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ABSTRACT

Lentinus edodes also known as shiitake are considered as second most widely cultivated
mushroom in the world. In India, its cultivation was carried on different substrates in the form of
wood logs, artificial medium, saw dust, wheat straw. Different bioactive components (lentinan,
eritadenine, shiitake mushroom mycelium, and culture media extracts) are present in the
mycelium and fruiting body with proven pharmacological properties. Submerged cultivation of
this mushroom has received considerable attention in terms of reproducible and efficient
mycelial and metabolite production in a shorter time with chance of contamination in
comparison to solid state fermentation. Lentinan is recognized as biological response modifier
against cancerous cells by activating cytotoxic macrophages, helper T-cells, NK cells and T cell
differentiation. The medicinal properties of different bioactive components of this mushroom
would make an efficient contribution in the field of pharmaceutical industries and medical word
as a potent anti-cancerous drug, high blood pressure, diabetes, cholesterol-lowering,
antimicrobial activity with potential value for healthy food and therapeutics. Still its mechanism
is unclear because of the complex structure of lentinan which hinders its application in
pharmaceutical industry.
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INTRODUCTION

Lentinus edodes (Berk.) Pegler, commonly known as shiitake mushroom, is one of the most
widely grown species of mushrooms which ranks second in world mushroom production after
the button mushroom (Chang 2005). These mushrooms are either sold as fresh or dried and are
recognized as one of the most important functional food ingredients of cuisines of countries such
as China, Japan, Taiwan and Korea. Pegler (1983) included shiitake to the genus Lentinula in

1980s. It grows in nature on the wood of broad leaf trees, mainly oak, willow, poplar and
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chestnut. However, in India, its cultivation started on wood logs, artificial medium, saw dust and

wheat straw supplemented with wheat and rice bran (Thakur and Sharma 1992).

Lentinus edodes is the source of several well-documented proven pharmacological
properties, especially in the form of polysaccharides viz. lentinan, eritadenine, shiitake
mushroom mycelium, and culture media extracts. Different compounds with antibiotic,
anticarcinogenic, antidiabetic, antiobesity and antiviral properties have been isolated from
fruiting body, mycelium (intracellularly) and from culture media (extracellularly); (Friedman
2016). This mushroom is having numerous medicinal applications that are used for diseases
involving depressed immune function (including AIDS), cancer, environmental allergies, fungal
infection, frequent flu and colds, bronchial inflammation, heart disease, hyperlipidemia
(including high blood cholesterol), hypertension, infectious disease, diabetes, hepatitis and
regulating urinary inconsistencies. Recently, its submerged cultivation has received a
considerable attention in terms of reproducible and efficient mycelial and metabolite production
in a shorter time with very less chance of contamination (Elisashvili 2012). The purpose of this
review is to focus on the pharmacological importance of Lentinus edodes along with its bioactive
molecules which could make an efficient contribution in the development of mushroom

nutraceuticals.

Habitat and Morphology of Lentinus species

Lentinus edodes has been classified in the genus Lentinula, family Tricholomataceae, order
Agaricales, and subphylum Basidiomycotina based on the macro- and micro-morphological
characteristics of mushroom. Its name Lentinus edodes is derived from Latin word (Lent means
“supple,” inus means “resembling,” and edodes means “edible”). This mushroom has been
known by different names in different countries such as Black forest mushroom (United States),
Xiang-gu-the fragrant mushroom, Dong-gu-the winter mushroom, and Hua-gu-the flower
mushroom or variegated mushroom in China (Chen 2001). It occurs naturally throughout
Southeast Asia and has been reported from China, Japan, Korea, Vietnam, Thailand, Burma,
North Borneo, the Philippines, Taiwan, and Papua New Guinea (Wasser and Weis 1997, Stamets
2000). It is often seen on fallen wood of a wide variety of deciduous trees, especially shii, oak,

chestnut, beech, maple, sweet gum, poplar, alder, hornbeam, ironwood, mulberry in the forest
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from May-September (Dulay et al 2017).

Lentinus edodes is an edible wood-rotting fungus with an aromatic, fleshy, golden or dark brown
to blackish cap along with stipe, gills, and veil. The fruit body development begins with the
primordial formation at the tip of the bump followed by development of dark brown young
pinheads which later on develops into mature fruiting body with lighter brown in color. These
raw mushrooms are of high nutritional value with 88-92 per cent water, protein, lipids,
carbohydrates, vitamins and minerals in comparison to commonly consumed vegetables. The
nutritional composition of these mushrooms includes 58—60 per cent carbohydrates, 20-23 per
cent protein (digestibility of 80—-87%), 9—10 per cent protein fiber, 3—4 per cent protein lipids,
and 4-5 per cent protein ash (Wasser 2005). It is a good source of vitamins especially provitamin
D, (ergosterol), which under ultraviolet (UV) light and heat yields calciferol (vitamin D,) along
with vitamin B-complex (B;, B, Bs and Bj,; Hobbs 2000) and minerals (Chen, J. et al., 2024).

Bioactive Molecules of Lentinus edodes

The edible mushrooms are considered as a nutritionally functional food with physiologically
bioactive compounds. Among them, mushroom polysaccharides represent a diverse class of
macromolecules which exist as a structural component of cell wall with chitin and -glucan as
two main polymers. These polymers are interlinked with hydrogen bridges to form a network
matrix by forming covalent bond (Xiaofei et al 2014). These polysaccharides are formed by
repetitive units of monosaccharides joined by glycosidic linkages. One way interconnections
occur among nucleotides in nucleic acids and the amino acids in proteins while in
polysaccharides, the monosaccharide units are interconnected at several points to form a wide
variety of branched or linear structures (Ooi and Liu 1999). It also forms secondary structures on
the basis of conformation of sugar residues, molecular mass, inter- and intra-chain bonding. It
possesses the highest capacity to carry biological information due to its greater structural
variability. This potential variability in its structure provides the required flexibility for carrying
the precise regulatory mechanisms of different cell-cell interactions in higher organisms. These
days much attention has been paid to extracellular polysaccharide (EPS) of microbial origin in
comparison to polysaccharides of plant origin. These microbial originated polysaccharides are

independent of various factors such as environmental variations, can be easily recovered and
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purified, highly stable at broad temperature, pH and high ionic concentrations and giving high
quality final product. These microbial EPS possess numerous applications in the field of
cosmetic, pharmaceutical, food industries, enhanced oil recovery and medical applications etc.
(Moscovici 2015). The main polysaccharides responsible for the immuno-modulator effects of
mushrooms are basically B-D-glucans which are either water-soluble B-D-glucans, B-D-glucans
with heterosaccharide chains of xylose, mannose, galactose and uronic acid or B-D-glucan-
protein complexes-proteoglycans (Wasser 2002). The immunomodulator effect of B-D-glucans
depends on water solvency, degree of branching, polymer lengths and tertiary structure (Brown
and Gordon 2003). The B-D-glucans of L. edodes have been used as therapeutic adjuvant for
treating gastric cancer, colon carcinoma and pancreatic cancer (Batbayar et a/ 2015). It has been
reported that soluble B-glucans from L. edodes increased the number of B cells without changing
the number of NK cells in healthy elderly people during oral intake for 6 weeks (Gaullier et al
2011).

Extraction, Fractionation and Purification of Lentinan

Submerged culture of mushrooms is one of the best alternatives for the production of high
mycelial biomass in shorter time with compact space along with less chances of contamination
(Puchkova et al 2010). In addition, exopolysaccharides which have a synergistic effect with
mycelium on biological activities can be simultaneously produced in submerged culture (Kim et
al 2002). The cultivation of mushrooms requires several months for the development of the
fruiting body which is more time consuming and also delays the production and quantity of
required bioactive components (2.5%-3.0%) (Wang, Y. et al., 2024). For its extraction, different
methods have been developed for polysaccharide extraction from mushroom fruiting bodies,
mycelium and liquid media. However, these methods are having broad similarity with one
another (Mizuno 1999). Most of the methods involve the extraction of dried mushroom powder
or mycelium with ethanol, 1 per cent ammonium oxalate and 5 per cent sodium hydroxide. Its
further purification involves the combination of techniques including ethanol concentration,
fractional precipitation, and acidic precipitation with acetic acid, ion-exchange chromatography,

gel filtration and affinity chromatography.
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Figure 1. Method for extraction of Lentinan from L. edodes strains (Shivani 2012).

There would be a growing interest in increasing the activity of medicinal mushroom
polysaccharides by various chemical modifications and perhaps creating a range of sem-

isynthetic compounds. Such chemical modifications are required for improving the anticancer
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and antiviral activities of bioactive components present in mushrooms (Li, X. et al., 2023). These
modifications can be achieved by oxido-reducto hydrolysis (Smith degradation) and also by
formolysis. These modifications lead to some positive improvements in the extraction process
(Mizuno 1999). A more efficient procedure has been established by Yap and Ng (2001) for the
extraction of B -D-glucans from L. edodes. The B -D-glucan was isolated through ethanol
precipitation and freeze-drying in liquid nitrogen. This method was less time-consuming, more

efficient and of relatively low cost on commercial aspect in comparison to Mizuno’s method.

An efficient protocol for the extraction of polysaccharides has been standardized by
Shivani (2012) that involves homogenization of fresh mycelial biomass and dried powder of L.
edodes with hot water, filtration, ethanol precipitation, centrifugation and lyophilization (Fig. 1).
High-pressure cooking treatment has been used in order to improve the extraction efficiency of

polysaccharides from Lentinus edodes (Li et al 2018).
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Figure 2. Structure of Lentinan (Bluhm and Sarco 1977).

Lentinan is one of the major cell wall constituent extracted from the fruiting bodies or
mycelium of L. edodes with its molecular formula (C¢H;oOs) and the mean molecular weight is
about one million (~5 x 10° Da). It is a water soluble, heat stable, alkali labile, and protein free
that is completely devoid of any nitrogen, phosphorus, sulphur or any other atoms of carbon,
oxygen and hydrogen (Hobbs 2000). It is a water-soluble complex of B -1,3 glucan
polysaccharide in a triple helix structure (Fig 2), containing only glucose molecules with mostly

(1,3)- B -D glucan linkages in the regularly branched main chain with two B -(1,6)-D-
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glucopyranoside branchings for every five B-(1,3)-glucopyranoside linear linkages (Bluhm and

Sarco 1977).

Lentinan exists in aqueous solution as a triple helix while in DMSO it exists in the form
of a random coil. Intra-molecular hydrogen bonding acts as a major strength for maintaining the
helical structure of lentinan in water while inter-molecular hydrogen bonding is required for
triple-strand formation. Any disordering in the intra- and inter-molecular hydrogen bonding leads

to transition in its structure and forms a helix-coil conformation (Zhang 2011).

Different techniques such as BC NMR, size-exclusion chromatography in combination
with multi-angle laser light scattering (SEC-MALLS), dynamic light scattering (DLS), and
optical rotation confirmed the triple-helical conformation of lentinan in water solution at a
particular temperature of 25°+1 C, while at high temperature, the conformational changes takes
place from triple helix to single flexible chains. Lentinus edodes extracts of water-soluble crude
polysaccharides were isolated from the sporophore and broth by hot-water extraction,
precipitated by ethanol, fractionated by column chromatography that results in the separation of
six polysaccharide fractions, CPFN-G-I, CPFN-G-II, CPFN-G-III, CPFA-G, CPBN-G, and
CPBA-G. Out of these, three fractions namely CPFN-GI, CPBN-G, and CPBA-G possess
anticancer properties by stimulating the activation of macrophages which in turn enhance the
cytokine expression and phagocytosis and also enhance the host immune response against

cancerous cells invasion (Lee et al 2009).

Medicinal Importance of Lentinan

Lentinan possess various pharmacological properties in terms of anticancer, anti-diabetic, anti-
viral, antibiotic properties while its medicinal effect is known to be varying and inconsistent.
Therefore, its medicinal effect depends on branching pattern, the length of the polymer and its
tertiary structure (Ina et a/ 2013). These polysaccharides are used against various forms of cancer
by increasing the host resistance and possess an ability to retain the immune function of cancer
patients (Chihara et al 1989, Chihara 1992). This immunomodulatory activity of lentinan is
basically linked to modulation of hormonal factors that plays a potential role in tumor growth

(Chihara 1992). Lentinan and its derivatives such as lentinan sulphate possessed pharmacological
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effects in terms of anti-tumoral cell activity (Zhang et al 2002). These polysaccharides have no
direct cytotoxic effects against tumor but it may retain and enhance the immunological property
in host cells. In terms of pharmacology, lentinan is considered as one of the major anti-cancer
drug developed using mushrooms and recognized as biological response modifier against
cancerous cells (Ina et a/ 2016). Its mode of action against cancerous cells influence the number
of peripheral blood mononuclear cells of patients which results in the formation of certain factors
such as Interleukin-1a (IL-1a), IL-1B and tumor necrosis factor-o. (TNF- a). It also increases the
potential of cancer patients in response to lymphocytokines or other intrinsic bioactive factors
and thus protects patients against metastasis (Chihara 1992). It maintains balance, stimulates
interferon production and enhances the disease resistance by improving the physiological
conditions of host defense mechanism. One of the researchers reported the action of lentinan by
activating cytotoxic macrophages, helper T-cells, NK cells and T cell differentiation (Bohn and
BeMiller 1995). Its main effect is related with particular types of tumor not with all kinds

especially used for gastric and colorectal carcinomas (Taguchi et al 1985).

The biological activities of lentinan involves an increase in stimulation of non specific
inflammatory response by protein production, activation of helper and cytotoxic T cells,
activation of macrophages by secreting mediators, activation of MAPK signaling pathways
(Suga et al 1986; Chihara 1992; Lee et al 2008; Xu et al 2011). Intake of lentinan along with
cancer therapies would increase the survival time and betterment of life. Its antioxidant activity
has been studied by Thetsrimuang et a/ (2011) by evaluating crude polysaccharides of mature
fresh and dried fruiting bodies of Lentinus spp. Different parameters such as proteins, reducing
sugars and phenolic compounds indicated its natural antioxidant potential. Moreover, the yield of
total polysaccharides of Lentinus sp. (47.7% and 42.5% for FB and DB, respectively) was quite
high in comparison to L. edodes (3.5-10.0 %) reported by Surenjav et al (2006).

Other Bioactive Molecules

Not only lentinan is present in L. edodes but also various other bioactive molecules are present in
the mushroom with pharmacological properties. Its water extract increase the number of colon
inhabiting beneficial microorganisms (Lactobacillus brevis and Bifidobacterium breve) by

disaccharide sugar, trehalose and thus prevents colon cancer by reducing the harmful effects of
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B-glucosidase, B-glucuronidase and tryptophanase and possesses anticoagulant properties (Bae et
al 1997). The extracts prepared from mycelium and culture media (LEM and LAP extracts) are
basically glycoproteins with sugars such as glucose, galactose, xylose, arabinose, mannose and
fructose. They possess strong anti-tumor activities. For the preparation of LEM, hot water extract
of powdered mycelia was used, incubated for 50-60 h at 40-50°C, partially hydrolysed by
enzymes, centrifuged and the filtrate was freeze dried which later on turned into light brown
powder. The extract LAP is obtained from filtrate of LEM by adding four volumes of ethanol.
Another immunoactive fraction EP3 has been obtained by fractionation of LEM. This fraction is

made up of water soluble lignin with carboxyl groups (Susuki et al 1990).

Other bioactive substances of L. edodes are eritadenine, lectin, antimicrobials and lentin
which possess pharmaceutical properties. LC 11 (B-1, 6-D-glucan with ramifications 1-4) and
KS-2 (peptidomannan) are the bioactive fractions of L. edodes which also posses immune
regulatory activities. Eritadenine is a bioactive molecule used against cholesterol which was
correlated with hepatic metabolism of lipids (Sugiyama and Yamakawa 1995). Lectin is a group
of proteins linked with carbohydrates which possess in vitro anti-fungal activity and inhibitory
activity to HIV-1 virus and leukemia cells (Ngai and Ng 2003). The extraction of nucleic acid
from L. edodes showed significant antithrombotic activity (Hokama and Hokama 1981). Another
key component, lenthionine inhibits platelet aggregation that serves as a crucial medicine for

treating thrombosis (Shimada et a/ 2004).

Antimicrobial Activity

The inappropriate and indiscriminate use of antibiotics which results in bacterial resistance
towards antibiotics is becoming a major issue for today’s era. Therefore, scientists are looking
for an alternate option and extraction of antimicrobial compounds from mushroom species would
be one of the best options that show antibacterial, antifungal, antiviral, antitumor, hypoglycemic,
antiallergic, immunomodulating, anti-inflammatory, hypolipidemic, and hepatoprotective
activity (Lindequist et al 2005). Many studies were carried out using different mushroom
extracts with different types of microorganisms. However, the response of microorganisms

against mushroom extracts depends on the growth conditions in which it has been growing

(Iwalokum et al 2007).
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One of the studies on dried shiitake mushrooms carried by Hirasawa et al (1999) in
which antibacterial extracts were prepared by chloroform, ethyl acetate or water which possess
efficient antibacterial activities against Streptococcus spp., Actinomycetes spp., Lactobacillus
spp., Prevotella spp. and Porphyromonas spp. It was also found by Ishikawa and Kasuya (2001)
that mycelia free culture of L. edodes showed greater antimicrobial effect against gram-positive
bacteria in comparison to gram-negative bacteria. Four solvent systems (Hexane,
Dichloromethane, Chloroform and Ethyl acetate) were used for testing culture filtrate of Lentinus
tuberregium for antimicrobial activity and ethyl acetate extract showed more effective
antimicrobial activity against pathogenic bacteria and yeast (Manjunathan and Kaviyarasan
2011). The bioactive component lentinan has been found to be active against Mycobacterium
tuberculosis, B. subtilis, S. aureus, Micrococcus luteus, Candida albicans and S. cerevisiae
(Wasser and Weis 1999). Its derivatives are effective against bacterial, fungal, viral and parasitic
infections (Wasser and Weis 1997, Hobbs 2000, Smith et al 2002). The effectiveness of
azidothymidine (AZT) was found to more in conjunction with lentinan from L. edodes in
suppressing the surface expression of HIV or T cells in comparison to AZT when used alone.
Lentinan and its derivative lentinan sulphate inhibit the viral replication and cell fusion that
showed its anti-HIV activity. Its lignin fractions EP3 and EPS4 possess antiviral and immune-
modulatory effects (Hanafusa 1990). The protein fraction of shiitake prevents the infection of
plants with tobacco mosaic virus (Wasser and Weis 1997). The clinical trials for low molecular
weight shiitake extracts proved that such extracts also possess anti-caries properties and also

reduces the metabolic activity of dental biofilms (Lingstrom et a/ 2012).

The antibacterial activity of four types of extracts (crude filtrate, alcoholic, aqueous and
crude lentinan extracts) of seven different strains (LeC, LeS, Lel, OE-38, OE-142, OE-329 and
OE-388) of Lentinus edodes mycelium and three extracts (alcoholic, aqueous and crude lentinan)
of fruiting bodies of five strains (LeS, OE-38, OE-142, OE-329 and OE-388) on Acinetobacter
sp., E. coli, Klebsiella pneumoniae, Salmonella typhii and Vibrio cholera were studied by
Sharma et al (2014). Different extracts showed different antimicrobial potential against various
microbial cultures and crude lentinan extract showed maximum antimicrobial potential.

Therefore, these bioactive components of L. edodes would serve as one of the alternate for
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antibiotic resistance and serve as a promising antimicrobial agent with potent antibacterial and

antifungal activity.

Future Perspectives

Polysaccharides in comparison to protein and nucleic acid are considered as a renewable source
in terms of pharmacologically active agent with immuno-stimulant, anti-tumor, anti-cancer and
anti-viral activities. These polysaccharides possess numerous applications in the field of

medicine and food industry.

Though B-glucans possess high molecular weight that plays a key role in activating
immune response of patients either absorption via M cells of intestinal membrane or by
macrophages. Thus the bioactive components from Lentinus edodes would serve as a promising
nutraceutical used for treating various forms of cancer and several other diseases such as high
blood pressure, diabetes, cholesterol-lowering with potential value for healthy food and
therapeutics. Because of the complex structure of lentinan, its mechanism is still uncertain

which hinders its application in the field of pharmaceutical industry.

ACKNOWLEDGEMENTS
Suggestions and help provided by friends and colleagues are duly acknowledged and to all the
researchers who worked on Lentinus edodes, without whom this review article would not have

been possible.

REFERENCES

Bae, E.M., Kim, D.H. and Han, M .J. (1997). Effect of Lentinus edodes on the growth of
intestinal lactic acid bacteria. Arch Pharma Res. 20: 443-447.

Batbayar, S., Lee, D.H. and Kim, H.W. (2012). Immunomodulation of fungal f-Glucan in host
defense signaling by Dectin-1. Biomol Ther (Seoul). 20(5):433—445.

Bluhm, T. L. and Sarco, A. (1977). The triple helical structure of lentinan, a B-(1,3)-D Glucan.
Can J Chem 55: 293-299.

Bohn, J. A. and BeMiller, J. N. (1995). (1-3)- b-D-Glucans as biological response modifiers: A

review of structure-functional activity relationships. Carbohydr Polym 28: 3-14.

Received: 21.05.2026 Accepted: 25.06.2026 Published: 27.06.2026
@ This work is licensed and distributed under the terms of the Creative Commons Attribution 4.0 International
L@ﬁ License (https://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and

reproduction in any Medium, provided the original work is properly cited.



Journal of Advance Research in Science and Social Science (JARSSC) ISSN: 2582-2004

Publisher: Indian Mental Health & Research Centre Volume 09, Issue 01
DOI: 10.46523/jarssc.09.01.27 T
Multidisciplinary, Open Access > _ Crossref
Impact Factor: 3.612 GPEN ACCESS e

Brown, G.D. and Gordon, S. (2003). Fungal a-glucans and mammalian immunity. /mmunity 19:
311-315.

Chang, S .T. (2005). Witnessing the development of the mushroom industry in China. In: Tan et
al (eds.) Proceedings of the 5th International Conference on Mushroom Biology and
Mushroom Products. Acta Edulis Fungi 12: 3—19.

Chen, A.W. (2001). Cultivation of Lentinula edodes on synthetic logs. Mushroom Grower’s
Newsletter 10(4): 3-9.

Chen, J. et al. (2024).Recent advances in lentinan: structure, bioactivity and pharmaceutical
applications.International Journal of Biological Macromolecules, 261, 129955.DOLI:
10.1016/j.ijbiomac.2024.129955

Chihara, G. (1992). Immunopharmacology of lentinan, a polysaccharide isolated from Lentinus
edodes: Its applications as a host defense potentiator. Int J Oriental Med 17: 57-77.

Chihara, G., Maeda, Y., Taguchi, J. and Hamuro, J. (1989). Lentinan as a host defense
potentiator (HDP). Int J Immunotherapy 5: 145-150.

Dulay, R.M.R., Miranda L.A., Malasaga J.S., Kalaw S.P., Reyes, R.G. and Hou C.T. (2017).
Antioxidant and antibacterial activities of acetonitrile and hexane extracts of Lentinus
tigrinus and Pleurotus djamour. Biocatal Agric Biotechnol 9: 141-144.

Elisashvili, V. (2012). Submerged cultivation of medicinal mushrooms: bioprocesses and
products (review). Int J Med Mushrooms 14(3):211-239.

Friedman, M. (2016). Mushroom polysaccharides: Chemistry and antiobesity, antidiabetes,
anticancer, and antibiotic properties in cells, rodents and humans. Foods 5: 80.

Gaullier, J.M., Sleboda, J., Ofjord, E.S., Ulvestad, E., Nurminiemi, M., Moe, C., Tor, A. and
Gudmundsen, O. (2011). Supplementation with a soluble B-glucan exported from shiitake
medicinal mushroom, Lentinus edodes (Berk.) Singer mycelium: a crossover, placebo-
controlled study in healthy elderly. Int J Med Mushrooms 13: 319-326.

Hanafusa, T. (1990). Intestinal absorption and tissue distribution of immunoactive and antiviral

water soluble (14C) lignins in rats. Yakubutsu Dotai 5: 409-436.

Received: 21.05.2026 Accepted: 25.06.2026 Published: 27.06.2026
@ This work is licensed and distributed under the terms of the Creative Commons Attribution 4.0 International
L@ﬁ License (https://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and

reproduction in any Medium, provided the original work is properly cited.



Journal of Advance Research in Science and Social Science (JARSSC) ISSN: 2582-2004

Publisher: Indian Mental Health & Research Centre Volume 09, Issue 01
DOI: 10.46523/jarssc.09.01.27 T
Multidisciplinary, Open Access > _ Crossref
Impact Factor: 3.612 GPEN ACCESS e

Hirasawa, M.N., Shouji, T., Neta, K., Fukushima, M. and Takada, K. (1999). Three kinds of
antibacterial substances from Lentinus edodes (Berk.) Sing. (shiitake an edible
mushroom). Int J Antimicrobial Agents 11(2): 151-157.

Hobbs, C. (2000). Medicinal value of Lentinus edodes (Berk.) Sing.: A literature review. Int J
Med Mushrooms 2: 287-302.

Hokama, Y., and Hokama, J.L. (1981). In vitro inhibition of platelet aggregation with low dalton
compounds from aqueous dialysates of edible fungi. Res Commun Chem Pathol
Pharmacol 31: 71-80.

Ina, K., Furuta, R., Kataoka, T., Kayukawa, S., Ina, H. and Yoneda, M. (2016). Chemo-
immunotherapy using lentina for the treatment of gastric cancer with liver
metastases.Med Sci (Basel) 4(2): 8.

Ina, K., Kataoka, T. and Ando, T. (2013). The use of lentinan for treating gastric cancer.
Anticancer Agents Med Chem 13(5):681-688.

Iwalokun, B.A., Usen, U.A., Otunba, A.A. and Olukoya, D.K. (2007). Comparative
phytochemical evaluation, antimicrobial and antioxidant properties of Pleurotus
ostreatus. Afr J Biotechnol 6: 1732-1739.

Kim, D.H., Yang, B. K., Jeong, S.C., Park, J.B., Cho, S.P., Das, S., Yun, J.W. and Song, C.H.
(2002). Production of a hypoglycemic, extracellular polysaccharide from the submerged
culture of the mushroom Phellinus linteus. Biotechnol Lett 23: 513-517.

Lee, H.H., Lee, J.S., Cho, J.Y., Kim, Y.E. and Hong, E.K. (2009). Structural characteristics of
immunostimulating polysaccharides from Lentinus edodes. J Microbiol Biotechnol
19(5):455-461.

Lee, J.Y., Kim, J.Y., Lee, Y.G., Rhee, M.H., Hong, E.K. and Cho, J.Y. (2008). Molecular
mechanism of macrophage activation by exopolysaccharide from liquid culture of
Lentinus edodes. J. Microbiol Biotechnol 18: 355-364.

Li, W., Wang, J., Chen, Z., Gao, X., Chen, Y., Xue, Z., Guo, Q., Ma, Q. and Chen, H. (2018).
Physicochemical properties of polysaccharides from Lentinus edodes under high pressure

cooking treatment and its enhanced anticancer effects./nt J Biol Macromol 115: 994-

1001.
Received: 21.05.2026 Accepted: 25.06.2026 Published: 27.06.2026
@ This work is licensed and distributed under the terms of the Creative Commons Attribution 4.0 International
L@ﬁ License (https://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and

reproduction in any Medium, provided the original work is properly cited.



Journal of Advance Research in Science and Social Science (JARSSC) ISSN: 2582-2004

Publisher: Indian Mental Health & Research Centre Volume 09, Issue 01
DOI: 10.46523/jarssc.09.01.27 T
Multidisciplinary, Open Access > _ Crossref
Impact Factor: 3.612 GPEN ACCESS e

Li, X. et al. (2023).Shiitake mushroom polysaccharides as immunomodulatory and anticancer
agents: molecular mechanisms and therapeutic perspectives. Food Chemistry, 405,
134814. DOI: 10.1016/j.foodchem.2022.134814

Lindequist, U., Niedermeyer, T.H. J. and Julich, W. (2005).Pharmacological potential of
mushrooms. J Evid Based Complement Alternat Med 2: 285-299.

Lingstrom, P., Zaura, E., Hassan, H., Buijs, M.J., Hedelin, P., Pratten, J., David, Spratt., Maria,
Daglia., Aneta, Karbowiak., Caterina, Signoretto., Martijn, Rosema., Fridus, van der
Weijden and Michael, Wilson. (2012). The anticaries effect of a food extract (shiitake) in
a short-term clinical Study. J Biomed Biotechnol doi:10.1155/2012/217164.

Manjunathan, J. and Kaviyarasan, V. (2011). Optimization of mycelial growth and antimicrobial
activity of new edible mushroom, Lentinus tuberregium (Fr.). Tamil Nadu., India. Int J
PharmTech Res 3(1): 497-504.

Mizuno, T. (1999). The extraction and development of antitumour-active polysaccharides from
medicinal mushrooms in Japan. Int J Med Mushrooms 1: 9-29.

Moscovici, M. (2015). Present and future medical applications of microbial exoploysaccharides.
Front Microbiol 6: 1012.

Ngai, P.H.K. and Ng, T. B. (2003). Lentin, a novel and potent antifungal protein from shiitake
mushroom with inhibitory effects on activity of human immunodeficiency virus-1 reverse
transcriptase and proliferation of leukemia cells. Life Sci 73: 3363—-3374.

Ooi, V.E.C. and Liu, F. (1999). A review of pharmacological activities of mushroom
polysaccharides. Int J Med Mushrooms 1: 195-206.

Pegler, D. (1983). The genus Lentinula (Tricholomataceae tribe Collybieae). Sydowia 36: 227—
2309.

Puchkova, T. A., Shcherba, V.V. and Babitskaya, V.V. (2010). Comparative examination of
polysaccharide synthesis by medicinal mushrooms from the genus Lentinus Fr.
(Agaricomycetideae). Int J Med Mushrooms 12(2): 123-132.

Sharma, S., Khanna, P. K. and Kapoor, S. (2014). Evaluation of antibacterial potential of extracts
from seven strains of Lentinus edodes. PI. Dis. Res. 29 (2): 178-184.

Received: 21.05.2026 Accepted: 25.06.2026 Published: 27.06.2026
@ This work is licensed and distributed under the terms of the Creative Commons Attribution 4.0 International
L@ﬁ License (https://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and

reproduction in any Medium, provided the original work is properly cited.



Journal of Advance Research in Science and Social Science (JARSSC) ISSN: 2582-2004

Publisher: Indian Mental Health & Research Centre Volume 09, Issue 01
DOI: 10.46523/jarssc.09.01.27 T
Multidisciplinary, Open Access > _ Crossref
Impact Factor: 3.612 GPEN ACCESS e

Shimada, S., Komamura, K., Kumagai, H. and Sakurai, H. (2004). Inhibitory activity of shiitake
flavour against platelet aggregation. Biofactors 22(1-4): 177-179.

Shivani, (2012). Production, Purification and Characterization of lentinan (B-D-glucans) from
Lentinus edodes Berk (Peglar). PhD Thesis, Punjab Agricultural University, Ludhiana,
India.

Smith, J.E., Rowan, N.J. and Sullivan, R. (2002). Medicinal Mushrooms: Their Therapeutic
Properties and Current Medical Usage with Special Emphasis on Cancer Treatment, pp
256, Special report commissioned by Cancer Research UK, The University of Strathelyde
in Glasgow.

Stamets, P. (2000). Growing Gourmet and Medicinal Mushrooms, pp 259-76, 3rd edition CA:
Ten Speed Press.

Suga, T., Maeda, Y.Y., Uchida, H., Rokutanda, M. and Chihara, G. (1986). Macrophage
mediated acute-phase transport protein production induced by lentinan. Int J
Immunopharmacology 8: 691.

Sugiyama, K., Akachi, T. and Yamakawa, A. (1995). Eritadenine-induced alteration of hepatic
phospholipid metabolism in relation to its hypocholesterolemic action in rats. J Nutr
Biochem 6: 80-87.

Surenjav, U., Xu, X. J., Zeng, F.B. and Zhang, L. (2006). Anti tumour activates of O-sulfonated
derivates of (1-3)-alpha-D-glucan from different Lentinus edodes. Biosci Biotechnol
Biochem 70(1): 38-46.

Susuki, H., Liyama, K., Yoshida, O., Yamazaki, S., Yamamoto, N. and Toda, S. (1990).
Structural characterisation of the immunoactive and antiviral water-soluble lignin in an
extract of the culture medium of Lentinus edodes mycelium (LEM). Agric Biol Chem
254: 479-487.

Taguchi, T., Furue, H., Kimura, T., Kondo, T., Hattori, T., Itoh, T. and Osawa, N. (1985). End
point result of a randomized controlled study of the treatment of gastrointestinal cancer

with a combination of lentinan and chemotherapeutic agents. Excerpta Medica 1: 151-

165.
Received: 21.05.2026 Accepted: 25.06.2026 Published: 27.06.2026
@ This work is licensed and distributed under the terms of the Creative Commons Attribution 4.0 International
L@ﬁ License (https://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and

reproduction in any Medium, provided the original work is properly cited.



Journal of Advance Research in Science and Social Science (JARSSC) ISSN: 2582-2004

Publisher: Indian Mental Health & Research Centre Volume 09, Issue 01
DOI: 10.46523/jarssc.09.01.27 T
Multidisciplinary, Open Access > _ Crossref
Impact Factor: 3.612 GPEN ACCESS e

Thakur, K. and Sharma, S.R. (1992). Substrate and supplementation for the cultivation of
shiitake, Lentinus edodes (Berk) Sing. Mush Information 9: 7 -10.

Thetsrimuang, C., Khammuang, S. and Samthima, R. (2011). Antioxidant activity of crude
polysaccharides from fresh and dry mushroom fruiting bodies of Lentinus sp. strain RJ-2.
Int J Pharmacol 7(1): 58-65.

Wang, X., Xu, X. and Zhang, L. (2008). Thermally induced conformation transition of triple-
helical lentinan in NaCI aqueous solution. J. Physical Chem 112 (33): 10343-10351.

Wang, Y. et al. (2024). Bioactive polysaccharides from Lentinula edodes: extraction, structural
characterization and health benefits.Carbohydrate Polymers, 330, 121793.DOI:
10.1016/j.carbpol.2024.121793

Wasser, S.P. (2002). Medicinal mushrooms as a source of antitumour and immunomodulating
polysaccharides. App! Microbiol Biotechnol 60: 258-274.

Wasser, S.P. (2005). Shiitake (Lentinus edodes). Encyclopedia of Dietary Supplements, Pp 653-
64.

Wasser, S.P. and Weis, A.L. (1997). Medicinal mushrooms Lentinus edodes (Berk) Singer, Pp
95-97, Peledfus Publication House, Haifa, Israel.

Wasser, S.P. and Weis, A.L. (1999). Medicinal properties of substances occurring in higher
basidiomycetes mushrooms: current perspectives (review). Int J Med Mushrooms 1: 31-
62.

Xiaofei Xu, Huidan, Yan, Jian, Tang, Jian, Chen and Xuewu Zhang (2014). Polysaccharides in
Lentinus edodes: Isolation, structure, immunomodulating activity and future prospective,
Crit Rev Food Sci Nutr 54: 474-487.

Xu, X., Pan, C., Zhang, L. and Ashida, H. (2011). Immunomodulatory B-Glucan from Lentinus
edodes activates mitogen-activated protein kinases and nuclear factor-xB in murine RAW
264.7 macrophages. J Biol Chem 286: 31194-31198.

Yap, A.T. and Ng, M.L. (2001). An improved method for the isolation of lentinan from edible
and medicinal Shiitake mushroom, Lentinus edodes (Berk.) Sing (Agaricomycetidae). Int

J Med Mushrooms 3: 9-20.

Received: 21.05.2026 Accepted: 25.06.2026 Published: 27.06.2026
@ This work is licensed and distributed under the terms of the Creative Commons Attribution 4.0 International
L@ﬁ License (https://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and

reproduction in any Medium, provided the original work is properly cited.



Journal of Advance Research in Science and Social Science (JARSSC) ISSN: 2582-2004

Publisher: Indian Mental Health & Research Centre Volume 09, Issue 01
DOI: 10.46523/jarssc.09.01.27 T
Multidisciplinary, Open Access > _ Crossref
Impact Factor: 3.612 GPEN ACEESS \1\4

Zhang, L., Li, X., Zhou, Q., Zhang, X. and Chen, R. (2002). Transition from helix to coil of
Lentinan in aqueous solution measured by SEC, viscosity and 13C NMR. Poly J 34: 443.
Zhang, Y., Li, S., Wang, X., Zhang, L. and Cheung, P.C.K. (2011). Advances in lentinan:

Isolation, structure, chain conformation and bioactivities. Food Hydrocoll 25: 196-206.

Received: 21.05.2026 Accepted: 25.06.2026 Published: 27.06.2026
@ This work is licensed and distributed under the terms of the Creative Commons Attribution 4.0 International
L@ﬁ License (https://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and

reproduction in any Medium, provided the original work is properly cited.



