes the combination of
spiritual potency and essence of immortality and thus called as “herb of spiritual
potency.” Among the cultivated mushrooms, the nutritional and pharmaceutical
values of G. lucidum are paramount.

Ganoderma lucidum is consumed as a herbal extract like concoctions of tea and
tonics. Avariety of Ganoderma products are available in the market in various forms
such as powders, dietary supplements, soaps, ointments, antiseptic creams, and
herbal soaps. The products of this mushroom are available in the market but are
expensive as efforts and processes required for the cultivation of this mushroom are
intensive. Ganoderma lucidum described as a fungal bio-factory by eminent scien-
tists as well as medical practitioners. But the amount of this wild mushroom is not
sufficient to meet its demand in the international market. In the mushroom industries
through various trial and errors, cultivation of G. lucidum has been achieved a
considerable progress in the last 40 years. For faster and efficient production, various
methods are practiced in these days [3]. Traditional and modern cultivation methods
are used for large-scale production. Traditional methods include bag, bottle, and
wood log cultivation which acquire more time, whereas modern techniques such as
solid and liquid state cultivation could be carried out within a limited period.

Fig. 1 Ganoderma lucidum
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The benefits of G. lucidum are entrusted from generation to generation, as an
anticancer, a symbol of divine power, good fortune, good health, and longevity. It is
used for various ailments such as allergy, hypertension, cardiac diseases, cancer,
viral (HIV), and bacterial infections. It is an annual mushroom belongs to the family
of Ganodermataceae. All parts of the mushroom viz., fruiting body, mycelia, and
spores, contain bioactive compounds and are useful for the above-mentioned treat-
ments. Polysaccharides, triterpenoids, proteins, amino acids, nucleotides, alkaloids,
steroids, lactones, fatty acids, and enzymes are the major components that are
responsible for the wide array of bioactive properties shown by this mushroom
[4]. A single chemical compound cannot be responsible for the bioactivity which
in turn is brought about by a combination of two or more active compounds.
Polysaccharides, triterpenoids, and polyphenols are the major active compounds in
G. lucidum [5]. Polysaccharides are water-soluble fragments which can be extracted
with hot water, whereas polyphenols and triterpenoids are more soluble in polar
organic solvents such as ethanol and methanol. Ganoderma lucidum is considered
to be a useful source of protein (7–8%), carbohydrates (3–5%), crude fat (3–5%),
crude fiber (59%), ash (1.8%), and other trace elements on a dry weight basis [6, 7].
Ganoderma lucidum also contains a higher amount of chitin which makes it hard to
chew and digest. Apart from the nutraceutical benefits, it also plays a key role in the
environment as decomposers in nutrient cycle. Ganoderma lucidum decomposes
dead wood of coniferous or hardwood species by producing enzymes such as
laccase, manganese peroxidase, and lignin peroxidase which degrade the com-
pounds of lignin and cellulose in the wood. These wood degrading enzymes are of
special interest for industrial applications, i.e., bioremediation, biopulping, and
biosorption of heavy metals [8].

2 History

The history of G. lucidum can be traced back to 2000 years. During ancient times,
G. lucidum had been worshipped as one of the herbal medicines and believed to heal
all kinds of diseases. It was first used by the emperor of China, Shih-Huang of Ch’in
Dynasty (221-207 BC), who made the Great Wall of China. Special teas or concoc-
tions made from this mushroom were used by the emperors of Great China and Japan
for vitality and healthy life [2]. Those who presented this mushroom to the king were
highly rewarded. Ganoderma lucidum is popular in folk medicine because of its
promising medicinal properties including its potential to extend the lifetime.
Ganoderma lucidum was first introduced by a famous Chinese medicinal practi-
tioner Shen Nongs, who is known as the “Father of Chinese medicine.” Medicinal
value of this mushroom is well described in his book “Materia Medica” [9, 10]. One
of the key features of this mushroom is the absence of side effects. Due to this,
G. lucidum has attained a reputation as an ultimate health supplement. The popularity
of this mushroom has given it a place in “American Pharmacopoeia and Therapeutic
Compendium.” In addition to its medicinal properties, people of ancient China had a
spiritual belief of protecting the people and their homes from evil spirit [11].
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3 Scientific Classification

Kingdom Fungi
Phylum Basidiomycota
Class Agaricomycetes
Order Polyporales
Family Ganodermataceae
Genus Ganoderma
Species lucidum
Binomial name Ganoderma lucidum (Curtis) P. Karst.

Petter Adolf Karsten in 1881 named the genus as Ganoderma. Ganoderma
lucidum has several names based on its geographical location and its traditional
and historical applications. In Japan, this mushroom is commonly known as Reishi,
Mannentake, or 10,000 years mushroom, and symbol to happiness, fortune, immor-
tality, and good health. It has been known as Lingzhi in the Korean and Chinese
ancients for more than 4000 years. It has also been called as a “mushroom of herb
and immortality.” However, the concept of this mushroom as an herb of immortality
was described in transcripts of the first ancient empire of China (221-207 B.C)
and illustrated in their literature and art perspectives. Botanically, the Latin name is
Ganoderma lucidum, where lucidum was derived from its shiny surface [2, 9]. There
are around 6 species of Ganoderma which are similar to G. lucidum. They are G.
atrum, G. tsugae, G. tropicum, G. applanatum, G. capense, and G. sinensis.

4 World Production of G. lucidum

Worldwide consumption of G. lucidum is several thousand tons, and the market is
growing rapidly. A decade ago, more than 90 brands of G. lucidum products were
registered and marketed internationally [12]. Numerous G. lucidum products pre-
pared from various parts of the mushroom are currently available on the market [13].
The simplest type of product available in the market consists of intact fruiting bodies
ground to powder and then processed to capsule form. Other products are prepared
from the following sources: (1) dried and powdered mycelia harvested from sub-
merged liquid cultures grown in fermentation tanks; (2) dried and powdered com-
binations of substrate, mycelia, and mushroom primordia, following inoculation and
incubation of a semisolid medium with fungal mycelia; and (3) intact fungal spores
or spores that have been broken by mechanical means or have had the spore walls
removed. Preparations made of spore have been promoted in the recent years
because of the faster medicinal effects. It is generally hard to remove the spore
wall; therefore, modern techniques, such as ultrasonic extraction, enzyme-based
extraction methods are used which represent an additional and often a costly step
in the production, are still controversial. Other products that are available in the
market are prepared with extracted bioactive compounds such as polysaccharides
and triterpenes. These compounds are usually extracted with hot water or ethanol
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from fruiting bodies or mycelia and then evaporated to dryness and encapsulated
either separately or integrated together in designated proportions. The adoption of
supercritical CO2 extraction technologies has enlarged the spectrum of extracted
substances due to the low temperature required during processing [14]. Several other
products have been prepared from antler, the deformed type mushroom fruiting
body, which is claimed to be highly medicinal.

5 Morphological Characteristics

G. lucidum is a kidney-shaped mushroom with varnished and colored outer surface
and has an elegant appearance. They produce pores on the underneath of mushroom
cap instead of gills, thereby making them to be differentiated from other polypores
which produce gills underneath. But similar to other annual mushrooms they do not
grow frequently. This difference makes them rare and special among other mush-
rooms. The upper side of this mushroom is shiny and dark red. Sometimes it shows
varying color depending on the natural habitats and environmental conditions.
All the three parts of G. lucidum such as mycelium, fruiting body, and spores
(Fig. 2a, b, and c) are very important source of bioactive compounds.

5.1 Mycelium

Mycelium of a mushroom is the branching vegetative network which can spread like
a mat on the medium or wood logs. Ganoderma mycelium appears to contain many
of the bioactive compounds as that of fruiting body [15]. The polysaccharides from
the mycelia also have the similar efficacy as that of the fruiting body [16, 17]. The
spores of G. lucidum shred from the fruiting bodies would land on dead, decaying
woods, and under adequate conditions they germinate into mycelium. Mycelia
undergo three developmental stages, from primary to secondary and then to tertiary
mycelia and eventually the fruiting body will sprout out. In the late phase, formation
of basidium and then basidiospores are produced.

Fig. 2 Mycelium (a), fruiting body/basidiocarp (b) and spores (c) of G. lucidum
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5.2 Fruiting Body

Basidiocarps or fruiting bodies of the mushroom vary from 2 to 10 cm in diameter.
They are kidney-shaped and have shiny outer surface with yellowwhite striations at the
margin whichmake them beautiful. In their initial stage of growth, they show yellow to
white color. Later, with maturity they turn to reddish brown. The stipe (stem) is usually
present, but sometimes it maybe with or without a reduced stipe. The length of stipe
varies based on the conditions in which they grow as well as the nutrition available in
the growth medium. The abaxial side of mushroom cap has several pores which are
usually white. The matured mushroom shed spores through these tiny pores [18].

5.3 Spores

The spores of G. lucidum are slightly brown in the size range of 1–10 micron. The
spore wall is composed of chitin. The spores are reported to contain higher amounts
of bioactive compounds than the fruiting body. But the spores are hard to break due
to the thicker chitin wall. Possessing a thicker chitin wall is the major characteristic
of polypore mushroom as they protect the mushroom from adverse conditions. The
sporoderm of G. lucidum is made-up of silica (19.01%), calcium (17%), and chitin
(52.08–57.64%) [19]. The outer thick coating of sporoderm is resistant to acids
giving it an extended shelf-life in the nature.

6 The Ecological Habitat of Ganoderma lucidum

This annual mushroom could be found growing on the decaying and dead bodies of a
variety of trees. It grows on the decaying logs of deciduous trees like oak, maple, elm,
willow, sweet gum, magnolia, and locust. Besides, it grows on the decaying logs of
certain coniferous trees such as Larix, ptea, and pinus, in the subtropical regions such
as Europe, Asia, and North and South America [20]. In the oriental countries, the
mushroom has been found to grow mainly on the plum trees on the stumps near the
soil surface and occasionally on soils arising from buried roots [2]. In temperate and
subtropical regions of Asia, Europe, and South and North America, this mushroom
can be found on the coniferous trees such as Larix, pinus, and picea. They cause white
rot disease at the base of trees either alone or in a group. Its natural growth consid-
erably takes longer time, which makes the mushroom very rare, treasured, and
exclusive for the rich people and highly ranked powerful individuals. The above
limitations push the scientists to find alternative artificial cultivation methods.

7 Nutrition and Growth

Ganoderma lucidum which is used as a folk medicine or nutrition is a saprophyte.
They cannot carry out photosynthesis due to the absence of chlorophyll. Mycelia can
directly absorb simple sugars, organic acids, and other carbohydrates that are present
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in the growth substrate. Mushroom mycelia cannot use inorganic carbon. The growth
of mycelium requires the presence of nitrogen approximately 0.016–0.064%. For
the production of fruiting body, the requirement of nitrogen is approximately
0.032–0.016%. Growth of mushroom needs the presence of minerals such as P, K,
Ca, Mg, S, Fe, Mn, Zn, and other inorganic compounds. Temperature is another crucial
factor which determines the growth, quality, and yield of the mushroom. Mushroom at
various stages of growth and development requires different temperatures. For the
germination of mycelia, the suitable temperature employed is in between 25 �C and
30 �C [21]. Primordia require 15–23 �C, whereas the fruiting bodies require 28–30 �C.
Temperatures below 12 �C result in a slower growth, reduced stipe, and thicker flesh.
Spores require 22–26 �C for their growth. All the stages of mushroom growth need the
presence of water. For the mycelia growth, 45–65% of water is appropriate, but for the
fruiting body development a relative humidity of 75–95% is necessary. Humidity more
than 95% results in the chances for bacterial contamination. Presence of light is
negligible for the growth of mushroom mycelia, whereas spore and primordia forma-
tion take place under low intensity of light. Similarly, light is very essential for the better
development of fruiting body and its quality [22]. An optimum pH is the other limiting
factor which affects the mushroom growth. Almost all the saprophytes including
G. lucidum grow slightly under an acidic pH of 4–6.

8 Cultivation

Ganoderma lucidum cultivation was first introduced from China in 1980s. Currently
there are a diverse range of cultivation methods based on the employed substrates.
The three most common traditional methods of cultivation are wood pulp, wooden
box, and natural wood log cultivation [23, 24]. Techniques such as wood log or
wood chip cultivation are not applicable to produce G. lucidum in the commercial
practice, as they raise ecological problems such as cutting and processing of trees,
and thus there is a concern. It is therefore necessary to find an effective and a reliable
way of cultivation as well as to produce in larger-scale to meet the market demands.

8.1 Wood Pulp Cultivation (Bottle Cultivation)

It is the simplest method of cultivation which involves placing the sterilized wood
pulp in a glass bottle along with spawns of G. lucidum. Mushrooms along with the
bottle are incubated for 3 months. This method usually yields smaller-sized mush-
rooms of relatively inferior quality.

8.2 Box Cultivation

This method involves grafting the fungi into drilled wooden logs (1 m), which are
then placed in the wooden boxes. This method takes about 3–6 months for the
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generation of fruiting body. Mushrooms of medium-size and moderate quality are
generally produced through this method.

8.3 The Natural Wood Log Method

Natural wood log cultivation could be carried out by the following two methods.
One utilizes cultivation on longer unsterilized wood logs and the other uses shorter
sterilized logs. First method was the common cultivation practice in China until the
new development using short logs which was introduced in the late 1980s. Natural
wood logs of 1 m were used for long woods without any sterilization. This method
takes longer incubation periods (2–3 years) besides requiring more labor to produce
matured fruiting bodies. Short wood log cultivation method was introduced from
Japan. It is the common cultivation strategy adopted by natural log growers in China,
Japan, Korea, and USA. This method offers the production of a larger basidiocarp
with superior quality which involves the preparation of wood logs, especially broad-
leaf hard woods of 15 cm in diameter with the length of 14–24 cm. The moisture
content should be about 35–40%. The wood logs are then enclosed in polypropylene
bags and sterilized. They are incubated with precultured mushroom spawns of
5–10 g. Mycelial run is usually carried out with less oxygen and under dark
condition. Formation of mushroom primordia occurs during 50–60 days after
spawning. The mushroom colonized wood logs are then buried under nutrient rich
soil leaving the primordia above the soil in a green house. Regular monitoring is
essential to ensure mushrooms of high quality. Harvesting of mushroom takes
approximately 25–30 days after the formation of primordia [5].

8.4 Cultivation on Sawdust

The processing of wood logs is expensive and requires special kind of woods and
expertise which make the farmers to think about using sawdust as a cultivating
medium. Sawdust is the wood dust produced after processing of woods in the mills.
In this method, G. lucidum is cultivated on sawdust filled in the polypropylene bags
along with rice bran (10%) and CaCO3 (3%). They are moistened to 60% and filled
into polybags (700–1000 g). Finally, the bags are plugged with a cotton cap.
Steaming of the bags is then carried out for 5 h at 95–100 �C. The bags are then
kept at room temperature overnight and inoculated with mushroom spawns. About
3–4 weeks is an essential period for the mushroom mycelia to colonize on the
substrate. The bags are then opened for the formation of primordia at 28 �C. The
relative humidity is maintained at 85–90% during primordia development. Approx-
imately after 2–3 months from the appearance of primordia, matured basidiocarps
will be ready for harvest [25].

Following sawdust cultivation, new substrate compositions were proposed by
various researchers. Chen [26] recommended a substrate media containing oak
sawdust (80%), unprocessed wheat bran (18%), sucrose (1%), calcium carbonate
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(1%), and 60–70% moisture for the cultivation of G. lucidum. Substrate media
formulation using sunflower seed hulls [27], stillage grains [28] soy residue [29],
etc., have been reported. Sawdust cultivation can be carried out in bags, trays or bed
[30], bottles, and pots [31] based on the scale of production.

The growth of G. lucidum depends on cellulose and lignin that are present in
the wood logs. They utilize these compounds by the production of enzymes
which break down the bonds in the long cellulose chains into shorter chains so
that the carbon become available for the growth of fungi. Ganoderma lucidum
utilizes carbon resources from compounds such as sugar, starch, cellulose,
hemicellulose, and lignin. Mycelia cultivation requires the presence of sugar
and nitrogen sources. Compounds such as amino acids, urea, nitrogen can induce
the mycelia growth [32]. Sawdust of broadleaf trees [33], cotton seed husk, corn
cob, paddy straw, wheat and rice bran, corn powder, ammonium sulfate, and urea
are used in the substrate media to produce fruiting body [34]. Carbon to nitrogen
ratio is a key factor for the growth of mushroom as well as for the formation of
fruiting body. Appropriate ratio of C:N required is 15–45:1 for mycelia and
30–40:1 for fruiting body [35, 36]. The growth requirement of G. lucidum on
the solid substrates is given in the Table 1.

8.5 Modern Cultivation Practices

In these days, industries are looking forward for faster and cheaper practicing
methods for the cultivation of G. lucidum. Both solid state fermentation (SSF) and
liquid state fermentation (LSF) techniques offer scope for large-scale production
of this mushroom using cheaply available agricultural residues. The details obtained
from solid state cultivation (SSC) can be applied to study the liquid state cultivation

Table 1 Growth
requirements for the
cultivation of G. lucidum

Mycelial colonization

Temperature – 25 �C (optimum)
Light – not needed
Duration – 3–4 weeks

Primordia formation
Temperature – 28–30 �C
Relative humidity – ~90–95%
Duration – 1 week after mycelia colonization
Light – Reduced light (100 lux)
CO2 – >0.1%

Mushroom development

Temperature – 28–30 �C
Relative humidity – 80–85%
Duration – 25–30 days after primordia formation
Light – 150–200 lux
CO2 – >0.1%
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(LSC) [37, 38]. Cultivation of fruiting bodies of G. lucidum takes several months
and proper environmental conditions; hence, mycelia-based and culture broth-based
products have assumed immense importance due to increased quality control and
year-round production [39]. SSF is nowadays used to upgrade the valuable food
supplements, enzyme production, and the feed values of waste materials [40]. In
submerged state cultivation method, mycelia culture can be standardized easily
under controlled conditions and simple processes are required for downstream
processing of the bioactive compounds such as polysaccharides and other com-
pounds released into the culture medium. Several researchers have reported the
cultivation of mycelia using submerged/liquid state cultivation. Standardizing the
culture conditions and medium composition strongly influence mycelial growth and
production of bioactive compounds in this mushroom [5, 39, 41]. A novel three-
stage light irradiation strategy has been developed in submerged cultures of
G. lucidum for the efficient production of polysaccharides and ganoderic acid [42].

Development of bidirectional SSF technology is the recent focus in the modern
mushroom science. It is a new type of fermentation technique emerged fromChina in the
1990s. The key of this technology is that the medicinal mushroom strains are cultured in
the special substrate, which consisted of Chinese medicinal herbs as substrate instead of
the traditionally cultured nutritious substrate. The fermentation products are known as
the medicinal fungal substances. During fermentation, these medicinal compounds in
the substrate provide nutrients for the fungal growth. At the same time, the fungal strains
produce enzymes which change the tissue and components in the substrate to new
functional components. Thus, by bidirectional fermentation, medicinal strains produce
bioactive compounds of higher quality [43, 44].

Bidirectional SSF was applied by Chen and Chen [45] in G. lucidum. They
designed three types of medium; G. lucidum in an ordinary growth medium, Chinese
materia medica (CMM) medium containing Radix astragali, and selenium rich
CMM-containing medium. Fermentation products from the three types of media
were checked at fixed time intervals. Polysaccharide contents of fermentation prod-
ucts from these culture media were 4.65%, 3.76%, and 4.50%, respectively.
By observing the changes in the concentration of polysaccharide, protein, and total
saponin in fermentation products from the CMM-containing medium at various
times, they concluded that the 28th fermentation day was the time during which
secondary metabolism was the most active. Similar studies were carried out using
G. lucidum with different medicinal herbs [46].

Another application of G. lucidum is in the functional food research and devel-
opment. For this, the amount of polysaccharides, reducing sugars, amino acids, and
protein contents were determined. The outcome indicates that the optimum produc-
tion needs specific conditions, i.e., size of the granule, temperature, fermentation
time, and inoculum size. The amount of polysaccharide was found to be 21.97 mg/g
under optimum culture conditions [47]. Further research in the production of poly-
saccharides from G. lucidum was reported by You [48]. Moreover, G. lucidum
cultivation opens a door to process forest and agricultural wastes into useful by-
products and thus reduces the environmental pollution.
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9 Bioactive Compounds in G. lucidum

Approximately 400 different bioactive compounds are present in this mushroom.
Polysaccharides, triterpenoids, organic germanium, ergosterol, nucleotides, sterols,
amino acids, fatty acids, proteins, intracellular/extracellular enzymes, and trace
elements [2, 49] are the major active compounds possessing biological activities.
All parts of G. lucidum viz., fruiting body, mycelia, and spores, are reported to
contain these compounds. Mushroom-derived polysaccharides and triterpenes
have increased demand in the market. The extracts of this mushroom are given as
a health supplement or medicine for anticancer, antiviral, immunomodulating,
hepatoprotective, and hypocholesterolemic agents [50, 51]. Absence of side effects
and presumed health benefits give reputation for this mushroom to use as herbal
medicine [39].

The bioactive compounds from G. lucidum have a long history and have received
considerable attention in recent years. Intensive work on the therapeutic effects of
G. lucidum has been reported in the literature.

Ganoderma lucidum possesses unique bioactive molecules which include

• Polysaccharides [52–54]: A variety of polysaccharides that tend to be the com-
ponents to interact with the immune system and are subdivided into β-1,3-glucans
and polysaccharide peptides such as peptidoglycan.
• Water-soluble polysaccharide peptides include GLPS peptide (GLPP) [55],

GLPG [56], GLIS [57], PGY [58] and F3 [59].
• β-1,3-Glucan (a subset of polysaccharides) sometimes called Curdlan [53] and

other Glucan molecules [60].
• Triterpenoids: Over 120 triterpenoids [61] were revealed which can be sepa-

rated into two classes. Those with a carboxylic side chain (Ganoderma acids)
and those without (Ganoderma alcohols). Some are referred to as lucidenic
acids [62].

• Nucleotide bases such as thymine, uridine, inosine, guanosine, and adenosine are
present in this mushroom. The sum of all ranging from 303 to 1217 mcg/g in the
mushroom cap and 22–334 mcg/g in the stem [63].

• Bioactive proteins such as LZ-8 (Lingzhi-8) [64], Ganodermin A and 114 kDa
hexameric lectin, a glycoprotein with 9.3% sugar [65] are present.

• A reversible and a highly specific competitive alpha-glucosidase inhibitor known
as SKG-3 with an IC50 of 4.6 mcg/mL [66].

• Ergostane sterols and ergosterol, also known as pro-vitamin D2 [67].
• C19 fatty acids (nonadecenoic acid and cis-9-nonadecenoic acid) [68, 69].
• Riboflavin.
• Vitamin C.
• Copper and Zinc [70].
• Selenium of up to 72 mcg/g dry weight and can transform selenium into sele-

nium-containing proteins [71].
• Germanium of up to 489 mcg/g based on dry weight.
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9.1 Structure and Properties

Polysaccharides, triterpenoids, and peptidoglycans are the main sources that
are responsible for the bioactivity of G. lucidum. Activities from other molecules
have not been studied significantly. Major triterpenoids responsible for the bioactiv-
ity are Ganodermic acids, Ganodermic alcohols, and Lucidenic acids.

9.1.1 Polysaccharides
Polysaccharide is a long chain of monosaccharides linked by glycosidic bonds. More
than 100 types of polysaccharides have been reported to be present in G. lucidum.
Most of them belong to a group of β-glucan which consists of a linear backbone of
β-(1,3) linked D-glucopyranosyl groups with varying degree of branching from the
C-6 position. They are considered as the active agents to fight against cancer. The
molecular weight ranges from 4 � 105 to 1 � 106 in the primary structure [2].
β-Glucans of higher molecular mass are more effective than that of glucans with low
molecular mass [72, 73]. β-Glucans also exist with heteropolysaccharide chains of
xylose, mannose, galactose, uronic acids, and β, D-glucan-protein complexes which
are present in the dry fruiting body (10–50%) [74, 75].

Polysaccharides prevent oncogenesis by not attacking the cancer cells directly, but
by activating the immune response in the host. Fang and Zhong [76] indicated that
active immunomodulatory polysaccharides are water-soluble (β-1,3 and β-1,6) glucans
which can be precipitated by ethanol. Other polysaccharides such as glycopeptides [77,
78] and proteoglycans [79, 80] are also reported to have immunomodulatory activities.
Purified mushroom polysaccharides have been used worldwide especially in China,
Japan, and Korea for years for clinical purposes without any side effects. Polysaccha-
rides are reported to increase the quality of life of cancer patients and offer promising
survival rates [81]. Mushroom extracts are used as tonic for the immune system.
Polysaccharides are reported to be very effective for wound healing [82].

9.1.2 Triterpenoids
Other class of bioactive compounds are also present abundantly in G. lucidum.
Approximately 140 types of triterpenes have been identified in G. lucidum [49, 83,
84]. Most of them are lanostane type triterpenes. Extract of G. lucidum tastes bitter
due to the presence of these triterpenoids, especially Ganoderic acid which is the
major type of triterpenoid present in this mushroom. There are several types of
Ganoderic acids such as, GA-A, B, C, and F. Previous studies indicated that
triterpenoids are present more in the spores as compared to other parts of the
mushroom. The production of bioactive compounds is also affected by the area
and conditions in which they grow [85]. The basic structure of triterpenoid depends
on the structure of lanosterol, an important intermediate for the biosynthesis of
steroid and triterpene. Triterpenes are divided into three groups based on the number
of carbon atoms and functional groups which are C30, C27, and C24 compounds
[86]. Many of them find useful as chemotherapeutic agents.
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9.1.3 Phenolic Compounds
Phenolic compounds are one of the important and the most commonly extracted
bioactive compounds from G. lucidum. They can be classified as simple phenols and
phenolic acids such as gallic acid, benzoic acid, syringic acid, chlorogenic acid, and
polyphenols which are classified into many distinct groups such as flavonoids,
tannins, stilbenes. Flavonoids are a group of polyphenolic compounds with known
health-beneficial properties that include free radical scavenging, inhibition of hydro-
lytic and oxidative enzymes, and anti-inflammatory activity [87]. Research studies
suggest that the biological activity of these compounds is related to their antioxidant
activity. Phenolic compounds have significant biological and pharmacological prop-
erties, and some have demonstrated remarkable ability to alter sulfate conjugation.
The bioactivity of phenolics may be related to their ability to chelate metals, inhibit
lipoxygenase, and scavenge free radicals [88]. Methanolic extracts of G. lucidum
have been reported to contain higher antioxidant activity [89, 90], and their radical
scavenging mechanism has been revealed (c). Heleno et al. [91] revealed that the
phenolic extracts of fruiting body and mycelia have higher antioxidant potential than
their corresponding polysaccharide extracts, highlighting a higher contribution of
free phenolic compounds than the antioxidants linked to polysaccharides.

9.1.4 Sterol and Ergosterol
Sterols are derivatives of triterpenoids. Ganoderma lucidum has been determined
to contain ergosterol and 24-methylcholesta-7,22-trien-3-ol. 8,9-epoxyergosta-5,22-
dien-3,15-diol from G. lucidum was reported as the first isolated free sterol [72].Hajjaj
et al. [92] reported the isolation and identification of 26-oxygenosterols such as ganoderol
A, ganoderol B, and ganoderic acid Y. They also determined that 26-oxygenosterols
could lead to novel therapeutic agents that can lower the blood cholesterol.

Ergosterol is one of the important pharmaceutically relevant compounds. It is a
vitamin D precursor. The integrity of fungal cell membrane is maintained by
ergosterol. It also generates cellular energy. Measurement of Ergosterol is an impor-
tant parameter in the biomass production. A new, highly oxygenated sterol, 22E,
24R-ergosta-7,22-diene-3beta, 5alpha, 6beta, 9alpha,14alpha-pentol was reported
by Zang et al. [93]. Ergosterol was found to be higher in G. lucidum (median
content, 705.0 μg/g; range, 189.1–1453.3 μg/g; n= 19) as compared to other species
(median content, 80.1 μg/g; range, 16.0–409.8 μg/g; n = 13) [94].

9.1.5 Proteins
In addition to polysaccharides and triterpenoids,G. lucidum is a reservoir of proteins and
peptides with biological activities [95]. LZ-8 is one of the proteins isolated from
G. lucidum which appears to be related to an ancestral protein of the immunoglobulin
superfamily. Confirmation of this protein was carried out by sequencing studies, and it
resembled with the sequences and secondary structure of heavy chain region of immu-
noglobulin. The biological activities are almost similar to lectins which have mitogenic
capacity [96] towards mouse spleen cells and human peripheral lymphocytes in vitro.

Other proteins are ribosome inactivating proteins (RIP), antimicrobial proteins,
ribonucleases, and laccases. All these compounds play essential role in regulating
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the body’s immune mechanism directly or indirectly. Among these proteins, FIP
plays a vital role in antitumor, antiallergic, proliferation of lymphocytes, and trans-
plant rejection activities [97]. Seven FIPs have been identified till now from varied
species of Ganoderma. They are LZ-8 (G. lucidum), FIP-gts (G. tsugae), FIP-fve
(Flammulina velutipes), FIP-vvo (Volvoriella volvacea), FIP-gmi (G. japonicum),
and FIP-gsi (G. sinensis) [98, 99]. One molecule of FIP composed of 110 to 114
amino acids and their molecular weights are around 13 kDa. Among the FIP
proteins, LZ-8 contains low levels of carbohydrates, but other FIPs are pure proteins
without any carbohydrates. The presence of a lower amount of FIP inG. lucidum is a
problem for recovery to meet its growing demand. Nowadays it is the major concern
among the researchers, and thus the focus is on the genetic engineering to develop
FIP protein through cloning FIP genes in eukaryotes and prokaryotes [100, 101].

9.1.6 Nucleotides and Nucleosides
These are the nitrogenous compounds which play important roles in the metabolism
and stimulate hemopoieses. Nucleosides include adenosine and 5-deoxy-50
methylsulfinyladenosine. Adenosine of G. lucidum suppresses platelet aggregation
and prevents heart attacks and thrombosis [102].

9.1.7 Lipids and Fatty Acids
Phosphatidic acids are not the abundant lipid constituents in the living organisms,
but they play significant role in the membrane trafficking events and defense
mechanisms against infection and tissue damage during inflammation. Presence of
these lipids makes this mushroom important among the medicinal species [103]. The
main fatty acids in G. lucidum are palmitic acid, linoleic acid, oleic acid, and stearic
acid. Fatty acids in the spores could inhibit tumor cell proliferation [94]. Non-
adecanoic acid is another fatty acid present in this mushroom which has the highest
inhibitory activity, followed by heptadecanoic acid, stearic acid, and palmitic
acid [69]. Palmitic acid and stearic acid are the strong apoptotic agents [104].

9.1.8 Amino Acids
Nutritional analysis of G. lucidum showed the presence of 16 amino acids (Table 2),
where glutamic acid (120), aspartic acid (117), glycine, and alanine show the highest
relative abundance, whereas methionine shows the least [77].

9.1.9 Alkaloids and Other Compounds
Generally, alkaloid content is relatively less in G. lucidum. The alkaloids such as
choline and betaine were isolated from the spores of G. lucidum [72]. Studies have
showed the presence of alkaloids and their chemical allies, i.e., saponins, flavonoids,
and tannins [105] in G. lucidum.

Studies by Mizuno [106] showed that the extracts of G. lucidum (% dry weight)
consist of folin-positive material (68.9%), protein (7.3%), glucose (11.1%), and metals
such as K, Ca, Ge, and Mg. The outcome of this study agrees well with the reports of
other investigations [20, 107]. Moreover, there is a difference in the qualitative and
quantitative results in the chemical composition of G. lucidum extracts. It is mainly
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affected by the factors such as quality of the strain, origin, cultivation conditions, stages of
harvesting, and extraction processes [83]. Elemental analysis of log-cultivated fruiting
bodies of G. lucidum revealed phosphorus, silica, sulfur, potassium, calcium, and
magnesium to be their mainmineral components. Iron, sodium, zinc, copper, manganese,
and strontiumwere also detected in lower amounts, aswere the heavymetals such as lead,
cadmium, and mercury [108]. Ganoderma lucidum also contains soluble proteins,
oleic acid, cyclo-octasulfur which is an ergosterol peroxide (5,8-epidioxy-ergosta-
6,22E-dien-3-ol), and cerebrosides ((4E0,8E)-N-D-20-hydroxystearoyl-1-Ob-D-
glucopyranosyl-9-methyl-4-8-sphingadienine, and (4E,8E)-N-D-20-hydroxypamitoyl-
1-O-b-D-glucopyranosyl-9-methyl-4-8-sphingadienine [49, 106, 109]. Compounds
such as choline, betaine, tetracosanoic acid, stearic acid, palmitic acid, ergosta-22-dien-
3-ol, nonadecanoic acid, behenic acid, tetracosane, hentriacontane, ergosterol, and
β-sitosterol have been reported in the spores of G. lucidum [110].

Some attention has been given to the germanium content of Ganoderma spp.
Germanium was the fifth highest in terms of concentration (489 μg/g) among
the minerals detected in G. lucidum fruiting bodies collected from the wild [111].
Germanium is not an essential element at low doses. It has been credited with
immunopotentiating, antitumor, antioxidant, and antimutagenic activities [112].
Other compounds that have been isolated from G. lucidum include enzymes such
as metalloprotease, which delays clotting time, ergosterol (provitamin D2), nucleo-
sides, and nucleotides (adenosine and guanosine) [2, 50].

9.2 Extraction, Product Recovery, and Analysis of Bioactive
Compounds

Ganoderma lucidum is enriched with active compounds such as polysaccharides,
triterpenoids, nucleotides, organic germanium, fatty acids, proteins, amino acids,

Table 2 Amino acid
composition in
G. lucidum

Amino acid Relative abundance

Glutamic acid
Aspartic acid
Glycine
Alanine
Threonine
Valine
Proline
Leucine
Serine
Isoleucine
Phenylalanine
Arginine
Lysine
Tyrosine
Histidine
Methionine

120
117
108
100
66
61
60
55
54
36
28
22
21
16
12
6
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and sterols. Therefore, it is essential to develop a methodology for the effective
recovery and easy analysis of these bioactive compounds. All these components
have been reported to have pharmaceutical applications. Separation of individual
components is difficult, time-consuming, and expensive; therefore, industries are
looking for random isolation of compounds in the form of crude mushroom extract.
In the past few years, it is being a challenge to develop a methodology for
the elicitation, recovery, extraction, and analysis of bioactive compounds from
G. lucidum. Triterpenoids appear to be hydrophobic and are present in ethanol or
chloroform fractions, whereas the polysaccharides are water-soluble and are the
major bioactive compounds in the water-soluble extract of Ganoderma.

9.2.1 Preparation of G. lucidum for the Extraction of Bioactive
Compounds

Ganoderma lucidum should be first processed after collection. Preparing the raw
materials for a process involves cleaning the material from dirt by washing or rinsing
and removing the trunks either manually or by using a vegetable slicer. Thereafter,
the material should be dried to reduce their moisture content, to avoid probability of
degradation, and to facilitate the safe storage and transportation [113]. By removing
the moisture content, the efficiency of extraction process will be enhanced
remarkably.

9.2.2 Drying (Demoisturization)
Generally, many drying methods are used to dry the mushroom sample. These
methods are classified into two groups: heating (baking, ovens, stoves, and infrared)
and air-drying (drying chambers with air circulation) [113]. Classically, drying
G. lucidum in an open air either under shading or direct sunshine is the most
commonly used method due to its low-cost and simple preparation set-up. However,
choosing the right drying method is limited by the type of desired bio-components
and their physical properties. For example, for thermolabile components (thermally
nonstable components), such as polyphenols and triterpenes, it is recommended to
maintain the drying temperature below 40 �C to avoid thermal degradation of these
components [114, 115]. Also, for some of the light sensitive components such as
polyphenolics, it is important to keep the raw materials away from the sun light
during the drying stage [115]. For industrial production, large-scale batches could be
processed by hot air-drying method which is an economically cost-effective but
physically may affect the products due to the probability of oxidation damage that
can occur when exposed to air stream [116]. In general, to retain most of the
bioactive components, a temperature range of 50–60 �C is the most commonly
followed for drying the herbal materials [117–119].

Through an extended literature survey, different drying methods were reported
to prepare the herbal materials for the extraction of bioactive compounds.
Ganoderma lucidum under 60 �C for 24 h [120] is suitable to retain the bioactive
compounds, while in many other reviews air drying chambers were used to dry
G. lucidum under 105 �C [54, 121]. The flexibility of using different drying methods
could be attributed to the ability of polysaccharides to withstand relatively a wider
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range of temperatures, i.e., 30 �C [122], 45 �C [123], 50 �C [124], 90 �C [125], and
105 �C [126], depending on the matrix of the mushroom.

9.2.3 Size Reduction of Herbal Materials (Grinding)
Size reduction is the second important preparatory stage for any extraction process.
It was found that cutting the mushroom into small pieces or reducing the particle size
of the raw materials before extraction is essential to increase the mass transfer rate of
the entire process. Reducing the particle size leads to an increase in the contact
surface area between the solvent and the extracted mass, which increases the
diffusion of bio-components in the solvent and thus results into an increase in the
overall mass transfer rate. The size reduction can be implemented by inserting the
mushroom sample into a hammer mill or disc pulverizer provided with sieves in
different ranges of particle permeation. Many factors affect the grinding of mush-
room samples such as adjusting the speed of the rotor clearance between the
hammers and the lining of the grinders, the discharge capacity of the mill, and the
sieve sizing which is preferable to be in between 30 and 40 mesh as an optimal range
for the extraction of mushroom samples.

For G. lucidum, to improve the extraction process of polysaccharides, the fruiting
body is preferably to be used in the powder form [121]. A 32 range of particle size
(2–5 mm) is reported by several studies on the ultrasonic-assisted extraction
of polysaccharides from G. lucidum. The fruiting bodies of G. lucidum were
crushed to pass 2 mm screen [73, 120, 127], 5 mm [118] or cutting into small pieces
of 3 to 2 cm of 2 mm thickness [128, 129]. Generally different grinding machines
(pulverisers) are used to prepare fine particles in the powder form. Usually these
grinding machines are provided with shaker and sifting-sieves of 12–120 mesh
[130], such as 70 mesh [131], 40 mesh [132], and 60 mesh [133].

9.2.4 Pretreatment with Aqueous Ethanol
Many studies showed that pretreating the herbal materials with polar organic sol-
vents (ethanol, methanol), or an aqueous alcoholic mixture, helps to exclude large
amount of constituents (monosaccharides, fatty acids, amino acids, phenols, and
endogenous enzymes), other than macromolecules such as polysaccharides, nucleic
acids, and proteins which could be extracted in a later stage by the polar solvent such
as water. The aqueous mixture of ethanol, 60–90% (v/v), has been used for this
purpose due to its ability to extract a wide range of components with different
polarity. The most important stage in the pretreatment with aqueous ethanol is the
prior removal of hydrophobic constituents, such as fats that greatly influence the
extraction stage and limit the penetration of water into the solid structure [134]. In
the extraction of polysaccharides from G. lucidum, the raw materials are treated first
with 80% ethanol, under shaking, at 30 �C for 24 h, to remove free sugars (mono-
saccharides), polyphenolics, and lipophilic components [116, 127, 135]. Another
composition of aqueous ethanol, i.e., 95%, has been reported in the pre-treatment of
G. lucidum relatively at a higher temperature (70 �C), to improve the removal of
endogenous enzymes and to reduce the long time required as compared to 80%
ethanol at room temperature [120, 124].
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9.3 Polysaccharides

They are the major contributors of bioactivity in G. lucidum with a wide range of
physicochemical properties. Major class of polysaccharides are β-1,3 and β-1,6-D
glucans. They exist in two forms, i.e., water-soluble and water-insoluble.
Polysaccharides are of two types: extracellular (EPS) and intracellular (IPS). Exo-
polysaccharides or extracellular polysaccharides are secreted by the microorganisms
into the surrounding environment. Generally, IPS is extracted with 1 M NaOH at 60 �C
for 1 h. Other solvents such as ammonium oxalate (1%) and NaOH (5%) could also be
used for the extraction. EPS is usually extracted by precipitation with 3 to 4 volumes of
ethanol of 95% [39]. To eliminate smaller molecules such as mono- and oligosaccha-
rides, dialysis of the filtrate is sometimes preferred before applying precipitation using
ethanol [76]. In case of solid-state fermentation (SSF), it is difficult to separate EPS from
IPS asmycelia will be strongly boundwith the substrate and EPS does not dissolve in the
liquid phase. To recover the polysaccharides, the fermented substrate alongwithmycelia
should be extracted with cold or hot water [41] for 5 h. However, such amethod not only
separates EPS and IPS produced by the organisms, but also some polysaccharides from
the solid substrate. The resulted polysaccharides are analyzed by phenol-sulfuric acid
method [136]. But it has been found out that the detection of polysaccharide by this
method is not stable because along with polysaccharides the presence of some of the
monosaccharides, oligosaccharides, and protein also give faulty positive result for
phenol-sulfuric acid. Therefore, it is important to eliminate other molecules from the
samples using techniques such as dialysis, gel exclusion chromatography, or column
chromatography. Determination of proteins separately is also necessary to make sure the
accuracy of phenol-sulfuric acid assay [39].

To isolate water-soluble polysaccharides from G. lucidum, the samples are extra-
cted with hot water (95–100 �C). It is followed by three volumes of ethanol precip-
itation and the polysaccharide fractions are collected by centrifugation [77].Alkali-
soluble polysaccharides are separated by 0.1–1.0 M sodium hydroxide [137, 138]. It
has also been reported that to remove the lipids present in the sample, prior to the hot
water or alkali extraction it is to be extracted first with ethanol under reflux [53]. This
pretreatment also deactivates enzymes which hydrolyze the polysaccharides. Cheong
et al. [75] reported that the biological activity of polysaccharide differs based on the
types of extracting solvents as well as the fractionation methods employed.

The extracted polysaccharides are further isolated and purified by fractional
precipitation, acidic precipitation, ion exchange chromatography, gel filtration,
affinity chromatography, and TLC. Electrophoresis and gel filtration chromatogra-
phy techniques are used as effective tools for determining the homogeneity and
molecular weight. Paper chromatography, TLC, GC-MS, and HPLC are used for
compositional analysis [72].

9.4 Triterpenoids

More than 130 oxygenated triterpenes have been isolated from G. lucidum [139] and
most of them are lanostane-type triterpenes. There are two types of extraction
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methods for the isolation of triterpenes from G. lucidum. One involves the extraction
of total triterpenes using the organic solvents and water. Min et al. [85, 140]
extracted the triterpenes from spores of G. lucidum by refluxing with methanol.
Extraction of triterpenes is usually done by means of methanol, ethanol, acetone,
chloroform, ether, or a mixture of these solvents.

The second approach is the selective isolation of acidic triterpenes from the
fraction of total triterpene. Extraction of fruiting bodies with 95% aqueous ethanol
under reflux has been reported [141]. The obtained ethanol fraction was evaporated
under reduced pressure to obtain a residue which was then suspended in water
followed by extraction with chloroform. 5% NaHCO3 was added to the chloroform
extract and the water phase was collected which was again extracted with chloroform
after acidified with HCl (6 N) to a pH less than 3 [142]. The collected residue after
chloroform evaporation was suspended in absolute ethanol and spectrophotometric
measurements were made at 245 nm to determine the Ganoderic acid [143]. Tri-
terpenes could be further purified by silica gel column chromatography and prepar-
ative HPLC [144, 145].

10 Therapeutic Effects of Bioactive Compounds of G. lucidum

Being worshipped as a herbal medicine, a great deal of work has been carried out on
the therapeutic applications of this special mushroom [14]. Medicinal use of
G. lucidum has been recorded in ancient Chinese manuscripts. Extracts of this
mushroom have been included in the treatment of insomnia, dizziness, chronic
hepatitis, coronary heart diseases, hypertension, carcinoma, and bronchial cough.
One of the promising properties shown by this wonder medicine is the extended life-
span while increasing the vitality.G. lucidum has been used in the fields of antiaging,
male sexual dysfunction, hypercholesterolemia, chemotherapy induced toxicity,
anticarcinogenic, narcotic-induced immunosuppression, antitumor activity, radio-
protective, sleep promoting, antiviral, antifibrotic, antiulcer, radical-scavenging,
and in the immunostimulation [2]. It is widely used as an active adjuvant in the
treatment of carcinoma and related symptoms.

Sliva [146] indicated that in Western medicine one of the major obstacles in
accepting the mushroom based natural products is their complexity. Alternatively,
this complexity can also bring significant advantages. Some of the components in the
natural products could reduce the cytotoxicity of cells, and the interaction between
some of the biologically active components may be responsible for their in vivo
effects. Besides, different compounds could modulate the unrelated signaling and
thereby exhibiting a synergistic effect. The triterpenes of G. lucidum directly sup-
press the growth and invasive behavior of cancer cells, whereas polysaccharides of
G. lucidum stimulate the immune system resulting in the production of cytokines and
activation of anticancer activities of immune cells. The data obtained from the
research studies demonstrate the effect of G. lucidum only on the molecular level,
and thus preclinical and clinical studies are necessary for the validation of this
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natural product in the prevention and/or therapy of cancer. The important medicinal
applications of G. lucidum are described below.

10.1 Anticancer Studies

Cancer is one the most concerned medical conditions among the human population
and effective treatments are always sought which have least or no side effects.
Ganoderma lucidum has been a popular supplement taken by healthy individuals
to boost their immune system or by the cancer patients to reduce the side effects of
chemotherapy. Ganoderma lucidum is considered to be a factory for bioactive
compounds which can reduce the lethal effects of cancer. Fruiting body, mycelia,
or spores are reported to contain these bioactive compounds. Polysaccharides and
triterpenes are the two major classes of components in this mushroom which exhibit
chemopreventive and/or tumoricidal effects as proved by numerous in vitro and in
vivo studies [147]. Tumor implanted animal models have shown inhibitory effects
on angiogenesis and metastasis. However, evidence from well-designed human trials
is still scarce. Tomasi et al. [148] tested 58 basidiomycetes mushrooms, of which
G. lucidum was shown to be the most effective in killing the cancer cells.
Ganoderma lucidum induced cell-cycle arrest and apoptosis in various human and
rodent tumor cells, including murine lymphocytic leukemia L1210 and Lewis lung
carcinoma, have been reported [148].

Ganoderma lucidum also exhibits chemo-and radio preventive effects which are
attributed to its effects on the immune system. Ganoderma lucidum extract showed
better effect than Krestin (protein bound β-glucan isolated from Coriolus versicolor)
in repairing the damage of subset T-cells in the spleen of irradiated mice [149]. One
of the polysaccharide peptides from G. lucidum reported to restore the immunologic
parameters depressed by morphine treatment beyond normal levels [150].

10.2 Antioxidant Activity

Antioxidants are natural or man-made substances which can prevent the activity of
other chemicals known as free radicals that cause damage to the cells. Ganoderma
lucidum is one such mushroom widely used due to its antioxidant activity.
Consumption of antioxidants may help prevent cancer and other chronic diseases
[151].Antioxidants protect cellular components from oxidative damage, decrease
risk of mutations and carcinogenesis, and protect immune cells, allowing them to
maintain immune surveillance and responses. The bioactive compounds such as
polysaccharides and triterpenoids show antioxidant activity in vitro [58, 152, 153].
Antioxidants from G. lucidum were found to be absorbed quickly after ingestion,
resulting in an increase in plasma total antioxidant activity [154].

Ooi and Liu [155] reported that protein-bound polysaccharide (PBP) and poly-
saccharide peptide could mimic the endogenous antioxidant superoxide dismutase
(SOD) in cancer-bearing animals in vivo. These polysaccharides were also reported
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to protect the immune cells from oxidative damage. The protective effects of
G. lucidum on DNA strand scission induced by a metal-catalyzed Fenton reaction,
ultraviolet irradiation, and hydroxyl radical attack were shown in agarose gel electro-
phoresis in vitro [156]. Hot water extracts of G. lucidum significantly protected Raji
cells from hydrogen peroxide (H2O2)-induced DNA damage [157]. The aqueous
extract protected cellular DNA from oxidative damage, whereas the ethanolic extract
damaged the cellular DNAwith increased H2O2 production and significant cell-killing
effects were observed. The results suggested that different effects of G. lucidum could
be exhibited by different components of extract in bladder chemoprevention.Methanol
extracts of G. lucidum were reported to prevent kidney damage (induced by the
anticancer drug cisplatin) through restoration of the renal antioxidant defense system
[158]. In contrast, a fraction of Ganoderma triterpenes (GTS) was found to enhance the
intracellular reactive oxygen species (ROS) in HeLa cells, leading to more DNA
damage and apoptosis, whereas such a synergism was inhibited by a ROS scavenger
[159]. In an animal study (diabetic rats), nonenzymic and enzymic antioxidant levels
increased and lipid peroxidation levels decreased with G. lucidum treatment [160].
However, a direct link has not been established between the antioxidant properties of
G. lucidum and its immunomodulatory and anticancer effects.

10.3 Antiallergic Property

Another important application of the fruiting bodies of G. lucidum is their applica-
tion as anti-inflammatory agents for the treatment of asthma or allergy. Ganoderma
lucidum has unique array of compounds called immunonutraceuticals, which play a
leading role in the treatment of histamine-mediated allergic responses [161].
Ganoderma lucidum is reported to be as an effective agent to restore the normal
balance between the cytokines TH1 and TH2 immune states in patients
with histamine-mediated allergic responses [162]. In a case study of hay fever
patients, Powell found that patients (male) of age 5 and 39 with different doses
viz. 2 tablets � 500 mg a day and 6 tablets � 500 mg per day of G. lucidum resulted
in a decrease in drowsiness, itchiness and sneezing.

10.4 Antibacterial and Antiviral Activity

Ganoderma lucidum has been widely reported as a good antibacterial agent.
Aqueous as well as methanolic extracts of G. lucidum inhibited several types of
gram-positive and gram-negative bacteria. Studies indicated that a combination of
G. lucidum extract with different antibiotics has resulted in an additive effect in most
of the instances [163]. Active compounds such as triterpenes, ganomycein, and other
aqueous extracts have broad spectrum antibacterial activity in vitro [39]. A 15-kDa
antifungal protein ganodermin isolated from G. lucidum is known to inhibit the
mycelia growth of Botrytis cinerea, Fusarium oxysporum, and Physalospora
piricola with an IC 50 value of 15.2 μM, 12.4 μM, and 18.1 μM, respectively [65].
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10.5 Antidiabetic Effect

Few animal studies of polysaccharide fractions of G. lucidum demonstrated that they
have the potential hypoglycemic and hypolipidemic activities. The aqueous extract
(1000 mg/kg) of G. lucidum normalized the blood glucose levels in alloxan-induced
diabetes in Wistar rats [164]. Water extract of G. lucidum reduced the increase in
blood glucose levels in rats following oral glucose test. A clinical study aimed at
evaluating the antidiabetic efficacy and safety of polysaccharide fractions extracted
from G. lucidum (Ganopoly) by a patented technique in 71 patients with confirmed
type II diabetes mellitus has been reported by Gao et al. [109]. Treatment with
Ganopoly significantly decreased the mean HbA1c from 8.4% at baseline to 7.6% at
12 weeks which demonstrated that Ganopoly is efficacious and safe in lowering the
concentration of blood glucose.

11 Conclusions

Ganoderma lucidum is a well-known medicine with remarkable range of applica-
tions. Though the global consumption of G. lucidum is high, the production rate is
not satisfactory. The bioactive compounds inG. lucidummake it very special and are
classified under Host Defense Potentiators (HDP) which can have immune system
enhancement properties. Various products such as capsules, creams, tonics, and
syrups are available in the market, which offer high health benefits. Many researches
have been performed in this mushrooms on its cultivational and medicinal aspects.
Its positive health benefits include anticancer effects, antioxidant, antibacterial,
blood glucose regulation, and antiviral effects and protection against liver and gastric
injury. Though many studies are performed on animal models, successful studies on
human cell models are least reported. Human experimental studies have often been
small, and the results are not always supportive of the in vitro findings. Therefore,
Ganoderma research on its clinical aspects need more supportive clarifications for
the dosage and side effects in the human beings. Similarly, the mechanism of action
of different bioactive molecules isolated from this mushroom is yet to be elucidated.
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