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1. INTRODUCTION
Ganoderma lucidum is a fungi belongs to Basidiomycetes division , 
order polyporales and is a wood decaying organism with many 
medicinal values. In Japan it is mentioned as Reishi and Lingzi in 
China [1,2]. Lingzhi shows peculiar character having doubled walled 
basidiospores which may differ from other polyporales [3].  Fruiting 
bodies of Ganoderma species have bitter taste, hard, not having eshy 
texture, hence not considered as edible mushroom [4]. Since 2000 
years Lingzhi occupies a major source of medicine through out world 
wide. Powders, dietary supplements are the products prepared from 
mycelia, spores and fruiting body of Lingzhi are available 
commercially [5]. More than four hundred different bioactive 
compounds, which mainly include polysaccharides, triterpenoids, 
nucleotides, sterols, fatty acids, proteins and trace elements have been 
isolated and identied from spores, mycelia and cap of Reishi. These 
bioactive compounds are used to treat various complications namely 
headache, hypertension, bronchitis, nephritis, lupus erythematoxis, 
leucopoenia, cardiovascular problems and cancer [6,7]. Extract of 
Reishi also used in synthesis of silver nanoparticles [8]. Articial 
cultivation of mycelial biomass, spore and fruiting body of 
Ganoderma lucidum has become essential as the demand in 
international market is in constant increase [9]. Presently saw dust bag 
and liquid state medium procedures are preferable for production of 
Reishi mycelia, spores and cap and second method involves the 
production of fungi mycelia biomass and its metabolic products. For 
development of whole mushroom may be inuenced by media and 
various process parameters. Cheap carbon sources like rice straw, saw 
dust, wheat straw and nitrogen sources which include what bran, rice 
bran along this substrates, physical factors like temperature, aeration, 
relative humidity and pH are maintained [10]. 

2. Cultivation Procedure
2.1 Nutritional and environmental factors
The mycelia growth, fruit body yield and different biologically active 
compounds synthesis in Ganoderma lucidum are inuenced by 
substrate and environmental conditions [10]. Substrate namely hard 
wood sawdust, cotton seed hull, rice straw, wheat straw and other 
agricultural by products acts as carbon source. Along carbon source, 
nitrogen is also a major component without nitrogen protein could not 
be synthesised and mycelia do not grow. The nitrogen rich materials 
like wheat bran, rice bran, corn powder are added to media [12]. 
Inorganic elements like potassium, calcium, sodium, magnesium, 
phosphorous, sulphur are also essential, but these components are 
available in substrate. Calcium sulphate, potassium dihydrogen 
phosphate, magnesium sulphate still need to be added to media, 
especially calcium sulphate reason is that it maintains pH value of 
substrate, change the void spaces in the medium, proper air ow, xing 
nitrogen and improves the quantity of sulphur and calcium elements 
[5]. For proper mycelia growth and to avoid oxygen deciency in 
media, 60 – 65% moisture level should be maintained. Temperature is 
required for enzymatic reactions during the development process of 
the mycelia and fruit bodies. Lingzhi mycelia can grow with in a 

0 0 0temperature range of 20 c to 35 c and optimum temperature is 25 c -
030 c. Fruiting body will become yellow and rigid when temperature is 

0 0below 20 c and easily die at temperature above 35 c [13]. 60 – 65% 
relative humidity is maintained for mycelia growth and for fruiting 
body development relative humidity should be increased to a level of 
85% - 95%. Lingzhi is an aerobic fungi, requires oxygen to support life 
activities. It is necessary to absorb oxygen and release carbon dioxide 
during whole growing period, When the concentration of carbon 
dioxide is higher than 0.1% the fruiting body does not grow normally, 
only when carbon dioxide is below 0.1% , the fruiting body becomes 
large, thick with a rounded cap and short stipe. Light shows inhibitory 
effect on Lingzhi, but weak light promotes primordium differentiation 
and cap formation. 500 to 1000 lux is required for primordial 
formation, for fruit body development it is at 3000 to 50,000 lux [9].

2.2 Substitute cultivation - Bag method
Sawdust substrate mixture (65% wet weight and 35% dry weight was 
prepared), moisture level of the mixture was maintained at 65%. To 
this substrate mixture 10% rice bran or wheat bran and 3% calcium 
carbonate are added [14]. This mixture is lled in heat resistant 
polypropylene bag of size 18x25 cm and tightly packed, for this bag 
neck is prepared with heat resistant poly vinyl chloride tube. A hole of 
about 2/3 deep was made at center of bag with sharp end stick to place 
inoculum. The neck was plugged with cotton and covered with a brown 

0paper and these bags were sterilized at 115 c for 45 to 60 minutes and 
substrate is allowed to cool over night [15,16]. One week old pure 
culture of Lingzhi was inoculated in the hole of center of substrate bag 
and again plugged with cotton under sterile conditions. The inoculated 

0packets were kept at in almost dark at 25 c at the time of incubation, 
0 0and shifted to culture room at 25 c - 32 c along with 85 to 95% relative 

humidity. Proper aeration and spraying of water 3 to 5 times daily is 
necessary to enhance fruit body development [17]. Formation of 
fruiting body of Lingzhi requires several months by Bag method, 
furthermore fruiting bodies and spores are not suitable for direct use as 
food or pharmaceutical ingredients due to their bitter taste and very 
hard nature which makes it difculty to absorb by our body [18]. These 
problems can be overcome by production of valuable bioactive 
metabolites with fermentation techniques.

2.3 Fermentation technique – Liquid state fermentation
Formation of mycelia biomass and metabolic products in short time 
with advantages of less space utilisation with low chance of 
contamination carried by liquid state fermentation [18]. For culturing 
of mycelia and production of effective products through fermentation, 
the level of carbon and nitrogen requirements, pH value, temperature, 
oxygen, relative humidity are key factors. 

In liquid state fermentation the complex carbohydrate source like corn 
our, soyabean meal, distillers grains, an organic nitrogen sources are 
more suitable for production of mycelial biomass and extracellular 
polysaccharide production compared with inorganic nitrogen sources 
[19]. Small amount of magnesium sulphate and potassium dihydrogen 
phosphate are added along with carbon and nitrogen sources to media 
for better growth of mycelia and production of bioactive compounds.  
Polysaccharides obtained with in 3 to 5 weeks only through liquid state 
fermentation [9].
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3. Major Bioactive Components
Triterpenoids, polysaccharides, nucleotides, fatty acids, sterols, 
proteins and trace elements are present in mycelia, fruiting body and 
spores of Ganoderma lucidum [20]. From Lingzhi more than one 
hundred triterpenes have been isolated, which are of bitter tasting and 
mainly occurs in form of ganoderic acid, ganosporeric acid [21]. Large 
amounts of ganodermic acids, triterpene lactones are present in spores 
than other parts of Reishi mushroom. More than  two hundred 
polysaccharides (Ganopoly) have been isolated from spores, mycelia 
and fruiting bodies and from broth of liquid culture of Lingzhi [22]. β- 
D- glucans, heteropolysaccharides with various combinations of 
glucose, galactose, mannose, xylose, arabinose and fucose have been 
isolated and characterised with molecular weight ranges from 
thousands to million Daltons. 

Some protein bound sugars also identied [23].  Various fungal 
immunomodulatory proteins (FIP) namely Lingzhi – 8 (LZ-8), FIP – 
l29 are present in Reishi mycelia. These proteins are small molecules 
with similar structure and immunoregulatory activity to 

'immunoglobulin [24].  Adenosine and 5–deoxy–5 methyl 
sulnylad–nosine are nucleotides and nucleosides, which are 
nitrogenous compounds are also isolated from LIngzhi [25]. 
Ganoderma lucidum also contains aminoacids, soluble proteins, 
sterols, oleic acid, cyclo-octasulfur, an ergosterol peroxide and 
cerebrosides [26]. Magnesium, zinc, calcium, iron, copper, 
germanium, manganese are inorganic ions also identied in Reishi 
fungi. Choline, betaine, tetracosanoic acid, stearic acid, ergosta-7, 
palmitic acis, behenic acid, tetracosane, hentriacontane and ergosterol 
are available in spores. Pyrophosphatidic acid is a lipid also isolated 
from Resihi mushroom [27].

4. Therapeutic Applications
Antiatherosclerotic, immunomodulating, auto-inmmatory, 
analgesic, antitumor, chemopreventive, radioprotective, sleep 
promoting, antiviral (including anti-HIV and Corona virus disease of 
2019), antibacterial, hypolipidemic, antibrotic, hepatoprotective, 
diabetic, anti oxidative, anti-scavenging, hypoglycrmic, anti-aging 
and anti-ulcer properties are the pharmacological effects showed by 
Lingzhi mushroom [28,29,30].

4.1 Antitumor effect
Ganopoly of Resihi exhibit antitumor activity against Sarcoma 180 in 
mice [27]. Cytotoxic activity in vitro on hepatoma cells showed by 
triterpenoids like ganodermic acids which are extracted from Lingzhi 
[31]. Activation of T-helper, natural killer cells, macrophages and other 
effector cells takes places after binding of polysaccharides on 
leukocytes surfaces or serum specic proteins, and results in 
production of cytokines namely tumor necrosis factor (TNF-α), 
interleukins (IL), interferons (IFN), nitric oxide by the activated 
effector cells have been increased [32].

4.2 Cholesterol and lipid metabolism
The powdered mycelium of Ganoderma lucidum at 5% of the diet of 
spontaneously hypertensive rats for four weeks, leads to plasma total 
cholesterol to lowered signicantly by 18.6%. Total liver triglyceride 
and liver cholesterol levels were also decreased in Lingzhi fed group 
by 46% and 56% [33].

4.3 Hypertension
Systolic blood pressure signicantly lowered (approximately 100mg 
Hg) with out causing difference in heart rate in hypertensive rats when 
fed with powdered mycelium of Lingzhi at 5% diet for four weeks [34].

4.4 Antibacterial effect
Growth of both gram positive and gram negative bacteria will be 
inhibited by the antibacterial substances present in Resihi fungi [26]. 
Gastroduodenal diseases like peptic ulcer, gastric carcinoma and 
gastritis are associated with Helicobacter pylori. Extracts of Lingzhi 
mushroom has ability to inhibit the growth of Helicobacter pylori. 
Extracts of Resihi mushrom show broad spectrum activity against 
bacteria due to presence of ganomylin, triterpenoids. Thus, it is 
important that antibacterial activity of Lingzhi may be useful for those 
patients with chronic bronchitis and peptic ulcer diseases    [35].

4.5 Anti-HIV activity
Different triterpenoids of Lingzhi had showed inhibitory effect against 
HIV. Lucidenic lactose, lucidenic acid extracted from fruiting body of 
Resihi inhibits the activity of calf DNA polymerase-α, rat DNA 

polymerase-β but also shows its action on reverse transcriptase 
enzyme of HIV-1 [19].Ganoderic acid B and ganoderiol B showed 
potent inhibitory action on HIV-1 protease [36]. 

4.6 Silver nanoparticles
Silver nanoparticles were prepared by adding silver nitrate solution 
with extract of Lingzhi [8]. Low concentration of silver nanoparticles 
is attractive due to its non-toxicity to the human body, its broad 
spectrum antibacterial action, and also due to its bactericidal action 
against multiresistant bacteria like Methicillin-resistant 
Staphylococcus aureus (MRSA}, as well as multi drug resistant 
Pseudomonas aeruginosa [37]. Silver nanoparticles interact with a 
wide range of metabolic process with in microorganisms, resulting in 
inhibition of growth, loss of infectivity leading to cell death. Positive 

+ charge on the Ag ion is crucial for its antimicrobial activity through the 
electrostatic attraction between the negatively charged cell membrane 
of the microorganisms and the positively charged nanoparticles. 
Irregular shaped pits formation takes place in the outer membrane that 
changes membrane permeability, which may lead to release of 
lipopolysaccharides and membrane proteins due to metal deposition 
[38].

5. CONCLUSION
Reishi mushroom is named as a herb of longevity and has been used for 
thousand of years in some countries. A critical need in the eld of 
technology is due for the cultivation of spores, mycelia and fruiting 
bodies of Lingzhi owing to its demand in the market. More research 
studies are needed on the therapeutic compounds of Reishi mushroom 
to assure the efciency and safety of Lingzhi and to promote the 
development of commercial functional foods and at same time 
attention is required on the side effects caused by these products.
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