Lingzhi (Ganoderma lucidum): A Potential Source of Nutraceuticals and Prebiotics
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Background: Ganoderma lucidum, commonly referred to as Lingzhi, has been used for the general promotion of health and longevity in Asian countries. Ganoderma lucidum is highly nutritive, low calorie food with good quality proteins, amino acids, nucleosides, vitamins, essential minerals and dietary fibers (quitin, polysaccharides). Ganoderma lucidum represents a major and untapped source of nutraceuticals and prebiotics.

                 In developing countries like China, Japan, Korea and India mushroom progress is a boon in the field of food, medicine and nutraceuticals industry. By virtue of having high fibre, low fat and low starch, Ganoderma lucidum have been considered to be ideal nutritional food for obese persons and for diabetics to prevent hyperglycaemia. It mainly consists of the dietary fibers and polysaccharides which stimulate the growth of beneficial bacteria in gastrointestinal tract. They are having the beneficial effects like gut health maintenance, cancer inhibition, immunopotentiation, cholesterol removal, prevention of obesity. The presence of wide varieties of phytoconstituents such as tocopherols, phenolics, ﬂavonoids, carotenoids, dietary fibres, ascorbic acid, selenium, germanium, luecine, lysine, adenosine, uracil etc. attributes for its nutraceutical and prebiotic potential. The toxicity study on human clinical trial reveals no evidence of liver, renal and DNA toxicity with Linngzhi intake.

Present overview: The present review emphasizes the focus of scientific community that there is an urgent need to promote use of Ganoderma lucidum as the potential source of nutraceutical and prebiotic product. Also strategies for enhancing quality control procedures to define and standardize G. lucidum preparations are needed to determine mechanisms of action and help to characterize the active component (s) of this putative medicinal mushroom. The present review will lead to a new generation of foods, and will certainly promote their nutritional and medicinal use.

Introduction

A nutraceuticals can be defined as a substance that may be considered a food or part of a food and provides health or medical benefits like prevention and treatment of diseases. Nutraceuticals may range from isolated ingredients and dietary supplements to genetically engineered “designer foods”, herbal products and processed products such as cereal, soups and beverages. Some example of nutritive nutraceuticals or “functional food ingredients” are dietary fibres, Polyunsaturated Fatty Acid (PUFA, fish oil), proteins, peptides, amino acids, ketoacids, minerals, antioxidative vitamins (tocopherols) and other antioxidants (flavonoids, glutathione, selenium etc.). Epidemiological studies have consistently shown an inverse association between consumption of vegetables, fruits and the risk of cardiovascular diseases and certain form of cancer [1]. Although the protective effects have been primarily attributed to well-known antioxidants such as ascorbic acid, tocopherols and beta-carotene, plants phenolics may also play significant role. Due to westernization in our diet and high consumption of carbohydrate rich diet and soft drink etc. leads to various metabolic diseases such as overweight, obesity, diabetes, coronary disease, cancer. Due to the poor nutrition, tobacco and alcohol consumption, there is increase in themorbidity and mortality. Hence there has been increase in the demand of the prebiotics. Mushrooms have become attractive as a functional food and as a source for the development of drugs and nutraceuticals responsible with their antioxidant, antitumor and antimicrobial properties [2]. Besides their pharmacological features, mushrooms are becoming more important in our diet due to their nutritional value, related to high protein and low fat/energy contents.
Ganoderma lucidum, an oriental fungus (shown in Figure 1), has a long history of use for promoting health and longevity in China, Japan and other Asian countries. It is a large, dark mushroom with a glossy exterior and a woody texture.
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Figure 1: A typical Ganoderma basidiocarp.

The Latin word lucidus means “shiny” or “brilliant” and refers to the varnished appearance of the surface of the mushroom. In China, G. lucidum is called lingzhi, whereas in Japan the name for the Ganodermataceae family is reishi or mannentake [3]. G. lucidum has been worshiped as a kind of herbal medicine, the emperors of the great Japenese and Chinese dynasties drank with their special teas and mushroom connections to achieve greater vitality and longer life. G. lucidum was also believed to be visible in “elixir of eternal youth” that the ancient toaist constantly searched for. Aside from contributing a lot to the treatment of various diseases, G. lucidum has also become popular because of its promising properties that might extend life span while increasing vigor and vitality [4]. In Chinese, the name lingzhi represents a combination of spiritual potency and essence of immortality and is regarded as the “herb of spiritual potency,” symbolizing success, well-being, divine power and longevity. Among cultivated mushrooms, G. lucidum is unique in that its pharmaceutical rather than nutritional value is paramount. A variety of commercial G. lucidum products are available in various forms, such as powders, dietary supplements and tea. These are produced from different parts of the mushroom, including mycelia, spores, and fruit body [5]. The specific applications and attributed health benefits of lingzhi include control of blood glucose levels, modulation of the immune system, hepatoprotection, bacteriostasis and more. Additionally, the presence of neuroactive compounds inthe extracts of ‘‘Lingzhi’’ that mediated the neuronal differentiation and neuroprotection of rat PC12 cells has also been demonstrated recently. The dried powder is currently used worldwide in the form of dietary supplements. Because of its presumed health benefits and appearant absence of side effects, it has attained a reputation in the East as the ultimate herbal substance [6]. Ling zhi has now added to the American herbal pharmacopoeia and therapeutic compendium. The objective of the present review is to promote the use of Ganoderma lucidum as the potential source of nutraceutical and prebiotic product on the basis of preclinical and clinical studies [7]. Also strategies for enhancing quality control procedures to define and standardize G. lucidum preparations are needed to determine mechanisms of action and to help characterize the active component (s) of this putative medicinal mushroom.                               

Literature Review
Global use and manufacturer of products A decade ago, more than 90 brands of G. lucidum products were registered and marketed internationally. Worldwide consumption is now estimated at several thousand tonnes and the market is growing rapidly. Although there are no recently published data relating to the total world market value of ganoderma products, in 1995, the total estimated annual market value given by different commercial sources was US$1628 million [8]. Numerous G. lucidum products, prepared from different parts of the mushroom, are currently available on the market. In manufacturing terms, the simplest type consists of intact fruiting bodies ground to powder and then processed to capsule or tablet form. Other “non-extracted” products are prepared from the following three sources: • Dried and powdered mycelia harvested from submerged liquid cultures grown in fermentation tanks. • Dried and powdered combinations of substrate, mycelia, and mushroom primordia, following inoculation and incubation of a semisolid medium with fungal mycelia. • Intact fungal spores or spores that have been broken by mechanical means or have had the spore walls removed. Although spore preparations have been researched and promoted vigorously in recent years, any added medicinal effects attributable to the removal or breakage of spore walls, which represents an additional and often costly step in the production process, are still controversial. Other products are prepared with materials (e.g., polysaccharides, triterpenes) extracted, usually with hot water or ethanol, from fruiting bodies or mycelia harvested from submerged liquid cultures and then evaporated to dryness and tabulated/encapsulated either separately or integrated together in designated proportions. The adoption of supercritical fluid CO2 extraction technologies has enlarged the spectrum of extracted substances due to the low temperature required during processing [9]. Several other products have been prepared as binary, ternary or more complex mixtures of powdered Ganoderma and other mushrooms (e.g., Lentinula edodes, Agaricus brasiliensis, Grifola frondosa, Pleurotus spp., and Flammulina velutipes) and even with other medicinal herbs (e.g., spirulina powder or flower pollen grains). Major pharmacological bioactive components of Ganderma lucidum Most mushrooms are composed of around 90% water by weight. The remaining 10% consists of 10%–40% protein, 2%–8% fat, 3%– 28% carbohydrate, 3%–32% fiber, 8%–10% ash and some vitamins and minerals, with potassium, calcium, phosphorus, magnesium, selenium, iron, zinc and copper accounting for most of the mineral content. In a study of the nonvolatile components of G. lucidum, it was found that the mushroom contains 1.8% ash, 26%–28% carbohydrate, 3%–5% crude fat, 59% crude fiber and 7%–8% crude proteins. In addition to these, Ganoderma lucidum contain a wide variety of bioactive molecules, such as terpenoids, steroids, phenols, nucleotides and their derivatives, glycoproteins and polysaccharides. Mushroom (Ganoderma lucidum) proteins contain all the essential amino acids and are especially rich in lysine and leucine [10]. The low total fat content and high proportion of polyunsaturated fatty acids relative to the total fatty acids of mushrooms are considered significant contributors to the health value of mushrooms. The major pharmacological active phytoconstituents in G. lucidum are polysaccharides and terpenoids. Terpenoids/steroids: In G. lucidum, the chemical structure of the triterpenes is based on lanostane, which is a metabolite of lanosterol, the biosynthesis of which is based on cyclization of squalene. The first triterpenes isolated from G. lucidum are the ganoderic acids A and B. Since then, more than 100 triterpenes with known chemical compositions and molecular configurations have been reported to occur in G. lucidum. Among them, more than 50 were found to be new and unique to this fungus. The vast majorities are ganoderic and lucidenic acids, but other triterpenes such as ganoderals, ganoderiols and ganodermic acids have also been identified [11]. G. lucidum is clearly rich in triterpenes and it is this class of compounds that gives the herb its bitter taste and it is believed, confers on it various health benefits, such as lipid lowering and antioxidant effects. However, the triterpene content is different in different parts and growing stages of the mushroom [12]. The profile of the different triterpenes in G. lucidum can be used to distinguish this medicinal fungus from other taxonomically related species, and can serve as supporting evidence for classification. The triterpene content can also be used as a measure of quality of different Ganoderma samples. Sterols are related closely to triterpenoids and are found in Ganoderma. The basidiocarps and mycelium and have potent cytotoxic activity. Ergosterol peroxide, from G. lucidum enhances the inhibitory effect of linoleic acid on mammalian DNA polymerase. The effect of Ganoderma total Sterol (GS) and its main components (GS) on rat cortical neuronal cultures exposed to Hypoxia/Reoxygenation (H/R) was studied in vitro and the results suggest that GS might be useful in treating H/R induced oxidative stress and inflammatory response [13]. In addition, pre-treatment with GS1significantly attenuated the decline of neuron viability and the formation of reactive oxygen species.
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                                    Figure 2: Chemical structure of some ganoderic acids.

Polysaccharides: Various polysaccharides have been extracted from the fruit body, spores and mycelia of lingzhi; they are produced by fungal mycelia cultured in fermenters and can differ in their sugar and peptide compositions and molecular weight (e.g., ganoderans A, B, and C). G. Lucidum Polysaccharides (GL-PSs) are reported to exhibit a broad range of bioactivities, including anti-inflammatory, hypoglycemic, antiulcer, anti-tumorigenic and immune-stimulating effects [14]. Polysaccharides are normally obtained from the mushroom by extraction with hot water followed by precipitation with ethanol or methanol, but they can also be extracted with water and alkali. Structural analyses of GL-PSs indicate that glucose is their major sugar component. However, GL-PSs are hetero polymers and can also contain xylose, mannose, galactose, and fucose in different conformations, including 1–3, 1–4, and 1–6-linked β and α-D (or L)- substitutions. Branching conformation and solubility characteristics are said to affect the antitumorigenic properties of these polysaccharides. The mushroom also consists of a matrix of the polysaccharide chitin, which is largely indigestible by the human body and is partly responsible for the physical hardness of the mushroom [15]. Numerous refined polysaccharide preparations extracted from G. lucidum are now marketed as over the counter treatment for chronic diseases, including cancer and liver disease. Various bioactive peptidoglycans have also been isolated from G. lucidum, including G. lucidum proteoglycan G. lucidum immune modulating substance PGY (a water soluble glycopeptide fractionated and purified from aqueous extracts of G. lucidum fruit bodies, GL-PS peptide, and F3 (a fucose containing glycoprotein fraction. Major nutraceutical bioactive components of Ganoderma lucidum Essential minerals and trace elements: Elemental analysis of log cultivated fruit bodies of G. lucidum revealed phosphorus, silica, sulfur, potassium, calcium and magnesium to be their main mineral components. Iron, sodium, zinc, copper, manganese and strontium were also detected in lower amounts, as were the heavy metals lead, cadmium and mercury [16]. Freeze dried fruit bodies of unidentified Ganoderma spp., collected from the wild were reported to have a mineral content of 10.2%, with potassium, calcium and magnesium as the major components. Significantly, no cadmium or mercury was detected in these samples. G. lucidum can also contain up to 72 μg/g dry weight of selenium and can biotransform 20%–30% of inorganic selenium present in the growth substrate into selenium containing proteins. Some attention has been given to the germanium content of Ganoderma spp. Germanium was fifth highest in terms of concentration (489 μg/g) among the minerals detected in G. lucidum fruit bodies collected from the wild. This mineral is also present in the order of parts per billion in many plant based foods, including ginseng, aloe, and garlic [17]. Although germanium is not an essential element, at low doses, it has been credited with immune potentiating, antitumor, antioxidant and anti-mutagenic activities. However, although the germanium content of G. lucidum has been used to promote G. lucidum based products, there is no firm evidence linking this element with the specific health benefits associated with the mushroom. Proteins, peptides and amino acids: G. lucidum contains some other compounds that may contribute to its reported medicinal effect, such as proteins and lectins. The protein content of dried G. lucidum was found to be around 7%–8%, which is lower than that of many other mushrooms. Bioactive proteins are reported to contribute to the medicinal properties of G. lucidum, including LZ-8, an immunosuppressive protein purified from the mycelia a peptide preparation (GLP) exhibiting hepatoprotective and antioxidant activities and a 15 kDa antifungal protein, ganodermin, which is isolated from G. lucidum fruiting bodies [18]. Mushroom (Ganoderma lucidum) proteins contain all the essential amino acids and are especially rich in lysine and leucine (as shown in Table 1).
Table 1: Amino acid content of G. lucidum.

	Amino acid
	Relative abundance

	Aspartic acid
	117

	Threonine
	66

	Serine
	54

	Glutamic acid
	120

	Proline
	60

	Glycine
	108

	Alanine
	100

	Valine
	61

	Methionine
	6

	Isoleucine
	36

	Leucine
	55

	Tyrosine
	16

	Phenylalanine
	28

	Histidine
	12

	Lysine
	21

	Arginine
	22



Nucleosides, nucleotides and RNAs: Yu and Zhai in an obscure journal were the first to report the isolation of adenine, adenosine, uracil and uridine from the mycelia of a Ganoderma species, G. capense. Among these, nucleosides, uridine and uracil were found to be capable of lowering the serum aldolase level of mice suffering from experimental myotonia. Adenosine has also been shown to inhibit platelet aggregation. In contrast, Gau found that the administration of crude Ganoderma extracts, known to have a high content of adenosine, had no effect on platelet aggregation in haemophiliac patients who were HIV positive. An epimer of 5’-deoxy-5’- methyl sulphinyladenosine was found to inhibit platelet aggregation in vitro.

Carbohydrates: The carbohydrate and crude fiber content of the dried mushroom was examined and found to be 26%–28% and 59%, respectively. Glucose forms the major share of the sugar molecules; with xylose, mannose, galactose and fucose in different conformations [19]. Lectins were also isolated from the fruit body and mycelium of the mushroom, including a novel 114 k Da hexameric lectin, which was revealed to be a glycoprotein having 9.3% neutral sugar and showing hemagglutinating activity on pronase treated human erythrocytes (shown in Table 2).

  Table 2: Carbohydrate content of G.lucidum.
	Sugar components
	Percentage (%)

	d-Glucose
	58

	d-Mannose
	15.5

	d- Galactose
	9.3

	d-Xylose
	5.4

	l-fucose
	9.7

	d-GlcNAc
	1

	l-Rhamnose
	0.5



Alkaloids, vitamins, flavours and fatty acids: The compounds cyclooctasulfur and oleic acid, isolated from the culture broth of G. lucidum, were both found to inhibit histamine release which is an important activity for treatment of inflammation, allergies, and anaphtlactic shock. The alkaloids, choline and betaine were isolated from the spores of G. lucidum. Vitamins (including b-carotene) and essential elements have been isolated from various ‘‘Lingzhi’’ ‘‘species’’. Aroma compounds were detected from G. applanatum which may have novel biotechnological applications. Over 120 volatile flavour compounds, mostly alcohols, aldehydes, ketones, esters, and phenols, have been identified. Finally, very long chain fattyacids with more than 23 carbon atoms have been reported in G. applanatum at trace levels (1%–2%).
Dietary fibres: G. lucidum is rich in the non-digestive dietary fibres which are glucan, chitin and hetro polysaccharides. It may also prevent viral infection by enchaning the growth of probiotic bacteria in the large intestine. G. lucidum polysaccharides are potential source of prebiotics as it contains nutrients such as chitin, hemicelluloses, α and β-glucan, mannans, xylans and galactose (shown in Table 3)
Table 3: General compounds and effects of Ganoderma reported in the literature until 2004.
	Compound
	Eﬀect
	References

	Adenosine
	Antiplatelet aggregation
	Kawagishi, et al.; Shimizu, et al.

	Lectins
	Mitogenic
	Ngai, et al.; Nag, et al.

	Polysaccharides
	Anti-ﬁbriotic
	Park, et al.

	
	Anti-herpetic
	Eo, et al.; Kim, et al.

	
	Anti-inﬂammatory
	Ukai, et al.

	
	Hepatoprotective
	Zhang, et al.

	
	Hypoglycaemic
	Zhang and Lin

	
	Immunomodulatory- anti-tumour
	Gao, et al.; Li, et al.

	
	Miscellaneous (radiation protection, DNA damage, anti-oxidant)
	Kim and Kim, et al.; Lee, et al.

	Protein (‘‘LZ-8’’)
	Immunomodulatory
	van der Hem et al.

	
	Immunosuppressive
	van der Hem et al.

	Terpenoids
	Anti-bacterial
	Smania et al.

	
	Anti-inﬂammatory
	Kleinwachter et al.

	
	Anti-oxidant
	Zhu et al.

	
	Antiplatelet aggregation
	Shiao

	
	Antiviral
	Mothana et al.

	
	Cytotoxicity
	Gao et al.

	
	Enzyme inhibitors
	Lee et al.

	
	Hepatoprotective
	Chen and Yu, et al.; Kim, et al.

	
	Hypolipidemic
	Komoda et al.; Shiao, et al.

	
	Hypotensive
	Morigiwa et al.



Dietary supplements or nutraceutical potential of Ganoderma lucidum
Most mushrooms derived preparations and substances find their use not as a pharmaceutical but as a novel class of Dietary Supplement (DS) or nutraceuticals that fall very well into the concept of functional food. Dietary chemotherapeutic agents may serve as potent agents for enhancing therapeutic effect of chemotherapy, radiotherapy and offer standard therapies for the treatment of human cancer. G. lucidum have been used in many clinical studies with animals and humans, reporting the beneficial results. There are several companies marketing its products in India. These companies import the medicine into India in tablet/the capsule form and sell it as a high value medicine for cure of chronic/terminal diseases like cancers/ AIDS. G. lucidum capsules are available in packs of 100 capsules, alone and in combination with other medicinal mushrooms like caterpillar mushroom, shitake and other mushroom. The companies marketing these are: Fungi Perfecti, USA; mycology research laboratory, UK; NAMMEX (North American Medicinal Mushroom Extra), USA; Core nutritional products, USA and others. These medicines are available as “over the counter” products in China, Japan, Korea and in India. Its consumption is conspicuous in areas in North (Delhi-Chandigarh) and Southern India, in the state of Kerala. The consumption is high due to more per capita income of the people in these areas. Moreover, the consumption is confined to well to do families only. The products of Ganoderma lucidum are prescribed in various forms, it can be injected as a solution of powdered spores or given as syrup. It can be taken as tea, soup, capsules, tinctures, or bolus. In tincture form, the dose given is 10 ml thrice daily. In case of syrup the dose is 4 ml/day-6 ml/day. The dried mushroom (200 g-300 g) is prepared in water and given as a drink, the recommended dose is 3-5 times daily. In Japan, Ganoderma lucidum is used for the treatment of the cancer. The results obtained after application shows that the patient sleeps well with a healthier feeling and has an increased appetite; Reishi also provides relief from angina pectoris. Injection of spore powder is effective in curing progressive deterioration, atrophy and muscles stiffness. The effect of elevation changes has been prevented and cured by tablets of mushroom spores. G. lucidum also cures lung and heart dysfunction. Clinical studies on this were conducted in China in which 200 patients with chronic bronchitis were given G. lucidum in tablet form and 60-90% patients showed marked improvement with increased appetite. It also reduced blood and plasma viscosity in hypertensive patients with hyperlipidaemia [20]. The extracts of this mushroom were reported to reduce blood cholesterol and blood pressure and also treat arrhythmia. G. lucidum has also shows hypoglycaemic and hypolipidemic activities. In a study, 71 patients with confirmed type II diabetes mellitus were cured and had best results. This study demonstrated that ganopoly is efficacious and safe in lowering blood glucose concentration Probiotic potential of Ganoderma lucidum Ganoderma lucidum is a fungus usually used in traditional Chinese medicine. The high value of G. lucidum is related to its polysaccharides content. Crude polysaccharides from G. lucidum (GLCP) were obtained using hot water extraction method. There is about 0.57 g of GLCP in 1 g crude of G. lucidum. The prebiotic potential of GLCP was tested against probiotic bacteria namely: Bifidobacterium longum BB536, Bifidobacterium pseudocatenulatum G4, Lactobacillus acidophilus and Lactobacillus casei shirota. The prebiotic potentials were studied in 10 mL basal Trypticase Phytone Yeast (abbreviated as bTPY) medium (without glucose) supplemented with various concentrations of GLCP (abbreviated as bTPYglcp) (0.5%, 1.0%, 1.5% and 2.0%). bTPY medium supplemented with glucose (abbreviated as bTPYglu) and insulin (abbreviated bTPYinu) were used as comparison. Viable cell counts of the bacteria and the pH of the medium were determined during anaerobic incubation period of 0 h, 12 h, 24 h and 48 h at 37°C. In the presence of carbohydrate source, cultures showed various degree of growth increment. With regards to the growth supporting property: bTPYglu, bTPYglu+glcp, bTPYglcp and bTPYinu were ranked first, second, third and fourth respectively. Interestingly, in bTPYglcp medium, bacterial growth increased with increasing GLCP concentrations when incubated until 24 h. B. longum BB536 was ranked first (10.53 log cfu/mL) in term of their growth in this medium. Growth of B. pseudocatenulatum G4 was ranked second with 10.40 log cfu/mL. This study shows that, GLCP could support the growth of the bacteria tested.

Discussion
G. lucidum is a well-known Asian herbal remedy with a long and impressive range of applications. Global consumption of G. lucidum is high and a large, increasing series of patented and commercially available products that incorporate G. lucidum as an active ingredient are available as food supplements. These include extracts and isolated constituents in various formulations, which are marketed all over the world in the form of capsules, creams, hair tonics and syrups. The G. lucidum contain very useful nutraceuticals such as UFA, phenolics, tocopherols, ascorbic acid and carotenoids which can be extracted for the purpose of being used as functional food ingredients (nutraceuticals) and prebiotics. Public health authorities should consider prevention and treatment with nutraceuticals a powerful instrument in maintaining and promoting health, longevity and life quality. The beneficial effects of G. lucidum will undoubtedly have an impact on nutritional therapy; they also represent a growing segment of today’s food industry. Besides, these G. lucidum might be used directly in diet and promote health, taking advantage of the additive and synergistic effects of all the bioactive compounds present. Also strategies for enhancing quality control procedures to define and standardize G. lucidum preparations are needed to determine mechanisms of action and to help characterize the active component (s) of this putative medicinal mushroom.

Conclusion 
Having established the high content of bioactive compounds present in Ganoderma species, especially G. lucidium, it can be concluded that it is a mushroom that is worth all the attention it has been getting over the years and recently. It is now abundantly clear why a lot of attention has been given to this mushroom in China where traditional medicine has been solidly established over the years. The wide range of diseases that these bioactive compounds can be used to treat or managed points to the huge potential of this mushroom for the discovery of constituents or drugs that can be used to combat many emerging or reemerging diseases in Africa where the mushroom is known to be indigenous to. It can be concluded that it is the most useful mushroom when it comes to searching or prospecting for bioactive compounds to combat any disease in the world.
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