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The 10th International Medicinal Mushroom Conference 

The International Medicinal Mushroom Conference (IMMC) is also known as the "Olympic 

Games of Edible and Medicinal Mushrooms". It is a platform for all medicinal mushroom 

researchers to come and discuss basic and currently important scientific questions, share the 

results of individual studies, make new or renew friendships, and work together to develop a 

new chapter in medicinal mushrooms. 

The awareness of the international movement for the medicinal mushroom industry made a 

marked important milestone when the International Journal of Medicinal Mushroom (IJMM) was launched in 1999 by 

Begell House Inc. (USA). This organized effort then led to the inaugural International Medicinal Mushroom Conference 

held in Kiev, Ukraine, in 2001, where it was agreed that there would be an IMMC every two years. The IMMC2 was held 

in Pattaya, Thailand, in 2003; the IMMC3 took place in Port Townsend, Washington, USA, in 2005; the IMMC4 was held 

in Ljubljana, Slovenia, in 2007; the IMMC5 in Nantong, China, in 2009; the IMMC6 in Zagreb, Croatia, in 2011; the IMMC7 

in Beijing, China, in 2013; the IMMC8 was held in Manizales, Colombia and the IMMC9 was held in Palermo, Italy.  

The 10th International Medicinal Mushroom Conference (IMMC10), led by Professor Yu Li, Chairman of International 

Society for Medicinal Mushrooms (ISMM) and the Academician of Chinese Academy of Engineering, was successfully 

held at Alphay International Conference Center (AICC), in Nantong, China on September 19-22, 2019. A lot of activities 

including the 297th Chinese Engineering Science and Technology Symposium--Forum for the Fungal Health Industry, 

Professor Shu-Ting Chang’s Symposium on Academic Thoughts, the founding workshop of the Health Industry Branch 

and the Lingzhi Industry Branch of the Mycological Society of China etc., were also organized during the conference. 

More than 500 professionals from 43 countries and regions participated in the event.  

 

IMMC10 Opening Ceremony Group Photo 

The event was preceded by a 1-day seminar dedicated to Professor Shu-Ting Chang, who is regarded as 
the godfather of medicinal mushrooms. Prof. Chang is currently 89 but still remains in good health and 
always has a smile on his face. Next year on September 30, 2020 Professor Shu-Ting Chang (ST) will be 
90 years old. Professor Shu-Ting Chang's name occupies a prominent place in the world of mycology 
because of his outstanding input into the field of mushroom biology, mushroom cultivation, and 
medicinal mushrooms. Chang is a world leader of mushroom biology and medicinal mushroom science. 

News Reports 
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During Professor Chang’s 60-year career in research on basic and applied aspects of mushrooms, he has 
published over 230 papers in the best scientific journals, including 10 in the International Journal of 
Medicinal Mushrooms, and he is author and co-author of 23 books. Professor Chang is a great teacher. 
Many of his students have received both PhD and Masters degrees. He is not only an academic teacher, 
but he is a practical teacher for mushroom growers and farmers around the world, including China and 
some African and South American countries. Professor Chang is a great scientific organizer. He is one of 
the main organizers of all ten International Medicinal Mushroom Conferences. Professor Chang was one 
of the initiators of publishing our special International Journal of Medicinal Mushrooms. He has been an 
editor of the Journal from its inception (in 1999) until now. 

 

Prof. Shu-Ting Chang and Prof. Solomon P. Wasser 

 

Professor Shu-Ting Chang’s Symposium on Academic Thoughts 

There are many famous scientists in medicinal mushroom field took part in IMMC10 including Prof. Shu-Ting Chang, 

Prof. Solomon P. Wasser, Prof. Yu Li, Mr. Chen Hui, Dr. John Holliday, Prof. Keto E. Mshigeni, Prof. Vikineswary Sabaratnam, 

Prof. Yijian Yao, Prof. Jinsong Zhang, Mr. Ziqiang Liu, Prof. Naohito Ohno, Prof. Miomir Niksic, Prof. Ivan Jakopovich, Prof. 

Ulrike Lindequist, Prof. Liudmila Kalitukha, Prof. Marin Berovic, Dr. Angela Amazonas, Prof. Omon S. Isikhuhen, Prof. 

Hamet Hakan Aydin, Dr. Mikheil Asatiani, Prof. Borut Strukelj, Dr. Mark P. Wach, Mr. Aleksandr Khrenov, Prof. Giuseppe 

Venturella, Prof. Franc Pohleven, Prof. Hui-Chen Lo, Prof. Peter C.K. Cheung, Dr. Sheng-Hua Wu, Prof. Kuniyoshi Shimizu, 
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Prof. Tae-Hoo Yi, Prof. Yang-Chang Wu, Dr. lan R. Hall, Prof. Hua Fan, Dr. Stephen Lodder, etc. 

The theme of IMMC10 was “Medicinal Mushroom Science: Innovations and Challenges”. The conference was supervised 

by International Society for Medicinal Mushrooms and Jiangsu Provincial Department of Agriculture and Rural Affairs, 

hosted by China Chamber of Commerce of Foodstuffs and Native Produce (CFNA) and Mycological Society of China and 

Jilin Agricultural University; co-organized by China Chamber of Commerce of Foodstuffs and Native Produce, Edible 

Mushroom Branch, Internationally Cooperative Research Center of China for New Germplasm Breeding of Edible 

Mushroom, Ministry of Science and Technology, Jiangsu Alphay Bio-Technology Co., Ltd., Key Laboratory of Edible 

Mushroom Processing of Ministry of Agriculture and Rural Affairs, National and Local Joint Engineering Research Center 

for Research and Utilization of Economic Fungi, National Edible and Medicinal Mushroom Industry Technology 

Innovation Strategic Alliance, Jiangsu Academy of Agricultural Sciences and Jiangsu Edible Fungi Association. It featured 

a wide range of academic discussions and keynote speeches, scientific forums, poster presentations, and exhibitions of 

edible and medicinal mushroom products. 

 

IMMC10 Opening Ceremony 

Vice President of the Chinese Academy of Engineering and Vice President of the Chinese Association of Science and 

Technology – Prof. Xiuxin Deng addressed in the opening ceremony of IMM10. He introduced that China was one of the 

earliest countries to recognize and utilize edible and medicinal mushroom, and also one of the birthplaces of edible 

mushroom cultivation civilization. It has bred a colorful mushroom cultural heritage in the long history. With the 

development of modern science, mushroom has gradually become a valuable resource for the world to find new drugs. 

It will play a more important role in ensuring world food security, promoting human health and building global ecological 

civilization. 

Prof. Yu Li, chairman of the IMMC10, said that the International Medicinal Mushroom Conference would provide more 

direct, closer, broader and deeper opportunities for delegates to discuss and exchange the achievements of various 

aspects of Medicinal Mushroom. Through a series of academic discussions, we could share ideas in our respective fields 

on this platform. Frontier research results, collision wisdom, further cohesion of consensus, to jointly respond to the 

opportunities and challenges facing the edible and medicinal mushroom industry. 
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Prof. Yu Li, Chairman of the IMMC10, Addressed in the Opening Ceremony 

In the keynote speech session of the Conference followed by the opening ceremony, Prof. Solomon P. Wasser, the 

honorary Chairman of International Society for Medicinal Mushrooms and chief editor of International Journal of 

Medicinal Mushrooms, made the first keynote speech. He introduced present nutritional and medical uses of culinary-

medicinal mushrooms, clinical trials involving medicinal mushrooms, as well as discussed the quality controls necessary 

for medicinal mushroom products. He is hoping that presented material possesses enough objective evidence and 

convincing power to prove scientifically that mushrooms are indeed medicinal. 

 
Prof. Solomon P. Wasser Gave a Keynote Speech in IMMC10 

The scientific symposium went smoothly in the next three days, included biodiversity and ethnomycology, genetics and 

breeding, cultivation and fermentation, biochemistry and pharmacology, nutritional and medicinal values, 

industrialization, as well as the application of medicinal mushroom in animal, agriculture and clinical. The conference 

proceedings collected 71 papers and 316 abstracts in total. In addition, 54 posters and 151 oral lectures were presented 

and the presentation time lasted for 62 hours. Besides, 28 exhibitors from China, United States, Thailand and Malaysia 
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presented their up-to-date products and service. 

 

Some of the Presentations during the Conference (A: Prof. Baoxue Yang, B: Prof. Prof. Vikineswary Sabaratnam, C: Prof. 

Yijian Yao, D: Prof. Ulrike Lindequist, E: Prof. Marin Berovic, F: Mr. Hui Chen, G: Prof. Jingsong Zhang, H: Dr. Sheng-Hua 

Wu, I: Prof. Chee-Jen Chen, J: Dr. Angela Amazonas, K: Dr. Georgios Koutrotsios, L: Prof. John Okhuoya) 

A B C 
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Some of the Presentations during the Conference (A: Dr. Di Zhang, B: Prof. Giuseppe Venturella, C: Ms. Rebecca Joysika 

Roy Jayakumar, D: Dr. John Holliday, E: Mr. M toseef Zahid, F: Prof. Keto E. Mshigeni) 

 

Alphay Park Tour & Mushrooms Expo 

The 10th International Medicinal Mushroom Conference closing ceremony held on the afternoon of September 22th, 

Prof. Yu Li, Prof. Shu-Ting Chang, Mr. Hui Chen and Prof. Solomon P. Wasser give speeches as well as Ms. Vivan Wang 

from Begell house. Prof. Shu-Ting Chang said that mushrooms were benefit to the human beings, medicinal mushrooms 

A B C 

D E F 
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were the very important part of mushrooms. Consider of the changing of the environment, mushroom products should 

have adapted to the change, the quality control and cultural communication should be forced on. Thanks to the small 

mushroom which get us all together!  

During The Closing Ceremony, the 10th International Medicinal Mushroom Conference organizing committee presents 

the outstanding contribution award to Prof. Shu-Ting Chang, Prof. Solomon P. Wasser, Prof. Yu Li, Mr. Hui Chen. Followed 

by the Prof. Yu Li presented awards to the winners of “Award for Outstanding Paper”.  

 

Prof. Shu-Ting Chang gave a Speech during the Closing Ceremony 

 

Outstanding Contribution Awards (From left to right: Chaiman Hui Chen, Prof. Yu Li, Prof. Solomon P. Wasser, Prof. Shu-

Ting Chang, Mr. Ziqiang Liu)  
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Prof. Yu Li presented awards to the winners of “Award for Outstanding Paper” (From left to right: Dr. Ceci Sales-
Campos, Dr. Wu Zhiyong, Ms. Jun Wu, Dr. Su Bu, Prof. Yu Li, Dr. Shujie Cheng, Dr. Martin Pavlík, Ms. Yuan Zhang, Ms. Yu 

Han, Mr. Lie Ma) 

At the end of the closing ceremony, the chairman of the 11th International Medicinal Mushroom Conference, Prof. 

Miomir Niksic announced the next conference will be held in Belgrade, Serbia, September 2021. The Belgrade city 

located on the confluence of Danube and Sava. It is visa free for EU countries, plus Turkey, Russia, Georgia, Moldova, 

Ukraine, Azerbaijan, Belarus, Iran, Israel, Kazakhstan, China, Mongolia, India, Japan, USA. With convenient 

transportation and great landmarks, the city is also a combination of perfect taste, extraordinary wines and live music 

performance. Anyone who interested in taking part in IMMC11 can contact Prof. Miomir Niksic with email 

miomir.niksic@gmail.com, tel: +381 637798576. 

 

Prof. Miomir Niksic Announced the Venue of the Next Conference during the Closing Ceremony 
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IMMC11 Will Be Held in Belgrade, Serbia, September 2021 

The International Medicinal Mushroom Conference is one of the most influentially large-scale activities in the global 

edible and medicinal mushroom industry with its high-standard, profession and internationality. It is a great platform 

for the international experts, scholars and industry people to exchange and interact with each other. It is the perfect 

combination of academia and industry. This Conference refreshed the IMMC past conferences with its high-level, high-

standard and large-scale, which plays an important role in promoting the development of medicinal mushroom in the 

world. 

 

Prof. Shu-Ting Chang, Prof. Solomon P. Wasser, Prof. Yu Li, Prof. Miomir Niksic, Mr. Hui Chen and Mr. Ziqiang Liu  

Took Group Photo with Volunteers and Staffs  

9 
 



 

Summary of the Executive Committee and Council Committee Meeting of the 

International Society for Medicinal Mushrooms 

By Fiona Xu 

On the evening of September 21, 2019, the Executive Committee and Council Committee Meeting of the International 

Society for Medicinal Mushrooms held a meeting in Alphay International Conference Center in Nantong. Prof. Shu-Ting 

Chang, Prof. S.P. Wasser, Prof. Yu Li, Mr. Chen Hui, Dr. John Holliday, Prof. Keto E. Mshigeni, Prof. Vikineswary Sabaratnam, 

Mr. Ziqiang Liu, Prof. Naohito Ohno, Prof. Miomir Niksic, Prof. Ivan Jakopovich, Prof. Ulrike Lindequist, Prof. Liudmila 

Kalitukha, Prof. Marin Berovic, Dr Angela Amazonas, Prof. Omon S. Isikhuhen, Prof. Hamet Hakan Aydin, Dr. Mikheil 

Asatiani, Prof. Borut Strukelj, Dr. Mark P. Wach, Mr. Aleksandr Khrenov, Prof. Giuseppe Venturella, Prof. Jinsong Zhang, 

Prof. Hui-Chen Lo, etc. participated in the meeting. 

 

At this meeting, Ms. Fiona Xu, Secretary of the Society, briefly introduced the main work and progress of the 

International Society of Medicinal Fungi since its establishment, including the recruitment of members, the issuance of 

membership certificates, the construction of the official website and the editing of newsletters. Subsequently, the 

members made further discussions on the enlargement of the membership, the promotion of the society, the direction 

of the development of the society and the selection of the members of the society. Prof. S.P. Wasser said that since the 

founding of the Society seven years ago, with the joint efforts of Prof. Shu-Ting, President Prof. Yu Li, Executive Chairman 

Mr. Hui Chen, Secretary-General Mr. Ziqiang Liu and Secretary Ms. Fiona Xu, the Society has been doing better and 

better. Prof. Marin Berovic and others suggested that the Society information should sent by e-mail to experts and 

scholars all over the world to promote the Society and attract more new members. Later, one of the committee member 

suggested that the Vice-Chairman can be elected once every two years. It was agreed that Prof. Mimir Niksic from Serbia, 

Chairman of the next International Medicinal Mushroom Conference, would be elected as the new Vice-Chairman of 
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the Society. In order to better inherit and develop, Mr. Chen suggested that the society should add some new young 

members from China. Prof. Wasser suggested consulting countries and adding young members, hoping that the new 

generation will grow rapidly and send more articles. The attendees listed the recommendation lists, which will be 

collected by the Secretary of the Society after the meeting. 

Finally, Professor Omon S. Isikhuemhen proposed funding 10 young scholars in the field of edible and medicinal 

mushroom in South America and 10 in Africa to train young scholars to produce more results. 

 

The new Executive Committee and Council Executive Committee of International Society for Medicinal Mushrooms is 

listed as below. 

International Society for Medicinal Mushrooms (ISMM) 

Executive Committee and Council Executive Committee 

Organization 
Honorary President:  Prof. S.T. Chang (Australia/Hong Kong) 

Prof. S. P. Wasser (Israel/Ukraine)   
President: Prof. Yu Li (China)  
Executive Chairman: Mr. Hui Chen (China) 
Vice President:  Prof. Miomir Niksic (Serbia) 
             Dr. John Holliday (USA) 
             Prof. Keto E.Mshigeni (Tanzania)              
Secretary General: Mr. Ziqiang Liu (China) 
Treasure: Mr. Hui Chen (China) 
Council Members 
The Executive Committee (as above) 
 
Asia:  
China:  Prof. Zhibin Lin                    Prof. Jinsong Zhang  

Prof. Zengzhi Li                    Prof. Jichuan Kang     
Prof. Xiaotong Yang                Prof. Mingjie Chen     
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Prof. Haiying Bao                  Prof. Qi Wang         
Prof. Xiao Li          

Japan:  Prof. Naohito Ohno                 Dr.Kunihoshi Shimizu 
Dr. Yoshiyuki Adachi 

South Korean: Prof. Ha Won Kim  
Malaysia: Prof. Vikineswary Sabaratnam  
India: Dr. RD Rai                         Dr. Viney K. Varshney 
Chinese Taipei: Prof. Hui-Chen Lo           Prof. Ruey-Shyang Hseu  

Prof. Sheng-Hua Wu 
Hong Kong, China: Prof. Peter C.K. Cheung 
 
Europe: 
The Netherlands: Prof. L. J. L. D. van Griensven   
Croatia: Dr. Ivan Jakopovich 
Greece: Prof. George Zervakis  
Germany: Prof. Ulrike Lindequist  
        Dr. Liudmila Kalitukha  
Russia: Mr. Aleksandr Khrenov            Prof. Ivan V. Zmitrovich  
Italy: Prof. Giuseppe Venturella  
Turkey: Prof. Hikmet Hakan Aydin  
Slovenia: Prof. Franc Pohleven            Prof. Marin Berovic  

Dr. Andrej Gregori 
Serbia: Prof Mirjana Stajic 
Georgia: Dr. Mikheil Asatiani   
Ukraine: Dr. Iryna Bandura   
Belgium: Mr. Kasper Moreaux  
Armenia: Prof. Sussana M. Badalyan 
Finland: Mr. Eric Puro (USA) 
 
North America: 
USA: Prof. Omon S. Isikhuemhen (USA/Nigeria) 

Dr. Mark P. Wach  
Canada: Prof. Jeff Chilton 
 
South America:  
Columbia: Ms. Carmenza Jaramillo  
Brazil: Dr. Angela Amazonas  
Argentina: Dr. Edgardo Albertó 
Mexico: Dr. Ángel Rafael Trigos Landa 
 
Oceania: 
New Zealand: Prof. Ian Robert Hall  
 
Africa: 
Nigeria: John A. Okhuoya  
Tanzanian: Prof. Godwin Ndossi  

Prof. Theonest Mutabingwa  
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WORLD FIRST - The Hybrid Truffle 30 Years in the Making 

By Finbar O'Mallon 

It’s been 30 years in the making for Peter Marshall, but today he begins exporting his world-first French/Japanese hybrid 

truffles to Tokyo. Mr Marshall's achievement comes as the Canberra region's Truffle Festival kicks off with a “blessing 

of the dogs” on Sunday. 

 

Reidsdale truffle farmer Peter Marshall, his wife Kate and dachshund cross labradors Shadow and Oz harvesting 

truffles yesterday for the 2019 season. Picture: Karleen Minney 

IT'S something that's been 30 long years in the making for Peter Marshall, but he is exporting his first French-Japanese 

truffle to Tokyo on Wednesday. 

The Reidsdale truffle farmer bought his degraded farmland three decades ago, hoping to use his background as a 

forester to restore the soil to how it was before Europeans arrived. 

"It's a world first,” Marshall said. "We've been experimenting with about 220 different species of oak trees." 

Не inoculated a Japanese kunugi oak with a French truffle. “We're the first people inthe world to handle a Japanese-

French truffle.” 

Even the chef for the Japanese embassy in Canberra and his wife visited to sample the truffles. Mr Marshall's 

achievement comes as the Canberra region's Truffle Festival begins this weekend. The event is estimated to bring about 

$8 million in tourism dollars to the region, according to a 2018 study from Central Queensland University. 

Festival president Damian Robinson, a truffle farmer himself, said it was a massive drawcard for the region that attracted 

people from across the globe. 

"The Canberra region's not, a big producer but the quality of truffles that come from this region are arguably the best 

in the world because of the incredible cold climate," Mr Robinson said.  

“The frosts in winter tend to mature the truffle where the aroma is sensational.”  
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But what is a truffle? Mr Marshall said truffles were a type of fungus - a mycorrhizal fungi - that attach themselves to 

the roots on inoculated trees. 

The truffles send out little roots mycelia - to bring more water and nutrients to the tree, which in turn generate sugars 

from photosynthesis to feed the truffles. 

"It's a complete partnership,'' Mr. Marshall said. "The trees are healthier. The truffles are healthier because a happy 

tree gives them lots of sugar. " 

But the truffles themselves want to be dug up by animals so they can spread their spores through animal droppings. 

Truffle farming isn't for the faint-hearted. Mr. Marshall said he spent 10 years fixing the soil on his 600 acres, 10years 

planting and growing trees, then 10 years growing the truffles. 

Mr. Marshall said the soil in Reidsdale used to be so soft that white farmers complained because their horses would 

sink through it. 

After 150 years of heavy cattle and sheep, the soil became extremely compacted. 

"The soil is so ceramic now, so flattened and baked, that it can't accept rain," Mr. Marshall said. 

It took Mr. Marshall 10years of tilling his 600 acres with a special Yeomans plow-an Australian invention – to restore 

the soil to its pre-European softness. Even then, he was using his specialized Italian tractor which exerts less pressure 

on the ground underneath. 

"That's me, up and down, up and down, for hundreds and hundreds of hours," he said. But thanks to all that hard work, 

Mr. Marshall's truffles thrive. 

 

Reidsdale truffle farmer Peter Marshall with one of the truffles from his experimental Japanese oak.  

Picture: Karleen Minney 

Source: trufflefestival.com.au  
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The 13th Chinese Mushroom Days First Circular 

The 13th Chinese Mushroom Days will be held in Zhangzhou during November 16-19, 2019.  

1. Theme 

The 13th Chinese Mushroom Days 

2. Topic 

How to grow good mushrooms? How to sell mushrooms? How to embody the real value of mushroom! 

3. Date scheduled 

November 16-19, 2019 (Registration date is November 16, 2019) 

4. Location 

Wanda Realm Hotel, Zhangzhou, Fujian, China 

Address: No. 2, Jianyuan East Road, Longwen District, Zhangzhou City, Fujian Province 

Tel: 0596-2866666 

Fax: 0596-2869217 

https://www.wandahotels.com/en/ 

5. Hosted by 

China Chamber of Commerce of Foodstuffs and Native Produce (CNFA) 

Zhangzhou Municipal People's Government 

International Society for Medicinal Mushroom (ISMM) 

National Strategic Alliance for Technological Innovation of Edible and Medicinal Mushroom Industry 

Fujian Edible Fungi Society 

Fujian Edible Fungus Industry Association 

6. Organizer  

Edible fungi chamber of CFNA 

International Joint Research Center for the Creation of New Germplasm Resources for Edible Fungi of the Ministry of 

Science and Technology 

Zhangzhou Municipal Bureau of Agriculture and Rural Affairs 

Up-coming Events 
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Zhangzhou Municipal Bureau of Commerce 

Longwen District People's Government of Zhangzhou City 

Zhangzhou Edible Fungi Industry Association 

Zhangzhou Canned Food Chamber of Commerce 

Zhangzhou Wanda realm Hotel  

7. Draft Schedule 

Part I: Agaricus bisporus workshop of Lambert Spawn, 2019 

Dates: November 15-16, 2019 

Part II: Main contents of the 13th Chinese Mushroom Days: 

Dates: November 17-19, 2019 

1. Keynote speech 

2. International forum on Agaricus bisporus 

3. Forum on "One Belt one Road and One Mushroom" "Go Global". 

1) "One Belt, One Road" overseas market introduction 

2) Roundtable forum on "One Belt One Road and One Mushroom" "Go Global" which focus on the export of Shitake 

sticks 

4. International symposium on edible mushroom frontier technology and products 

5. Symposium on industrialized energy management, environmental control and automation of edible mushroom 

6. Roundtable forum on bag planting edible mushroom equipment automation and intelligent 

7. Roundtable Forum on comprehensive utilization of mushroom residue; 

8. Discussion on How to get through the production side and consumer terminal of edible fungi, and how to make edible 

mushroom products enter thousands of households" 

Part III: Intermediate and advanced training course of "mushroom biotechnology, health care and health preservation 

industry technology" 

Dates: November 20-23, 2019 

Special invite top experts in Taiwan’s mushroom biotechnology area who will give lectures on the main principles, 

concepts and Biotechnology of how to process and produce edible mushroom biotechnology health care products. 

Part IV: Professional exhibition of the 13th China Mushroom Days 

Exhibition area＞8000 m2 

Special booths: 26, hardbound booths: 5  
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Standard booths: 84 

Docking booths: 20 

8. Advertisement of Conference Proceeding 

The conference proceeding will be provided to the event partners, sponsors, exhibitors and participants. The advertising 

fee is as follows: 

Item Charge standard 

Inside Front Cover/Inside Back Cover RMB10,000.00 

Back Cover RMB12,000.00 

Middle insert RMB3,000.00 

Advertising print design requirements: 

1) The company provides its own pictures (15 mm - 20 mm), the greater the better, the resolution pixel requirements 

are more than 300 pixels. 

2) The company designed its own advertising, the required size: 216 × 291 mm, printing color mode: CMYK, resolution 

pixels required to be more than 300 pixels. 

3) Tile format: AI, JPG, TIF, PDF. 

4) Please send the materials to our email: mushroomdays@hotmail.com or 1830314259@qq.com before October 31, 

2019 

9. Sponsorship of the Conference 

The Organizing Committee of this China Mushroom Days warmly welcomes enterprises, social organizations or 

individuals at home and abroad, with strength, sense of social responsibility and enthusiasm for public welfare 

undertakings to provide sponsorship to the conference. In addition to providing funds, we also welcome sponsors to 

sponsor dinner parties, tea breaks and conference materials. The organizing committee will develop a personalized 

return plan for the sponsors according to their contribution. 

If you are interested in sponsoring this conference, please contact the organizing committee. 

10. Participation Fee 

Cost of participation and meal: USD450 / person, include conference packet, meals, networking, picking-up, farm visit. 

Cost of accompanying personnel: USD300 / person, include meals, networking, picking-up, farm visit. 

The 13th China Mushroom Days will be held at the same time. All booths are free to visit. 

11. Accommodation 
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Name: Zhangzhou Wanda realm Hotel  

Address: No.2, East Jianyuan Road, Longwen District, Zhangzhou, Fujian 

The hotel location is as follows: 

 

Room type and price: 

Room type Room Price RMB(/room/night)  

Deluxe big / Twin Room  500.00 

Executive Floor Deluxe Large / Double 

Room  
700.00 

Deluxe Suite 1288.00 

12. Registration 

Please fill the Registration Form for International Participant in attachment completely and send back to 

mushroomdays@hotmail.com . If any questions, please contact with us. 

13. Time and Place of Registration 

Exhibitors: Register from November 16, 2019, arrange the exhibition all day, and the booths must be arranged before 
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17:30 on the same day. 

Participants: before 23:00 on November 16, 2019. 

Zhangzhou Wanda realm hotel lobby, address: NO.2 Jianyuan East Road, Longwen District, Zhangzhou City, Fujian 

Province. Tel: 0596 - 2866666 Fax: 0596-2869217. 

14. Contact Information 

1. The organizing committee: 

Tel.: + 86-10-87109859, 87109860 

Fax: + 86-10-87109861 

Mr. Dongming Zhao (+86-13910657921), 

Mr. Yongde Zheng (+86-18750088229), 

Mr. Yadong Huang (+86-13552827268), 

Mr. Ziqiang Liu (+86-13311573135). 

E-mail: mushroomdays@hotmail.com 

2. Zhangzhou Wanda realm Hotel  

Contact person: Iriny Chen  

Tel.: + 86-596-286666 # 6612 

Fax: + 86-596-2869217 

Mobile: + 86-15280232050 

Email: iriny.chen@wandahotels.com 

More detail will be released in the second circular, please follow us.  

Organizing Committee of China Mushroom Days 

October 18, 2019 
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26th North American Mushroom Conference & 20th International Society for 

Mushroom Science Congress 

 

 

Joint 26th North American Mushroom Conference &  

20thInternational Society for Mushroom Science Congress 

Parq Vancouver 

Vancouver, British Columbia 

May 30 – June 3, 2021 

Website: www.mushroomconference.org 
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A Review on Nutritional and Biological Potential of Earthstar Mushrooms, Species of Genus Astraeus 
(Agaricomycetes)  

Pankaj Singh1, Vinay K. Varshney, K2. Jayaram Kumar3, Sanjay Singh4 

1Institute of Forest Biodiversity, Hyderabad, India-500100; 2Chemistry and Bio-prospecting Division, Forest Research 

Institute, Dehradun, India-248006; 3Department of Pharmaceutical Sciences and Technology, BIT, Mesra, Ranchi-835303; 

4Institute of Forest Productivity, Ranchi-835303 

Abstract: The Astraeus genus (Diplocystaceae) of ectomycorrhizal edible mushrooms is represented by nine species: A. 

asiaticus, A. hygrometricus, A. koreanus, A. morganii, A. odoratus, A. pteridis, A. sirindhorniae, A. smithii, and A. telleriae. 

Astraeus mushrooms, because of their characteristic delicacy and aroma, are marketed in several countries. Chemical 

examinations of these mushrooms have revealed their nutritional properties and bioactive constituents. Here, the 

proximate nutritional composition of A. hygrometricus and A. odoratus, and chemistry and biological activity of A. 

asiaticus, A. hygrometricus, A. odoratus, and A. pteridis were reviewed. Several mycochemicals, including 

polysaccharides, terpenoids, steroids, phenolics and heterocyclic compounds, have been characterized in their fruiting 

body. Various biological activities of these compounds are also discussed. 

Keywords: Astraeus spp., nutritional value, chemical constituents, biological activities, medicinal mushrooms 
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Effect of chitosan and guar gum based composite edible coating on quality of mushroom (Lentinus 
edodes) during postharvest storage 

Qihui Huang, Xiaochen Qian, Tianjia Jiang, Xiaolin Zheng 

College of Food Science and Biotechnology, Key Laboratory of Fruit and Vegetables Postharvest and Processing 

Technology Research of Zhejiang Province, Zhejiang Gongshang University, Hangzhou, 310018, PR China 

Abstract: The effect of chitosan (CH) (1%) along with guar gum (GG) (5, 15, and 25%) on the quality of shiitake 

mushroom (Lentinus edodes) stored at 4 ± 1 °C for 16 days was investigated. The results indicated that shiitake 

mushroom coated with CH 1% + GG 15% maintained higher tissue firmness, and slowed the rate of declines in soluble 

protein and ascorbic acid, as well as increases in total soluble solids, reducing sugar, malondialdehyde (MDA), and 

electrolyte leakage. Similarly, the effect of CH 1% + GG 15% coating in improving the overall quality of shiitake 

mushroom was identified through sensory evaluation. Moreover, the result of transmission electron microscopy (TEM) 

showed that subcellular elements could be scarcely observed in uncoated mushrooms at the end of storage, and 

Research progress 
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destructive symptoms in shiitake mushroom were significantly mitigated by the CH 1% + GG 15% coating. Thus, it was 

suggested that the CH 1% + GG 15% coating might be used commercially for maintaining the quality of shiitake 

mushroom during long-term storage. 

Keywords: Chitosan, Coating, Cold storage, Guar gum, Quality, Shiitake mushroom 
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Poisoning associated with the use of mushrooms: A review of the global pattern and main 
characteristics 

Sergey Govorushko1,2, Ramin Rezaee3,4,5,6, Josef Dumanov7, Aristidis Tsatsakis8 
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Mashhad, Iran; 4Neurogenic Inflammation Research Center, Mashhad University of Medical Sciences, Mashhad, Iran; 
5Aristotle University of Thessaloniki, Department of Chemical Engineering, Environmental Engineering Laboratory, 

University Campus, Thessaloniki, 54124, Greece; 6HERACLES Research Center on the Exposome and Health, Center for 
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7Mycological Institute USA EU, SubClinical Research Group, Sparta, NJ, 07871, United States; 8Laboratory of Toxicology, 

University of Crete, Voutes, Heraklion, Crete, 71003, Greece 

Abstract: Worldwide, special attention has been paid to wild mushrooms-induced poisoning. This review article 

provides a report on the global pattern and characteristics of mushroom poisoning and identifies the magnitude of 

mortality induced by mushroom poisoning. In this work, reasons underlying mushrooms-induced poisoning, and 

contamination of edible mushrooms by heavy metals and radionuclides, are provided. Moreover, a perspective of 

factors affecting the clinical signs of such toxicities (e.g. consumed species, the amount of eaten mushroom, season, 

geographical location, method of preparation, and individual response to toxins) as well as mushroom toxins and 

approaches suggested to protect humans against mushroom poisoning, are presented. 

Keywords: Mushroom consumption, Globe, Mortality, Mushrooms, Poisoning, Toxins 
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Comparative Study on the Effect of Aqueous and Ethanolic Mycelial Extracts from Polycephalomyces 
nipponicus (Ascomycetes) against Human Breast Cancer MCF-7 Cells  
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Abstract: Recently, the entomopathogenic fungus Polycephalomyces nipponicus has been determined to be a prolific 

producer of bioactive compounds that have both antibacterial and antimarial activities, but the anticancer effects of 

the mycelial extracts have not been well studied. The present study investigates the effects and mechanisms of action 

of P. nipponicus extracts that are responsible for cell death in the human breast cancer MCF-7 cell line. The results 

showed that the 50% ethanol extract had greater anticancer activity than the aqueous extract. The 50% ethanolic 

extract inhibited cell growth at concentrations of just 109.75 ± 3.54 µg mL-1 for 72 h. The aqueous extract's activity was > 

400 µg mL-1 against MCF-7 cells. Similar results were obtained from the colony formation assay. Moreover, the 50% 

ethanolic extract caused a significant increase in the distribution of cells at the G1 phase in a dose-dependent manner. 

The aqueous extract induced MCF-7 cells to arrest at the G2/M phase in a dose-dependent manner. These were 

supported by the reduction in the cyclin-dependent kinase (cdk)2, cdk4, and cdk6 genes' expression levels along with 

an induction of the cyclin-dependent kinase inhibitor p21 in MCF-7 cells after treatment with the extracts. In conclusion, 

P. nipponicus may be useful for breast cancer prevention and treatment in the future. 

Keywords: anticancer activity, entomopathogenic fungus, medicinal mushrooms, Polycephalomyces nipponicus 

International Journal of Medicinal Mushrooms, Volume 21, 2019 Issue 7, pages 671-681 

 

Green synthesis of silver nanoparticles by Pleurotus (oystermushroom) and their bioactivity: Review 
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Abstract: The oyster mushroom (Pleurotus sp.) is one of the most important edible and medicinal mushrooms because 

it contains a variety of effective compounds. In recent years, metallic nanoparticles, especially silver nanoparticles 

(AgNPs), have been produced in a green method from different organic matters of fungi especially Pleurotus sp. The 

oyster mushroom occupied first among macrofungi in the production of nanoparticles and their applications. AgNPs 

were the most common among the other types of metallic nanoparticles which synthesized from this mushroom. 

Properties of these AgNPs showed spherical particles with crystalline nature and average sizes ranged from 2 to 100 nm. 

AgNPs also exhibited inhibitory effects against many pathogenic bacteria, fungi, and yeasts as well as cancer and was 

used to remove textile dyes. The importance of this mushroom is coming from the quantity and size of the produced 

fruit bodies and their bioactive materials which used as natural precursors to reduce silver ions into Ag atoms. P. 

ostreatus, P. florida, and P. sajor caju are the most widely used in the synthesis of AgNPs respectively and there are 

more than 70 other species that have not been studied in this regard. This is the first review to discuss the production 

of nano-silver of different species of oyster mushroom for more than ten years from 2007 to 2019 because they are 

new studies in the field of nanotechnology. This green production is non-toxic, cheap, easily-forming and eco-friendly 

and has many future prospects in the application on various medical and industrial fields. 

Keywords: AgNPs, Fungi, Mushroom, Mycosynthesis, Nano-drug 
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Engineering Aspects in Production of Various Medicinal Mushrooms Biomass in Submerged 
Bioreactors 

Marin Berovic1, Bojana Boh Podgornik2  

1Faculty of Chemistry and Chemical Engineering Department of Chemical and Biochemical Engineering University of 

Ljubljana Askerceva 5, 1001 Ljubljana, Slovenia; 2Faculty of Natural Sciences and Engineering, University of Ljubljana, 

Vegova 4, 1000 Ljubljana, Slovenia 

Abstract: Basidiomycetes of various species and their wide range of pharmaceuticaly interesting products in the past 

decades represents one of the most attractive groups of natural products in Asia and North America. Production of 

mushroom fruit bodies using farming technology is hardly covering the market. Development of comprehensive 

submerged technologies in stirred tank and air lift bioreactors are the most promising technologies for fast and large-

amount cultivation of medicinal mushroom biomass and its pharmaceutically active products. Research in physiology, 

basic and applied studies in mushroom metabolism, process engineering aspects, and clinical studies in the past two 

decades represent a large cotribution to the development of this potential, which initiates the development of new 

drugs and some very attractive over-the-counter human and veterinary remedies. The current article is an overview of 

the most relevant engineering achievements in submerged cultivation of some medicinal mushrooms−Grifola frondosa, 

Trametes versicolor, Hericium erinaceus, and Cordyceps militaris−and some other species biomass production in 

bioreactors. 

Keywords: air lift bioreactors, batch, Cordyceps militaris, fed-batch cultivation, Grifola frondosa, Hericium erinaceus, 

medicinal mushrooms, morphology and rheology, oxygen transfer, stirred tank, submerged cultivation 

International Journal of Medicinal Mushrooms, Volume 21, 2019 Issue 8, pages 735-753 

 

Dietary supplementation of mushroom extract enhances growth and antioxidant levels of Babylonia 
spirata (Mollusca: Gastropoda) 

Gurusamy Chelladurai1,Balu Alagar Venmathi Maran2 

1PG & Research Department of Zoology, V.O.Chidambaram College, Tuticorin, TamilNadu, India; 2Endangered Marine 

Species Research Unit (UEMS), Borneo Marine Research Institute, University Malaysia Sabah, Jalan UMS 88400, Kota 

Kinabalu, Sabah, Malaysia 

Abstract: Marine gastropods are economically important molluscs around the globe. Recently, they have received 

increased attention owing to possible medicinal properties of their meat and ornamental applications of their shells. In 

this study, Calocybe indica (Milky mushroom) extract was used as a feed additive to improve Babylonia spirata growth 

and antioxidant levels. Increasing percentages of mushroom extract dietary supplementation was correlated with an 

increased B. spirata body weight and shell length. As well, enhanced antioxidant (SOD and Catalase) and total 

carotenoid content levels were noticed in 30, 60 and 90 days, mushroom extract is supplementation compared to 

control group whelks. Besides, 6% mushroom extract supplementation followed by Aeromonas hydrophila challenged 

whelks improved total carotenoid content also reduced mortality rate compared to other percentage of supplemented 
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and control whelks. In conclusion, 6% mushroom extract supplementation likely recommended to increase health 

management of whelks. 

Keywords: Milky mushroom, Babylonia spirata, Growth rate, Antioxidant, Aeromonas hydrophila 
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Anti-osteoporotic effects of syringic acid and vanilic acid in the extracts of waste beds after mushroom cultivation 
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Abstract: In recent years, the number of patients with osteoporosis has increased as population grows older. Therefore, 

the chemoprevention of osteoporosis by better nutrition is important. White-rot fungi degrades milled wood lignin for 

growth and development. This degradation results in the formation of phenolic compounds such as syringic acid (SA) 

and vanillic acid (VA). In the artificial culture of edible mushrooms using a mushroom bed, the disposal of waste beds 

after mushroom cultivation is an important issue. The present study investigated the presence and amount of both SA 

and VA in the discarded waste beds after mushroom cultivation. The extracts from waste beds after cultivation of 

shiitake mushrooms, Lentinula edodes; buna shimeji, Hypsizygus marmoreus; maitake, Grifola frondosa; king trumpet 

mushrooms, Pleurotus eryngii; and butterscotch mushrooms, Pholiota microspora were analyzed using high 

performance liquid chromatography. Although the content of SA and VA was considerably different among the 

mushrooms, SA and VA were present in extracts obtained from all the waste beds. We also demonstrated that SA and 

VA exert their anti-osteoporotic effect independently of the estrogen receptor-mediated pathway using murine 

monocytic RAW264.7 cells, ovariectomized mice, and human breast cancer MCF-7 cells. Thus, these results suggest 

that the extracts are effective sources of SA and VA, which are effective in preventing osteoporosis. 

Keywords: Syringic acid, Vanillic acid, Waste beds after mushroom cultivation, Edible mushroom, White-rot fungi, 

Osteoclast, Osteoporosis, Estrogen receptor 
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The Immunomodulatory Activity of Polysaccharides from the Medicinal Mushroom Amauroderma 
rude (Agaricomycetes) Is Mediated via the iNOS and PLA2-AA Pathways  

Honghui Pan1, Xiaojie Zhao1, Suwei Lei1, Chao Cai1, Yi-Zhen Xie1,2, Xiaobing Yang1 
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Microbiology, Guangzhou, P.R. China;  
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Abstract: Our earlier work indicated that the polysaccharides of Amauroderma rude (AR) appear to have an effect on 

immunoregulation. However, the pathways are not clear. In this paper, we discuss the immunomodulatory mechanisms 

of A. rude to provide a scientific basis for its possible use as a food. Amauroderma rude increased the expression of 

iNOS and P38 in the Raw246.7 cell line. When the AR concentration reached 150 μg/mL, the expressions of iNOS and 

P38 increased 23.0% and 191.7%, respectively. When the AR concentrations were 50 μg/mL, the concentrations of 

cytokines IL-2, TNF-α, and IFN-γ were 33.65 pg/mL, 12.53 pg/mL and 42.56 pg/mL. When AR reached 200 μg/mL, the 

lgA and lgM levels were 0.73 μg/mL and 1.5 μg/mL. When AR reached 400 μg/mL, the lgG level reached 1.65 μg/mL by 

ELISA assay. When 4.8 mg AR were orally administered, IL-2, TNF-α, IFN-γ, PGE2, and LTB4 increased dramatically, to 

0.17 pg/mL, 0.16 pg/mL, 0.15 pg/mL, 30.71 pg/mL, and 18.68 pg/mL, respectively. The concentrations of lgA, lgM, and 

lgG, AA, and PLA2 also increased significantly to 2.62 pg/mL, 2.14 pg/mL, 2.06 pg/mL, 5.23 μg/mL and 3.68 ng/mL, 

respectively. With 4.8 mg AR p.o., iNOS protein expression increased 16.8% and P38 increased 234.0%. These results 

indicate that A. rudepolysaccharides stimulate cytokine production and activate the iNOS, PLA2-AA, and MAPK 

pathways during the immunomodulatory process. 

Keywords: Amauroderma rude, immunomodulatory activity, iNOS, PLA2-AA, medicinal mushrooms 
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Review of Bioactive Molecules Production, Biomass, and Basidiomata of Shiitake Culinary-Medicinal Mushrooms, 

Lentinus edodes (Agaricomycetes)  
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1Biotechnology Resources Management Network, Institute of Ecology AC, Xalapa, Veracruz, Mexico; 2Research Center 

for Food and Development AC, Hermosillo, Sonora, Mexico 

Abstract: Lentinus edodes (shiitake) is a basidiomycete that has been consumed for more than 2000 years because of 

its nutritional value and health benefits. It has a low lipid content, high fiber content, and a considerable amount of 

proteins; it also contains B vitamins and minerals in addition to a wide range of functional metabolites including 

polysaccharides, polysaccharopeptides, lectins, and secondary metabolites with bioactivity, e.g., lentinan, a β-(1-3)-

glucan with immunomodulatory activity, among others. Extracts and pure compounds of shiitake exhibit antibacterial, 

antifungal, cytostatic, antioxidant, anticancer, and immunomodulatory activity. Because of these attributes, different 

products derived from shiitake are on the market and are sold as dietary supplements. The traditional substrate for 

shiitake production is oak wood, yet the search for unconventional substrates has intensified over the past three 

decades. In particular, submerged cultivation of medicinal mushrooms has attracted great interest because it enables 

greater control of different fermentation factors to obtain products of interest. However, it is necessary to perform in 

vivo studies to determine the appropriate doses, side effects, and action spectrum of different bioactive compounds 
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and fractions as well as to improve their production in liquid media and to potentiate their activity. We present an 

updated review of existing studies on the production of biomass and bioactive compounds of L. edodes in liquid culture 

and on solid fermentation for obtaining secondary mycelia and basidiomata. 

Keywords: alternative substrates, bioactive metabolites, Lentinus edodes, medicinal mushrooms, submerged culture 
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Nanotechnology, Brazil 

Abstract: Residues from pharmaceutical products are found in effluents and in other environmental matrices such as 

soil and surface waters. Chitin and chitosan are highly adsorptive substances present in mushrooms such as 

champignon (Agaricus bisporus) and shiitake (Lentinula edodes). This study evaluated the adsorption efficiency of 

shiitake and champignon stalks, and shiitake substrate in water contaminated with paracetamol and 17 α-ethynyl 

estradiol (EE2). Stalks and substrate were dried and ground. Particles were physically evaluated and chemically 

characterized. Adsorption kinetic and isotherms were carried out for EE2 and paracetamol. Shiitake and champignon 

stalks had high percentage of porosity, closed and open pores. All bioproducts from mushroom had chemical groups 

similar to chitosan standard. However, the degree of deacetylation of chitosan was higher in shiitake (28.3%). In EE2 

adsorption kinetics, shiitake and champignon stalks showed 100% removal in 20 and 30 min, respectively. Shiitake 

substrate showed 80% removal. In paracetamol adsorption kinetics, all bioproducts presented more than 95% removal. 

In EE2 adsorption isotherm, the maximum adsorption capacities (qmax) to shiitake and champignon stalks and shiitake 

substrate were 5.62, 18.95 and 0.31 mgEE2/g, respectively. For paracetamol adsorption isotherm, qmax to shiitake and 

champignon stalks were 34.20 and 338.08 mgparacetamol/g, respectively. In conclusion, shiitake and champignon stalks 

(specially champignon) had the best results regarding the adsorption of EE2 and paracetamol. Reuse of discarded 

mushroom waste reduces the environmental impact and can add value to the product. 

Keywords: Biosorption, Mushrooms, Agaricus bisporus, Lentinula edodes, Pharmaceutical products, 17 α-ethynyl 

estradiol 
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Summary and Keywords 

The word mushroom may mean different things to different people in different countries. Specialist studies 

on the value of mushrooms and their products should have a clear definition of the term mushroom. In a 

broad sense, “Mushroom is a distinctive fruiting body of a macrofungus, which produce spores that can be 

either epigeous or hypogeous and large enough to be seen with the naked eye and to be picked by hand.” 

Thus, mushrooms need not be members of the group Basidiomycetes, as commonly associated, nor aerial, 

nor fleshy, nor edible. This definition is not perfect, but it has been accepted as a workable term to estimate 

the number of mushrooms on Earth (approximately 16,000 species according to the rules of International 

Code of Nomenclature). The most cultivated mushrooms are saprophytes and are heterotrophic for carbon 

compounds. Even though their cells have walls, they are devoid of chlorophyll and cannot perform 

photosynthesis. They are also devoid of vascular xylem and phloem. Furthermore, their cell walls contain 

chitin, which also occurs in the exoskeleton of insects and other arthropods. They absorb O2 and release 

CO2. In fact, they may be functionally more closely related to animal cells than plants. However, they are 

sufficiently distinct both from plants and animals and belong to a separate group in the Fungi Kingdom. They 

rise up from lignocellulosic wastes: yet, they become bountiful and nourishing. Mushrooms can greatly 

benefit environmental conditions. They biosynthesize their own food from agricultural crop residues, which, 

like solar energy, are readily available; otherwise, their byproducts and wastes would cause health hazards. 

The spent compost/substrate could be used to grow other species of mushrooms, as fodder for livestock, as 
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a soil conditioner and fertilizer, and in environmental bioremediation. The cultivation of mushrooms dates 

back many centuries; Auricularia auricula-judae, Lentinula edodes, and Agaricus bisporus have, for example, 

been cultivated since 600 AD, 1100 AD, and 1650 AD, respectively. During the last three decades, there has been 

a dramatic increase in the interest, popularity, and production of mushrooms through farming worldwide. 

The cultivation methods can involve a relatively simple farming activity, as with Volvariella volvacea and 

Pleurotus pulmonarius var. stechangii (=P. sajor-caju), or a high-technology industry, as with Agaricus bisporus, 

Flammulina velutipes, and Hypsizygus marmoreus. In each case, however, continuous production of 

successful crops requires both practical experience and scientific knowledge. 

Mushrooms can be used as food, tonics, medicines, cosmeceuticals, and as natural biocontrol agents in plant 

protection with insecticidal, fungicidal, bactericidal, herbicidal, nematocidal, and antiphytoviral activities. The 

multidimensional nature of the global mushroom cultivation industry, its role in addressing critical issues faced by 

humankind, and its positive contributions are presented. Furthermore, mushrooms can serve as agents for 

promoting equitable economic growth in society. Since the lignocellulose wastes are available in every corner of 

the world, they can be properly used in the cultivation of mushrooms, and therefore could pilot a so-called white 

agricultural revolution in less developed countries and in the world at large. Mushrooms demonstrate a great 

impact on agriculture and the environment, and they have great potential for generating a great socio-economic 

impact in human welfare on local, national, and global levels. 

Keywords: mushroom, mushroom cultivation, lignocellulose waste, mushroom industrial uses, medicinal 

mushrooms, dietary supplements, nutriceuticals, non-green revolution, bioremediation, environmental impact 

Introduction 

Mushrooms have been found in fossilized wood 300 million years old (Editorial, 1997). A more recent report on 

mushroom fossilization (Griffiths, 2016) indicated that a 440 million- year-old fossilized mushroom may be the oldest 

organism to have lived on dry land. Dr. Martin Smith, of Durham University, in the United Kingdom, said “During 

the period when this organism existed, life was almost entirely restricted to the oceans. Nothing more complex 

than simple mossy and lichen-like plants had yet evolved on the land” (Griffiths, 2016). It further suggests that 

dry land was colonized by mushrooms before life could bloom. Almost certainly, prehistoric man used 

mushrooms collected in the wild as food. The great early civilizations of the Greeks, Egyptians, Romans, 

Chinese, and Mexicans prized mushrooms as a delicacy, appreciated mushrooms for their therapeutic nature 

and, in some cases, used them in religious rites (Guzmán, 2015; Miles & Chang, 1997). The desert truffle, Terfezia 

arnenaria (Moris) Trappe, was described in Exodus xvi: 35, as “Manna of Israelites.” Another well-known 

Namibia desert truffle, commonly called the Kalahari truffle (Terfezia pfeili Henn.), is also called “God’s given 

manna” from the sand soil. The local villagers said, “You don’t grow them, they come up from the soil, on 

their own” (Mshigeni, 2001). The association of mushrooms with thunderstorms was common in mythology, and it 

was formerly believed that mushrooms were formed by lightning and thunderstorms. However, some wild 

mushrooms become objects of fear and distrust because of stories of mushroom poisoning. This is one of the 

reasons why some refer to the poisonous mushrooms as “toadstools.” Furthermore, toads sometimes sit on the 

top of a mushroom. Some people consider the toad as an ugly and poisonous animal. Actually, the name has no 
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scientific basis at all, and it should not be used in any situations, although it is possible to find a toad sitting beside 

or even on top of a mushroom. Mushrooms attract toads, not due to the mushroom itself, but because of the 

various insects that are drawn to the mushrooms. Toads certainly are interested in insects as a source of food 

(Chang, 2005). The intentional cultivation of mushrooms had a very early beginning. Literature references indicate 

(Chang & Miles, 2004; Miles & Chang, 1997) that Auricularia auricular-judae was first cultivated in China as early as 

600 AD on wooden logs. Other wood-rotting mushrooms, such as Flammulina velutipes and Lentinula edodes, were 

later grown in a similar manner, but the biggest advance in mushroom cultivation came in France, around 1600, 

when Agaricus bisporus (champignon or button mushroom) was cultivated upon a composted substrate. In the 

Western world, champignon or button mushroom, A. bisporus, has remained up to the present time the species 

that is produced in the greatest amounts, but mushrooms have long been popular in Asia (e.g., Auricularia spp., L. 

edodes, Pleurotus spp.), have been produced in large numbers, and are making inroads into Western markets. In 

2012, L. edodes was the third most important mushroom species just after Pleurotus spp., and in recent years, 

Auricularia spp. has become the fourth most important. However, these rankings change easily annually. For 

example, in China, in 2012, production figures were: Pleurotus spp., 5,633 thousand tons; Lentinula edodes, 5,618 

tons; Auricularia spp., 4,896 tons; and Agaricus bisporus, 2,462 tons. In 2014, production rankings changed with L. 

edodes at 7,693 thousand tons; Auricularia. spp.; 5,942 tons; Pleurotus spp., 5,687; A. bisporus, 2,300 tons (China 

Edible Fungus Association, 2012, 2014). 

Mushroom cultivation is not only a source for nutritious protein-rich food, it can also contribute to the production 

of effective medicinal products (Chang & Wasser, 2012; Wasser, 2010, 2014). Another significant aspect of mushroom 

cultivation is to help reduce pollutants in the environment. The bioconversion of lignocellulosic biomass to food 

and useful products has had a significant impact on national and regional pollution levels and will continue to 

increase. (Chang, 1984; Chang & Buswell, 2003A; Koutrotsios, Mountzouris, Chatzipavlidis, & Zervakis, 2014). 

Bioremediation uses mushroom mycelia to remove and break down contaminants and will eventually absorb the 

pollutants (biosorption process), presenting another influential role of mushrooms in the ecosystem (Dai, 2016; 

Miller, 2013; Stamets, 2005). Cultivated mushrooms have now become popular all over the world. In 2012, the world’s 

total edible and medicinal mushrooms production was estimated at over 31 million tons, which was valued over 

20 billion US dollars (Chang & Wasser, 2012). With no adverse legal, ethical, or safety effects, this form of 

bioconversion technology has not only favorable socio-economic, nutritional, and health benefits, but also 

raises employment possibilities (increases job opportunity) and has a positive environmental impact 

(Mshigeni & Chang, 2013). 

What Are Mushrooms? 

Mushrooms are unique, as described in the following quote: 

Without leaves, without buds, without flowers, yet, they form fruit; as a food, as a tonic, as a medicine, the 

entire creation is precious. 

(Chang & Miles, 1989) 

Mushrooms are part of fungal biota characterized by wonder. Different people from different countries have 

34 
 



 

different definitions of a mushroom. Because of this, no one can provide an estimation of how many 

mushrooms species there are on Earth. A broad use of the term mushroom embraces all large fungi, or all 

fungi with stalks and caps, or all large fleshy fungi. A more restricted use includes just those larger fungi that 

are edible and/or medicinal in value. The most extreme use of the term mushroom is in reference to just the 

edible species of genus Agaricus. For example, the mushroom industry in the United Kingdom and other 

western countries is dominated nearly 100% by A. bisporus. This could lead to the mistaken idea that this is 

the only species regarded as mushrooms. Some industries even consider brown mushrooms as exotic. 

According to mycologists, there are thousands of different species of mushrooms. These specialists classify 

mushrooms as a group of macro fungi, which have larger, distinctive fruiting bodies (Chang & Miles, 1992). 

According to the definition given by Chang and Miles (1992), a mushroom is, in a broader sense, “a 

macrofungus with a distinctive fruiting body. They can be either epigeous (growing above ground) or 

hypogenous (growing entirely in the soil), and large enough to be seen with the naked eye and to be picked 

by hand.” Different mushroom species may belong to one of two phylla in the sub-kingdom Dikarya (common 

fungi); Basidiomycetes and Ascomycetes. This is reflected in a great range of physical characteristics, 

including relative edibility. This definition is not a perfect one but can be accepted as a framework 

(Hawksworth, 2001) for estimating the number of mushrooms on Earth. The most common type of mushroom 

is umbrella-shaped, with a pileus (cap) and a stipe (stem), such as Lentinula edodes (Figure 1). Other species 

additionally have a volva (cup), Volvariella volvacea (Figure 2), or only an annulus (ring), Agarius campestris 

(Figure 3), or have both, as in Amanita muscaria, (Figure 4) and/or only have fruiting bodies, as in Kalahari truffle, 

Terfezia pfeilii (Figure 5). Furthermore, some mushrooms are in the form of pliable cups; others are round like golf 

balls. Some are in the shape of small clubs; some resemble coral; others are yellow or orange jelly- like globs; and 

some even closely resemble the human ear. In fact, their shapes and forms are countless, and their colors display 

all the elements of the rainbow. Their cell walls contain chitin, which also occurs in the exoskeleton of insects and 

other arthropods. They absorb O2 and release CO2. In fact, they may be more closely related to animal cells than 

plant cells (Baldauf, Roger, Wenk-Siefert, & Doolittle, 2000; Dal Campo & Ruiz-Trillo, 2013; Feeney, Dwyer, Hasler-Lewis, 

Milner, Noakes, Rowe, et al., 2014; Steenkamp, Wright, & Baldauf, 2006). Furthermore, mushrooms are devoid of 

leaves, and of chlorophyll-containing tissues. They are also devoid of vascular xylem and phloem. 
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Figure 1. Lentinus edodes, a typical type of mushroom with pileus and stipe. 

 

Figure 2. Volvariella volvacea, with pileus, stipe, and volva. 
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Figure 3. Agarius campestris, with pileus, stipe, and annulus. 

 

Figure 4. Amanita muscaria, with pileus, stipe, an annulus, and also the bulbous base adorned with several concentric 

zones of white scales representing the volva. 

 

Figure 5. Terfezia pfeilii, with fruiting body only. 
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Mushrooms are devoid of leaves, and of chlorophyll- containing tissues. They are also devoid of vascular xylem and 

phloem. Therefore, they are incapable of photosynthetic food production, relying instead on organic matter 

synthesized by surrounding green plants including organic products contained in agricultural crop residues. The 

organic materials on which mushrooms derive their nutrition are referred to as substrates. They process their food 

by secreting degrading enzymes that serve as the key to unlocking and decomposing the complex food materials 

present in the biomass where they grow to generate simpler compounds, which can be absorbed and then 

transformed into fresh new mushroom tissues. Mushrooms lack true roots but anchor themselves instead through 

their tightly interwoven thread-like mycelia, which colonize the substrates, degrade their biochemical components, 

and siphon away the hydrolyzed organic compounds for their own nutrition. These substrate materials range from 

decomposing material in natural ecosystems, from the soil underlying forest floors to by-products and wastes from 

industry, households, and agriculture. 

The structure that we call a mushroom is, in reality, only the fruiting body of the fungus. The vegetative part of the 

fungus, called the mycelium, comprises a system of branching threads and cord-like strands—called hyphae that 

branch out through the soil, compost, wood logs, or other lignocellulosic material, in which the fungus may grow. 

After a period of growth, and under favorable conditions, the established (matured) mycelium produces the fruit 

structure, which we call the mushroom. In terms of human utility, mushrooms can be grouped into four categories: 

(a) those that are fleshy and edible fall into the edible mushroom category, such as Agaricus bisporus; (b) 

mushrooms considered to have medicinal applications, are referred to as medicinal mushrooms, such as 

Ganoderma lucidum; (c) those that are proven to be or suspected of being poisonous are named poisonous 

mushrooms, such as Amanita phalloides; and (d) a miscellaneous category, which includes a large number of 

mushrooms whose properties remain less well-defined, may tentatively be grouped together as “other 

mushrooms.” Certainly, this approach of classifying mushrooms is not absolute and not mutually exclusive. Many 

kinds of mushrooms are not only edible but also possess tonic and medicinal qualities. 

Mushrooms also can be classified into various ecological groups. The most important groups are saprophytic and 

soil-based (living on dead organic matter), mycorrhizal (symbiotic relationship with mushroom mycelia and roots 

of almost all green plants), lignicolous (living on wood of trees or other substances containing lignin; some are 

found on living plants and are called parasitic), entomogenous (associated with insects), and coprophilous 

mushrooms (which grow on the dung of different animals). 

Mushrooms and fungi in general are extremely abundant and diverse worldwide. Recent estimates of the number 

of fungi on Earth range from 500,000 to more than 5 million species, with a widely accepted working figure around 

1.5 million, published 15 years ago (Hawksworth, 2001). To date, it is recommended that as many as 3 million species 

of fungi should be accepted (Blackwell, 2011). Meanwhile, the total number of described fungi of all kinds is currently 

110,000 species. The figure is based on the total reached by adding the number of species to each genus given in 

the last edition of the Dictionary of Fungi (Kirk, Cannon, David, & Stalpers, 2008) and other recent publications, and 

includes all organisms traditionally studied by mycologists: slime molds, chromistan fungi, chytridiaceous fungi, 

lichen-forming fungi, filamentous fungi, molds, and yeasts. Out of these, mushrooms constitute 16,000 species, 

calculated from the Dictionary of Fungi and other publications of recent years (Hawksworth, 2012; Kirk et al., 2008; 

Wasser, 2010). But the actual number of mushroom species on Earth is currently estimated at 150,000–160,000, so 
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only around 10% of existing mushroom species are known to science so far (Blackwell, 2011; Wasser, 2010). An analysis 

of the localities from which fungi new to science have been described and catalogued in the index of fungi in the 

last 10 years revealed that about 60% of all newly described fungi are from the tropics. This is also the case for 

mushrooms, especially those species forming ectomycorrhizas (symbiotic root associations) with native trees, 

although new species continue to be discovered in Europe and North America. In various tropical areas, 22–55% 

(in some cases up to 73%) of mushroom species have not yet been described (Hawksworth, 2012). Modern 

sequencing methods suggest that as many as 5 million species of fungi exist. Therefore, we would need more than 

4,000 years to describe this fungal diversity based on the present discovery rate of about 1,200 new species per 

year, which has been an average for the last 10 years. Summarizing these data, we can assume that approximate 

2% of world fungal biota and around 10% of world mushroom biodiversity have been discovered by mycologists to 

date, thus the bulk of fungal biodiversity still remains hidden. 

Out of the 1.5 million estimated fungi species, Hawksworth (2012) estimated that 160,000 species produce fruiting 

bodies of sufficient sizes and suitable structures to be considered as macrofungi. These can be called mushrooms 

according to the above definition. Of the recognized mushroom species, about 7,000 species (50%) are considered 

to possess varying degrees of edibility, and more than 3,000 species from 231 genera are regarded as prime edible 

mushrooms (Wasser, 2002, 2010; Wasser & Weis, 1999). But only about 200 of the prime edible mushrooms are 

experimentally grown, 100 economically cultivated, around 60 commercially cultivated, and more than 10 

produced on an industrial scale in many countries. Furthermore, of the 16,000 known mushroom species, 

approximately 700 are considered to be safe species with medicinal properties (Wasser, 2010). The number of 

poisonous mushrooms approximates 500 species. It should be specially emphasized that some wild unidentified 

mushrooms can be poisonous and lethal. Therefore, if you are not absolutely sure whether a given mushroom is 

edible or not, don’t touch it! Leave the unknown mushroom alone! (...to be continued) 
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