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I. BACKGROUND

In Asian nations, Ganoderma lucidum, often knownliagzhi, has been used to
generally promote health and lifespan. With higlalgy proteins, amino acids, nucleosides,
vitamins, critical minerals, and dietary fibres ifqu polysaccharides), ganoderma lucidum is
a highly nutritious, low-calorie food. A significaand underutilised source of nutraceuticals
and prebiotics is ganoderma lucidum.

The development of mushrooms is beneficial to thed, pharmaceutical, and
nutraceuticals industries in developing nationse liKhina, Japan, Korea, and India.
Ganoderma lucidum has long been regarded as thabiegious meal for obese people and
for diabetics to prevent hyperglycemia due to ithHibre, low fat, and low starch content. It
is mostly made up of dietary fibres and polysaddesr that encourage the growth of good
bacteria. It is mostly made up of dietary fibred goolysaccharides that encourage the
formation of good bacteria in the digestive tralthey are maintaining intestinal health,
preventing cancer, enhancing immunity, loweringlesi@rol, and preventing obesity, among
other positive effects. Its potential as a nutrdcatiand prebiotic is attributed to the presence
of a wide range of phytoconstituents, including ogeerols, phenolics, flavonoids,
carotenoids, dietary fibres, ascorbic acid, selapigermanium, luecine, lysine, adenosine,
and uracil. There is no proof of liver, kidney,[@NA toxicity with consumption of Linngzhi,
according to the toxicity study on human cliniaalt

Present Overview: The current research highlights the urgent needtlie scientific

community to promote Ganoderma lucidum as a pa@krsource of nutraceutical and
prebiotic products. To characterise the active camept (s) of this alleged medicinal
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mushroom, as well as to discover mechanisms obmctechniques for improving quality
control systems are required to define and stama@. lucidum formulations. The current
review will result in a new generation of foods amil undoubtedly encourage both their
dietary and therapeutic benefits.

II. INTRODUCTION

A nutraceutical is a substance that has health edical benefits, such as the
prevention and treatment of diseases, and maydsrded as food or a component of diet.
The spectrum of nutraceuticals may include isolategedients, nutritional supplements,
genetically modified "designer foods," herbal iteraad processed foods including cereal,
soups, and drinks. Dietary fibre, PolyunsaturatedtyFAcid (PUFA, fish oil), proteins,
peptides, amino acids, ketoacids, minerals, ardaikie vitamins (tocopherols), and other
antioxidants (flavonoids, glutathione, seleniumg.)etare a few examples of nutritive
nutraceuticals or "functional food ingredients."cAcding to epidemiological research, eating
fruits and vegetables reduces your chance of dpwejocardiovascular disease and several
types of cancer [1]. Plant phenolics may possibfy @ substantial role, even though the
protective benefits have mostly been related td-kredwn antioxidants including ascorbic
acid, tocopherols, and beta-carotene. Overweidtdsity, diabetes, cardiovascular disease,
and cancer are only a few examples of the metalodicrders that are brought on by the
westernisation of our diet and the heavy intakearbohydrates-rich foods and soft drinks,
etc. Poor nutrition, smoking, and drinking conttduo an increase in morbidity and
mortality. The demand for prebiotics has thereforereased. Due to their antioxidant,
anticancer, and antibacterial characteristics, moghs have gained popularity as a
functional food and as a source for pharmaceuéindl nutraceutical research [2]. In addition
to their medicinal properties, mushrooms are bengmore significant in our diets because
of their high protein and low fat/energy contemtkjch contribute to their nutritional worth.

In China, Japan, and other Asian nations, the taielungus ganoderma lucidum
(Figure 1) has a huge history of use for fostehieglth and longevity. It has a huge, black,
glossy, and woody outer mushroom. The word lucidukich is Latin for "shiny" or
"brilliant," alludes to the mushroom's surface'snghed appearance. G. lucidum is known as
lingzhi in China whereas reishi or mannentake ésrthme for the Ganodermataceae family in
Japan [3]. Emperors of the great Japanese and €ehdymasties consumed G. lucidum along
with their special teas and mushroom connectionisdease their energy and lengthen their
lives. It was revered as a form of herbal theradditionally, G. lucidum was said to be
present in the "elixir of eternal youth" that theceent Taoists relentlessly sought after. G.
lucidum has made significant contributions to teatment of many ailments, but it has also
gained popularity due to its potential for extemdilife and improving health [4]. The
Chinese word lingzhi, which means "herb of spititpatency,” connotes a combination of
spiritual strength and the essence of immortalitystands for success, happiness, divine
power, and longevity. G. lucidum is distinct amdagmed mushrooms in that its medicinal
rather than nutritional value is of utmost impodanCommercial G. lucidum products come
in a wide range of shapes and sizes, including posydlietary supplements, and tea. These
are made from several mushroom components, suoiyealia, spores, and fruit bodies [5].
The specific uses and claimed health advantagdsgzhi include regulating blood sugar
levels, immune system regulation, hepatoprotectibacteriostasis, and more. Recent
research has also shown the existence of neureastibstances in "Lingzhi" extracts that
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mediated the neuronal differentiation and neuragmtian of rat PC12 cells. Currently, the
dried powder is consumed as dietary supplementowal the world. It has earned a
reputation in the East as the top herbal substdoego its purported health advantages and
apparent lack of adverse effects [6]. The Ameriegmbal Pharmacopoeia and Therapeutic
Compendium has now been expanded by Lingzhi. Orbéses of preclinical and clinical
investigations, the goal of the current reviewashcourage the use of Ganoderma lucidum
as a possible source of nutraceutical and prebpbducts [7]. In order to characterise the
active component(s) of this claimed medicinal fungnd to discover mechanisms of action,
techniques for improving quality control procedurase also required to define and
standardise G. lucidum preparations.

[11.LITERATURE REVIEW

Worldwide production and usage of goods above @@ds of G. lucidum goods were
registered and sold abroad ten years ago. Sewenaddnd tonnes are currently thought to be
consumed globally, and the industry is expandingkdys The projected yearly market value
for ganoderma products, according to various coroialesources, was US$1628 million in
1995, despite the fact that there are no contempdigures available [8]. There are
numerous G. lucidum products on the market right,reach manufactured from a different
mushroom component. In terms of manufacture, thstiasic variant consists of complete
fruiting bodies that have been powdered and thenetl into capsule or tablet form.
Additional "non-extracted" goods are made from fbiowing three sources: ¢ Dried and
powdered mycelia harvested from submerged liquitles grown in fermentation tanks;
semisolid medium inoculated and incubated with &lnmycelia; dried and powdered
mixtures of substrate, mycelia, and mushroom prihagrintact fungal spores or spores
mechanically broken or with the spore walls remowlthough spore preparations have
recently been intensively researched and promattesl,still unclear if any further medical
effects can be linked to them. Other products amdenusing substances (such as
polysaccharides and triterpenes) that have beeracted, typically using hot water or
ethanol, from fruiting bodies or mycelia that hdeen taken from submerged liquid cultures.
These substances are then evaporated to drynessabuldted or encapsulated, either
separately or in combination with other substanoegsredetermined ratios. Due to the low
processing temperature required by supercriticéd fCO2 extraction technologies, the range
of extracted chemicals has increased [9]. Powd&adoderma, other mushrooms (such as
Lentinula edodes, Agaricus brasiliensis, Grifolanftfosa, Pleurotus spp., and Flammulina
velutipes), and even other medicinal plants (suchparulina powder or flower pollen grains)
have been used to make other products. These catiunia can be binary, ternary, or even
more complex. The primary pharmacological and pilggically active components in
Ganderma lucidum Most mushrooms contain 90% wagewéight. The remaining 10% is
made up of 10%-40% protein, 2%-8% fat, 3%-28% dayloate, 3%-32% fibre, 8%-10%
ash, and a few vitamins and minerals; potassiuniGiura, phosphorus, magnesium,
selenium, iron, zinc, and copper are the most commmerals. According to study on the
nonvolatile constituents of G. lucidum, the musimoaontains 1.8% ash, 26%-28%
carbohydrate, 3%-5% crude fat, 59% crude protelimese are just a few of the many
bioactive substances found in Ganoderma lucidunictwhlso includes a wide range of
terpenoids, phenols, steroids nucleotides and tlorivatives, polysaccharides and
glycoproteins. All of the necessary amino acids present in the proteins found in
mushrooms (Ganoderma lucidum), which are partibutdgh in lysine and leucine [10]. An
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important factor in the health benefits of mushrsoim thought to be their low total fat

content and high proportion of polyunsaturatedyfattids in comparison to their total fatty
acid composition. Polysaccharides and terpenoidstlae main phytoconstituents in G.
lucidum that are pharmacologically active. Terpdsfsteroids: The triterpenes in G. lucidum
have a molecular structure based on lanostane,taboige of lanosterol whose formation

depends on the cyclization of squalene. Ganodertis & and B are the first triterpenes to be
isolated from G. lucidum. Since then, it has bemscaVvered that G. lucidum contains very
large amount of terpenes (more than 100 triterpenil recognised chemical structures and
molecular arrangements. More than 50 of them weseodered to be new and exclusive to
this fungus. Although ganoderic and lucidenic acidake up the most majority, other
triterpenes including ganoderals, ganoderiols, aahodermic acids have also been
discovered [11]. Triterpenes, which are abundan&iducidum, are what give the herb its
bitter flavour and are thought to provide a nunidfénealth advantages, including antioxidant
and lipid-lowering properties. However, the musknio triterpene concentration varies
depending on the region and stage of growth [13jis Ttherapeutic fungus can be
distinguished from other taxonomically related seecusing the profile of its various

triterpenes, which can also be utilised as clasdifin support. The triterpene content of
various Ganoderma samples can also be used to dhagequality. Sterols, which are

present in Ganoderma, are closely related to petesids. Mycelium and basidiocarps both
exhibit strong cytotoxic properties. Ergosterol@ede from G. lucidum increases linoleic

acid's ability to inhibit mammalian DNA polymeraSéhe results of an in vitro study on the
effects of Ganoderma total Sterol (GS) and its pryimcomponents (GS) on rat cortical
neuronal cells exposed to Hypoxia/ReoxygenatiorRjHshow that GS may be helpful in

treating H/R-induced oxidative stress and inflanomatresponse. [13]. In addition, pre-

treatment with GS1significantly attenuated the idecbf neuron viability and the formation

of reactive oxygen species.

Figure 1: Atypical Ganoderma basidiocarp
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Ganoderic acid C; (1): Ry=R;=p-0OH, Ry=H, Ry=c-OH
Ganoderic acid B (2): R=R,=f-0H. R.=H. R:=0
Ganoderic acid AM, (3): R=f-0OH, R;=R,=0, R,=H

Figure 2: Chemical Structure of some Ganoderic Acids

Polysaccharides: Different polysaccharides have been isolated frbenftuit body, spores,
and mycelia of lingzhi. These polysaccharides arenéd by fungal mycelia cultivated in
fermenters and can vary in their molecular weigigptide contents and sugar in G.
lucidum. According to reports, polysaccharides (B%s) have a variety of bioactivities,
including those that are, hypoglycemic, anti-infraatory, anti-ulcer, anti-tumorigenic, and
immune-stimulating [14]. Although they can also bgtracted using water and alkali,
polysaccharides are often removed from the mushimpextraction with hot water followed
by precipitation with ethanol or methanol. GL-PSisuctural analysis show that the main
sugar in these compounds is glucose. GL-PSs carcafgain mannose, xylose, , galactose,
and fucose in various conformations, including 1134, and 1-6-linked and -D (or L)-
replacements, but these are heteropolymers. Acuprdio certain theories, these
polysaccharides' antitumorigenic capabilities aftfuenced by their solubility qualities and
branching conformation. In addition, the mushroamtains a matrix of the polysaccharide
chitin, which is largely indigestible by humans acwhtributes to the mushroom's physical
toughness [15]. Today, a variety of refined polgbacide treatments derived from G.
lucidum are sold over-the-counter for chronic ctiods like cancer and liver disease. G.
lucidum proteoglycan, G. lucidum immune modulatisigbstance, PGY (a water-soluble
glycopeptide fractionated and purified from aqueexisacts of G. lucidum fruit bodies), GL-
PS peptide, and F3 (a fucose-containing glycopndtaiction) are among the other bioactive
peptidoglycans that have been isolated from thentpl&anoderma lucidum's primary
bioactive ingredients for nutraceuticals Mineralsd arace elements that are necessary:
Phosphorus, sulphur, silica, potassium, calciung aragnesium were found to be the
principal mineral components of G. lucidum's lodtizated fruit bodies according to an
elemental analysis. Additionally, the heavy metabsd, cadmium, and strontium, as well as
iron, sodium, zinc, copper, manganese, and stnontivere found in smaller quantities, as
were the heavy metals lead, cadmium and mercuiy £AL60.2% mineral content was found
in the freeze-dried fruit bodies of unnamed Ganwodespecies that were collected in the
field. The main minerals were calcium, potassiumg anagnesium. It's noteworthy that
neither cadmium nor mercury was found in these $ssnp\dditionally, G. lucidum has a
selenium content of up to 72 g/g dry weight and thasability to biotransform 20-30% of
the inorganic selenium contained in the growth sabe into proteins that contain selenium.
Ganoderma species' germanium content has receioete sattention. In terms of
concentration, germanium ranked sixth among theerala found in G. lucidum fruit bodies
that were gathered from the wild (489 g/g). In &ddi this mineral can be found in ginseng,
aloe, and many other plant-based foods in amouhtgads per billion [17]. Although
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germanium is not a necessary element, it has bbewnsto have immune-boosting,
anticancer, antioxidant, and anti-mutagenic progern low amounts. There is no concrete
proof connecting the germanium content of G. lugsidwith the specific health advantages
connected to the mushroom, despite the fact thatellement has been exploited to sell G.
lucidum-based goods. Amino acids, peptides, antepr& Proteins and lectins are a couple
of the additional substances found in G. luciduat thay help explain its purported medical
effects. Compared to many other mushrooms, theejprdevel of dried G. lucidum was
determined to be between 7% and 8%. According ports, bioactive proteins from G.
lucidum, such as LZ-8, an immunosuppressive pragtracted from the mycelia, contribute
to the plant's therapeutic capabilities [18]. Muslm (Ganoderma lucidum) proteins contain
all the essential amino acids and are especiallyin 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

1. Nucleosides, Nucleotides and RNAs. Adenine, adenosine, uracil, and uridine were
initially isolated from the mycelia of a Ganodersyecies, G. capense, and reported by
Yu and Zhai in a specialised journal. Nucleosideg]ine, and uracil were among those
that were discovered to have the ability to redilneeblood aldolase level of mice with
experimental myotonia. It has also been demonstrdtat adenosine prevents platelet
aggregation. Contrarily, Gau discovered that theniagstration of raw Ganoderma
extracts, which are known to contain a large amainddenosine, had no impact on
platelet aggregation in HIV-positive haemophilia@tipnts. A 5'-deoxy-5-methyl
sulphinyladenosine epimer was discovered to preplatelet aggregation in a test tube.

2. Carbohydrates: When the dried mushroom's carbohydrate and crie fiontents were
measured, it was discovered that they were 26%—28% 59%, respectively. The
majority of sugar molecules are made up of glucegth smaller amounts of xylose,
mannose, galactose, and fucose [19]. The fruit odlymycelium of the mushroom were
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also used to isolate lectins, one of which wasiquean114 k Da hexameric lectin that was
later found to be a glycoprotein with 9.3% neusiadjar and hemagglutinating activity on
pronase-treated human erythrocytes.(shown in T3ble

Table 2: Carbohydrate content of G. lucidum

Sugar components Percentage (%)
d-Glucose 58
d-Mannose 155
d- Galactose 9.3
d-Xylose 54
I-fucose 9.7
d-GIcNAc 1
[-Rhamnose 0.5

3. Alkaloids, Vitamins, Flavours and Fatty Acids. Cyclooctasulfur and oleic acid, which
were both found to be present in the culture buwdtlé. lucidum, were both shown to
decrease histamine production, which is a crucrakgss for treating inflammation,
allergies, and anaphylactic shock. Choline, betaane alkaloids were extracted from G.

Different "Lingzhi" "speciesavh been used to isolate vitamins

(including b-carotene) and critical minerals. G.plapatum has produced aroma

chemicals that may have new biotechnological uBeste have been over 120 discovered

volatile taste compounds, the majority of which aleohols, aldehydes, ketones, esters,
and phenols. Last but not least, trace quantiti8és—%) of very long chain fattyacids
with more than 23 carbon atoms have been seenapgianatum.

lucidum spores.

4. Dietary Fibress The non-digestible dietary fibres glucan,

chitinnda hetro

polysaccharides are abundant in G. lucidum. By ptorg the growth of probiotic
bacteria in the large intestine, it may also préweral infection. Given that it contains
nutrients such chitin, hemicelluloses, - and -ghyaaannans, xylans, and galactose (as
shown in Table 3), G. lucidum polysaccharides goessible source of prebiotics.

Table 3: General compounds and effects of Ganoder ma reported in theliterature until

2004
Compound Effect References

Adenosine Antiplatelet aggregation ;a;xllaglshl, etal.; Shimizu,

Lectins Mitogenic Ngai, et al.; Nag, et al.
Anti-fibriotic Park, et al.
Anti-herpetic Eo, et al.; Kim, et al.
Anti-inflammatory Ukai, et al.

Polysaccharides Hepatoprotective Zhang, et al.
Hypoglycaemic Zhang and Lin
Immunomodulatory- anti- Gao, etal.: Li, etal.
tumour
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Protein (“LZ-8")

Immunomodulatory

van der Hem et al.

Immunosuppressive

van der Hem et al.

Anti-bacterial Smania et al.

Anti-inflammatory Kleinwachter et al.

Anti-oxidant Zhu et al.

Antiplatelet aggregation Shiao

Antiviral Mothana et al.
Terpenoids Cytotoxicity Gao et al.

Enzyme inhibitors Lee et al.

Chen and Yu, et al.; Kim,

Hepatoprotective ot al
Hypolipidemic Komoda et al.; Shiao, et al.
Hypotensive Morigiwa et al.

IV.DIETARY SUPPLEMENTS OR NUTRACEUTICAL POTENTIAL OF

GANODERMA LUCIDUM

The majority of preparations and compounds made froushrooms are used as
innovative classes of dietary supplements (DS) wiraceuticals, which fit the idea of
functional food quite well. In addition to offeringaditional therapies for the treatment of
human cancer, dietary chemotherapeutic drugs magsapowerful agents to increase the
therapeutic effect of chemotherapy and radiother@pyucidum has been utilised in several
clinical trials on both humans and animals, yieldpositive outcomes. Numerous businesses
advertise their goods in India. These business@g®rinthe medication in tablet or capsule
form into India and market it as a high-end treattrier conditions like cancer and AIDS that
are chronic or terminal. G. lucidum capsules com&00-capsule packets and can be used on
their own or in combination with other therapeutitshrooms such as shitake, caterpillar,
and other mushrooms. These products are marketédry Perfecti in the USA, Mycology
Research Laboratory in the UK, NAMMEX (North AmeaicMedicinal Mushroom Extra) in
the USA, Core Nutritional Products in the USA, amasther companies. China, Japan,
Korea, and India all offer these drugs as "overcinter" goods. . Kerala, a state in southern
India, and parts of northern India (Delhi-Chandigagare notable for their consumption of it.
Due to the higher per capita income of the resgl@ftthese places, consumption is high.
Additionally, only wealthy households are allowexl donsume. The Ganoderma lucidum
products are prescribed in a variety of ways, idiclg as syrup or an injection of a spore-
powder solution. It can be consumed as tea, sougutes, pills, or boluses. The dosage for
tinctures is 10 ml administered three times per &yup dosage ranges from 4 to 6 ml per
day. Three to five times a day is the suggestedgo$or the dried mushroom (200 g to 300
g), which is mixed in water and given as a drinlanGderma is a popular supplement in
Japan for the treatment of the cancer. The pageperiences improved sleep, a better
feeling, and an increased appetite as a resulhefapplication, and Reishi also relieves
angina pectoris. Spore powder injections are beia¢in treating atrophy, muscular stiffness,
and gradual deterioration. Tablets containing musimr spores have been used to both
prevent and treat the effects of elevation changdditionally, G. lucidum treats lung and
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cardiac problems. G. lucidum tablets were admiresteto 200 patients with chronic
bronchitis in clinical research in China, and 604R®f the patients had significant
improvement, including an increase in appetitepétients with hyperlipidemia who were
also hypertensive, it also decreased blood andmglasgiscosity [20]. This mushroom's
extracts have reportedly been shown to alleviateylrmia, lower blood pressure, and lower
cholesterol levels. Additionally, G. lucidum exhgihypolipidemic and hypoglycemic
behaviours. In a study, the highest outcomes weea & 71 patients with type Il diabetes
mellitus who were cured. This study proved thatogeny is an effective and secure method
for decreasing blood glucose levels. Potentiapfabiotics in Ganoderma lucidum A fungus
called Ganoderma lucidum is frequently employedtraditional Chinese medicine. The
presence of polysaccharides in G. lucidum contewd its high value. In comparison with 1
g of G. lucidum crude, 0.57 g of GLCP is preserite Probiotic bacteria Bifidobacterium
longum BB536, Bifidobacterium pseudocatenulatum Gédctobacillus acidophilus, and
Lactobacillus casei shirota were used to assegsréieotic potential of GLCP. The prebiotic
potentials were investigated in 10 mL of basal Tingse Phytone Yeast (abbreviated as
bTPY) medium (without glucose) that had been tekateh GLCP at different doses (0.5%,
1.0%, 1.5%, and 2.0%). As a benchmark, glucose-imsuin-supplemented bTPY medium
(abbreviated as bTPYglu and bTPYinu, respectivelgje utilised. The pH of the medium
and the number of bacteria with viable cells wereasured during anaerobic incubation
periods of O h, 12 h, 24 h, and 48 h at 37°C. Ce#tudisplayed varying degrees of growth
acceleration in the presence of a supply of carbaigs. BTPYglu, BTPYglu+glcp,
BTPYglcp, and BTPYinu were ranked first, secondkdihand fourth, respectively, in terms
of the growth boosting property. Intriguingly, whenltured for 24 hours in bTPYglcp
medium, bacterial growth accelerated with rising@BRLconcentrations. B. longum BB536
came in first place in terms of growth in this medi (10.53 log cfu/mL). With 10.40 log
cfu/mL, B. pseudocatenulatum G4 growth came in s@cdhis study demonstrates that the
tested bacteria may grow in the presence of GLCP.

Pharmaceuticals

Cosmeceuticals Nutraceuticals

Nut: etics
Cosmetics | Nutrition

Figure 3: Wide-scale applications of mushrooms includ@anoderma lucidum; i.e.,
pharmaceuticals, nutraceuticals, and cosmetic$. [21
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V. FUTURE TRENDS

Many guestions have so far been raised about ttenate behind and best methods
for utilising G. lucidum and its derivatives, aslhas what to do with the novel uses and
cutting-edge methods that have been put out incthrisext. The following three axes will be
used to discuss these points.

1. DotheBeneficia-| Medical Propertiesof G. lucidum Need More Scientific Evidence?

G. lucidum and its active components are still \yidesed as commercial supper
food supplements because numerous articles hayestegl that the plant's multifarious
bioactive constituents, including triterpenes, palycharides, and proteins, may have a
variety of useful therapeutical properties. Therefat is still thought that there are gaps
in our understanding regarding the effectivenesssaiety of consuming G. lucidum. In
vitro/in vivo research published by Western scsstiover the past three decades has
demonstrated the health benefits of G. lucidum,ctvhias assisted in popularising this
fungus in the West. To fully comprehend the assedidiomechanistic processes and
hence open the door to their biotherapeutic apgdicathere is still an urgent need. To
understand the bioactivity of these compounds esil lucidum's nutraceutical and
pharmaceutical products, the separation, puriicatiand identification of its active
components is required. When adopting the comniestaadardisation procedures of G.
lucidum goods, this element is a significant bar23—25].

There is still a pressing need to thoroughly undexs the related biomechanistic
processes in order to enable their biotherapeusie. Beparation, purification, and
identification of the active ingredients in G. ldaem's nutraceutical and pharmaceutical
products are necessary to comprehend the biogctoit these substances. This
component is a substantial hurdle to using the ceroia standardising processes for G.
lucidum goods [23-25].

The biosynthesis of the therapeutically useful sarses produced by G. lucidum,
such as the rare triterpenoid anticancer ganoaerds (GAs), will be clarified by further
genetic research of this fungus. By building fuoctil genes for GA biosynthesis in this
mushroom, the clustered regularly interspaced spaiihdromic repeats and CRISPR-
associated protein 9 (CRISPR-CAS9) technology loa#tipely identified active curative
components in G. lucidum, acting as a crucial platf for metabolic engineering in G.
lucidum. Therefore, the CRISPR-CAS9 method canesaw the foundation for all G.
lucidum biotechnological applications, including lexular breeding. Therefore, a
thorough comprehension of the G. lucidum genomé apén the door for its potential
roles in industrial and medical applications in foeure [26-28]. Large-scale studies
on G. lucidum mushrooms will be conducted with standard scientifethods in the near
future.

2. Futureof the G. lucidum Mushroom in the Food Industry: Nutraceutical versions of a
number of Ganoderma lucidum-based products are readily available. In many
nations, including the United States, they are comignconsumed and some of them are
sold as nutritional supplements. They are oftemde#e with many other foods, such as
coffee and tea. The consistency of the quality ietady supplements made from G.
lucidum is rarely assessed because there is noayge toolbox. G. lucidum may also
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be used as a source of food preservatives[29]. dlmlateG. lucidum's nutraceutical
usage, more research on this mushroom is needed

3. IsTracing the Species and Geo-Origin of G. lucidum Essential ?

Research by Loyd and others revealed that manuéatt. lucidum-based items,
such as dietary supplements, that are labelledessy lWerived from G. lucidum really
include multiple Ganoderma species in addition tduGidum and are regrettably offered
for therapeutic purposes. Of course, not all Garmdespecies generate the same types,
qualities, or quantities of medicinal chemicalsisTtalls into question how crucial it is
for the industry that mushroom species can be dracel are real. Therefore, this query
has to be covered in later studies that concentrat&s. lucidum and its byproducts
[30,31].

The geographical-origin traceability of mushroomsl @heir products is essential
to guaranteeing their quality and safety, as staie@i et al. In fact, depending on the
geo-origins, different mushroom species have differ nutritional and medicinal
qualities. This was demonstrated by Lu et al. iairttstudy of G. lucidum samples
obtained from various geographical locations, wibey discovered that each sample's
concentration of ganoderic acids A and B, polysaddes, and triterpenoids varied
depending on the location (including differences aultivation and environmental
conditions). Therefore, G. lucidum's geo-originc&ability will increase its worth on a
worldwide scale at all levels, whether industriaeoonomic.

What is the most effective technique for achieviaggets for species and geo-
traceability? In order to greatly improve food &ability generally and for mushrooms in
particular from the field to the table, El Sheikbkad Hu recommended the DNA
barcoding approach as a new "cutting edge" teclgydi@g].

VI.INFORMATIONAL GRAPHIC ABOUT GANODERMA LUCIDUM: CURRENT
SITUATION AND FUTURE PROSPECTS

Research on G. lucidum and its products has magi@fisant strides recently,
drawing the interest of the scientific communityviarious domains. The biological traits,
chemical make-up and active ingredients, pharmgomd effects and associated
mechanisms, and clinical applications based oruGdum have all been thoroughly studied
from a variety of angles. Furthermore, G. lucidums hachieved some advances in the
industrial sphere.

Future research goals for G will include new cheamiformulations and active
ingredients (as potential functional foods), catuhnd molecular mechanisms of biological
activities (such as prebiotic effects), quick armhausive methods to identify effective
ingredients, fermentation and cultivation methaftgjble-blind large-scale clinical trials, and
pr, and quality control monitoring of product wile the aims o. lucidumresearch
(see figure 4).
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IWWW
Canrent Scenanie ‘-‘-i"

MNutritional, Pharmaceutical, and Clinical Effects:

' - Based on the nutritional profile of G, lucidum, this mushroom
could possess a high nutrient potential that reflects positively on
its health benefits

- . lugidum contains a myriad of blologically active compounds
{over 400 compounds), i.e., polysaccharides, peptidoghycans, and
triterpenes that has been used to promote human health asa
functional food

Industrial Applications:
= Different products of G. lucidum have been commercialized, e.g.,
powder, dietary supplement, coffee, tea, and source of food
preservatlives

- Thin venrld market value of G. lucfdvm and its derivative products
reached approvimately § 4 billion

- fAlthough the limited clinical trials in humans, there is a potential
for innovation, developmeant, and expansion of &, luoldum s

Prebiotic Effects:

- G. lucidum polysaceharide peptides (GLPF) intervention could

f attenuate lipid metabolism disorder probably via the modulatian
of the gut microbiota composition

- Sgveral reports have reported that 6. lucidum-refoted products
could regulate gut microbiota and cardiovascular risk factors
Potential Antiﬁl'-ITﬁmg;

= . lcidum triterpenoids, i.e., GLTA and GLTB prevent EVT1
Iinfection by interacting with the viral particle to block the
wdsorption of the virus to the cells

= Ganodermanontricl is a potent triterpenoid for the DENV N53pro
protein. Hence, It coubd act as drug against GENY Infection

-G, loidum extract (IC50:41.9 ug/ml) would inhibit SARS-CoV
RdRp in a dese-dependent manner, 5o, it could provide novel
naturally eecurring compounds with anti-coronaviral activity

| Trndni G. lucidum, is it important?:
_._@ | The ganoderic acid (A, B), polysaccharide and triterpenoid
. | content in G. fucidum is notably various with different
' | origins that raises a question of its traceability value

— |

Figure 4: Infographic forGanoderma lucidum: current scenario and future perspectives
VIl. DISCUSSION

A well-known Asian herbal treatment called G. luoid has an extensive and
astonishing range of uses. The amount of G. lucidomsumed globally is significant, and
there are numerous food supplements with G. lucidigmbio-active ingredient that are
already patented and commercially available. Thgeducts comprise extracts and isolated
ingredients in a variety of formulations that aamdsall over the world as pills, lotions,
syrups, and hair tonics. The G. lucidum has manyefigal nutraceuticals that can be
isolated and employed as prebiotics and functidioald ingredients, including UFA,
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phenolics, tocopherols, and carotenoids. Nutracalstican be used as a potent tool for
maintaining and enhancing health, longevity, andliguof life, according to public health
authorities. Nutritional therapy will surely be iagied by G. lucidum'’s positive properties,
which also constitute a developing sector of thedenmo food market. Additionally, by
utilising the additive and synergistic effects difthe bioactive chemicals present, these G.
lucidum could be directly employed in diet to prdmsbealth. In order to characterise the bio-
active component(s) of this claimed medicinal fungnd to discover mechanisms of action,
techniques for improving quality control procedurase also required to define and
standardise G. lucidum preparations.

VIIT1.CONCLUSION

We may conclude that Ganoderma lucidium is a mushrthat is deserving of all the
attention it has received recently and over thesyater establishing the high concentration
of bioactive chemicals present in Ganoderma spegpadicularly G. lucidium. Now that
traditional Chinese medicine has been firmly estdbld throughout the years in China, it is
readily evident why this fungus has received sohmattention there. The variety of ailments
that these bioactive compounds can be used to reaoadreat suggests the enormous
potential of this mushroom for the discovery ofredjents or medications that can be used to
treat many newly or reemerging ailments in Afriedhere the mushroom is thought to be
native. The conclusion is that it is the most usefushroom when it comes to searching or
prospecting for bioactive compounds to combat asgase in the world.
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