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	 Lentinula edodes (L. edodes) is the globally second most widely consumed mushroom 
that is well-known for its therapeutic potential and is a commonly used experimental fungus 
model. This review was focused on the benefits, efficacy, and potential mechanism of action of 
the extracts from L. edodes as described in the previous studies. With limited information on 
the health-related benefits of L. edodes, several investigators have now diverted their attention 
towards this macrofungus. Several studies have now revealed its antitumor, immune-modulating, 
antitumor, antiviral, antimicrobial, cholesterol-regulating, anti-atherosclerotic, antidiabetic, 
antioxidant, and homocysteinemia activities.
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	 Several cultures around the world have 
utilized mushrooms as highly nutritional and 
medical food item. In Asia, mushrooms are widely 
used as a medicinal ingredient and several studies 
have been conducted on their medicinal aspects1. 
In India, mushrooms are used as an important 
component of folk medicine and Ayurveda2,3. 
L. edodes, also known as flower mushroom, 
Shiitake, winter mushroom, golden oak mushroom, 
emperor mushroom, and Chinese black mushroom 

has been cultivated for thousands of years. In 
the last two decades, L. edodes production has 
raised substantially from 2.68 to 10.8 million 
tons4. Biochemically, the dried extracts of L. 
edodes comprise 58-60% carbohydrates, 20-23% 
proteins, 9-10% fibre, 4-5% ash, and 3-4% lipids 
(Table 1)5. Several studies have demonstrated the 
antitumor, immuno-regulation, anti-inflammatory, 
antioxidant, and blood pressure lowering activities 
of L. edodes 6, 7, 8, 9. In addition, L. edodes contains 
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amino acids, polysaccharides (lentinan, â-glucans), 
minerals, vitamins, choline, adenine, hexose  
(Table 2) 10, 11.
	 L. edodes  has long been used as 
an important ingredient of the Oriental folk 
medicine for the treatment of several diseases 
and disorders, such as flu, tumours, high blood 
pressure, cardiovascular disorders, obesity, sexual 
dysfunction, ageing, respiratory diseases, diabetes, 
etc. in Japan 12, 13. According to a 2019 study, 
around 88,832 tons of L. edodes was produced in 
2018, which accounted for around 19% of total 
mushroom production in Japan 14.

	 Belonging to the Basidiomycetes division, 
this white-rot fungus is commercially cultivated on 
logs placed on the forest floor (outdoors) and on 
synthetic sawdust substrates (indoors). Recently, 
the indoor cultivation has emerged as the primary L. 
edodes production method; however, the traditional 
log cultivation still contributes substantially to 
overall L. edodes production 13, 14.
L. edodes Composition
	 Previously, the investigators have been 
able to isolate several bioactive compounds 
from L. edodes that are beneficial to the health15. 
Table 1 enlists the compounds present in the fruit 
bodies of L. edodes 16. Apart from the glycogen-
like polysaccharides, L. edodes contains lentinan, 
antitumor polysaccharides, (1-4)-(1-6)-á-D-
glucans, (1-3)-, (1-6)-â-bonded heteroglycans, 
heteromannans, heterogalactans, etc. In addition, 
it also contains several free sugars, including 
glycerol, trehalose, mannitol, arabitol, arabinose, 
and mannose. The dietary fiber from L. edodes 
is composed of both water-soluble and water-
insoluble materials. It also contains various 
aromatic compounds, such as alcohols, sulphides, 
ketones, alkanes, etc. 17. The characteristic flavour 
of the shiitake mushroom is attributed to its 
component organic acids, such as malic acid, 
á-keto-glutaric acid, fumaric acid, oxalic acid, 
acetic acid, lactic acid, glycolic acid, and formic 
acid18.  L. edodes contain numerous biocomponents 
that possess pharmacological potency against 
various disorders and cancer. (Table 3) 19.
Cancer Prevention Activity
	 The cancer prevention effects of 
mushroom polysaccharides were first observed 
by the farmers who primarily grew medical 
mushroom. These farmers exhibited around 40% 
lower cancer-related mortality rate compared 

Table 1. Composition of L. edodes (per 100 gm 
Sample) 16, 62.

S. 	 Components	 Concentration
No.

1	 Ash 	 6.0gm
2	 Carbohydrate and Fibre	 64.4gm
3	 Energy	 411 Kcal
4	 Fat	 2.1gm
5	 Moisture	 4.7gm
6	 Protein	 22.8gm
7	 Calcium 	 127mg
8	 Chromium 	 140 µg
9	 Copper 	 0.9mg
10	 Iron 	 20.1mg
11	 Magnesium	 200mg
12	 Manganese 	 5.1mg
13	 Phosphorus 	 439mg
14	 Zinc 	 4.3mg
15	 Ascorbic acid	 2.1mg
16	 Folic acid	 0.03mg
17	 Niacin	 2.6mg
18	 Pro-Vitamin D Ergosterol	 679 µg
19	 Ribolflavin	 20.15mg
20	 Thiamin	 0.05mg

Table 2. Main compounds found in L. edodes mushrooms. (63, 64, 65)

Fatty acid	 Free sugars	 Polysaccharides	                        Amino acids

Linoleic	 Arabinose 	 Heteroglycans	 Glutamate 	 Leucine 
Palmitic	 Glycerol	 Heterogalactans	 Threonine 	 Valine
Oleic	 Arabinol	 Heteromannans	 Arginine	 Alanine
Stearic	 Mannose	 Heteroglycans 	 Cysteine 	 Glycine 
Myristic	 Mannitol	 Xyloglucans	 Histidine	 Lysine 
Arachidic	 Glucose	 Polyuronide	 Aspartate	 Serine 
Linolenic	 Fructose	 â-glucan	 Isoleucine	 Proline 
Tetradecenoic 	 Trehalose	 Chitin	 Phenylalanine	 Tyrosine
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to general population 20. In a previous rodent 
study, the impact of L. edodes-derived lentinan 
on the hepatic expression of Cytochromes P450 
(CYPs) was observed. The researchers reported 
down regulation of the expression and activity of 
constitutive and 3-methylcholanthrene-inducible 
CYP1A, along with promotion of synthesis of 
tumour necrosis factor-á in test animals 21. Apart 
from being an immune-potentiator, lentinan is 
also known to prevent in vivo anticancer drug-
induced chromosomal damage. A previous study 
demonstrated that treatment with L. edodes fruit 
body extract suppressed the in vivo mutagenicity 
of N-ethyl-N-nitrosourea and cyclophosphamide 
22. Most of the cancer-related studies have focused 
on lentinan as the major anticancer compound 
present in L. edodes. It is currently being used as an 
anticancer agent to improve the outcome of cancer 
therapy. Interestingly, a previous study reported 
that when administered orally, â1-3-glucanase and 
lentinan fail to impart any antitumor activity in 
mammals 23.
Anticaries Activity
	 Caries is a bacterial infection characterized 
by tooth lesions. Caries-causing bacteria synthesize 
insoluble bio adhesive polysaccharides, which 
form a plaque that, in turn, mediates Streptococci 
accumulation and adherence to the dental surface. 
Streptococci produce organic acids that trigger 
enamel demineralization. Then, secondary 
invaders easily invade the deeper tissues of the 
tooth, producing caries lesion. Most important 
caries-inducing species include Streptococcus 
mutans, Streptococcus sobrinus, Actinomyces, and 
Lactobacillus24. Caries incidence is affected by 
several factors, such as oral hygiene, susceptibility 
to demineralization, and diet habits 25. The growth 

of caries-inducing microbes is also suppressed 
by the presence of fluoride. On the other hand, 
sucrose promoted the formation of caries, as it 
acts as a substrate for both biofilm production and 
lactic acid formation. Treatment with L. edodes 
extracts inhibited the adherence capability of 
Streptococci, enhanced biofilm disruption, and 
suppressed the formation of biofilm. Another study 
reported mushroom-derived adenosine to inhibit 
the formation of biofilm 26. It contains sweetening 
agent called erythritol.27 Sesquiterpenes, steroids, 
anthraquinone, benzoic acid derivatives, and 
quinolones present in Shiitake extracts inhibit the 
growth of S. Mutans 28.This bacteriostatic action 
is carried out by the inhibition of DNA synthesis 
which is in agreement with a previous study 29. 
Antimicrobial Activity
	 Mushrooms are well-known to exhibit 
antibacterial activity30. Previous studies have 
demonstrated the antimicrobial activity of L. 
edodes extracts and or culture; however, majority 
of these studies were focused on micro organism 
including Gram-positive bacteria 31,32. A previous 
study demonstrated that lenthionine, a cyclic 
compound that partially contributes to the 
characteristic L. edodes taste, exhibited inhibitory 
effects against Bacillus subtilis, Escherichia coli, 
and Staphylococcus aureus33. Previous studies 
have also shown L. edodes-mediated inhibition 
of oral pathogens 34. Further studies reported 
antiviral activity of L. edodes culture medium. 
For instance, sulphated lentinan ameliorated 
HIV-induced cytopathic effects 35. Rincão et al. 
36 suggested that aqueous and ethanolic extracts 
of L. edodes and L. edodes polysaccharides acted 
at the initial replication stages of the bovine viral 
diarrhoea, bovine herpes virus infection of the 

Table 3. Bioactive compounds present in L. edodes mushrooms
 
Bioactive components	 Reference

Erythritol, Adenosine, Sesquiterpenes, Steroids, Anthraquinone, 	 69
Benzoic acid derivatives, and Quinolones
ß-glucans,  Chitins,  Eritadenine,  Lenthionine,  Ergosterol,  Proteins/Peptides	 66
Octanal, Pentanal, Hexanal, Furfural, Vinyl propionate, Geranylacetone, 	 69
Hexanoic acid, Octanoic acid, Benzoic acid, 2-Cresol, Toluene, Styrene and Ethylbenzene	

Phenylacetaldehyde, 3-methylbutanal, butanoic acid, dimethyl trisulfide, pentanoic acid, 	  70
phenylacetic acid and vanillin
Copalic acid	 68
Carvacrol	 67
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Fig. 1. Phases of carcinogenesis. Carcinogenesis can be classified into at least three stages. The first stage of 
carcinogenesis is caused by an irreversible genetic changes, including mutations, transversions, transitions, and/
or minor DNA deletions. The reversible stage of promotion involves changes in the expression of the genome 

mediated by promoter-receptor interactions rather than changes in the structure of DNA. Karyotypic instability 
and malignant development describe the final irreversible stage of progression. Proto-oncogenes, cellular 

oncogenes, and tumour suppressor genes are all important targets during the stages of carcinogenesis, with 
changes in both alleles of the latter occurring only during the advancement stage

mucous membranes (BoHV-1), and polio virus 
infection (PV-1). Therefore, these extracts and 
polysaccharide are considered as potential sources 
of novel antiviral compounds.
Antitumor Activity
	 Mushrooms are well-known to be highly 
efficient functional food and potential therapeutic 
products 37. A previous study demonstrated that 
lentinan exhibited therapheutic effect against 
gastric cancer15. Administration of L. edodes-
derived polysaccharides in conjugation with the 
chemotherapeutic drugs significantly enhanced 
the drug efficiency among cancer patients without 
any substantial liver, renal or bone marrow 

dysfunction 38. Administration of lentinan prior 
to the chemotherapeutic drugs led to improved 
outcome among advanced or recurrent gastric 
cancer patients in terms of tumour regression, 
prolongation of life, and immune enhancement. 
Lentinan, a â-(1,3)-D-glucan, was first isolated 
from L. edodes by Mizuno et al.39 and shown 
to be immuno-modulators that can improve the 
phagocytic function of macrophages and the host 
tumor defence mechanisms without detrimental 
effects 40.
Anti-Atherosclerotic Activity
	 Atherosclerosis is intricately associated 
with excessive intake of cholesterol-filled food 
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Fig. 2. The mechanism of ROS generation and its importance in the apoptosis of cancer. ROS produced by 
either exogenous sources (radiations & chemicals) or endogenous sources(Infection & metabolism) or drugs 

such as through cellular mitochondria, can induce DNA damage through oxidation(cancer, apoptosis, epigenetic 
changes& Inflammation) or cause post-translational modifications(Transcriptional activation& Signaling pathway 

activation) on cellular proteins

products and overproduction of oxidized low-
density lipoproteins (LDL 41. In addition, to reduce 
the risk of atherosclerosis, The European Food 
Safety Association (EFSA) recommends two types 
of functional foods namely â-glucan (L. edodes) 
and phytosterol 42. The anti-atherosclerotic activity 
of L. edodes indicates its therapeutic product as an 
anti-atherosclerotic agent against cardiovascular 
diseases 43, 19.
Antioxidant Activities
	 Oxidation reactions lead to formation 
of free radicals, which, in turn, damage cells. 
Antioxidants not only prevent the formation these 
free radical intermediates, but also get oxidized 
themselves to prevent such oxidation reactions 
18. Previously, Choi et al., 44 demonstrated that 
exposure to high temperatures significantly 
increased the overall antioxidant activities of L. 
edodes. Another study showed that low molecular 
weight sub-fraction of aqueous L. edodes extract 

exhibited inhibition of lipid peroxidation in animals 
45. Hence, L. edodes has been shown to exhibit 
potent antioxidant property.
Antidiabetic and Hepatoprotective Effects
	 Previously, Yang et al. 46 showed that 
treatment with the L. edodes culture-based 
exo-polymer substantially increased the levels 
of plasma insulin by 22.1% by and decreased 
the levels of plasma glucose, total cholesterol, 
and triglycerides by 21.5%, 25.1%, and 44.5%, 
respectively. In another study, Akamatsu et 
al.47 investigated the hepatoprotective effects of 
various fractions of aqueous L. edodes extract 
in rodents. They observed a decline in the blood 
levels of alanine aminotransferase and aspartate 
aminotransferase, which attributed to the presence 
of polyphenols46,48. Various other studies have 
also suggested L. edodes-derived polyphenols as 
potential components with hepatoprotective effects 
49,50.
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Fig. 3. Schematic representation of possible pathways regulated by â-glucan to attenuate cancer cells. Beta-
glucan acts through the activation of innate immune cells which triggers the immune response, resulting in the 

inhibition of tumor growth and metastasis

Homocysteinemia
	 Homocysteine is synthesized during 
methionine metabolism. Several studies have 
shown significant association between enhanced 
homocysteine levels (homocysteinemia) and 
various ailments such as bone-related disorders 
and cardiac failure. It has previously been shown 
that homocysteinemia enhance susceptibility to 
endothelial injury, which results in tissue, ischemic 
injuries, and metabolic imbalances 51. Several 
neuronal degenerative and cardiovascular diseases 
have also been attributed to homocysteinemia. L. 
edodes has previously been shown to be effective 
against lipid metabolic and vascular diseases, 
including homocysteinemia, lipidaemia, and 
hypertension. Yang et al.27 have demonstrated that 
various L. edodes components, such as eritadenine, 

can counter the effects of hyper homocysteinemia. 
Their study also suggested that these components 
regulate DNA methylation-related genes in mice.
Improves Human Immunity
	 L. edodes is cultivated for both its 
medicinal as well as culinary qualities. Its immune-
modulatory effects have been demonstrated in 
various animal and in vitro studies; however, 
there have been limited number of human studies 
on this aspect. The consumption of L. edodes has 
been shown to improve immunity via enhanced 
cellular proliferation and activation and upregulate 
IgA levels. Dai et al. 52 attributed these effects to 
L. edodes -mediated innate lymphocyte priming. 
They also suggested that this mushroom exhibited 
an anti-inflammatory environment, as evident by 
the expression of NKG2D and CD69 on innate 
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Fig. 4. Possible therapeutic activities of Lentinula edodes (edible mushroom)

T cells and downregulation of C-reactive protein 
levels. They proposed that decreased inflammation 
is beneficial to the host, as it may result in a less 
aggressive immune response, while retaining its 
pathogen-combating ability 52.
Human Clinical Studies 
	 L. edodes-derived lentinan has been 
shown to exhibit antitumor activity and increases 
the survival time among gastric cancer patients53 

and recurrent breast cancer patients54. A phase II 
study revealed that administration of lentinan, 
in conjugation with chemotherapeutic drugs 
significantly enhanced the drug efficacy in 
individuals with progressive cancer but without 
hepatic, renal, or bone marrow dysfunction 55. 
A follow-up phase III trial again revealed that 
administration of lentinan prior to chemotherapy 
led to significantly favorable outcomes in 
individuals with primary lesions and without prior 
chemotherapy 55. Lentinan has also been shown 
to exhibit protective effects against infectious 
diseases. The results of a previous study on 
pulmonary tuberculosis patients who had shed 

drug-resistant M. tuberculosis for a decade showed 
that the excretion of M. tuberculosis ceased after 
treatment with lentinan 56,15.
	 In another clinical trial, L. edodes fruiting 
bodies showed some cholesterol reducing effects. 
Administration of dried L. edodes at daily doses 
of 9 g and 90 g for one week led to a 7% and 
12% decrease in serum cholesterol, respectively. 
Furthermore, daily intake of 90 g L. edodes and 
60 g butter for a week led to a 4% decrease in the 
serum cholesterol levels 57. Another study revealed 
that intake of dried or fresh L. edodes led to a 9% 
reduction in cholesterol levels in individuals 60 
years of age or older 57.
	 Immuno modulators are generally 
classified into immune stimulant, immune 
adjuvants, and immune suppressant 58. Mushrooms 
are a rich source of immune modulators. Previously, 
Uno et al.59 showed that oral administration of L. 
edodes normalized the levels of cytokines in 
phytohemagglutinin-stimulated peripheral blood 
lymphocytes. Won (2002),60 also reported around 
20% increase in the NK-cells to total lymphocytes 
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ratio after oral supplementation of L. edodes. 
Gordon et al. 61 showed good tolerability of HIV-
positive patients to lentinan, with only mild side 
effects, particularly when infusion was carried out 
for over 30min.
	

Conclusion

	 In summary, several studies were 
demonstrated that L. edodes (edible mushroom) 
has significant therapeutic actions against various 
disorders. So, taking this data into consideration, 
L. edodes will become a prospective nutraceutical 
in future, if researchers concentrated on this and 
conduct further preclinical and clinical studies.

ACKNOWLEDGMENTS

	 Authors are grateful to the Indian 
Council of Medical Research (ICMR) for 
providing Extramural grant (Project Ref No: 
ISRM/12(27)/2020 Dated: 01.9.2020) and the 
management of K. S. Rangasamy College of Arts 
and Science, Tiruchengode, Tamil Nadu, India for 
providing the requisite infrastructure.
Funding
	 This work was financially supported by 
Indian Council of Medical Research (ICMR), 
Government of India, and New Delhi (Project Ref 
No: ISRM/12(27)/2020 Dated: 01.9.2020).
Conflict of Interest
	 The authors declare that there is no 
conflict of interest regarding this paper.

REFERENCEs

1.	 Halpern G.M and Miller A.H. Medicinal 
mushrooms. Ancient remedies for modern 
ailments, New York: M. Evans. Company. 
2002;172.

2.	 Adhikari M.K. Chyau: Ayurvediya vishleshane 
kvivechana (Mushrooms: An Ayurvedic 
concepts), Journal of Nepal Pharmaceutical 
Association. 1981;9:17-21.

3.	 Jitendra G and Vaidya. Traditional Medicinal 
Mushrooms and Fungi of India. Int. J. Med. 
Mushrooms. 2000;2:209-214. 

4.	 Li M.Y, Wang P, Wang J.Y, Chen X.Q, Zhao 
D, Yin D.X, Luo J, Juhasz A.L, Li H.B and 
Ma L.Q. Arsenic Concentrations, Speciation, 
and Localization in 141 Cultivated Market 
Mushrooms: Implications for Arsenic Exposure 

to Humans. Environ. Sci. Technol. 2019; 
53(1):503-511. 

5.	 Wasser S.P. In: Shiitake (Lentinus edodes). 
Encyclopedia of Dietary Supplements. Coates, 
P. M., Ed., Marcel Dekker: New York. 2003; 
653–664.

6.	 Liu Y, Zhao J, Zhao Y, Zong S, Tian Y, Chen 
S, Li M, Liu H, Zhang Q, Jing X, Sun B, Wang 
H, Sun T and Yang C. Therapeutic effects of 
lentinan on inflammatory bowel disease and 
colitis-associated cancer. J Cell Mol Med. 2019; 
23(2): 750-760. 

7.	 Papetti A, Signoretto C, Spratt D.A, Pratten J, 
Lingström P, Zaura E, Ofek I, Wilson M, Pruzzo 
C and Gazzani G. Components in Lentinus 
edodes mushroom with anti-biofilm activity 
directed against bacteria involved in caries and 
gingivitis. Food Funct. 2018; 9(6): 3489–3499. 

8.	 Puttaraju NG, Venkateshaiah SU, Dharmesh 
SM, Urs SM and Somasundaram R. Antioxidant 
activity of indigenous edible mushrooms. J. 
Agric. Food Chem. 2006; 54(26): 9764–9772. 

9.	 Zhang Y, Li S, Wang X, et al. Advances in 
lentinan: Isolation, structure, chain conformation 
and bioactivities. Food Hydrocoll. 2011; 25(2): 
196-206. 

10.	 Kuppusamy U.R, Chong Y.L, Mahmood A.A, 
Indran M, Abdullah N and Vikineswary S. 
Lentinula edodes (Shiitake) mushroom extract 
protects against hydrogen peroxide induced 
cytotoxicity in peripheral blood mononuclear 
cells. Indian J. Biochem. Biophys. 2009; 
46(2):161–165. 

11.	 Parola S, Chiodaroli L, Orlandi V, Candida V 
and Luigi P. Lentinula edodes and Pleurotus 
ostreatus: functional food with antioxidant-
antimicrobial activity and an important source 
of Vitamin D and medicinal compounds. Funct. 
food health dis. 2017; 7(10): 773-794.

12.	 Breene W.M. Nutritional and Medicinal Value 
of Specialty Mushrooms. J. Food Prot. 1990; 
53(10): 883-894. 

13.	 Takabatake K. Current trends and future 
prospects for mushroom production in Japan. 
Japan Wood Research Society. 2015; 61: 243-
249. 

14.	 Forestry Agency. (Forest products statistics). 
Tokyo: Forestry Agency, Ministry of Agriculture, 
Forestry and Fisheries. Japan 2019.

15.	 Hobbs Christopher. Medicinal Value of Lentinus 
edodes (Berk.) Sing. (Agaricomycetideae). A 
Literature Review. Int. J. Med. Mushrooms. 
2000; 2.

16.	 Longvah T and Dosthale YG. Compositional and 
nutritional studies on edible wild mushroom from 
northeast India. Food Chem. 1998; 63: 331-334.



9Ponnusamy et al., Biosci., Biotech. Res. Asia,  Vol. 19(1), 1-11 (2022)

17.	 Mizuno T. shiitake, Lentinus edodes: functional 
properties for medicinal and food purposes. Food 
Rev. Int. 1995; 11: 7-21.

18.	 Bisen P.S, Baghel R.K, Sanodiya B.S, Thakur G.S 
and Prasad G.B. Lentinus edodes: a macrofungus 
with pharmacological activities. Curr. Med. 
Chem. 2010; 17(22): 2419–2430. 

19.	 Rahman M.A, Abdullah N, Aminudin N. 
Lentinula edodes (shiitake mushroom): An 
assessment of in vitro anti-atherosclerotic 
bio-functionality. Saudi J. Biol. Sci. 2018; 
25(8):1515-1523.

20.	 Ikekawa T. Beneficial effects of edible and 
medicinal mushrooms in health care. Int. J. Med. 
Mushrooms, 2001; 3: 291-298.

21.	 Okamoto T, Kodoi R, Nonaka Y, Fukuda I, 
Hashimoto T, Kanazawa K, Mizuno M and 
Ashida H. Lentinan from shiitake mushroom 
(Lentinus edodes) suppresses expression of 
cytochrome P450 1A subfamily in the mouse 
liver. BioFactors (Oxford, England), 2004; 21(1-
4): 407–409.

22.	 de Lima P.L, Delmanto R.D, Sugui M.M, da 
Eira A.F, Salvadori D.M, Speit G, and Ribeiro 
L. R. Letinula edodes (Berk.) Pegler (Shiitake) 
modulates genotoxic and mutagenic effects 
induced by alkylating agents in vivo. Mutat. Res. 
2001; 496(1-2): 23–32. 

23.	 Borchers A.T, Stern J.S, Hackman R.M, Keen 
C.L and Gershwin M.E. Mushrooms, tumors, 
and immunity. Proceedings of the Society for 
Experimental Biology and Medicine. Society 
for Experimental Biology and Medicine (New 
York, N.Y.), 1999; 221(4): 281–293. https://doi.
org/10.1046/j.1525-1373.1999.d01-86.x 

24.	 Hardie J.M and Whiley R.A. Plaque microbiology 
of crown caries. In Dental Plaque Revisited: 
Oral Biofilms in Health and Disease. Bioline. 
1999;283-294.

25.	 Khan R, Zakir M, Khanam Z, Shakil S and Khan 
A.U. Novel compound from Trachyspermum 
ammi (Ajowan caraway) seeds with antibiofilm 
and antiadherence activities against Streptococcus 
mutans: a potential chemotherapeutic agent 
against dental caries. J. Appl. Microbiol. 2010; 
109(6): 2151–2159.

26.	 . Gazzani G, Daglia M and Papetti A. Food 
components with anticaries activity. Curr. Opin. 
Biotechnol. 2012; 23(2): 153-159. doi:10.1016/j.
copbio.2011.09.003

27.	 Yang H, Hwang I, Kim S, Ahn C, Hong E.J and 
Jeung E.B. Preventive effects of Lentinus edodes 
on homocysteinemia in mice. Exp. Ther. Med. 
2013; 6(2): 465–468.doi:10.3892/etm.2013.1130

28.	 Yang J.N. Effect of mushrooms on dental caries. 
J. Pharm. Sci. 2013; 5:284 6.

29.	 Lleo M.M, Canepari P and Satta G. Bacterial 
cell shape regulation: testing of additional 
predictions unique to the two-competing-sites 
model for peptidoglycan assembly and isolation 
of conditional rod-shaped mutants from some 
wild-type cocci. J. Bacteriol. 1990; 172(7): 3758-
3771. doi:10.1128/jb.172.7.3758-3771.1990

30.	 Barseghyan G and Wasser S. Medicinal 
Mushrooms with Anti-Phytopathogenic and 
Insecticidal Properties. Mushroom Biotechnology. 
2016; 2015: 137-153.

31.	 . Ishikawa N.K, Kasuya M.C.M and Dantas 
Vanetti M.C. Antibacterial Activity of Lentinula 
Edodes Grown In Liquid Medium. Braz. J. 
Microbiol. 2001; 32(3): 206-210.  

32.	 Kaur H, Nyochembeng L.M, Mentreddy S.R 
and Banerjee P. Assessment of the antimicrobial 
activity of Lentinula edodes against Xanthomonas 
campestris pv. Vesicatoria, Crop Prot. 2016; 89: 
284-288. doi:10.1016/j.cropro.2016.08.001

33.	 Lingström P, Zaura E, Hassan H, Buijs MJ, 
Hedelin P, Pratten J, Spratt D, Daglia M, 
Karbowiak A, Signoretto C, Rosema M, van der 
Weijden F and Wilson M. The anticaries effect of 
a food extract (shiitake) in a short-term clinical 
study. J Biomed Biotechnol. 2012; 2012: 217164. 

34.	 Ciric L, Tymon A, Zaura E, Lingström P, Stauder 
M, Papetti A, Signoretto C, Pratten J, Wilson 
M and Spratt D. In Vitro assessment of shiitake 
mushroom (Lentinula edodes) extract for its 
antigingivitis activity. J Biomed Biotechnol. 
2011; 2011: 507908. 

35.	 Zembron-Lacny A, Gajewski M, Naczk M, 
Siatkowski, I. Effect of shiitake (Lentinus 
edodes) extract on antioxidant and inflammatory 
response to prolonged eccentric exercise. Journal 
of physiology and pharmacology: an official 
journal of the Polish Physiological Society. 2013; 
64(2): 249–254.

36.	 Rincão VP, Yamamoto KA, Ricardo NM, Soares 
SA, Meirelles LD, Nozawa C, Linhares RE. 
Polysaccharide and extracts from Lentinula 
edodes: structural features and antiviral activity. 
Virology journal. 2012;9:37.

37.	 Mizuno M, Morimoto M, Minato K, Tsuchida H. 
Polysaccharides from Agaricus blazei stimulate 
lymphocyte T-cell subsets in mice. Biosci. 
Biotechnol. Biochem. 1998; 62(3): 434–437.

38.	 Taguchi T. Clinical efficacy of lentinan on 
patients with stomach cancer: end point results of 
a four-year follow-up survey. Cancer Detection 
and Prevention. 1987; 1: 333-349. 

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



10 Ponnusamy et al., Biosci., Biotech. Res. Asia,  Vol. 19(1), 1-11 (2022)

40.	 Zhang P and Cheung PC. Evaluation of sulfated 
Lentinus edodes alpha-(1—>3)-D-glucan as a 
potential antitumor agent. Biosci. Biotechnol. 
Biochem. 2002; 66(5): 1052-1056. doi:10.1271/
bbb.66.1052 

41.	 Grundy S.M, Arai H and Barter P. An international 
atherosclerosis society position paper: global 
recommendations for the management of 
dyslipidemia. J. Clin. Lipidol. 2013; 7: 561-565.

42.	 EFSA panel on dietetic products, nutrition 
and allergies, 2010. Scientific opinion on the 
substantiation of a health-claim related to oat 
beta-glucan and lowering blood cholesterol and 
reduced risk of (coronary) heart disease pursuant 
to article 14 of regulation (EC) no. 1924 (2006). 
EFSA J. 8:1885.

43.	 Martin SS, Bluementhal RS and Miller M. LDL 
cholesterol: the lower the better. Med. Clin. N. 
2012; 96: 13-26.

44.	 Choi Y, Lee SM, Chun J, Lee HB and Lee J. 
Influence of heat treatment on the antioxidant 
activities and polyphenolic compounds of 
shiitake (Lentinus edodes) mushroom. Food 
Chem. 2006; 99: 381-387. 

45.	 Cheung LM and Cheung PCK. Mushroom 
extracts with antioxidant activity against lipid 
peroxidation, Food Chem. 2005; 89(3): 403-409. 

46.	 Yang BK, Kim DH, Jeong SC, Das S, Choi YS, 
Shin JS, Lee SC and Song CH. Hypoglycemic 
effect of a Lentinus edodes exo-polymer 
produced from a submerged mycelial culture. 
Bioscience, biotechnology, and biochemistry. 
2002; 66(5): 937–942.

47.	 Akamatsu S, Watanabe A, Tamesada M, 
Nakamura R, Hayashi S, Kodama D, Kawase 
M and Yagi K. Hepatoprotective effect of 
extracts from Lentinus edodes mycelia on 
dimethylnitrosamine-induced liver injury. 
Biological & pharmaceutical bulletin. 2004; 
27(12): 1957–1960.

48.	 Yagi K. Liver protective effect of Lentinula 
edodes mycelia(LEM), Gan. To. Kagaku. Ryoho. 
2012; 39(7): 1099-1102

49.	 Carneiro AA, Ferreira IC, Dueñas M, Barros 
L, da Silva R. Gomes E and Santos-Buelga C. 
Chemical composition and antioxidant activity 
of dried powder formulations of Agaricus blazei 
and Lentinus edodes. Food Chem. 2013; 138(4): 
2168–2173. 

50.	 Yoshioka Y, Kojima H, Tamura A, Tsuji K, 
Tamesada M, Yagi K and Murakami N. Low-
molecular-weight lignin-rich fraction in the 
extract of cultured Lentinula edodes mycelia 
attenuates carbon tetrachloride-induced toxicity 
in primary cultures of rat hepatocytes. J. Nat. 
Med. 2012; 66(1): 185–191.

51.	 Akalin A, Alatas O and Colak O. Relation of 
plasma homocysteine levels to atherosclerotic 
vascular disease and inflammation markers in 
type 2 diabetic patients, European Journal of 
Endocrinology. 2008; 158(1): 47-52.

52.	 Dai X, Stanilka JM, Rowe CA, Esteves EA, Nieves 
C, Jr Spaiser SJ, Christman MC, Langkamp-
Henken B and Percival SS. Consuming Lentinula 
edodes (Shiitake) Mushrooms Daily Improves 
Human Immunity: A Randomized Dietary 
Intervention in Healthy Young Adults. J Am Coll 
Nutr. 2015; 34(6); 478–487.

53.	 Mashiko H, Satoh J, Hatayama H and Kitamura 
H. A case of advanced gastric cancer with liver 
metastasis completely responding to a combined 
immunochemotherapy with UFT, mitomycin C 
and lentinan, Gan to kagaku ryoho. Cancer & 
chemotherapy. 1992; 19(5): 715-718.

54.	 Kosaka A, Kuzuoka M, Yamafuji K, maizumi A, 
Hattori Y and Yamashita A. Synergistic action of 
lentinan (LNT) with endocrine therapy of breast 
cancer in rats and humans. Gan to kagaku ryoho. 
Cancer & chemotherapy. 1987; 14(2):516-522. 

55.	 Taguchi T, et al. Clinical trials on lentinan 
(polysaccharide). In: Immunomodulation 
by microbial products and related synthetic 
compounds. Elsevier, New York. 1982; 467-475.

56.	 Usuda Y. et al. Drug-resistant pulmonary 
tuberculosis treated with lentinan. In: 
Manipulation of host defense mechanisms, 
Aoki T., et al., eds. Excerpta. Medica, Amsterdam 
(International Congress Series 576). (1981) 50.

57.	 Suzuki S and Ohshima S. Influence of Shi-Ta-Ke 
( Lentinus edodes) on human serum cholesterol. 
Mushroom Science IX (Part 1). In: Proceedings 
of the Ninth International Scientific Congress on 
the Cultivation of Edible Fungi, Tokyo. 1974; 
463-467.

58.	 El Enshasy H.A and Hatti-Kaul R. Mushroom 
immunomodulators: unique molecules with 
unlimited applications. Trends Biotechnol. 2013; 
31(12): 668-677. 

59.	 Uno K, Kosuna K, Sun, B. et al. Active 
hexose correlated compound (AHCC) improves 
immunological parameters and performance 
status of patients with solid tumors, Biotherapy. 
(Japan) 2000; 14: 303-309.

60.	 Won J.S. The hematoimmunologic effect of 
AHCC for Korean patients with various cancers. 
Biotherapy. 2002; 16: 560-564.

61.	 Gordon M, Bihari B, Goosby E, Gorter R, Greco 
M, Guralnik M, Mimura T, Rudinicki V, Wong R 
and Kaneko Y. A placebo-controlled trial of the 
immune modulator, lentinan, in HIV-positive 
patients: a phase I/II trial”. J. Med. 1998; 29(5-6): 
305–330. 



11Ponnusamy et al., Biosci., Biotech. Res. Asia,  Vol. 19(1), 1-11 (2022)

62.	 Mattila P, Könkö K, Eurola M, Pihlava JM, Astola 
J, Vahteristo L, Hietaniemi V, Kumpulainen 
J, Valtonen M and Piironen, V. Contents of 
vitamins, mineral elements, and some phenolic 
compounds in cultivated mushrooms. Journal 
of agricultural and Food Chem. 2001; 49(5): 
2343–2348. 

63.	 Heleno S.A, Barros L, Martins A, Queiroz MJ, 
Santos-Buelga C and Ferreira IC. Phenolic, 
polysaccharidic, and lipidic fractions of 
mushrooms from northeastern Portugal: chemical 
compounds with antioxidant properties. J. Agric. 
Food Chem. 2012; 60(18): 4634–4640.

64.	 Reis FS, Martins A, Barros L and Ferreira IC. 
Antioxidant properties and phenolic profile of the 
most widely appreciated cultivated mushrooms: 
a comparative study between in vivo and in vitro 
samples. Food and chemical toxicology : an 
international journal published for the British 
Industrial Biological Research Association. 
2012; 50(5):1201–1207.

65.	 Chandra LC, Smith BJ, Clarke SL, Marlow D, 
D’Offay JM and Kuvibidila SR. Differential 
effects of shiitake- and white button mushroom-
supplemented diets on hepatic steatosis in 
C57BL/6 mice. Food and chemical toxicology: 
An international journal published for the British 

Industrial Biological Research Association. 
2011; 49(12): 3074–3080.

66.	 Morales D, Piris A.J, Ruiz-Rodriguez A, 
Prodanov M and Soler-Rivas C. Extraction of 
bioactive compounds against cardiovascular 
diseases from Lentinula edodes using a sequential 
extraction method. 2018; 34(3): 746–755.

67.	 Burt S. Essential oils: Their antibacterial 
properties and potential applications in foods – A 
review. Int. J. Food Microbiol. 2004; 94:223-53.

68.	 Souza A.B, Martins C.H, Souza M.G, Furtado 
N.A, Heleno V.C, de Sousa J.P, Rocha E.M, 
Bastos J.K, Cunha W.R, Veneziani R.C and 
Ambrósio S.R. Antimicrobial activity of 
terpenoids from Copaifera langsdorffii Desf. 
Against Cariogenic Bacteria. Phytotherapy 
research : PTR. 2011; 25(2):215–220.

69.	 Li W, Wang J, Chen W, Yang Y, Zhang J, 
Feng J, Yu H and Li Q. Analysis of volatile 
compounds of Lentinula edodes grown in 
different culture substrate formulations. Food 
research international. 2019; 125: 108517.

70.	 Philipp C, Schmid B and Peter S. Changes in 
the Key Aroma Compounds of Raw Shiitake 
Mushrooms (Lentinula edodes) Induced by 
Pan-Frying As Well As by Rehydration of Dry 
Mushrooms. J. Agric. Food Chem. 2020; 68(15): 
4493–4506.


