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24th North America Mushroom 

Mushrooms Canada hosted the 24th North American Mushroom Conference (NAMC) at the 

historical Château Frontenac in Quebec 

attendance of roughly 300 people, NAMC brought together growers, industry stakeholders, 

innovators and researchers. 

The conference included attendees from across Canada and the United States, as well as delegates

Netherlands, Ireland, Mexico, China and Australia.

Topics covered included; Best Practices of Listeria Control, Integrated Biomass Gasification, Sustainability, Odour 

Reduction, Mental Health in the Workplace, a panel on Attracting, Training 

from Global Futurist, Trends and Innovation Expert, Jim Carroll.

A panel on Marketing the Blend concluded with an exciting announcement on the future of The Blend. United States 

based Sonic Drive-In will be the first national quick service chain to test a “blended burger,” a beef

touted for being more healthful and sustainable than conventional hamburgers. The Sonic Slinger will be tested in 

several markets starting at the end of August for 60 days.

The 25th NAMC will be hosted by the American Mushroom Institute and held in Orlando, Florida, February 14

2019. 

NAMC will once again return to Canada in 2021 and will be held in conjunction with the International Society for 

Mushroom Science Congress. This event is slated to take place in Vancouver, Canada.
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24th North America Mushroom Conference Celebrates Success 

Mushrooms Canada hosted the 24th North American Mushroom Conference (NAMC) at the 

historical Château Frontenac in Quebec City, Canada from June 21-23, 2017. With an 

attendance of roughly 300 people, NAMC brought together growers, industry stakeholders, 

The conference included attendees from across Canada and the United States, as well as delegates

Netherlands, Ireland, Mexico, China and Australia. 

Topics covered included; Best Practices of Listeria Control, Integrated Biomass Gasification, Sustainability, Odour 

Reduction, Mental Health in the Workplace, a panel on Attracting, Training and Retaining Millennials, and a Keynote 

from Global Futurist, Trends and Innovation Expert, Jim Carroll. 

A panel on Marketing the Blend concluded with an exciting announcement on the future of The Blend. United States 

t national quick service chain to test a “blended burger,” a beef

touted for being more healthful and sustainable than conventional hamburgers. The Sonic Slinger will be tested in 

several markets starting at the end of August for 60 days. 

e 25th NAMC will be hosted by the American Mushroom Institute and held in Orlando, Florida, February 14

NAMC will once again return to Canada in 2021 and will be held in conjunction with the International Society for 

is event is slated to take place in Vancouver, Canada.  

News Reports 

Mushrooms Canada hosted the 24th North American Mushroom Conference (NAMC) at the 

23, 2017. With an 

attendance of roughly 300 people, NAMC brought together growers, industry stakeholders, 

The conference included attendees from across Canada and the United States, as well as delegates from the 

 

Topics covered included; Best Practices of Listeria Control, Integrated Biomass Gasification, Sustainability, Odour 

and Retaining Millennials, and a Keynote 

A panel on Marketing the Blend concluded with an exciting announcement on the future of The Blend. United States 

t national quick service chain to test a “blended burger,” a beef-mushroom blend 

touted for being more healthful and sustainable than conventional hamburgers. The Sonic Slinger will be tested in 

e 25th NAMC will be hosted by the American Mushroom Institute and held in Orlando, Florida, February 14-16, 

NAMC will once again return to Canada in 2021 and will be held in conjunction with the International Society for 

  



 

Statistics on the Exports of Edibile & Medicinal Mushroom of China from Jan to Apr, 2017 

Unit: kg; USD; USD/kg 

HS code Products name 
Exports from 

Jan to Apr, 
2016 

Value of exports 
from Jan to Apr, 

2016 

Exports from 
Jan to Apr, 

2017 

Value of exports 
from Jan to Apr, 

2017 

Exports 
growth 

Exports value 
growth 

06029010 Mushroom spawn 19490952 11451243 25725279 14623250 31.99% 27.70% 
07095100 Mushrooms of Agaricus spp., fresh or chilled 1362743 2707690 2205911 3656836 61.87% 35.05% 
07095910 Tricholoma matsutake, fresh or chilled 135 14850 76 3040 -43.70% -79.53% 
07095920 Lentinula edodes, fresh or chilled 6384259 19074097 5887599 16322714 -7.78% -14.42% 
07095930 Flammulina velutipes, fresh or chilled 1307207 2029334 1877324 2954832 43.61% 45.61% 
07095940 Volvariella volvacea, fresh or chilled 133856 124060 91765 127024 -31.44% 2.39% 

07095950 Leucopaxillus giganteus, fresh or chilled 170957 267511 202329 319776 18.35% 19.54% 
07095960 Truffle, fresh or chilled 488399 1771120 504995 2518456 3.40% 42.20% 
07095990 Other mushroom, fresh or chilled 8236514 15230836 10302292 15967492 25.08% 4.84% 
07108010 Tricholoma matsutake, frozen 107650 2166825 79920 1410049 -25.76% -34.93% 
07108040 Boletus spp., frozen 1624798 7044189 2220414 8866610 36.66% 25.87% 
07115112 Agaricus comtulus, in brine 970234 1735849 671380 1341256 -30.80% -22.73% 

07115119 Other mushrooms of Agaricus spp., in brine 3245885 6872757 2786890 6014087 -14.14% -12.49% 
07115911 Tricholoma matsutake, in brine 10920 201204 19300 489464 76.74% 143.27% 
07115919 Other mushroom and truffles, in brine 2142369 6044991 2803464 6940639 30.86% 14.82% 

07115990 
Other mushrooms and truffles, provisionally 

preserved 
1344636 2690401 1786082 3865219 32.83% 43.67% 

07123100 Dried mushrooms of Agaricus spp.  50427 907247 54174 945812 7.43% 4.25% 
07123200 Dried Auricularia auricular  12513749 210732896 10875868 175457720 -13.09% -16.74% 

07123300 Dried Tremella fuciformis 1730825 30218743 1116170 16514747 -35.51% -45.35% 
07123910 Dried Lentinula edodes 30162505 508348087 32349731 497114587 7.25% -2.21% 
07123920 Dried Flammulina velutipes     100 51     
07123930 Dried Volvariella volvacea     140 1862     
07123950 Dried Boletus spp. 357021 7947018 525946 10675760 47.32% 34.34% 



 

07123990 Other dried mushrooms and truffles 271502 6945921         
07123991 Dried Morchella spp.     1575 173243     

07123999 Other dried mushrooms and truffles     207593 3369443     
12119016 Cordyceps sinensis, fresh or dried 116 2025295 69 1734576 -40.52% -14.35% 
12119022 Rhizoma gastrodiae, fresh or dried 57358 941463 58107 885711 1.31% -5.92% 
12119029 Poria cocos, fresh or dried 1152854 5473587 2004226 9075766 73.85% 65.81% 
20031011 Agaricus comtulus, in air tight containers 66301638 85723164 66919159 87523261 0.93% 2.10% 
20031019 Other mushrooms, in air tight containers 10149487 23962676 9304850 17035224 -8.32% -28.91% 

20031090 
Other mushrooms, prepared or preserved 
otherwise than by vinegar or acetic acid 

267478 2438626 279290 2246292 4.42% -7.89% 

20039010 Other mushrooms, canned 7313588 29691665 6831664 22134887 -6.59% -25.45% 

20039090 
Other mushrooms and truffles, prepared or 

preserved otherwise than by vinegar or acetic acid 
4117069 65196495 3941698 55832535 -4.26% -14.36% 

 
Total 181467131 1059979840 191635380 986142221 5.60% -6.97% 

Date from Customs of the People's Republic of China 

Made by Edible Fungi Chamber, China Chamber of Commerce of Foodstuffs and Native Produce  

All Rights Reserved 

 

 

 

 



 

First Announcement of the 9th International Conference on 

Mushroom Biology and Mushroom Products

Background & Aims 

Organized by the World Society for Mushroom Biology and Mushroom Products (WSMBMP)

Professor Shuting Chang, the International Conference on Mushroom Biology and Mushroom Products

international conference focusing on the topics of scientific research on edible and medicinal mushrooms, 

development of mushroom products and market and trade. Until now, eigh

in different countries since 1993, i.e., the first conference in Hong Kong, China in 1993, the second conference in 

Pennsylvania, USA in 1996, the third conference in Sydney, Australia in 1999, the fourth conferen

Mexico in 2002, the fifth conference in Shanghai, China in 2005, the sixth conference in Bonn, Germany in 2008, the 

seventh conference in Arcachon, France in 2011, and the eighth conference in New Delhi, India in 2014. The series of 

conferences organized by WSMBMP cover a wide range of topics concerning the whole chain of edible and medicinal 

mushrooms including scientific research, technical innovation, quality management and market and trade. The 

previous conferences have attracted resea

academia and mushroom industry all over the world, and the conferences

and progress of development of the mushroom industry. In recent years, for 

participants attend the conference. The International Conference on Mushroom Biology and Mushroom Products is 

the most important international conference for the mushroom society in the world.

Since the Fifth International Conference on Mushroom Biology and Mushroom Products successfully held in Shanghai, 

China in 2005, China’s mushroom industry has made rapid and remarkable progress, and China stands at the forefront 

in a number of areas including scientific research, technic

conference held in India in 2014, many international counterparts expressed their desire to visit China to conduct 

seminars, technical discussions and investigations. Therefore, the Shanghai of China is pl

9thInternational Conference on Mushroom Biology and Mushroom Products (ICMBMP9). The 9

only establish a platform for the international counterparts to conduct academic exchange and information exchange, 

and achieve common progress, but also will offer an international stage for China’s mushroom academia and industry 

to showcase the latest progress in scientific progress, the most advanced technology, the most popular products, and 

the best market and business mode. We

spirit of “openness and inclusiveness, mutual learning

 

Up-coming Events

 

  

 

 

 

 

he 9th International Conference on  

Mushroom Biology and Mushroom Products 

World Society for Mushroom Biology and Mushroom Products (WSMBMP)

International Conference on Mushroom Biology and Mushroom Products

international conference focusing on the topics of scientific research on edible and medicinal mushrooms, 

development of mushroom products and market and trade. Until now, eight international conferences have been held 

in different countries since 1993, i.e., the first conference in Hong Kong, China in 1993, the second conference in 

Pennsylvania, USA in 1996, the third conference in Sydney, Australia in 1999, the fourth conferen

Mexico in 2002, the fifth conference in Shanghai, China in 2005, the sixth conference in Bonn, Germany in 2008, the 

seventh conference in Arcachon, France in 2011, and the eighth conference in New Delhi, India in 2014. The series of 

rences organized by WSMBMP cover a wide range of topics concerning the whole chain of edible and medicinal 

mushrooms including scientific research, technical innovation, quality management and market and trade. The 

previous conferences have attracted researchers, experts, business people and various stakeholders of mushroom 

academia and mushroom industry all over the world, and the conferences have had a profound impact on direction 

and progress of development of the mushroom industry. In recent years, for each conference, about 400

The International Conference on Mushroom Biology and Mushroom Products is 

the most important international conference for the mushroom society in the world. 

nference on Mushroom Biology and Mushroom Products successfully held in Shanghai, 

China in 2005, China’s mushroom industry has made rapid and remarkable progress, and China stands at the forefront 

in a number of areas including scientific research, technical innovation, and market and trade. At the eighth 

conference held in India in 2014, many international counterparts expressed their desire to visit China to conduct 

seminars, technical discussions and investigations. Therefore, the Shanghai of China is pl

International Conference on Mushroom Biology and Mushroom Products (ICMBMP9). The 9

only establish a platform for the international counterparts to conduct academic exchange and information exchange, 

ommon progress, but also will offer an international stage for China’s mushroom academia and industry 

to showcase the latest progress in scientific progress, the most advanced technology, the most popular products, and 

the best market and business mode. We believe that the Conference will be a splendid and successful event with the 

inclusiveness, mutual learning and mutual benefit” in “One Belt One Road” initiative. 

coming Events 

World Society for Mushroom Biology and Mushroom Products (WSMBMP) which was initiated by 

International Conference on Mushroom Biology and Mushroom Products is the only 

international conference focusing on the topics of scientific research on edible and medicinal mushrooms, 

t international conferences have been held 

in different countries since 1993, i.e., the first conference in Hong Kong, China in 1993, the second conference in 

Pennsylvania, USA in 1996, the third conference in Sydney, Australia in 1999, the fourth conference in Cuernavaca, 

Mexico in 2002, the fifth conference in Shanghai, China in 2005, the sixth conference in Bonn, Germany in 2008, the 

seventh conference in Arcachon, France in 2011, and the eighth conference in New Delhi, India in 2014. The series of 

rences organized by WSMBMP cover a wide range of topics concerning the whole chain of edible and medicinal 

mushrooms including scientific research, technical innovation, quality management and market and trade. The 

and various stakeholders of mushroom 

have had a profound impact on direction 

each conference, about 400-500 

The International Conference on Mushroom Biology and Mushroom Products is 

nference on Mushroom Biology and Mushroom Products successfully held in Shanghai, 

China in 2005, China’s mushroom industry has made rapid and remarkable progress, and China stands at the forefront 

al innovation, and market and trade. At the eighth 

conference held in India in 2014, many international counterparts expressed their desire to visit China to conduct 

seminars, technical discussions and investigations. Therefore, the Shanghai of China is pleased to host the 

International Conference on Mushroom Biology and Mushroom Products (ICMBMP9). The 9th Conference will not 

only establish a platform for the international counterparts to conduct academic exchange and information exchange, 

ommon progress, but also will offer an international stage for China’s mushroom academia and industry 

to showcase the latest progress in scientific progress, the most advanced technology, the most popular products, and 

believe that the Conference will be a splendid and successful event with the 

mutual benefit” in “One Belt One Road” initiative.  



 

Organizers 

World Society for Mushroom Biology and Mushroom Products (WSMBMP) 

Shanghai Academy of Agricultural Sciences (SAAS) 

China Edible Fungi Association 

China Chamber of Commerce of Foodstuffs and Native Produce 

Co-Organizers 

The International Society for Medicinal Fungi 

Mycological Society of China 

Mushroom Branch of the Chinese Agricultural Society 

National Engineering Research Center of Edible Fungi, China 

EngineeringResearch Center of Edible & Medicinal Fungi, Ministry of Education, China 

Key Laboratory of Edible Fungi Resources and Utilization (South),Ministry of Agriculture, China 

Shanghai Horticultural Society 

Shanghai Society for Microbiology 

Conference Advisory Committee 

S. T. Chang (Australia) LI Yu (China) 

GU Guoxin (China)   Daniel J. Royse (USA) 

PAN Yingjie (China)   WU Aizhong (China) 

RONG Weidong (China) WANG Chengshu (China) 

Jose E. Sanchez (Mexico) Anton Sonnerberg (Netherlands) 

John A. Buswell (UK) Koji Takabatake (Japan)   

Greg Seymour (Australia)   

Organizing Committee 

Chairman   CAI Youming, Shanghai Academy of Agricultural Sciences 

Coordinating commissioner GAO Maolin, China Edible Fungi Association 

Organizing commissioner TAN Qi, Shanghai Academy of Agricultural Sciences 

Finance commissioner LIU Ziqiang, China Chamber of Commerce of Foodstuffs and Native Produce 

Secretariat ZHANG Jinsong, Institute of Edible Fungi, Shanghai Academy of Agricultural 

Sciences 

Media Support 

www.emushroom net 

Acta Edulis Fungi (Journal) 

Shi Yong Jun (Journal) 

Edible & Medicinal Mushroom (Journal) 

 



 

Dates & Venue 

November 12-15, 2018 

Shanghai, China 

Conference Program &Topics 

The conference program is consisted by various activities including keynote speeches, presentations, poster displays, 

and discussions. The conference topics cover various aspects of mushroom science and the mushroom industry, 

mainly including: mushroom taxonomy, mushroom genetics and molecular biology, mushroom physiology and 

biochemistry, mushroom breeding, mushroom spawn production and cultivation techniques, prevention and control 

of mushroom diseases and pests, mushroom nutrition and healthcare function, processing and freshness keeping 

technology of mushroom products, safety governance and quality control of mushroom products.  

Kind Reminder 

In order to let the mushroom producers and researchers from home and abroad have a more comprehensive and 

in-depth understanding of China’s mushroom industry, coordinated and arranged by the Organizing Committee of 

ICMBMP9 and the Organizing Committee of The Chinese Mushroom Days, the exhibition and trade part of ICMBMP9 

will be held together with the exhibition part of The 12th Chinese Mushroom Days. The dates of this event will be from 

November 16 to 19, 2018, and the venue of this event is Zhangzhou of Fujian Province, China, which is renowned as 

the “World capital of canned mushrooms”. The participants of ICMBMP9 are welcome to Zhangzhou to attend this 

event.  

More Information& Contact 

Please contact: Secretariat of the Organizing Committee of ICMBMP9, Institute of Edible Fungi of Shanghai Academy 

of Agricultural Sciences 

Add: Room 101, No. 12 Building 

     1000 Jinqi Road, Fengxian Distirct 

     Shanghai 201403 

     China 

Tel: + 86-21-62209802, +86-21-62209800 

Fax: +86-21-62201337 

E-mail:  WSMBMP@126.com 

Website: http:// www.sh-mushroom.com 

 

World Society for Mushroom Biology and Mushroom Products 

July 26, 2017 

  



 

The Eleventh Chinese Mushroom Days 

 
Note: the date is changed from November 14-17 to November 16-19. 

  



 

Programme of the 9th International Medicinal Mushrooms Conference  

 
SUNDAY, SEPTEMBER 24, 2017 
 
Venue: Hotel Splendid La Torre 
9:00-19:00 
Mounting of exhibition stands 
17:00-20:00 
On-site Registration of Participants 
 
MONDAY, SEPTEMBER 25, 2017 
 
Venue: Hotel Splendid La Torre 
 
8:00-9:30   On-site Registration of Participants (Hall of Hotel Splendid La Torre) 

 
Room: Tancredi 
9:30-10:30 Opening Ceremony 
 
10:30-11:00 Coffee break 
Terrace of Hotel Splendid La Torre 
 
Room: Tancredi 
11:00-13:00: Plenary Session 1 (Chairperson: Giuseppe Venturella, Italy) 
 
11:00 - 11:45:  Keynote 1: Medicinal mushroom science and mushrooms in human clinical studies on 

anticancer, oncoimmunological, and immunomodulatory activities 
Solomon P. Wasser (Israel/Ukraine) 

 
11:45-12.30:  Keynote 2: Mushroom non-digestible carbohydrates as novel prebiotics 

Peter Chi Keung Cheung (China) 
 
12:30-13.15:         Keynote 3: Mushroom extracts suppress pain: a critical approach 

Leo van Griensven (The Netherlands) 
 
13:15-14.15: Lunch 
Restaurant Hotel Splendid La Torre 
 
14:15-16:30: Parallel Session 1 
Room: Tancredi 
 
SYMPOSIUM I: Molecular systematics and phylogeny of medicinal mushrooms 

Chairperson: Georgios I. Zervakis (Greece) 
 
14:15-15:00: The changing shape of mushrooms: toward the new science of fungal evo-devo 

David S. Hibbett (USA) 



 

 
15:00-15:15:  Which names should be used in medicinal mushroom science for the pharmacologically 

important Ganoderma lucidum complex? The impact of DNA sequence-data on taxonomy 
and nomenclature 
Viktor Papp (Hungary) 

 
15:15-15:30: Phylogenetic study of European species of the genus Ganoderma (Basidiomycota) through 

the use of a multigene analysis combined with morphological characters 
Vassiliki Fryssouli (Greece) 

 
15:45-16:00:  Intraspecies genetic variability, mating compatibility and clonality in two medicinal 

mushrooms, Ganoderma applanatum and Fomitopsis pinicola 
Alla V. Shnyreva (Russia) 

 
16:00-16:15: Characterization of some new medicinal mushrooms from the Komarov Botanical Institute 

Basidiomycetes culture collection 
Nadezhda V. Psurtseva (Russia) 

 
16:15-16:30: Polymorphism of ITS1 and ITS2 regions within and between three distant populations of 

Schizophyllum commune 
Eleonora Bošković (Serbia) 

 
14:15-17:15: Parallel Session 2 
Room: Mare 
 
SYMPOSIUM II:  Cultivation of Medicinal Mushrooms 

Chairperson: Leo van Griensven (The Netherlands) & Angela Amazonas (Brazil) 
 
14:15-15:00: Simplified and lower cost methods for mushroom cultivation using cold sterilization 

techniques 
John C. Holliday (USA) 

 
15:00-15:30:  Cultivation of medicinal fungi biomass and pharmaceutical compounds in bioreactors 

Marin Berovic (Slovenia)   
 
15:30-15:45:  Increase in the total protein of carpophores and spent substrate in the cultivation of some 

edible and medicinal fungi grown on coffee byproducts 
Carmenza Jaramillo (Colombia) 

 
15:45-16:00: Preliminary studies on the growth and cultivation of an edible Marasmius sp. from Nigeria 

John Aroye Okhuoya (Nigeria) 
 
16:00-16:15: Effect of blue led-light on the production of fruiting bodies of Ganoderma lucidum using 

agricultural residues as substrate 
Sandra Montoya (Colombia) 

 
16:15-16:30: Influence of cultivation substrate on the zinc (Zn) content of medicinal mushroom Agaricus 



 

subrufescens 
Agnieszka Jasińska (Poland) 

 
16:30-16:45: Volvariella volvacea: a novel method of cultivation using customized oil palm fiber blocks 

John Aroye Okhuoya (Nigeria) 
 

16:45-17:00: Production of the medicinal and culinary mushroom Grifola frondosa: development of the 
process at industrial level in tropical weathers 
Sandra Montoya (Colombia) 

 
17:00-17:15: Pretreatment of wheat straw and solid state fermentation improves yield and biological 

efficiency in Pleurotus ostreatus (Jacq: Fr) Kumm mushroom production 
Irina Bandura (Ukraine) 

 
 
17:15-17:30: Growth, yield and nutritional quality of two oyster mushrooms (Pleurotus pulmonarius and P. 

ostreatus) on different substrates supplemented with wheat bran 
Clementina Oyin Adenipekun (Nigeria) 

 
17:30-17:45:  The Herbarium SAF fungal culture collection as a potential source of nutraceuticals and 

cultivated mushrooms 
Maria Letizia Gargano (Italy) 

 
17:45-18:00:  Group shot of conference participants 
 
19:30:  Welcome Cocktail   
Hotel Splendid La Torre Swimming Pool   
  



 

TUESDAY, SEPTEMBER 26, 2017 
 
Venue: Hotel Splendid La Torre 
09:00-11:15: Plenary Session 2 (Chairperson: Ha Won Kim, South Korea) 
 
Room: Tancredi 
 
09:00-09:45:          Keynote 4: Antiallergic activities of medicinal mushrooms 

Ulrike Lindequist (Germany) 
 
09:45-10:30:  Keynote 5: Mycelial extracts from polypore mushrooms reduce viruses and extend life spans 

of the European honeybee (Apis mellifera) 
Paul Stamets (USA) 

 
10:30-11:15:  Keynote 6:Advances in the application of medicinal mushrooms in animal health and 

production 
Omom S. Isikhuemhen (USA/Nigeria) 

 
11:15-11:30:  Coffee Break 
Terrace Hotel Splendid La Torre 

 
11:30-15:45: Parallel Session 3 
Room: Mare 

 
SYMPOSIUM III:                    Biochemistry of Medicinal Mushrooms 

Chairperson: Vinay K. Varshney (India) 
 
11:30-12:00: Understanding diversity and potential of mushrooms derived low molecular weight aroma 

and biologically active metabolites 
Vinay K. Varshney (India) 
 

12:00-12:15:         Process on Beta-glucan from edible fungi and the future research 
Jingsong Zhang (People’s Republic of China) 
 

12:15-12:30:         Mycochemical investigation of Pleurotus eryngii var. eryngii 
Francesca Cateni (Italy) 
 

12:30-12:45: Characterization of compounds with activity against Salmonella typhi from selected 
Zimbabwean mushroom extracts 
Tsungai Reid (Zimbabwe) 
 

12:45-13:00: Proximate nutritional composition, bioactive compounds and antioxidant potential of wild 
edible mushroom Astraeus hygrometricus (Pers.) Morgan 
Vinay K. Varshney (India) 
 

13:00-13:15:  Triterpene and polysaccharide changes of Ganoderma lucidum during fruiting growth 
Shuai Zhou (People’s Republic of China) 



 

13:30-14:30:  Lunch 
Restaurant Hotel Splendid La Torre 
 
14:30-14:45: Molecular properties and biological activities of polysaccharides produced by Cordyceps 

sinensis fungus Cs-HK1 
Jian-Yong Wu (People’s Republic of China) 

 
14:45-15:00: pH and Sodium chloride modulate vegetative growth and polysaccharide secretion in 

Lentinus squarrosulus 
Omon S. Isikhuemhen (USA) 

 
15:00-15:15: Respirometric analysis by sequential mass flux: a simple modeling approach for quantifying 

of growth rate and biomass in solid substrate fermentations 
Alexander Taylor (USA) 

 
15:15-15:30: Enhancement of bioactive compounds in Pleurotus mushrooms produced on substrates 

containing olive or wineries by-products – The noteworthy cases of P. eryngii and P. 
nebrodensis 
Georgios Koutrotsios (Greece) 

 
15:30-15:45: Biopotential and phosphate metabolism of different fungal origins of Coprinus comatus and 

Coprinellus truncorum 
Kristina Tešanović (Serbia) 

 
16:15-16:45: Coffee break 
Terrace Hotel Splendid La Torre 

 
11:30-19:45:  Parallel Session 4 
Room: Tancredi 
 
SYMPOSIUM IV: Science, Technology and Potential value of Medicinal Mushrooms  

Chairperson: Hui-Chen Lo, Taiwan & Omon S. Isikhuemhen (USA) 
 
11:30-12:00: The antiparasitic activity of ergosterol peroxide isolated from Pleurotus ostreatus (Jacq.) P. 

Kumm. f. sp. florida 
Ángel Trigos (Mexico) 

 
12:00-12:15: Novel antihypertensive mechanism of Phellinus baumii beta-glucan by induction of corin in 

mice 
Ha Won Kim (South Korea) 

 
12:15-12.30: The main active components from several edible mushrooms and their immunomodulatory 

activities 
Qi Wang (China) 

 
12:30-12:45: Anti-cancer effects of Pleurotus eryngii var. eryngii: an in vitro and in vivo models focusing on 

Heat Shock Proteins 



 

Antonella Marino Gammazza (Italy) 
 
12:45-13:00: Mushroom polysaccharides elicit anti-allergic effect against Type 1 allergy in vitro 

Omon S. Isikhuemhen (USA) 
 
13:00-13:15:  Antioxidant potential and antiacetylcholinesterase activity of aqueous extracts of selected 

medicinal mushrooms 
Miomir Nikšić (Serbia) 

 
13:30-14:30: Lunch 
Restaurant Hotel Splendid La Torre 
 
14:30-14:45: New antimicrobial peptides from Tirmania pinoyi and Terfezia boudieri in the struggle against 

antibiotic resistance 
Maria Grazia Cusimano (Italy) 

 
14:45-15:00: Effects of feeding diets supplemented with fungus myceliated grains on some production, 

health and oxidation traits of dairy ewes 
Adriano Bonanno (Italy) 
 

15:00-15:15: Fungal supplements enhance beneficial bacteria in chicken stomach 
Janelle Robinson (USA) 
 

15:15-15:30:         Bioactivity of morels in relation to their phenotypic plasticity 
Segula Masaphy (Israel) 

 
15:30-15:45: Effects of Inonotus hispidus extracts and compounds on human immunocompetent cells 

Carsten Gründemann (Germany) 
 
15:45-16:00:  The effects of blended medicinal mushroom preparations on survival and immunological and 

antimetastatic parameters in mouse CT26.WT colon cancer 
Boris Jakopovic (Croatia) 

 
16:00-16:15:  Extracellular polysaccharopeptides of fermented Trametes versicolor elevate glucose uptake, 

glycogen synthesis and AMPK activation in high glucose-treated Hep G2 cells 
Hui Chen Lo (Chinese Taipei) 

 
16:15-16:45: Coffee break 
Terrace Hotel Splendid La Torre 
 

SYMPOSIUM IV: Chairperson: John Holliday (USA) 
16:45-17:00:  Total polyphenols and antioxidant activity of a wild strain of Pleurotus from Amazonian-Brazil 

CeciSales-Campos (Brazil) 
 
17:10 - 17:15: Lentinan exerts anti-inflammatory activity by suppression of transfer of tumor necrosis factor 

receptor 1 to surface on intestinal epithelial cell though Dectin-1 receptor 
Masashi Mizuno (Japan) 



 

 
17:15 - 17:30: Immunomodulating effects of the edible mushroom, Pleurotus citrinopileatus, on innate 

immunocompetent cells such as dendritic cell and macrophage 
Ken-Ichiro Minato (Japan) 

 
17:30-17:45: Evaluation of anti-ascorbyl radical activity of water extracts of selected Serbian 

autochthonous macrofungi using EPR spectroscopy   
Maja Karaman (Serbia) 

 
17:45–18.00: Pleurotus tuberregium (Fr.) Singer: A tropical mushroom with potentials for nutritional and 

medicinal products 
John Aroye Okhuoya (Nigeria) 

 
18:00 – 18:15:         Characterization of the Italian samples of Hericium erinaceus 

Elena Savino (Italy) 
 
18:15-18:30: Acetylcholinesterase inhibitory activity of selected Serbian wild mushrooms 

Ljiljana Janjušević (Serbia) 
 
18:30–18:45: A Centre for Research and Technology Innovations is born in Africa. 

John Aroye Okhuoya (Nigeria) 
 
18:45 – 19:00: Transepithelial transport of polysaccharopeptide of Trametes versicolor (PSP) in mouse 

intestine and its subsequent activation of dendritic cells 
Xiatong Yang (People’s Republic of China) 
 

19:00 – 19:15: Lentinula edodes and Pleurotus ostreatus as functional food with antioxydant, antimicrobial 
and medicinal properties 
Simone Parola (Italy) 
 

19:15 – 19:30: Response of organ and body weight in albino rats to oral administration of methanol extract 
from indigenous Ganoderma sp. from Nigeria   
Umar Kyari Sandabe (Nigeria) 
 

19:30 – 19:45 Fomitopsis pinicola, a promising pharmacological macrofungus 
Paola Angelini (Italy) 
 

WEDNESDAY, SEPTEMBER 27, 2017 
 
Venue: Hotel Splendid La Torre 
Room: Tancredi 
 
SYMPOSIUM V: Medicinal Mushrooms: The importance of randomized clinical trials and evidence-based 

medicine (Chairpersons: Solomon P. Wasser (Israel) & Ulrike Lindequist (Germany) 
 
09:30-10:00:        Mycomedicine in China 

Hai-Ying Bao (China) 



 

10:00 -10:15: Augmentation of beta-glucan specific antibody in human serum by edible mushroom 
Agaricus brasiliensis KA21 as a food-based oral vaccine 
Daisuke Yamanaka (Japan) 

 
10:15 - 10:30: Antioxidant and anti-inflammatory properties of a shiitake-maitake-reishi-Cordyceps-based 

preparation for the prevention of oxidative stress and autoimmune diseases 
Francesco Oliviero (Italy) 

 
10:30 - 10:45: Enhanced bioavailability of poorly water-soluble ingredients of medicinal mushrooms 

Werner Brand (Germany) 
 
10:45 - 11:00: The M.O.P. therapy in HPV-related diseases of the female and male genital tract. A 

prospective observational clinical study. 
Giuseppe Scaglione (Italy) 

 
11:00 -11:30: Coffee Break 
Terrace Hotel Splendid La Torre 
 
11:15 - 11:45: Auricularia auricula-judae and Polyporus umbellatus effectively contrast arterial 

hypertension: a clinical study 
Walter Ardigò (Italy) 

 
11:45 -12:00:         Hericium erinaceus in the management of faecal calprotectin 

Stefania Cazzavillan (Italy) 
 
12:00 -12:15: Randomized clinical trial for the evaluation of immune modulation by a beta-glucans 

enriched yogurt in children from Medellin – Colombia 
Sandra Lorena Duque Henao (Colombia)  

 
12:15-12:30: Mood and sleep disorders variations after eight weeks of supplementation with Hericium 

erinaceus: a pilot study in 18 overweight women 
Paola Rossi (Italy) 

 
12:30-12:45: Antioxidant, antimicrobial and anti-inflammatory properties of Pleurotus eryngii for 

metabolic syndrome’s prevention 
Nicoletta Salviato (Italy) 

 
13:00-14:00: Lunch 
Restaurant Hotel Splendid La Torre 
 
14:30-16:30: Closing Ceremony 
Room: Tancredi 
 
21:00:  Social Dinner (Restaurant Le Terrazze, Mondello) 
 

THURSDAY, SEPTEMBER 28, 2017 
08:30 – 19:00: Conference Excursion 



 

 
e- POSTER SESSIONS from 9 am (September 25,2017) until 5 pm (September 27, 2017) 

 
Room: Ruggero 
 

EP_01: ASEF M.R., HARSINI S.‒Geographical distribution of Pleurotus eryngii species complex in Iran 

EP_02: BAEK I., JEOUNG Y., KIM J., LEE Y., CHIJ.-H. ‒Promoting effect on mycelial growth of the oyster 
mushroom by microorganism 

EP_03: BELTRAME G., TRYGG J., HUYNH N., YANG B.‒Investigation of Chaga, sterile conk of Inonotus obliquus 
(Fr.) Pilat 

EP_04: BOŠKOVIĆ E., KARAMAN M., RAKIĆ M., ORLOVIĆ S., TAMAŠ I., GALOVIĆ V.:Geographic variations in 
ITS1 and ITS2 regions of medicinal liginicolous fungal species Fomitopsis pinicola 

EP_05: BOUDAGGA S., OUALI Z., MERSNI M., BOUSLAMA L., GARGANO M.L., VENTURELLA G., JAOUANI A.‒ 
Cultivation of some mushrooms species originating from Tunisia and exploration of their valuable 
metabolites 

EP_06: CAR H., SADOWSKA A., ZAPORA E., MACIEJCZYK M., SURAŻYŃSKI S., WOŁKOWYCKI M., STOCKI M., 
BAKIER S.‒Selected biological effects of Tremella mesenterica and Sarcoscypha coccinea 

EP_07: CHEN P., WANG Q., YU L. ‒Study on the chemical constituents of Floccularia luteovirens 

EP_08: CHO J.H., LEE H.M., HAN J.G., LEE K.H., HYUN M.W., KONG W.S., SEONG H.A. ‒Anti-obesity effects of 
Ganoderma lucidum extract in mice 

EP_09: CROSTA L., GALANTI D., CATARELLA M.T., VALERIO M.R.‒Micetrin to prevent nausea and asthenia 
induced bychemotherapy in the adjuvant treatment of breast cancer 

EP_10: DI PIAZZA S., DAMONTE G., CECCHI G., BERUTO M., ZOTTI M. ‒Cultivation of medical mushrooms to 
develop an international green supply chain between Italy and France: the FINNOVER project 

EP_11: DÖRNTE B., KHONSUNTIA W., JAVAID N., ISTEL Ł., LAKKIREDDY K., KAMRAN A., OWIS E., KÜES U. 
‒Transformation as a tool to modify morphological and physiological properties of the mushroom 
Coprinopsis cinerea 

EP_12: FALANDYSZ J., SABA M., WIEJAK A., WANG Y., ZHANG J.‒Mercury in Wolfiporia extensa (Peck) Ginns 
from Yunnan in China 

EP_13: FALANDYSZ J., SANIEWSKI M., WANG Y., ZHANG J., ZALEWSKA T.‒Radiocaesium in medicinal 
mushrooms of Yunnan, China 

EP_14: FALANDYSZ J., ZHANG J., CHUDZIŃSKA M., WANG Y., BARAŁKIEWICZ D.‒Minerals in sclerotia of 
medicinal Wolfiporia extensa (Peck) Ginns from Yunnan in China 

EP_15: FENG H.Q., CHENG S., SHU L.W., CHENG L.L., YANG Q.Y., LI W.J., YANG X.T.‒Measurement of β-1, 
3-glucan in cultivated Cordyceps herbs and anamorphic mycelial cultures 

EP_16: FERRARI B., INSOLIA V., PRIORI E.C., OCCHINEGRO A., RATTO D., GUGLIELMINETTI M.L., SAVINO E., 
BOTTONE M.G., ROSSI P.‒Effects on cellular cycle and vitality in a human glioblastoma cell line of a 
dietary supplement based on Ganoderma lucidum 

EP_17: GARCÍA-GARCÍA M., VALDEZ-CRUZ N.A., TRUJILLO-ROLDÁN M. A.‒Effect of inoculum and shake flasks 
design in the production of exopolysaccharides by submerged culture from mushroom Humphreya 
coffeata (Berk.) Stey 



 
EP_18: GIANCHINO C., PIATTONI F., GONTHIER P., LEONARDI P., ZAMBONELLI A. ‒First attempts of cultivation 

of Laetiporus sulphureus from Sicily (Italy) 

EP_19: GOROVOJ L.F., SENIUK O.F.‒Multimodal complex preparation Mycoton for health restoration 

EP_20: HAN J.G., HYUN M.W., CHO J.H., LEE K.H., KONG W.S., HONG S.B., SUNG G.H.‒Genomic approach to 
find secondary metabolite biosynthetic gene clusters in Cordyceps bassiana (Hypocreales, 
Ascomycota) 

EP_21: HUANG S.T., KUO S.P., LIN Y.S., TZEAN S.S., LAI J.T.‒A functional peroxidase and antimicrobial activity 
screening from poroid brown-rot fungus Antrodia cinnamomea 

EP_22: JANJUŠEVIĆ L., KARAMAN M., ŠIBUL F., GORJANOVIĆ S., PASTOR F., KEBERT M., PEJIN B‒An insight 
into chemistry and bioactivity of Amanita strobiliformis (Paulet ex Vittad.) Bertill. 

EP_23: JANJUŠEVIĆ L., KARAMAN M., ŠIBUL F., TOMMONARO G., IODICE C., TEŠANOVIĆ K., PEJIN B.‒An 
insight into acetylcholinesterase inhibitory activity of selected lignicolous macrofungi: the case study 
of water extracts 

EP_24: KANG J.-A., JANG Y., RYOO R., KIM S.H., KA K-H‒The effect of pine wilt disease pesticides on 
Tricholoma matsutake, Sarcodon aspratus and Lentinula edodes 

EP_25: KIM S.H., KIM J.Y., HYUN M.W., LEE C.J., LEE G.S.‒Bacteria and fungi in imported media substrates for 
mushroom cultivation 

EP_26: KOLUNDŽIĆ M.,RADOVIĆ J.,TAČIĆ A.,DODEVSKA M.,MILENKOVIĆ M.,NIKOLIĆ V.,KUNDAKOVIĆ 
T.‒Angiotensin-I-converting enzyme inhibitory and antimicrobial activity of Craterellus cornucopioides 
(L.) Pers., Cantharellaceae 

EP_27: KÜES U., KHONSUNTIA W., DÖRNTE B., BADALYAN S.M.‒Asexual sporulation in Agaricomycetes – 
distribution among species, modes of mitospore generation, spore functions and genetic 
consequences 

EP_28: KUNCA V., PAVLÍK M.‒Culinary and medicinal mushroom Polyporus umbellatus – new knowledge on 
fruit body production and habitat preferencesfrom Central Europe 

EP_29: KUROCHKO N.F., SENIUK O.F., GOROVOJ L.F.‒THE MYCOTON treatment of chronic hepatitis B, C, B+C 

EP_30: LAVRENCHUK G.Y., SENIUK O.F., GOROVOJ L.F.‒The effect of melanin-glucan complex from Fomes 
fomentarius on morphofunctional state of cells with different proliferation potential 

EP_31: LIU Y., ZHU Y., WANG Q., LI Y. ‒ Immunomodulatory and antitumor activities of polysaccharides from 
Flammulina rossica 

EP_32: MALUCKA L.U., HARVANOVA J., UHRINOVA A., SALAYOVA A., PAVLIK M., RAJTAR M., BEDLOVICOVA Z.‒ 
Effect of the substrate on the antioxidant activity of the alcoholic extracts of Paecilomyces hepiali 

EP_33: NEIFAR M., ABID O., CHEBBI I., AYARI A., NAJAR T., JAOUANI A. ‒ Efficiency evaluation of solid-state 
bioconversion of agro-residues, waste and by-product into highly digestible ‒ protein rich animal feed 
by medicinal white-rot mushrooms 

EP_34: OUALI Z., GARGANO M.L., BOUDAGGA S., SBISSI I., VENTURELLA G., JAOUANI A‒Macromycetes’ 
diversity in Tunisia 

EP_35: PANNO S., CARUSO A.G., GARGANO M.L., BELLA P., DAVINO M., DAVINO S., VENTURELLAG. ‒ 
Morphological and molecular characterization of distinct species of fungi with potential medicinal 
interest collected in Sicily 

EP_36: PAPP V., KOVÁCS B., ZOMBORSZKI Z.P., CSUPOR-LÖFFLER B., ORBÁN-GYAPAI O., URBÁN E., HOHMANN 



 
J., VÁNYOLÓS A.‒Pharmacological properties of Inonotus nidus-pici, a central-southern European 
relative of the prized "Chaga" mushroom 

EP_37: RAVNIKAR M., TAVČAR BENKOVIĆ E., ŽUPANC K., POHLEVEN F., ŠTRUKELJ B.‒Screening for new 
inhibitors of α-amylase, α-glucosidase and DPP-4 in fungal extracts 

EP_38: SADOWSKA A., SURAŻYŃSKI A., MACIEJCZYK M.K., ZAPORA E., BAKIER S., WOŁKOWYCKI M., CAR 
H.‒Anticancer activity of Heterobasidion annosum 

EP_39: SALTARELLI R., CECCAROLI P., VALLORANI L., LEONARDI P., IOTTI M., ZAMBONELLI A.‒Antioxidant 
activities of two Italian Ganoderma lucidum strains at different growth stages 

EP_40: SAPORITA P., BURRUANO S., CONIGLIARO G., CUSIMANO M.G., GARGANO M.L., GIAMBRA S., 
PADOVAN F., PALAZZOLO E., SAIANO F., SCHILLACI D., VENTURELLA G. ‒ A white Maitake (Grifola 
frondosa): nutritional value and antibacterial preliminary activity test 

EP_41: SARI M., ROTH C., HAMBITZER R.‒Piptoporus betulinus - a new promising source for beta-glucans? 

EP_42: SAVINO E., GIROMETTA C., CESARONI V., RODOLFI M., PERINI C., ANGELINI P., PICCO 
A.M.‒Conservation of biodiversity of Hericium erinaceus in Italy 

EP_43:  SENIUK O.F., GOVORUKHA V.M., SUSLOVA O.S.,GOROVOJ L.F. ‒MYCOTON from Fomes fomentarius 
and human bacterial flora 

EP_44: SEO S., JANG Y., PARK Y., K.-H. KA‒Antioxidant activities of mushroom extracts from Lentinula edodes 
in Korea 

EP_45: SEO S., JANG Y., BAE Y., RYOO R., KA K.-H.‒Antioxidant activities of water extract of Pleurotus 
ostreatusin Korea 

EP_46: SKNEPNEK A., PANTIC M., MATIJASEVIC D., MILETIC D., LEVIC S., NEDOVIC V., NIKSIC M.‒Antimicrobial 
and antioxidant properties of novel Ganoderma lucidum beverage fermented by Kombucha 

EP_47: SONNENBERG A.S.M., SCHOTS A., CHEN S., BAARS J.J.P. ‒ Genetic variation within fungal species. An 
unexplored source for several applications 

EP_48:       SUBBA S., WINKLER M., KÜES U.‒How complex is a mushroom? 

EP_49: TEŠANOVIĆ K., PEJIN B., GORJANOVIĆ S., ŠIBUL F., PASTOR F., JANJUŠEVIĆL., KARAMAN 
M.‒Antioxidant, antiradical and acetylcholinesterase inhibitory activity of in situ and in vitro grown 
Coprinus comatus (O.F. Müll.) Pers. 1797 

EP_50: TU L.G.E., BAO H.Y., LI Y.‒Potential resources of medicinal mushroom: poisonous mushrooms of China 

EP_51: URREGO S.A., DUQUE S.L., CANO A.M., HIGUITA E.A.‒Increase in circulating T and NK lymphocytes by 
a Ganoderma lucidum β-glucan-enriched nutritional supplement in Colombian children. A one arm, 
opened clinical study 

EP_52: WANG E.-J., RYOO R., JANG Y., KA K.-H.‒ Mycelial characterization of wild mushroom Lentinula edodes 
from Mt. Jungwang and Mt. Gariwang in Korea 

EP_53: YAN Z.-F.,LI C.-T., LI Y. ‒Effects of exogenous elicitors on farnesyl diphosphate synthase gene for 
triterpenoids synthesis in Inonotus obliquus, involvement of NO and H2O2 signaling pathways 

EP_54: YANG Y., LI Q-Z, WU D., LIU Y-F, ZHOU S., ZHANG J. ‒Structure characteristics elucidation and 
biological activities of polysaccharides from medicinal mushroom Hericium erinaceus in different 
maturation stages 

EP_55: ZACCHIGNA M., ALTIERI T., BELTRAME G., CATENI F., PROCIDA G.‒Mycochemical study of 



 
polysaccharides from the edible mushroom Cortinarius caperatus (Gypsy mushroom) 

EP_56: ZAPORA E., WOŁKOWYCKI M., SADOWSKA A., CAR H., BAKIER S. ‒Biodiversity of medicinal 
mushrooms in Bialowieza primaeval forest 

EP_57: ZHAI L., LIU X., LIU H., HOFF-HANSEN H., CHRISTENSEN S.B., CHEN M.‒Two anticancer iminolactones 
from Schizophyllum commune 

EP_58: ZHANG H.N., QU D.H., JIANG F.C., ZHANG J.S., YANGY. ‒Strain improvement of Phellinus baumii for 
total flavonoids production by rational screening of ARTP induced mutants and kinetic modelling 

EP_59: ZHANG Z., TUDI T., LIU Y., ZHOU S., FENG N., YANG Y., TANG C., TANG Q., ZHANGJ. ‒Preparative 
isolation of cordycepin, N6-(2-hydroxyethyl)-adenosine and adenosine from Cordyceps militaris by 
macroporous resin and purification by recycling high-speed counter-current chromatography 

EP_60: ZHENG D., WANG Q., LI Y.‒Immunomodulatory activity of intracellular polysaccharides and 
exopolysaccharides from Agaricus bisporus 

EP_61: ZHOU S., TANG Q., TANG C., LIU Y., MA F., ZHANG J., ZHANG X.‒Triterpene and polysaccharide 
changes of Ganoderma lucidum during fruiting growth 

 
 
More information and update in http://www.immc9.com/ 
  



 

  

 

 

 

 

 

Medicinal Mushrooms in Human Clinical Studies. Part I.                                    

Anticancer, Oncoimmunological, and Immunomodulatory Activities: A Review 

By Solomon P. Wasser 

Abstract: More than 130 medicinal functions are thought to be produced by medicinal mushrooms (MMs) and fungi, 

including antitumor, immunomodulating, antioxidant, radical scavenging, cardiovascular, antihypercholesterolemic, 

antiviral, antibacterial, antiparasitic, antifungal, detoxification, hepatoprotective, antidiabetic, and other effects. 

Many, if not all, higher Basidiomycetes mushrooms contain biologically active compounds in fruit bodies, cultured 

mycelia, and cultured broth. Special attention has been paid to mushroom polysaccharides. Numerous bioactive 

polysaccharides or polysaccharide-protein complexes from MMs seem to enhance innate and cell-mediated immune 

responses, and they exhibit antitumor activities in animals and humans. While the mechanism of their antitumor 

actions is still not completely understood, stimulation and modulation of key host immune responses by these 

mushroom compounds seems to be central. Most important for modern medicine are polysaccharides and 

low–molecular weight secondary metabolites with antitumor and immunostimulating properties. More than 600 

studies have been conducted worldwide, and numerous human clinical trials on MMs have been published. Several of 

the mushroom compounds have proceeded through phase I, II, and III clinical studies and are used extensively and 

successfully in Asia to treat various cancers and other diseases. The aim of this review is to provide an overview of 

and analyze the literature on clinical trials using MMs with human anticancer, oncoimmunological, and 

immunomodulatory activities. High-quality, long-term, randomized, double-blind, placebo-controlled clinical studies 

of MMs, including well-sized population studies are definitely needed in order to yield statistical power showing their 

efficacy and safety. Clinical trials must obtain sufficient data on the efficacy and safety of MM-derived drugs and 

preparations. Discussion of results based on clinical studies of the anticancer, oncoimmunological, and 

immunomodulating activity of MMs are highlighted. Epidemiological studies with MMs are also discussed. 

International Journal of Medicinal Mushrooms, 19(4): 279–317 (2017) 

 

Identification of phenolic compounds by liquid chromatography-mass spectrometry in 

seventeen species of wild mushrooms in Central Mexico and determination of their antioxidant 

activity and bioactive compounds 

By Elhadi M. Yahia, Fabiola Gutiérrez-Orozco, Marco A. Moreno-Pérez 

Abstract: Wild mushrooms are important for the diet of some communities in Mexico. However, limited information 

exists on their chemical composition, contribution to the diet, and health effects. We characterized seventeen wild 

Research progress 



 

mushroom species growing in the state of Queretaro in Central Mexico. Most species analyzed were edible, but also 

included nonedible, medicinal, poisonous and toxic specimens. Whole mushrooms (caps and stipes) were 

characterized for water content, color, and total content of phenolic compounds, flavonoids and anthocyanins. In 

vitro antioxidant capacity was measured by FRAP and DPPH assays. Phenolic compounds were identified and 

quantified by HPLC-mass spectrometry. All species analyzed were found to possess antioxidant activity in vitro and a 

wide range of phenolic and organic compounds were identified. Our results add to the limited information available 

on the composition and potential nutritional and health value of wild mushrooms. Further analyses of their 

bioactivities are warranted. 

Food Chemistry, Volume 226, 1 July 2017, Pages 14-22 

 

Inves ga on of An microbial, An oxidant, and Xanthine Oxidase−Inhibitory Ac vi es of 

Phellinus (Agaricomycetes) Mushroom Species Native to Central Europe  

By Bernadett Kovacs, Zoltan Peter Zomborszki, Orsolya Orban-Gyapai, Boglarka Csupor-Loffler, Erika Liktor-Busa, 

Andrea Lazar, Viktor Papp, Edit Urban, Judit Hohmann, Attila Vanyolos 

Ten representative Central European phellinoid Hymenochaetaceae species (Phellinus sensu lato) were selected to 

examine their potential pharmacological activity. In this study 40 organic (n-hexane, chloroform, 50% methanol) and 

aqueous extracts with different polarities were analyzed for their antimicrobial, antioxidant, and xanthine oxidase 

(XO)−inhibitory proper es. Fomitiporia robusta, Fuscoporia torulosa, Phellopilus nigrolimitatus, and Porodaedalea 

chrysoloma showed moderate antibacterial activity; Bacillus subtilis ATCC 6633, methicillin-resistant Staphylococcus 

aureus ATCC 43300, and Moraxella catarrhalis ATCC 43617 were the strains most susceptible to the examined fungal 

species. The in vitro antioxidant and XO assays demonstrated that most of the selected species possess remarkable 

antioxidant and XO-inhibitory activities. The water extracts in general proved to be more active antioxidants than 

organic extracts. In the case of F. torulosa, Ph. Nigrolimitatus, and P. chrysoloma, the results of DPPH tests correlate 

well with those obtained by oxygen radical absorbance capacity tests; these mushrooms presented high antioxidant 

activities in both assays. Future studies involving phellinoid Hymenochaetaceae species are planned, which may 

furnish novel results in terms of the species' pharmacological activity and the specific compounds responsible for the 

observed activity. 

International Journal of Medicinal Mushrooms, 19(5): 387–394 (2017) 

 

The intensity of blue light-emitting diodes influences the antioxidant properties and sugar 

content of oyster mushrooms (Lentinus sajor-caju) 

By Meng-Yuan Huang, Kuan-Hung Lin, Chien-Chun Lu, Li-Ru Chen, Tung-Chuan Hsiung, Wen-Ting Chang 

Abstract: In this study, we examined the influences of four light intensities on mushroom biomass and effects of a 

blue (B) light-emitting diode (LED) source with 10–40 μmol m−2 s−1 of photosynthetic photon flux density (PPFD) on 

the antioxidant capacity and soluble sugar content of the edible oyster mushroom L. sajor-caju Fr. which is popularly 



 

cultivated in Taiwan. Fruiting body initiation and development of mushrooms cultivated on blocks made of sawdust, 

rice-bran, and wheat-bran media were carried out with an 8-h photoperiod at 26 °C and 85% relative humidity under 

LEDs lights inside growth chambers. When the basidiome has began development, mushroom blocks containing 

primordia were exposed to different light conditions for 7 days. Results showed that B-LED PPFD of mushrooms 

significantly promoted the accumulation of dry biomass. This study explored the relationship between the light 

intensity of B-LED and antioxidant properties. Different light intensities variably affected the antioxidant system of 

the mushroom, and higher light intensities resulted in an increased DPPH radical-scavenging effect, Fe-chelating 

ability, and reducing power. In addition, 40 PPFD of the B-light source caused greater accumulation of soluble sugars 

than other B-light intensities. Precise management of B light may hold promise in promoting the nutritional value of 

edible mushrooms cultivated in controlled environments with future utilization of LEDs on an industrial scale. 

Scientia Horticulturae, Volume 218, 14 April 2017, Pages 8-13 

 

Mushroom nutraceuticals for improved nutrition and better human health: A review 

By Himanshi Rathore, Shalinee Prasad, Satyawati Sharma 

Abstract: Mushrooms have always been treasured and appreciated due to their immense role in curing various 

degenerative diseases. Also their unique taste and flavour make them a demanding food for every man’s plate. 

Information on their chemical composition, nutritional value and therapeutic properties has expanded dynamically 

during the last few years. Mushrooms contain 50 to 65% total carbohydrate, 19 to 35% proteins (with various 

biological and medicinal activities such as lectins) and 2 to 6% fat content of their dry matter. In mushrooms 

unsaturated fatty acids are found to be predominant over saturated fatty acids especially palmitic acid, oleic acid and 

linoleic acid, while the proportion of linolenic fatty acids is very limited. Mushrooms rich in fat soluble vitamins along 

with ergosterol content are thought to be the only vegetarian source for vitamin D. Data on fibre content and 

composition is limited but polysaccharides like β-glucans boost up the nutritional value of mushrooms. It has been 

observed and established that mushrooms are wonderful food with their immense nutraceutical properties. And for 

this one of the reasons is the presence of bioactive molecules i.e. β-glucans, triterpenoids, antioxidants etc. These 

molecules are not only therapeutically strong but also immune-modulators. In this paper all the bioactive molecules 

in mushrooms along with their possible mechanisms have been discussed and highlighted so that these can be better 

harnessed for the mankind. 

PharmaNutrition, Volume 5, Issue 2, June 2017, Pages 35-46 

 

Rare earth elements in parasol mushroom Macrolepiota procera 

By Jerzy Falandysz, Atindra Sapkota, Małgorzata Mędyk, Xinbin Feng 

Abstract: This study aimed to investigate occurrence and distribution of 16 rare earth elements (REEs) in edible 

saprobic mushroom Macrolepiota procera, and to estimate possible intake and risk to human consumer. Mushrooms 

samples were collected from sixteen geographically diverse sites in the northern regions of Poland. The results 



 

showed that for Ce as the most abundant among the RREs in edible caps, the mean concentration was at 

0.18 ± 0.29 mg kg−1 dry biomass. The mean concentration for Σ16 REEs determined in caps of fungus was 

0.50 mg kg−1 dry biomass and in whole fruiting bodies was 0.75 mg kg−1 dry biomass. From a point of view by 

consumer, the amounts of REEs contained in edible caps of M. procera could be considered small. Hence, eating a 

tasty caps of this fungus would not result in a health risk for consumer because of exposure to the REEs. 

Food Chemistry, Volume 221, 15 April 2017, Pages 24-28 

 

Antimicrobial activity of crude fractions and morel compounds from wild edible mushrooms of 

North western Himalaya 

By Nowsheen Shameem, Azra N. Kamili, Mushtaq Ahmad, F.A. Masoodi, Javid A. Parray 

Abstract: The antimicrobial properties of morel compounds from wild edible mushrooms (Morchella 

esculenta and Verpa bohemica) from Kashmir valley was investigated against different clinical pathogens. The butanol 

crude fraction of most popular or true morel M. esculenta showed highest 19 mm IZD against E.coli while as same 

fraction of Verpa bohemica exhibited 15 mm IZD against same strain. The ethyl acetate and butanol crude fractions of 

both morels also exhibited good antifungal activity with highest IZD shown against A. fumigates. The three morel 

compounds showed quite impressive anti bacterial and fungal activities. The Cpd 3 showed highest inhibitory activity 

almost equivalent to the synthetic antibiotics used as control. The MIC/MBC values revealed the efficiency of isolated 

compounds against the pathogenic strains. In the current study significant inhibitory activity of morel compounds 

have been obtained paying the way for their local use from ancient times. 

Microbial Pathogenesis, Volume 105, April 2017, Pages 356-360 

 

Pattern and concentrations of trace metals in mushroom harvested from trace metal-polluted soils in 

Pretoria, South Africa 

By S.C. Sithole, L.L. Mugivhisa, S.O. Amoo, J.O. Olowoyo 

Abstract: Consumption of mushrooms is believed to assist in supplying basic nutrients that are required for human 

growth and well-being maintenance. It has been noted that vegetables and other agricultural crops may uptake trace 

metals from polluted soils. The present study investigated the pattern and concentrations of trace metals in 

mushrooms cultivated on polluted soils collected around three mining areas in Brits, South Africa. Spawns of 

mushroom Agaricus bisporus(white button and crimini varieties) mixed with chicken composted manures sponsored 

by a certified supplier in Pretoria were spread on polluted soil and allowed to grow to maturity under a controlled 

environment for mushrooms before harvesting. Harvested mushrooms were separated into caps and stalks and 

analysed for trace metal contents using inductively coupled plasma mass spectrometry (ICP–MS). The results showed 

that the concentrations obtained for trace metals in the stalks were more than those recorded for caps, with the 

exception of copper and zinc. The concentrations of trace metals in the mushrooms were in the ranges of 

0.63 ± 0.07 μg/g–370.4 ± 4.71 μg/g Cr, 6.84 ± 0.32 μg/g–492 ± 1.79 μg/g Mn, 0.08 ± 0.03 μg/g–16.37 ± 6.43 μg/g Co, 

1.19 ± 0.17 μg/g–54.12 ± 2.70 μg/g Ni, 16.75 ± 0.34 μg/g–51.30 ± 2.91 μg/g Cu, 39.71 ± 0.41 μg/g–257.95 ± 2.38 μg/g 



 

Zn and 0.24 ± 0.02 μg/g–4.26 ± 0.09 μg/g Pb. The transfer factor (TF) showed that Cr, Mn, Co and Zn were 

bio-accumulated from the soil by the mushrooms. Generally, the values obtained for Cr, Zn and Co exceeded the 

recommended limit for human consumptions. The results proved that mushrooms can bio-accumulate trace metals 

from the soil hence care should be taken not to cultivate them on polluted soils. 

South African Journal of Botany, Volume 108, January 2017, Pages 315-320 
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Cordyceps spp. (Caterpillar Fungus) 

Therapeutic Application: Vitality, Against Fatigue, Physical Performance, 

Sexual Function 

Cordyceps is a genus of unique fungal species that are parasitic primarily on insects, and includes two species, 

Cordyceps sinensis (Ophiocordyceps sinensis, caterpillar fungus) and Cordyceps militaris, which have predominantly 

been used in traditional medicine. These medicinal mushroom species have been highly valued remedies due to 

their remarkable therapeutic properties and limited supply from their remote natural habitats of high mountain 

areas of Asia, with prices reaching up to €50,000 per kilogram. However, in the last decades, scientists have 

developed techniques to cultivate Cordyceps with potency comparable to that of the wild varieties, and thus, the 

mushroom became more affordable and accessible. Moreover, the ingredients of host animal origin are avoided in 

cultivated Cordyceps, therefore it is suitable for vegetarians and vegans (Holliday & Cleaver 2008). 

 

Points and Reviews 



 

Cordyceps has been one of the most highly regarded medicinal mushrooms in traditional East Asian medicine, used 

for centuies as an invigorating tonic against fatigue, as an aphrodisiac, for fertility, and for the treatment of a 

number of diseases. These include cancer, cardiovascular and respiratory disorders, such as asthma, bronchitis and 

chronic obstructive pulmonary disease (COPD), osteoporosis, and has been used to protect the kidney and liver. 

Taken together, the mushroom is considered to have anti-ageing properties (Holliday & Cleaver 2008; Lo et al. 

2013). Today, Cordyceps has become increasingly popular in the West and is used in various preparations and 

dietary supplements. Because of its specific beneficial effects, the mushroom is recommended for active people 

with modern lifestyles who are experiencing chronic stress that can lead to depression, or those suffering from 

exhaustion, as well as for athletes and the elderly. In addition, it is also used as a feed supplement for animals. 

Over the last few decades, scientific studies including a number of clinical trials, have demonstrated a range of 

medicinal properties of Cordyceps and various pharmacologically active compounds have been identified in the 

mushroom. These include the main compound cordycepin, various polysaccharides, lovastatin, melanin, ergosterol 

and others (Lo et al. 2013). 

Clinical studies have shown that Cordyceps reduces fatigue, increases vitality and energy (Nagata et al. 2006; Lin & 

Li 2011), and improves aerobic capacity and exercise performance (Chen et al. 2010a). Because of its potent tonic 

and invigorating effect, Cordyceps is often used by the elderly, individuals involved in sports or professional 

athletes to improve their physical and mental performance, as well as to enhance recovery after exertion. A study 

on long distance runners showed a significant improvement in 71% of the participants that were consuming 

Cordyceps (Powell 2010). The invigorating properties of Cordyceps are due to the beneficial effects on respiratory 

and cardiovascular function by increasing the blood flow, oxygen uptake, its utilisation and consumption by cells, 

and thus cellular energy (ATP) levels are elevated (Lin & Li 2011). 

Cordyceps has also shown potential to improve mental health, brain function, reduce depression and desire for 

alcohol. In addition, it increases libido and sexual function in men and women (Holliday & Cleaver 2008; Lin & Li 

2011; Lo et al. 2013). 

By enhancing the cellular immune response and strengthening the immune system, Cordyceps acts against 

tumours and viral infections, such as influenza; antiviral properties are, in addition, exerted through the inhibition 

of viral replication (Powell 2010; Lin & Li 2011). The antitumour activity of Cordyceps has been shown in clinical 

studies on patients with lung cancer and several other types of tumours who were administered the mushroom in 

conjunction with conventional treatment. The mushroom increased the effectiveness of radiation and 

chemotherapy and reduced their side effects (Holliday & Cleaver 2008). 

Furthermore, Cordyceps has antioxidant properties and regulates blood cholesterol, thus can help prevent 

cardiovascular disease (Holliday & Cleaver 2008; Lin & Li 2011). It also protects against diabetes by regulating 

insulin function and reducing blood sugar levels, which was demonstrated in 95% of patients treated with 

Cordyceps mycelium. Moreover, a protective effect of Cordyceps on the liver and kidney has been shown in clinical 

trials on patients with hepatitis and other hepatic or renal diseases (Lin & Li 2011). 

  



 

 

Fomes fomentarius (Tinder Fungus) 

Therapeutic Application: Antiviral, Antimicrobial 

Fomes fomentarius is an inedible polypore fungus, the fruiting bodies of which have traditionally been used as 

tinder, or as a styptic to stop bleeding and for treating wounds (Hobbs 1986). The mushroom was found with the 

mummified prehistoric Otzi the Iceman (Peintner et al. 1998) and its medicinal uses were first described in ancient 

Greece by Hippocrates, the founder of modern medicine, who recommended the fungus for cauterisation to treat 

certain complaints and affected organs (Buller 1915). In traditional medicine, Fomes fomentarius was also used to 

relieve pain, treat rheumatism, painful menstruation (dysmenorrhoea), haemorrhoids and bladder disorders. 

Furthermore, oesophageal, gastric and uterine cancers were treated with the fungus (Grienke et al. 2014). 

Recently, scientists have shown potential therapeutic effects of Fomes fomentarius as it contains compounds that 

exhibit strong antiviral activity against human immunodeficiency virus (HIV)-1, and antimicrobial properties against 

the fungus Candida albicans and bacteria Helicobacter pylori (Seniuk et al. 2011). Moreover, it inhibited the growth 

of several other pathogenic bacteria, Pseudomonas aeruginosa, Serratia marcescens, Staphylococcus aureus, 

Bacillus subtilis, and Mycobacterium smegmatis (Robles-Hernández et al. 2008). 

In addition, compounds with potential antitumour, immunomodulatory and anti-inflammatory activity were 

identified in Fomes fomentarius, which have also shown potential for the treatment of diabetes (Grienke et al. 

2014). 

 

  



 

 

Fomitopsis pinicola (Red Belted Polypore) 

Therapeutic Application: General Immunity, Anti-Inflammatory, Antimicrobial 

Inedible fruiting bodies of Fomitopsis pinicola have been used as tinder or as a traditional medicine in the form of 

tonic, tea, paste, or soup. The fungus improves general immunity and has been used for the treatment of cancer, 

headache, nerve pain (neuralgia), nausea, inflammation of the digestive tract, dysentery, diarrhoea, constipation, 

liver problems, jaundice, excessive urination, and as an emetic for purification, anti-inflammatory agent, or as a 

styptic to treat bleeding wounds (Hobbs 1986; Grienke et al. 2014). 

Research studies have shown that Fomitopsis pinicola extracts exert potential antitumour activity (Wu et al. 2014) 

and activity against diabetes, while triterpenes possess anti-inflammatory, antioxidant, and antimicrobial 

properties against Bacillus subtilis and Bacillus cereus (Grienke et al. 2014). 

 

  



 

 

Ganoderma lucidum (Reishi, Lingzhi) 

Therapeutic Application: Overall Health, General Immunity, Anti-Ageing, 

Various Diseases 

Ganoderma lucidum is the most famous and highly regarded of all medicinal mushrooms due to its wide range of 

medicinal properties. It has been used in traditional East Asian medicine for thousands of years to promote health 

and longevity and is still considered a superior remedy. In China and Japan it is called lingzhi or reishi, respectively, 

which means miraculous, divine or mushroom of immortality. Because of its remarkable therapeutic properties and 

rarity, reishi used to be so precious that was reserved only for emperors and nobility. However, since the second 

half of the last century, the development of techniques for the cultivation of Ganoderma lucidum has made the 

mushroom more accessible, thus becoming one of the most widespread and studied medicinal mushrooms 

worldwide (Hobbs 1986; Wachtel-Galor et al. 2011). 

 

Because of the bitter taste and hardness of its fruiting bodies, reishi is only used for medicinal purposes. Fruiting 

bodies or mycelium can be dried and ground or infused, and consumed as powder or tea; moreover, numerous 

Ganoderma lucidum products are available on the market as dietary supplements in the form of capsules, tablets, 

extracts, tinctures, or as various foods and beverages containing the mushroom. Nowadays, spores of reishi are 

also widely used since they contain higher amounts of pharmacologically active compounds. To facilitate the 

absorption of these compounds into the body, the spore walls are broken or removed by special mechanical 

procedures (Wachtel-Galor et al. 2011). 



 

Ganoderma lucidum has traditionally been used to improve overall health and immunity, for the prevention and 

treatment of a wide variety of diseases, and has been known for its anti-ageing properties. Numerous scientific 

studies have confirmed its medicinal properties, including strengthening the immune system and anticancer 

activity, antioxidant, anti-inflammatory, anti-allergic and neuroprotective properties; Ganoderma lucidum also 

prevents cardiovascular disease, diabetes, respiratory and gastrointestinal disorders, has beneficial effects on the 

liver and kidney, and, moreover, exhibits antiviral and antibacterial activity (Wachtel-Galor et al. 2011; Hobbs 1986). 

However, no significant adverse side effects or toxicity have been observed with reishi (Jin et al. 2012). 

A diverse array of about 400 biologically active compounds have been identified in reishi, belonging to the groups 

of polysaccharides, terpenes, steroids, phenols, nucleosides, proteins and peptidoglycans, that confer such a broad 

range of therapeutic properties to the mushroom. The most pharmacologically important are polysaccharides and 

triterpenes, with more than 200 or 130 found in reishi, respectively (Wachtel-Galor et al. 2011). 

Studies have shown that polysaccharides from Ganoderma lucidum stimulate the immune system at multiple levels, 

predominantly through enhanced cellular immunity (Lin 2005; Wachtel-Galor et al. 2011). Thus, the mushroom 

exhibits antitumour activity shown in clinical trials on cancer patients, with best results obtained when Ganoderma 

lucidum polysaccharides were administered as an adjunct to conventional treatment. The polysaccharides 

enhanced the immunity and antitumour immune response, as well as improved the quality of life of the patients 

(Wachtel-Galor et al. 2011; Jin et al. 2012). Moreover, triterpenes also exhibited potential antitumour, antioxidant 

and anti-inflammatory activity in diseases such as rheumatoid arthritis and bronchitis, as well as anti-allergic 

properties by inhibiting histamine release (Hobbs 1986; Wachtel-Galor et al. 2011).  

Reishi exerts a broad spectrum of effects against cardiovascular disease and diabetes. It prevents blood clot 

formation (thrombosis), lowers blood pressure and cholesterol levels as shown in clinical study on patients with 

coronary heart disease (Gao et al. 2004a), and reduced blood sugar levels in patients with type 2 diabetes (Gao et 

al. 2004b) who were receiving a polysaccharide extract from reishi. 

Ganoderma lucidum also helps with respiratory disorders and in a study exhibited an improvement in 60–90% of 

patients with bronchitis or asthma (Hobbs 1986). Moreover, it has potential in the treatment of liver diseases, as 

demonstrated in patients with hepatitis B, and in the treatment of kidney inflammation (nephritis) and gastric 

ulcers (Hobbs 1986; Wachtel-Galor et al. 2011). 

Ganoderma lucidum constitutes a promising natural source of new antibiotics and antiviral agents, since it showed 

antibacterial activity against various bacteria, and inhibitory effect on HIV-1, herpes simplex virus type 1 and 2, 

hepatitis B, and vesicular stomatitis virus (New Jersey serotype) (Wachtel-Galor et al. 2011). 

Furthermore, reishi also has sedative properties, helps relieve insomnia and anxiety, and is recommended for 

mental stabilisation. In addition, it exhibits neuroprotective effects in diseases such as Alzheimer’s disease (Powell 

2010). 

  



 

 

Grifola frondosa (Maitake, Hen of the Woods) 

Therapeutic Application: Anticancer, General Immunity 

Grifola frondosa is a gourmet and medicinal mushroom, especially popular in Japan, where it is called maitake. The 

mushroom is renowned for its taste and texture, while its polysaccharide extracts, maitake D-fraction and maitake 

MD-fraction«, have been clinically applied for the treatment of different types of cancer. For medicinal purposes, 

various dietary supplements derived from cultivated maitake are available on the market (Hobbs 1986; Mayell 2001). 

In addition to its prominent antitumour activity, maitake also strengthens the immune system, protects against 

hypertension, hyperlipidaemia and diabetes. Moreover, it has antioxidant, liver protective, antiviral and antimicrobial 

properties and increases vitality (Boh & Berovič 2007). The therapeutic effects of maitake are predominantly 

attributed to the unique β-glucan polysaccharides, which are its major pharmacologically active compounds, and in 

addition, the mushroom contains other compounds, such as ergosterol (provitamin D2) (Mayell 2001). 

 

Clinical studies on patients with different types of cancer who were receiving maitake polysaccharides (MD-fraction), 

have shown tumour regression with significant improvement observed in patients with liver (58.3%), breast (68.8%), 

and lung (62.5%) cancer, while less than 10–20% improvement was noted for leukaemia, gastric and brain cancer. 

Furthermore, when maitake polysaccharides were administered in conjunction with chemotherapy, response rates 

were increased by 12–28%, immune responses enhanced 1.2–1.4-fold, and in addition, the side effects of 

chemotherapy were reduced. The mushroom exerts an antitumour effect primarily by stimulating the immune 

system through the activation of immune cells and increased production of cytokines – mediators of the immune 

response (Nanba 1997; Kodama et al. 2002). 



 

Maitake polysaccharides have been shown to exert hypoglycaemic effects in patients with type 2 diabetes by 

reducing their blood sugar levels by over 30% (Konno et al. 2002). Moreover, a study on patients with high blood 

pressure (hypertension) who were receiving maitake extract has demonstrated a decrease in their blood pressure – 

systolic of 7% and diastolic of 9.4% (Hobbs 1986). Maitake has also been shown to be beneficial in treating patients 

with fatigue, hepatitis B, HIV and Candida albicans infections (Nanba et al. 2000; Mayell 2001). 

 

 

Hericium erinaceus (Lion’s Mane) 

Therapeutic Application: Neuroprotective, Dementia, Multiple Sclerosis, 

Gastric Problems 

Hericium erinaceus is a delicious culinary and medicinal mushroom with a distinctive appearance. In traditional 

Chinese medicine it has long been recognized for a variety of therapeutic properties, which are nowadays supported 

by scientific research, especially for its beneficial effects on the nervous system. Hence, the mushroom has been 

referred to as nature’s nutrient for the neurons? (Powell 2010). 

Hericium erinaceus has neuroprotective properties, prevents dementia and neurodegenerative diseases, improves 

brain function, and relieves depression, anxiety and symptoms associated with menopause. Moreover, it exerts 

antitumour activity by stimulating the immune system and is used to treat gastric and oesophageal cancer, as well as 

gastritis, gastric and duodenal ulcers. The mushroom has antioxidant properties, lowers blood pressure, cholesterol 

and sugar levels, thus preventing the development of cardiovascular disease and diabetes. Hericium erinaceus has 

also been shown to possess antimicrobial activity against various, including antibiotic-resistant, pathogenic bacteria. 

However, no adverse side effects have been observed with the mushroom (Khan et al. 2013; Friedman 2015). 

 

Hericium erinaceus is a tasty and healthy food, low in fat, contains predominantly unsaturated fatty acids, and has 



 

relatively high protein content and quality, which makes it a good substitute for meat in vegetarian cuisine. Due to its 

nutritional and medicinal value, the mushroom is appropriate to incorporate it into everyday diet by making healthy 

meals or by consuming Hericium erinaceus dietary supplements (Powell 2010). 

Scientists have identified about 70 different biologically active compounds in Hericium erinaceus. These include 

pharmacologically important β-glucan polysaccharides that strengthen the immune system, thus exerting antitumour 

activity, phenols with antioxidant properties, and ergosterol. The latter is in the presence of sunlight or ultraviolet 

light converted to vitamin D2, which has potential protective effects against various diseases, such as multiple 

sclerosis (Munger et al. 2004; Friedman 2015). However, the main groups of compounds in Hericium erinaceus that 

exhibit neuroprotective properties are erinacines and hericenones. These and related compounds stimulate the 

synthesis of nerve growth factor involved in maintaining and organising the function of neurons, thus can prevent 

neurodegenerative diseases, such as dementia or Alzheimer’s disease, depression, and have shown 

neuroregenerative and therapeutic potential in the treatment of multiple sclerosis (Ma et al. 2010; Khan et al. 2013; 

Friedman 2015). 

A clinical trial involving patients with mild cognitive impairment who were administered Hericium erinaceus has 

shown the improvement in their cognitive function, while in another study the mushroom reduced depression and 

anxiety in women (Friedman 2015). Furthermore, Hericium erinaceus extracts have been demonstrated to promote 

the regeneration of injured nerves in the early stage of recovery (Wong et al. 2012), and enhance the myelination 

process – the formation of myelin sheath, which is damaged in multiple sclerosis (Kolotushkina et al. 2003). 

In addition, clinical studies have shown the antibacterial properties of Hericium erinaceus. MRSA (methicillin-resistant 

Staphylococcus aureus), a pathogenic bacterium that has developed resistance to a range of antibiotics has been 

cleared in a number of patients whose diet was supplemented with the mushroom (Powell 2010). Moreover, 

Hericium erinaceus suppressed the infection in 89.5% of patients with Helicobacter pylori, a major cause of gastric 

ulcers and gastritis (Donatini 2014). 

 

 

Lentinula edodes (Shiitake) 

Therapeutic Application: Cholesterol Control, Anticancer 

Lentinula edodes or shiitake, which is its Japanese and most common name worldwide, is a delicious and very popular 

edible and medicinal mushroom of high nutritional value. In Japan and China, the mushroom has been cultivated for 

centuries and is in their traditional medicine regarded as the elixir of life that promotes vitality and energy. Shiitake is 

now widely cultivated worldwide with the second-highest production among edible mushrooms in the world. The 

mushroom is valued for its culinary, nutritional as well as therapeutic properties, and is one of the most studied 

mushrooms in medicine (Wasser 2005; Bisen et al. 2010). 



 

Shiitake is a source of a number of compounds with proven pharmacological activity, including eritadenine, protein 

lentin, extracts LEM, LAP and KS-2, and in particular lentinan – a polysaccharide from Lentinula edodes, which has 

been approved in Japan as an adjuvant in the treatment of gastric cancer. Various dietary supplements or 

concentrated preparations from shiitake are available on the market in the form of extracts or powder from fruiting 

bodies or mycelium, which are preferred for medicinal use due to the higher concentration of pharmacologically 

active compounds (Wasser 2005; Bisen et al. 2010). 

 

Lentinula edodes has a number of therapeutic properties – strengthens the immune system, exhibits antitumour 

activity, prevents cardiovascular disease and diabetes. It also possesses antioxidant, anti-inflammatory, liver 

protective (hepatoprotective) properties, and helps with bronchitis and allergies. Moreover, it displayed activity 

against viral, bacterial, fungal and parasitic infections, such as candidiasis, common cold and influenza (Wasser 2005; 

Powell 2010). In addition, shiitake has relatively high nutritional value and is a good source of proteins containing 

essential amino acids, dietary fibre, vitamins, minerals and ergosterol (provitamin D2), while being low in fat and 

predominantly contains unsaturated fatty acids (Wasser 2005; Bisen et al. 2010). Therefore Lentinula edodes is a 

healthy food, which is also suitable for vegetarians and vegans. Clinical trials on patients with gastric, colorectal, liver, 

breast and metastatic prostate cancer, who were receiving β-glucan polysaccharide lentinan from shiitake as an 

adjunct to chemotherapy, have shown increased survival, reduced side effects from chemotherapy and improved 

quality of life of the patients (Powell 2010). Lentinan and other shiitake polysaccharides have been proposed to 

exhibit antitumour activity through the activation of immune response, and thus also exerted beneficial effects in 

patients with hepatitis and AIDS (Wasser 2005). 

Furthermore, eritadenine, a secondary metabolite from shiitake, reduces blood lipid levels by increased excretion of 

dietary cholesterol and its metabolic degradation, thus preventing cardiovascular disease. Lentinula edodes 

administration to patients with high blood cholesterol (hypercholesterolaemia) and other lipids (hyperlipidaemia) led 

to a decrease in total cholesterol of 7–12% and triglycerides of 6–7% (Wasser 2005). 



 

 

Monascus purpureus (Red Yeast Rice) 

Therapeutic Application: Cardiovascular Protective, Cholesterol Control 

Monascus purpureus is a fungus that has been used for centuries in East Asian cuisine as a natural food colouring, 

preservative, and for the fermentation of rice to produce a traditional food product called red yeast rice. 

In addition to its culinary use, the fungus has also been known in traditional medicine for its therapeutic properties. 

Scientists have identified a number of pharmacologically active compounds in Monascus purpureus, of which the 

most important and studied are statins – monacolins and related compounds, which lower cholesterol levels in the 

blood; furthermore, a variety of pigments with other biological activities have also been found in the fungus. 

Nowadays, various dietary supplements in the form of extracts or encapsulated powder are prepared from red yeast 

rice. They have been shown to possess medicinal properties, which are presumably the result of the synergistic action 

of the compounds contained, without eliciting adverse side effects (Patakova 2013). 

 

Monascus purpureus is most notable for its beneficial effects on the cardiovascular system, since it regulates blood 

cholesterol levels, has anti-inflammatory and antioxidant properties, thus preventing cardiovascular disease, such as 

coronary heart disease and stroke. Moreover, the fungus has shown potential for treating diabetes, cancer, 

osteoporosis, fatty liver disease, fatigue, dementia or Alzheimer’s disease (Yang & Mousa 2012). 

Clinical studies using various preparations from red yeast rice in patients with high blood cholesterol 

(hypercholesterolaemia) and other lipids (hyperlipidaemia) have shown a reduction in total cholesterol of 11–44%, 

triglycerides of 7–44%, LDL (bad) cholesterol of 0–32%, and an increase in HDL (good) cholesterol of 0–55%. 

Furthermore, red yeast rice has been demonstrated to reduce the risk of coronary heart disease, myocardial 

infarction and associated deaths in patients with hyperlipidaemia. However, no serious adverse side effects have 



 

been observed in participants who were receiving red yeast rice preparations (Fang & Li 2000; Liu et al. 2006; Yang & 

Mousa 2012). 

The cardiovascular protective properties of Monascus purpureus or red yeast rice are primarily the result of the 

inhibition of cholesterol synthesis by natural statins monacolins, of which the main compound is monacolin K or 

lovastatin. In addition, other biologically active compounds from the fungus contribute to the lipid-lowering effect, 

including phytosterols, β-sitosterol and campesterol that inhibit the absorption of dietary cholesterol, as well as 

isoflavones, unsaturated fatty acids, dietary fibre, and vitamin B (niacin). Several clinical studies have indicated that 

Monascus purpureus has, due to the synergistic action of its compounds, the same effectiveness as statins, which can 

elicit severe adverse effects. Therefore, preparations of red yeast rice could potentially be used as a substitute 

treatment for hyperlipidaemic patients who cannot tolerate synthetic statins (Yang & Mousa 2012). 

In addition, a clinical trial involving patients with type 2 diabetes who were receiving a red yeast rice product, has 

shown a decrease in their blood glucose levels (Fang & Li 2000). 

(...to be continued) 
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ABSTRACT: Mushrooms are part of fungal biota characterized by wonder. They growfrom lignocellulosic wastes: yet 

they become so bountiful and nourishing. Mushrooms are environmentally friendly. They biosynthesize their own 

food from agricultural crop residues, which would otherwise cause health hazards. The extant records show the 

continued use of some mushrooms, e.g., Lentinus edodes, Ganoderma lucidum, and Cordyceps sinensis, all of which 

are now centuries old. This review presents a pyramid model for mushroom uses (industries), as food, dietary 

supplements (tonic), and medicine. A regular intake of mushrooms can make us healthier, fitter, and happier, and 

help us to live longer. The sense of purpose and vision for the mushroom industries is also briefly discussed. A variety 

of mushrooms have been used traditionally in many different cultures for the maintenance of health and in the 

prevention and treatment of various diseases. A total of 126 medicinal functions are thought to be produced by 

medicinal mushrooms (MM) and fungi, including antitumor, immunomodulating, antioxidant, radical scavenging, 

cardiovascular, anti-hypercholesterolemia, antiviral, antibacterial, anti-parasitic, antifungal, detoxification, 

hepatoprotective, and anti-diabetic effects. Special attention is paid to mushroom polysaccharides. Many, if not all, 

higher Basidiomycetes mushrooms contain biologically active polysaccharides in fruit bodies, cultured mycelium, and 

cultured broth. The data on mushroom polysaccharides are summarized for approximately 700 species of higher 

Hetero- and Homobasidiomycetes. In particular, the most important for modern medicine are polysaccharides with 

antitumor and immunostimulating properties. Several of the mushroom polysaccharide compounds have already 

gone through phase I, II, and III clinical trials and are used extensively and successfully as drugs in Asia to treat various 

cancers and other diseases. Mushrooms are superior sources of different types of dietary supplements (DSs) (tonics). 

The advantages of using mushroom-based DSs as a matter of safety (as opposed to herbal preparations) are: (1) The 

overwhelming majority of mushrooms used for production of DSs are cultivated commercially (and not gathered in 

the wild). (2) Mushrooms are easily propagated vegetatively and thus keep to one clone. The mycelium can be stored 

for a long time, and the genetic and biochemical consistency can be checked after a considerable time. (3) The main 

advantage, in our opinion, is that many mushrooms are capable of growing in the form of mycelial biomass in 

submerged cultures. In this review, we discuss legal and regulatory issues introducing and controlling DSs from MMs 

in different countries, including the United States, the European Community, Australia, New Zealand, Japan, and P.R. 

China, and guidelines of the World Health Organization. One of the targets of the present review is also to draw 

attention to many critically important unsolved problems in the future development of medicinal mushroom science 



 

in the 21st century. 
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Continued from previous issue: 

VIII. MUSHROOMS AS A MEDICINE 

Today, a total of 126 medicinal functions are thought to be produced by medicinal mushrooms and fungi, including 

antitumor, immunomodulating, antioxidant, radical scavenging, cardiovascular, anti-hypercholesterolemia, antiviral, 

antibacterial, anti-parasitic, antifungal, detoxification, hepato-protective, and anti-diabetic effects.14, 88-89 

According to current categories of botanical products, MM can serve as botanical drugs or real drugs. Botanical drugs 

products are complex extracts to be used for treatment of disease. The guidelines for this relatively new regulatory 

category were released in 2004 (http://www.fda.gov/cder/Guidance/4592fnl.htm). 60 Botanical drugs are clinically 

evaluated for safety and efficacy just like conventional drugs, but the process for botanical drugs can be expedited 



 

because of the history of safe human use. Botanical drugs are highly but not completely characterized and are 

produced under the same strictly regulated conditions as conventional pharmaceuticals.90-91 

   Drugs can be prescription drugs or over-the-counter drugs. These products require the most rigorous testing, 

including three distinct phases of clinical testing to ensure safety and efficacy, and close scrutiny by the FDA. Although 

most early pharmaceutical products were botanical preparations and at least 25% of the pharmaceuticals used today 

are based on plant-derived products, 92 only pure compounds isolated from plants and subjected to the same rigors as 

synthetic pharmaceuticals can be conventional drugs.93 

Mushroom compounds, especially polysaccharides, prevent oncogenesis, show direct antitumor activity against 

various synergetic tumors, and prevent tumor metastasis. Their activity is especially beneficial when used in 

conjunction with chemotherapy. The antitumor action of polysaccharides requires an intact T-cell component; their 

activity is mediated through a thymus-dependent immune mechanism. They activate cytotoxic macrophages, 

monocytes, neutrophiles, natural killer cells, dendritic cells, and chemical messengers (cytokines, such as interleukins, 

interferons, and colony-stimulating factors) that trigger complementary and acute phase responses. Also, mushroom 

polysaccharides can be considered as multi-cytokine inducers able to induce gene expression of various 

immunomodulatory cytokines and cytokine receptors.46, 47,94-97 

The benefits of mushroom compounds on different clinical conditions have attracted the interest of the scientific 

community in the last decade in order to understand the molecular mechanisms responsible for their actions. Several 

classes of mushroom compounds, such as proteins, polysaccharides, lipopolysaccharides, and glucoproteins, have 

been classified as molecules that have potent effects on the immune system. They may restore and augment 

immunological responses of host immune effector cells, but they have no direct cytotoxic effect on tumors.98 

Polysaccharides from other less known but promising mushroom species also show positive results in treating cancers 

in vitro and in vivo. These species include Agaricus brasiliensis, Phellinus linteus, Grifola frondosa, Tremella 

mesenterica, Hypsizygus marmoreus, Flammulina velutipes, and others. A new class of antitumor MM drugs has been 

called biological response modifiers (BRMs). The application of BRMs has become the new kind of cancer treatment, 

together with surgery chemotherapy, and radiotherapy.14, 46,47,98 

Immunoceuticals isolated from more than 30 MM species have demonstrated antitumor activity in animal treatments. 

However, only a few have been tested for their anticancer potential in humans. The few that have been tested are 

l3-D-glucans or l3-D-glucans linked to proteins. Moreover, the latter have shown greater immunopotentiation activity 

than the free glucans. There are plenty of clinical studies proving the cancer inhibitory effects of Lentinus edodes, 

Grifola frondosa, Schizophyllum commune, Ganoderma lucidum, Trametes versicolor, Inonotus obliquus, Phellinus 

linteus, Flammulina velutipes, Codyceps sinensis, etc. Mushroom immunoceuticals act mainly by elevating the host 

immune system. This process includes activation of dendritic cells, NK cells, T-cells, and macrophages, and production 

of cytokines. Several MM products, mainly polysaccharides and especially l3-glucans, were developed with clinical 

and commercial purposes: Krestin (PSK) and PSP (polysaccharide peptide) from Trametes versicolor; Lentinan, 

isolated from Lentinus edodes; Schizopyllan (Sonifilan, Sizofiran, or SPG), from Schizophyllum commune; Befungin 

from Inonotus obliquus; D-fraction, from Grifola frondosa; GLPS polysaccharide fraction from Ganoderma lucidum; 

active hexose correlated compound (AHCC); and many others.14, 46,47 



 

Other mushroom compounds of therapeutic interest are the secondary metabolites, such as lectins, terpenoids, 

alkaloids, antibiotics, and metal chelating agents, which are also important for the immune function of the organism. 

MMs also contain a number of enzymes, such as laccase, superoxide dismutase, glucose oxidase, and peroxidase. It 

has been shown that enzyme therapy plays an important role in cancer treatment, preventing oxidative stress and 

inhibiting cell growth.46, 99 

It has been documented that fungi produce a huge number of biologically active compounds that not only stimulate 

the immune system but also modulate specific cellular responses by interfering in particular transduction pathways. 

For instance, caffeic acid phenethyl ester (CAPE), which specifically inhibits DNA binding of NF-κB and has shown 

some promising results in human breast cancer MCF-7 cells, was found to be produced by Agaricus bisporus, 

Marasmius oreades, Lentinus edodes, and Phellinus linteus. Also, a methanol extract of Fomes fomentarius was 

reported to inhibit iNOS and COX expression due to the down-regulation of NF-κB binding activity to DNA. 

Panepoxydone, a compound isolated from Panus spp. but also found in Lentinus crinitus, interferes with the NF-κB 

mediated signal by inhibiting the phosphorylation of IκBα. These reports demonstrate the fact that such substances 

can be used as molecular targets in malignant cells in order to combat cancer. Because low molecular sizes help them 

to penetrate the cell membrane, these substances have also been classified as low-molecular-weight compounds; 

among them are lectins, lactones, terpenoids, alkaloids, antibiotics, and metal-chelating agents. Many fungal species 

have already been reported to produce various metabolites capable of modulating different intracellular pathways, 

thus playing an essential role in cancer treatment.99-102 

    The development of real immunomodulating and anticancer drugs from MM polysaccharides (e.g., Lentinan, 

Schizophyllan, and Krestin) was hampered by the fact that high-molecular-weight compounds are used. All MM drugs 

were developed from high-molecular-weight polysaccharides from 100,000 to 0.5 million Da. These compounds 

cannot be synthesized; therefore, their production is restricted to extraction from fruit bodies, cultured mycelium, or 

cultured broth. Such an approach imposes high market prices. Today, science should concentrate on the beneficial 

medicinal effects of low-weight-molecular compounds produced by MMs, i.e., low-molecular-weight secondary 

metabolites targeting processes such as apoptosis, angiogenesis, metastasis, cell cycle regulation, and signal 

transduction cascades.40 Western pharmaceutical companies are more interested in relatively easily synthesized 

compounds that can be produced for markets. 

Historically, the majority of new drugs have been generated from natural products (secondary metabolites). MMs are 

an unclaimed source for drug discovery. By 1990, about 80% of drugs were either natural products or analogs inspired 

by them. "Blockbuster drugs" like antibiotics (penicillin, tetracycline, and erytromycin), antiparasitics (avermectin), 

anti-malarials (quinine, artemisinin), lipid control agents (lovastatin and analogs), immuno-suppressants for organ 

transplants (cyclosporin, rapamycins), and anticancer drugs (taxol, doxorubicin) revolutionized medicine.103 Many of 

these drugs were developed from components found in fungi. 

Hahn and Weinberg104 designed a subway map (Fig. 4) of cancer pathways involving the genetic changes that liberate 

neoplastic cells from the homeostatic mechanisms that govern normal cell proliferation. Advances in human genetics 

and molecular and cellular biology have identified a collection of cell phenotypes that are required for malignant 

transformation. Specific molecular pathways (subway lines) are responsible for determining these behaviors. 

Although the connections between cancer-cell wiring and function require further investigation (hence the many lines 



 

under construction), a better understanding of the molecular circuitry of the cancer cell can now be sketched. Further 

advances in describing these pathways and their subsequent connections will elucidate the development of 

molecularly targeted therapies that will benefit the field of oncology. 

Modern pharmaceutical trends in preventing cancer include the development of new drugs with: 

(a) Growth-factor inhibitors of cancer cells (drugs such as Herceptin, Erbitux, and Terceva). They block a cancer cell's 

link to critical proteins that help it divide and grow. 

(b) Hormone blockers (drugs such as Tamoxifen) keep cells from dividing by binding to estrogen receptors, which are 

over-expressed in some tumor cells. 

(c) Signal blockers working inside a cell. These drugs interrupt communication among enzymes that regulate growth 

and development. 

(d) Angiogenesis inhibitors, e.g., Avastin, which was the first drug to inhibit the formation of new blood vessels 

around cancer cells, starving them of nourisment.105 

About 860 cancer drugs are being tested on humans. This number is more than twice the number of experimental 

drugs for heart disease and stroke combined, nearly twice as many as for AIDS and all other infectious diseases 

combined, and nearly twice as many as for Alzheimer's and all other neurological diseases combined.106 Cancer drugs 

have been the biggest category of drugs in terms of sales worldwide since 2006 and in the US since 2008, according to 

market research by IMS Health. Today, drug companies see a future in treating cancer. The world's largest 

pharmaceutical company (Pfizer), for example, was focused on cardiovascular drugs, the cholesterol-lowering agent 

Lipitor, 107 and the blood pressure reduction pill Norvasc.106 Recently, Pfizer hired about 1,000 researchers for an 

all-out effort to develop drugs for cancer, a disease the company once largely ignored. Pfizer has now scaled back on 

cardiovascular research and has made cancer drugs one of its six focus areas. About 20% of Pfizer's more than $7 

billion budget for research and development spending is on cancer research, and 22 of the roughly 100 drugs being 

tested are anticancer drugs.106 

Progress in research of MMs must include genomics, proteomics, metabolomics, and systems pharmacology. 

Studying molecular mechanisms to determine the medicinal effects of MMs should be the focus of new investigations 

using modern methods in the above approaches. 

Another important source for substances of therapeutic interest can be found in the pool of secondary metabolites 

produced by MMs. These substances can be classified according to five main metabolic sources: 99 amino acid-derived 

pathways; the shikimic acid pathway for the biosynthesis of aromatic amino acids; the acetate-malonate pathway 

from acetyl coenzyme A; the mevalonic acid pathway from acetyl coenzyme A, which functions in primary 

metabolism for the synthesis of sterols; and polysaccharides and peptidopolysaccharides. The polyketide and the 

mavalonic acid pathways are most often involved, and they produce a greater variety of compounds than the other 

pathways. 

Every effort should be made to find new sources for anticancer drugs using low-molecular-weight secondary 

metabolites from MMs that can inhibit or trigger specific responses, i.e., activating or inhibiting NF-κB, inhibiting 

protein and especially tyrosine kinases, aromatase and sulfatase, matrix metalloproteinases, cyclo-oxygenases, DNA 



 

topoisomerases and DNA polymerase, antiangiogenic substances, etc.99-102 

Fungal low-molecular-weight compounds directly inflluencing NF-κ B inhibitory effects are: caffeic acid phenethyl 

ester (CAPE), cordycepin, panepoxydone, and cycloepoxydon. Low-molecular-weight CAPE produced, for example, by 

Phellinus linteus and Marasmius oreades, show specific cytotoxicity against tumor cells, show NF-κ B inhibitor activity, 

and can be a candidate for antitumor drugs, especially against breast cancer.102 

Pharmaceutical companies involved in drug discovery need new sources of natural products. MMs are the best 

unclaimed gifts of nature that in a short amount of time can be used in the production of new pharmaceuticals. 

 

FIGURE 4. A subway map of cancer pathways (subway map designed by Claudia Bentley. Web design by Nick Allin. 

Edited by Cath Brooksbank and Sandra Clark) 

 

Below we will detail the drug discovery pathway for the development of mushroom pharmaceuticals. The drug 

discovery pathway for mushroom bioactive metabolites includes the following basic steps: 14 

A. Mushroom Cultivation and Biomass Production 

First, selected mushroom strains are grown on solid medium (agar-agar, malt extract agar, suslo-yeast extract agar 

medium, etc.) in Petri dishes for the production of pure mycelia cultures. Different mushroom species develop 

mycelium for different periods of time depending on their specific species characteristics and on cultivation 

conditions such as medium nutrition contents, pH, and temperature. Therefore, according to the main purpose of the 



 

study, the best growth conditions for selected strains should be chosen in order to receive high yields of biomass and 

bioactive substances. Basically, when grown on solid medium, mushroom strains are maintained in an incubator at 27℃ 

till the Petri dish surface is fully covered with fresh mycelium. When the pure mycelia cultures are completely 

developed and ready for use, the second stage begins, called submerged mycelia cultivation for biomass production. 

Fresh mycelia, cut into particles, are inoculated in liquid medium (with the same nutrition contents, only lacking agar) 

and grown on a rotary shaker till the mycelia particles totally fill the medium. This stage varies in the amount of time, 

according to the species' characteristics. For biomass production, obtained mycelia inoculums are homogenized and 

transferred into a larger amount of liquid culture medium and then put on a shaker (or in a fermentor) for a specified 

period of time. 

B. Biomass Extraction 

The biomass received from each strain should be dried and ground into fine powder. According to the selected 

mushroom compounds, specific organic solvents for the extraction should be chosen. For instance, substances that 

are supposed to penetrate the cell membrane have lipid origin and should be extracted with water-insoluble solvents, 

such as ethyl acetate. In contrast, compounds that are expected to act on the cell surface could be extracted with 

water-soluble solvents, such as alcohols. Generally, the most common organic solvents used for biomass extraction 

are methanol, ethyl alcohol, ethyl acetate, diethyl ether, formalin, etc., or some combinations of these. Moreover, 

the culture liquid could also be extracted (with water-insoluble solvents, e.g., ethyl acetate), assuming that it is very 

rich in bioactive mushroom secondary metabolites. 

C. Screening of Mushroom Extracts 

The primary screening of mushroom extracts obtained in the stage mentioned above could be performed using 

different methods and assays. Depending on the main target of the study, a specific cancer cell line should be 

selected. One possibility is to apply the luciferase activity reporter assay. Transfected cells carrying a luciferase 

reporter gene under the control of a specific promoter should be used. In this case, the extracts' effects are evaluated 

spectrophotometrically according to the exposed light and are calculated as a percent of the reporter inhibition. 

Another possibility is for extracts to be tested in their ability to affect cancer cell viability using the cell proliferation 

assay, in which cells are treated with the extracts for a definite period of time, and afterwards the viable cells are 

counted using the trypan blue exclusion method or MTT and XTT methods. Again, extract activity is calculated as a 

percent of cancer cell growth inhibition and IC50 (the extracts concentration that inhibits cell growth by 50%) can be 

determined. The primary screening should be carried out at least in duplicate. 

Extracts that show reporter inhibition higher than 50% and cancer cell growth inhibition lower than 50% should be 

considered as active and should be subjected to a second screening in order to confirm their positive effect. For the 

re-screening procedure, the same methods can be applied, but more concentrations of the selected extracts should 

be used for more precise evaluation of their effect. 

D. Effect of Selected Extracts on a Target of Interest 

The levels of target cell proteins responsible for cancer cell growth, proliferation, metastasis, drug resistance, etc., are 

checked in response to selected extracts. Cancer cells are seeded, treated with extracts in certain concentrations, 

collected, and lyzed. The proteins of interest can be detected using methods such as Western blot or ELISA. The 



 

expression of specific genes involved in the process of tumorigenesis can also be determined using PCR for detecting 

the expression of target genes, RT-PCR for establishing the approximate level of gene expression, and real-time PCR 

for determining the exact level of gene expression.  

Establishment of the levels of target proteins and genes in accordance with the effect of mushroom extracts will 

result in the elucidation of their specific mechanism of action on the intracellular level. Afterwards, the most potent 

extracts that significantly affect the targets of interest will be selected for further evaluation and subjected to 

chemical fractionation in order to determine the chemical origin of the active moieties. 

E. Chemical Fractionation of Selected Extracts 

The most active extracts will be fractioned into their component compounds by passing them through a system that 

retards each compound to a varying degree; a system capable of accomplishing this process is called a 

chromatograph. The retarding system can be a surface adsorbant such as silica, alumina, cellulose, or charcoal, 

capable of reversibly adsorbing the compound. Chemical fractionation might be performed by HPLC, a technique for 

separating proteins and other molecules, TLC, or ion-exchange chromatography. As a result, fractions with exact 

chemical contents such as protein, polysaccharide, lipid fractions, etc., will be obtained. 

F. Elucidation of Active Fractions' (Compounds') Mechanism of Action and Potency 

All fractions obtained in the process of extract chemical fractionation will be evaluated for their effect on the targets 

of interest in order to determine and select the fraction that contains the most active substances. For this purpose, 

the same methods, e.g., Western Blot, ELISA, cell proliferation assay, PCR, RT-PCR, real-time PCR, etc., can be applied. 

Positive mushroom fractions that show valuable effects on the proteins of interest will be subjected to additional 

evaluation with the aim of determining their specific mechanism of action. 

G. Effect on Animal Models 

Fractions that showed a desired effect in in vitro assays will be tested for their in vivo effect in animal models. Rats 

and nude mice (mice that cannot reject tumors or transplants of cells from humans or other animals) can be used for 

this purpose. Tumors will be induced subcutaneously into the selected laboratory animals and left to progress. 

Afterwards, the active mushroom fractions (compounds) will be injected into the tumor and their effect on tumor 

growth and metastasis will be periodically measured. After the animal has been sacrificed, another method is to take 

the tumor out and to treat it in culture with the mushroom substances in order to determine their direct effect on the 

tumor cells.  

Fractions that demonstrate a significant anticancer activity in in vivo assays will be subjected to additional chemical 

analyses for determining the exact chemical structure of the bioactive compound of interest. Medicinal chemistry 

(chemical modification of the molecule) can be performed in order to obtain a better and more potent compound. 

Such a compound will further represent a potential candidate drug. 

H. Preclinical Drug Development 

The candidate drug is chemically pre-formulated, formulated, and then tested for metabolism, toxicity, bioavailability, 

and other pharmacological properties; this was traditionally done in animals but increasingly in in vitro model assays. 



 

If the desired effect is obtained, the product stability is checked, and then the candidate drug can be given to a pilot 

manufacturing facility. 

I. Clinical Drug Development 

The final drug development stage includes several phases. First, the manufactured candidate drug needs an 

application (permission) for approval for clinical trials. When the product is approved for clinical trials, three phases 

of clinical trials begin: (1) testing the product's safety in volunteers; (2) finding evidence for efficacy in patients and 

estimation of the appropriate dose; and (3) accurate assessment of clinical values of the candidate drug. Each of 

these phases includes systematic and extensive records, which are used in obtaining permission to market the 

product as a drug.14 

XI. CONCLUDING REMARKS 

Edible and MMs represent promising and relatively untapped sources of materials with potential human food and 

medicinal applications. Therefore, it is time that humans make every endeavor to maximize the use of their 

agricultural waste resources. We should thus make a concerted effort in research and development in mushroom 

cultivation. It is also the time that we should lobby the governments and international organizations, as well as 

industrial circles, reminding them that research and development in mushroom-based industries is not a luxury, but a 

national necessity. In spite of the many problems that exist in the cultivation of mushrooms, we foresee a new 

possibility of using mushrooms in a more important and positive role, especially as a reliable source of protein, to 

enrich human diets, and as MM DSs, to enhance immune responses. This is especially necessary in less developed 

countries, where the shortage of protein and lack of health care are more marked than in most of the developed 

countries. We also see no reason why both rural and urban areas cannot benefit from this new technology to 

maximize mushroom production per unit area with minimum costs, thus generating a new cheap source of food 

protein from agricultural waste materials, and also to initiate mushroom biotechnology in processing mushroom 

products, thus providing health-enhancing dietary supplements for the people. 

The progress achieved during the past two decades in both research and production has clearly documented 

evidence of the benefits mushrooms have to offer as human food as well as to human healthcare systems. Modern 

medicines may not always provide the remedies required and MMDSs are likely to prove extremely useful in both 

alleviating and preventing human disease conditions. Disease prevention is particularly desirable, not only in having 

positive financial and social impacts, but also in maintaining/improving the quality of life and human dignity. We hope 

our humble appeal for the promotion of mushroom-based industry worldwide presents a challenge and receives 

favorable attention and consideration for active implementation. 

MM-derived products are neither nutraceuticals (food/functional food) nor pharmaceuticals (drugs), because the 

active ingredient of most products is not a single, chemically defined compound as used in conventional drug 

treatments. Therefore, they may be classified as a type of DS or traditional medicine, which is a category between 

food and drugs. 

There are some mushroom-derived studies on MMs that claim that mushroom products, e.g., Ganoderma lucidum or 

Cordyceps sinensis, hold the key to the relief of all human illnesses. We think this is over-promoted. Actually there is 

no known modality of treatment including both orthodox and traditional medicines that will fix everybody every time. 



 

We should not assume that mushroom-derived products can replace modern medicine. We can, however, recognize 

that generally mushroom-derived products are a special category that can serve a patient better under certain 

circumstances (e.g., enhance general well-being) and other situations serve to supplement other treatments (e.g., 

complement modern medicine). 

As mentioned in the beginning, mushrooms are used as a health food, as a tonic, and as a medicine (drugs and 

botanical drugs). A regular intake of mushrooms themselves and mushroom derivatives makes one healthier, fitter, 

and happier. 

They are rich in medicinal properties-in particular, in selenium (antioxidant)-that make one look younger and live 

longer. What we have from this review is scientific, economic, healthful, and environmental aspects of mushroom 

production and uses. 

We have discussed the legal and regulatory issues involved in introducing and controlling DSs from medicinal 

mushrooms in different countries, including the United States, the EU, Canada, Australia, New Zealand, Japan, and 

P.R. China, and guidelines of the World Health Organization. Much attention has highlighted safety and diversity of DS 

types from culinary-medicinal mushrooms. Most of the MM DSs currently in the marketplace are highly diverse, and 

there are only a few standard protocols to ensure product quality. There must be thorough analyses, improved 

quality, and legal control, which will, in turn, increase and maintain consumer confidence and achieve the current and 

future standards set by national regulatory authorities. We hope that these and future regulations will continue to 

provide and protect stable medicinal mushroom products of reliable quality and that culturing biotechnology will 

continue to be the best and the most progressive technique for obtaining consistent and safe mushroom products. 

 (The end) 
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Aiming to build the relationship between the members and the Society, the publication of the newsletters was 

proposed before the launching of the Society. The newsletters represent one of the key official publications from the 

Society. Contents of the newsletters will include notifications of the decisions made by the committee board, reviews 

or comments contributed by ISMM committee members, conferences or activities to be organized, and the status 

updated in research, industrialization, and marketing for medicinal mushrooms. The newsletters will be released 

quarterly, by the first Monday of every January, April, July, and October, with possible supplementary issues as well. 

The Newsletter is open to organizations or professionals to submit news, comments, or scientific papers relating to 

medicinal mushroom research, marketing, or industry. 
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