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Professor Shu-Ting Chang on His 90th Birthday 

By Solomon P. Wasser,  

Department of Evolutionary and Environmental Biology and Institute of Evolution, Faculty of Natural Sciences, University 

of Haifa, Mount Carmel, Haifa 31905, Israel  

 

On September 30th, 2020, Professor Shu-Ting Chang, S-T to many of his friends and acquaintances, editor of the 

International Journal of Medicinal Mushrooms, celebrated his 90th birthday. We started celebration of forthcoming 

jubilee of Professor Shu-Ting Chang in September 2019 during 10th International Medicinal Mushrooms Conference. 

The event was preceded by a 1-day symposium dedicated to Professor Shu-Ting Chang’s forthcoming jubilee, who is 

regarded as the godfather of medicinal mushrooms. Presentations were dedicated to Professor S-T Chang’s academic 

thought’s including contribution to development of culinary-medicinal mushrooms in China, Africa, South America; 

review of S-T Chang’s academic career; master principles of S-T Chang: inheritance and development; practice of S-T 

Chang’s pyramid model for edible mushrooms; S-T Chang’s wishes for the development of mushroom industry; 

traveling five continents teaching mushroom biology, and many others. He has spent well over 60 years promoting the 

cultivation of mushrooms as food and medicine. Professor Chang has over 230 published scientific papers and authored 

23 books. He is also one the initiators and editors at the International Journal of Medicinal Mushrooms. Prof. Chang is 

currently 90 but still remains in good health and always has a smile on his face.  

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. Professor Chang is a world leader 

of mushroom biology and medicinal mushroom science. During Professor Chang’s 60-year career in research on basic 

and applied aspects of mushrooms, he has published 10 papers in the International Journal of Medicinal Mushrooms. 

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 
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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 our journal from its 

inception (in 1999) until now. 

Professor Chang was born in Yuanping, Shanxi, China, but he is Australian by nationality since 1973. He is married to 

Judy Li-Ju Chang (nee Lee). Their children are: David Ming-Tsan, Barbara Ming-Wai, Judy Ming-Sze, Ernest Ming-Cheng, 

and Jennifer Ming-Jing.  They have 14 grandchildren and 3 great-grandchildren.  

Professor Chang graduated from the National Taiwan University and received a B.S. degree in 1953. He received his MS. 

from the University of Wisconsin, USA, in 1958. He stayed on at the University of Wisconsin to pursue his Ph.D., which 

he received in 1960. After receiving his Ph.D., he started his professional career at the Chinese University of Hong Kong 

(CUHK). He began as an assistant lecturer in biology and worked his way up to an Emeritus Professor. All throughout his 

scientific career, over a span of 50 years, he has been connected to CUHK in one way or another. He also influenced 

administrative changes in the Department of Biology at CUHK. For 11 years (from 1983-1994) he served as Chairman of 

the Department of Biology. From 1974-1977 he was the Dean of the Faculty of Science. From 1979 to 1981 he served 

as the Director of the Office of Student Affairs. From 1975 to 1985 he was the Director of Research Laboratory for Food 

Protein Production. In 1983 until 1994 he was Director of the Marine Science Laboratory. In 1985 he became the Director 

of the Institute of Science and Technology until 1992. In 1980 he was the Head of the Division of Biology in the Graduate 

School. From 1983 through 1994 he was Chairman of the Board of Studies in Biology. Professor Chang became Chairman 

of the Science Center Management Committee, which he served on for three years. In 1991 he worked as Director of 

the Chinese Medicinal Material Research Center for one year. In 1993 until 1995 he became Chairman of the Science 

Engineering Complex Management Committee.  

Since 1960 Professor Chang’s main field of research has been mushroom biology, mushroom technology for cultivation, 

and mushroom biotechnology for tonic and medicinal products. The main philosophy and drive behind this line of 

research for the past 60 years can be summarized as follows. 

Modern technology for human civilization is expanding every day. However, human beings still face, and will continue 

to face three basic problems capable of causing crises: shortage of food, pollution of the environment, and diminishing 

quality of human health resulting from a continuously increasing world population. Mushrooms (macrofungi) not only 

can convert the huge lignocellulosic biomass waste into rich protein food, but can also produce notable 

nutriceutical/pharmaceutical products that have many health benefits. The most significant aspect of mushroom 

cultivation is to create pollution free or zero emission environments.  

In addition, mushroom-based farming and industry could provide employment to the youth and women, particularly in 

rural areas in less developed countries. 

      Mushrooms are relatively fast-growing organisms. Some tropical mushrooms can be harvested and consumed within 

10 days after spawning. By using different varieties, mushrooms can be cultivated all year round.  

Professor Chang’s main research areas are:  

(1) The life-cycle of mushrooms using genetic and cytological techniques,  
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(2) Improvement of mushroom strains by genetic manipulation including molecular markers and protoplast fusion 

techniques,  

(3) Nutritive values and medicinal effects of mushrooms,  

(4) Development and improvement of cultivation technology,  

(5) Development of new concepts of mushroom biology, mushroom science (concerned with mushroom 

production) and mushroom biotechnology (concerned with mushroom products),  

(6) Introduction and development of the terms and concepts: “what is a mushroom?”, “mushroom biology", 

“mushroom nutriceuticals” and the “non-green revolution” concept. This research has improved the supply of 

nutritious food for human consumption, the quality of life for humanity, and the condition of polluted 

environments. 

As the result of Professor Chang’s 60 years of research on the basic and applied aspects of mushrooms, the following 

major contributions have already had and will continue to have an impact at national, regional and global levels.  

(1) In 1969, cotton wastes from cotton textile industry were used for the first time to grow straw mushrooms 

(Volvariella volvacea) in Hong Kong.  

(2) Using protoplast techniques to breed high-temperature strains of shiitake culinary-medicinal mushroom 

(Lentinus edodes).  

(3) The new disciplines of mushroom biology and mushroom biotechnology was established leading to the First 

International Conference on Mushroom Biology and Mushroom Products, held at the Chinese University of Hong 

Kong, 23-26 August 1993, and also leading to the formation of the World Society of Mushroom Biology and 

Mushroom Products (WSMBMP). 

(4) Introduction of the term and concept “Mushroom Nutriceuticals” with Professor J.A. Buswell in 1996.  

(5) Mushroom cultivation and mushroom products were named as the “Non-green Revolution” for the first time, 

in 1998, due to positive effects of cultivation and development of edible and medicinal mushrooms on equitable 

economic growth and human welfare. Benefits include use of mushrooms as food, health tonic, medicine, animal 

feed, fertilizer, for protecting and regenerating the environment, for promoting sustainable development and 

contributing positively to economic and social conditions. 

Professor Chang is an author or co-author of 23 books. Special attention must be drawn to his latest book with Professor 

Ph.G. Miles, published in 2004, entitled “Mushrooms: Cultivation, nutritional value, medicinal effect, and environmental 

impact”. This book is an encyclopedia review and emphasizes worldwide trends and developments in mushroom biology 

from an international perspective and is highly recommended for medicinal mycologists, mushroom growers, botanists, 

plant pathologists, and professionals and scientists in related fields. Chang’s book illustrates that mushroom cultivation 

has and will continue to have a positive global impact on long-term food nutrition, healthcare, environmental 

conservation, regeneration, and economic and social change. The value of this book can’t be overestimated. The 

potentially extensive use of this book can be recognized in universities, classroom, laboratories, etc. This book is useful 

for beginning students through PhD studies and beyond. This book is a real encyclopedia of mushroom biology including 

cultivation, nutritional value, medicinal value, and environmental impact. To our knowledge, no past or current book 

comes close to covering all the subjects considered in this book.   

Professor Chang is Honor President of the International Society of Medicinal Mushrooms. He has served as the Vice-

President of the World Society for Mushroom Biology and Mushroom Products, member of the Executive Committee 
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of International Society for Mushroom Science (ISMS) from 1996-2004. Professor Chang was also the President of the 

International Mushroom Society for the Tropics (1981-95), National-Point-of-Contact Representative of Hong Kong for 

the UNESCO Regional Network of Microbiology in Southeast Asia (1981-93), and Executive Secretary of the 

Headquarters of the UNESCO Regional Network of Microbiology in Southeast Asia (1984-87). He was elected to be a 

member of the Executive Board of International Union of Microbiological Societies (IUMS) (1990-94) and a member of 

the Standing Committee on Membership, Structure and Status of International Council of Scientific Unions (ICSU) (1993-

96). 

Professor Chang was one of the initiators of our special International Journal of Medicinal Mushrooms. He is and has 

been an editor of the Journal since its inception in 1999. He has been a critical and proficient reviewer of several articles. 

He has also been an author himself. During this time, he published very important keynote papers in our journal. They 

are:  

• Global impact of edible and medicinal mushrooms on human welfare in the 21st century: nongreen revolution 

(IJMM, 1999, 1, 1-8) 

• World production of cultivated edible and medicinal mushrooms in 1997 with emphasis on Lentinus edodes 

(Berk.) Sing. in China (IJMM. 1999, 1, 291-300) 

• Ganoderma lucidum (Curt.:Fr.) P.Karst. (Aphyllophoromycetidae) – a mushrooming medicinal mushroom 

(IJMM, 2000, 2, 139-146) 

• A 40-year journey through bioconversion of lignocellulosic wastes to mushrooms and dietary supplements 

(IJMM,2001,3, 299-310). 

• The World mushroom industry: trends and technological development (IJMM, 2006, 8, 297-314). 

• The need for scientific validation of culinary-medicinal mushroom products (IJMM,2006, 8, 187-195). 

In this paper Professor Chang suggested a very important proposal adopting the "G" guidelines to produce quality 

mushroom products. 

1. GLP –Good Laboratory Practice 

2. GAP-- Good Agriculture Practice 

3. GMP-- Good Manufacturing Practice 

4. GPP-- Good Production Practice 

5. GCP-- Good Clinical Practice 

• Develoment of the culinary-medicinal mushrooms industry in China: past, present, and future (IJMM, 2006, 

8:1-17). 

In this paper Prof. Chang brought attention to the world’s mycological and mushroom growers society’s achievements 

in the culinary-medicinal mushroom industry in China. In 1978 41 years ago Prof. Chang was invited to conduct the first 

mushroom training workshop in China. At that time production of cultivated mushrooms in China was only 60,000 tons 

and after 25 years, in 2003, China mushroom production had increased to 9 million tons (approximately 70% of the 

world’s total production). Now China is the no.1 mushroom producer in the world. China produces over 80% of worlds 

Shiitake culinary-medicinal mushrooms. China is the largest producer, consumer and exporter of mushrooms in the 

world. Chang mentioned in his paper that the reason why China was so successful in the development of the mushroom 

industry and underlined these reasons: 
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1. Strong leadership and initiatives of central and institutions. 

2. A lot of innovations in mushroom cultivation local governments. 

3. Strong scientific support from academic technology by mushroom farmers. 

4. The growth of domestic markets as a result of a strong national economy, which has been a key factor in the 

expansion of China’s mushroom cultivation. 

In this breakthrough paper Chang also elucidated possibilities for future development in the medicinal mushroom 

industry and suggested to Chinese colleagues to pay attention to some unsolved problems in production of Chinese 

mushrooms and in cultivation improvement.  

The last part of his paper was dedicated to how successful China was in development of its mushroom industry, and 

should serve as an example for what is possible for other countries, especially for developing countries. 

• Development of the world mushroom industry: Applied mushroom biology and international mushroom 

organizations (IJMM, 2008, 10, 195-208). 

• The role of culinary-medicinal mushrooms on human welfare with a pyramid model for human health (IJMM, 

2012, 14(2):95-134). 

• Current and future research trends in agricultural and biomedical applications of medicinal mushrooms and 

mushroom. Products (IJMM, 2018, 20(11):1034-1048). 

In 2017 we published together with professor S-T Chang in Oxford Research Encyclopedia of Environmental Science 

(Oxford University Press USA. DOI: 10.1093/acrefore/9780199389414.013.231) chapter dedicated to the cultivation and 

environmental impact of mushrooms. We highline that in our time mushrooms can be used as food, tonics, medicines, 

as cosmeceuticals, and natural biocontrol agents in plant protection with insecticidal, fungicidal, bactericidal, herbicidal, 

nematoticidal, 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 below. Furthermore, 

mushrooms can serve as agents for promoting equitable economic growth in society. Since the lignocelluloses 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 also have great potential for generating a great 

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

Since 1977, as an eloquent and prominent speaker, Professor Chang has been associated with agents of the UN, e.g., 

UNESCO, UNDP/UNOPS, UNU, UNIDO, and FAO as a consultant on mushroom cultivation and mushroom products. Since 

2000, Professor Chang has been invited twice by the Commonwealth Secretariat in London to serve as a consultant on 

mushroom farming in Namibia. He has also been invited to conduct many training workshops/courses on mushroom 

biology and mushroom biotechnology all over the five continents, most recently in African and Latin American countries, 

sponsored by UNDP/UNOS. He has also been invited to serve as scientific advisor and Honorary Professor for over 30 

research institutes and universities in China. Professor S-T Chang has also been honored in receiving a lot of different 

award. 

The diversity of Chang’s research programs, scientific, organizational, and pedagogical activities and his significant 

achievements in various fields of mycology represent him as a scientist of a wide scope of interests, a brilliant science 
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organizer, a world scientific leader of the school of mushroom biology, whose achievements and accomplishments 

became incorporated into the world of science. 

Professor Chang was the honor President and main organizer of the 5th International Medicinal Mushrooms Conference 

(September, 2009, Nantong, China) and, 7th International Medicinal Mushrooms Conference in August, 2013, Beijing, 

China) and 10th International Medicinal Mushrooms Conference (September, 2019, Nantong, China). 

Professor Chang, with his ability to learn languages and his ease in adapting to various cultures, is currently living in 

Canberra, Australia, with his family. He is an extraordinary, vibrant man in the broadest sense of the word. People are 

attracted to him like a magnet because of his charm, wit, and erudition. Chang’s wide circle of interests, his clarity of 

scientific vision, his enormous energy, his enthusiasm and honesty are just a few of his many great personal attributes. 

His avocations are traveling, reading, golf, cycling, and walking. From the first encounter with him you sense the warmth 

of his personality, and his outgoing, unconventional nature. Chang is not only a creative and gifted scientist, but also an 

intellectual with a broad education. He celebrates his 90th birthday at the peak of his creative activity. We, friends, 

colleagues, collaborators, and students wish him good health, happiness in all his activities, new creative achievements, 

good fortune, and wisdom. 

 

Originally published in the Int J Med Mushrooms, 2020, vol. 22, issue n 9. 
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'Magic Mushroom' Ingredient Could Be Used to Treat Depression, Study Says 

By Jessie Yeung, CNN 

"Magic mushrooms" may have moved one step closer to becoming a treatment for depression. 

The active ingredient in psychedelic mushrooms is called psilocybin -- and a new British study suggests it could safely 

be used to treat depression when other drugs have failed, offering hope to millions of patients worldwide. The study, 

conducted by King's College London and mental healthcare company Compass Pathways, administered psilocybin to 89 

healthy adult volunteers. 

The study compared the effects of 10mg and 25mg doses of psilocybin, and a placebo.  

There were "no serious adverse events" and "no negative effects" on cognitive and emotional function among the 

volunteers that took psilocybin, according to a Compass Pathways press release. Instead, the volunteers experienced 

"changes in sensory perception and positive mood alteration" -- typical effects of psychedelic drugs. 

 

"Magic mushrooms" contain the hallucinogenic compound psilocybin 

"The results of the study are clinically reassuring and support further development of psilocybin as a treatment for 

patients with mental health problems that haven't improved with conventional therapy, such as treatment resistant 

depression," said James Rucker, one of the lead researchers from King's College London, in the press release. 

This is just the first of two phases in their testing -- the second phase trial will involve over 200 patients with depression 

across Europe and North America. 

More than 264 million people worldwide are affected by depression, according to the World Health Organization. The 

most common pharmaceutical treatment is to take antidepressants like Prozac, which increase levels of serotonin in the 

brain to improve mood. 

But this type of antidepressant doesn't work for everyone, and is generally prescribed as a long-term treatment to 

maintain effectiveness. 
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By contrast, psychedelic drugs quickly alter our brain function, and could therefore potentially treat patients in just a 

few doses when combined with therapy, researchers have suggested. Though research remains in the early stages, such 

a treatment could target a range of mental health conditions, including anxiety, addiction, and obsessive compulsive 

disorder (OCD). 

Here's how it works: theoretically, psilocybin helps "loosen" the deeply-rooted patterns of thinking and behavior behind 

many of these mental disorders, according to King's College London. It could "relax" the parts of our brain that control 

these behaviors, thus allowing old patterns to change or fade. Patients who have received psilocybin have described 

coming down from the high with "new insights" and changed perspectives on their difficulties, said the university. 

A 2014 Imperial College London study supports this theory. After volunteers were injected with psilocybin, the parts of 

their brain associated with emotional thinking became more active, while the introspective, self-conscious part of their 

brain became less active. 

But psilocybin and other pschedelics are likely still a long way to being approved, developed, and rolled out as 

treatments. Only recently have US cities like Denver and Oakland moved to decriminalize psilocybin; nationwide, it's 

still listed as a Schedule 1 controlled substance, meaning it has no medicinal properties under official US federal policy. 

Source: https://edition.cnn.com/ 
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Corona in the US Mushroom industry 

By Ray Samp 

The Corona virus has hit the USA very hard. With 1,5 million confirmed cases and 92.000 deaths registered on May 

20th, it is the worst affected country in the world, due to its open economy and a slow reaction by the US government. 

End of April, mushroom consultant Ray Samp send us the following exclusive report on the impact COVID-19 had in the 

US (and Canadian) mushroom industry, which could not make it in our 100th print edition anymore. 

 

Corona in the USA 

COVID-19 is infecting the world and USA is not immune. Due to the rapid transport of people around the globe a new 

infectious disease can develop into a pandemic very quickly.  Being geographically distant from the origin gives no 

immunity. The sophistication of the economy and the amount of air travel is directly linked to the degree of initial 

infection. The US being the biggest economy with the most per capita air travel makes us doubly susceptible to an 

infectious disease such as the coronavirus. 

The degree of infection in the US has been very large, in part because of the amount of air travel from early infected 

countries. Of the measured cases and deaths via COVID-19 in the world, USA has ~25% of the cases and ~22% of the 

deaths, while only ~4.5% of the population. As such we have a huge problem and it is certainly affecting people’s 

behaviour and the behaviour of businesses. Although there has not been a national lock-down, many states have 

instituted stay-inside measures and all non-essential business have been closed. Beyond that public and private 

gatherings have been halted and non-essential travel discouraged. With 331 million of us staying indoors, consuming 

only what we need to live and no unessential purchases, the economy is in tail spin. Edible mushrooms are a part of 

that economy, and although things are bad in our industry, they could be worse. 

Reductions 

The American mushroom business is largely concentrated in the Kennett Square area of SE Pennsylvania. Over 50% of 

the national mushroom production is produced in this area and are transported coast to coast. The rest of the national 

production is on the west coast, mainly California, and other larger farms situated in middle America. There also is 

significant mushroom import from Canada and some from Mexico. 
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Because virtually all the restaurant and hotel trade has been lost, the food service segment of mushroom sales has 

been devastated. Institutional sales (low grade quality) is non-existent. Revenue from food service product lines has 

decreased 50-80%. With the American high production cost and low profit margins, that is unsustainable business.  In 

this situation, growers that sell high percentage of their product to food service must cut production dramatically just 

to keep financially viable.  Various farms have reduced compost fill by 33% or 50% or 67% up to 100%! Yes, operations 

are ceasing compost fill with a wait and see attitude. They are selling what product they have from crops in process 

and determine what will happen when the pandemic fades. Surely some of these mushroom farms will not reopen.   

Farms that mainly sell to the retail market, have fared better, but are still under severe economic stress.  When stay-

at-home orders were being implemented demand for mushrooms declined rapidly. Being the perishable product 

mushrooms are, orders were cut and the normal flow of production to the pack houses had nowhere to go. As such 

pack houses had to dump hundreds of tons of mushrooms, or give them away when possible. At the farms, third flushes 

and more were cooked-off to avoid the cost of harvest and transport, thereby lowering productivity 15-30% along with 

corresponding revenue flow. 

Rebound 

Since the initial drop in retail sales, sales volume rebounded quickly. With restaurants closed and people staying indoors, 

home cooking has become in-fashion again and demand for mushrooms has been increasing. As such, pack houses are 

busy again and a few retail aligned farms are again harvesting third flushes, however secondary quality mushrooms go 

immediately into the trash and harvesting has become very tight to avoid secondary quality.  As such, production is 

down on retail driven farms, but average price is generally up because of the high percentage of mushrooms sold into 

that higher price category.  Still, the volume of all mushroom sales out of Pennsylvania is said to be off ~35%! 

As is always the case to understand the effect of any economic phenomenon - follow the money. Farms whose sales 

conduit gives a decent return are hanging-on, those that have sold primarily to food service are having big trouble. 

Additionally, there is only so much volume that the retail market can absorb. A farm that has been producing for food 

service cannot rapidly shift gears and sell to the retail market because they don’t have the customer base to sell to. US 

retail sales is usually done on contract between large growers or pack houses with the retailers, so those on the outside 

cannot instantaneously sell to the retail market even if they have top quality (which some of them do). 

On farms 

That is the sales side of the situation. On the farms it is operating as if Damocles’ sword were hanging over their heads. 

Even if a farm is fortunate enough to be able to sell their mushrooms into retail, they must adhere to the new reality 

of heightened health and safety awareness for the product and employees.  Theoretically, a virus infected harvester 

could decimate any farm’s harvesting staff and effectively cause the farm to close. Because of this, stringent rules have 

been adopted to identify any sick employees and to enforce isolation policies while on the job. 

The protocol varies from farm-to-farm, but the situation is causing more anticipation of circumstances than ever before. 

Some of the protocols include: temperature testing and documentation at the start of each day, social distancing during 

harvesting and all other operations, wearing masks and gloves, social distancing during breaks and lunch, staggered 

break and lunch schedules to accomplish the social distancing, adding a hygiene specialist to sanitize tables/chairs, food 
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machines, door handles, tools, etc., special health screening of new hires, no visitors, etc. Of course, these efforts add 

cost and reduce efficiencies, but that is the cost of doing business in this time of crisis management.  

Suppliers 

Beyond the farms all raw material suppliers are affected as well. Commercial compost operations are reducing 

throughput from 10% to as much as 67%. Overall Pennsylvania compost production is down ~30%. Spawn companies, 

who also deal with a living organism with certain time constraints are seeing inventories build up. The chicken houses 

are overflowing with manure. They and peat moss, gypsum, supplement, and chemical suppliers are having their own 

problems, but at the end of the day, at least our industry is moving, albeit gingerly and very unevenly. 

Economic stimulus 

To aid in that staggering motion, the US government has passed an enormous $2.2 trillion (with a T) economic stimulus 

package to aid the populace and the business sector. In short it consists of payout of $1200 per adult and $500 per child 

to economically eligible citizens. This is to keep money in the economy and to keep many families afloat. As it relates 

to the mushroom industry, small business loans and tax credits are extended to businesses to keep people working and 

earning. These tax credits are offered for 100% of retained employee wages during the crisis. 100% credits are also 

available for 2 weeks of wages paid to employees who have proven infection of COVID-19 and must stay in isolation. 

Also, it offers 66% of average wage for anyone that is a proven caregiver of a family member or dependent for up to 10 

weeks. This keeps money flowing into the economy, aids the employee, credits the business for taking care of their 

employees, and protects against infected employees coming to work because they need the income. 

Canada 

In Canada the mushroom business situation somewhat better because the per capita COVID-19 rate in Canada is much 

lower than the US. Since many farms sell into the US they are experiencing the some of the same sales dynamic. 

However, since Canadian farms generally sell into the retail sector, they are better positioned to minimize losses. Also, 

the currency exchange advantage they enjoy softens the blow.  The home market has also contracted due to their own 

lock-down policies and restaurants will not open until 1 July! It is said Canadian production is off ~10-20% in eastern 

Canada and up to 20% in the west.  

A secondary issue has been harvester availability. Many of the Asian harvesters are worried about COVID and 

attendance has suffered. However, to their credit the Canadian government has accelerated guest-worker processing 

about 5-fold to help in the labor situation. Although times are not as tough in the US, Nobody Escapes the reaches of 

this pandemic. 

Hanging in there 

As mentioned early on, things are bad, terrible for some, but they could be worse. At least we are producing a food 

product, which allows us to stay in business. As we all know, shutting down a mushroom farm/compost yard that is 

FULL of crops is a disaster. We are not there. Some lucky farms are treading water financially, while many others are 

accruing debt, but with some government help at least there is a chance of staying afloat. All of us are keenly aware 

that we must be able to adapt quickly to developing circumstances. The best we can do now is keep our house in 

cultural and clinical order and hope this thing runs its course quickly.  
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Russian Mushroom Days 2020 

The Main Annual Event of Russian Mushroom industry 
29-30, September, 2020 
St.Petersburg Holiday Inn – Moskovskiye Vorota 

ABOUT RUSSIAN MUSHROOM DAYS 

Russian Mushroom Days is unique platform for everyone who works or wants to work in the rapidly developing 

Russian Mushroom Industry. 

New contacts, new projects discussion, knowledge and experience exchange with people from European and Asian 

Mushroom Industries. 

Knowledge and experience 

More 200 participants from 20 countries– mushroom and compost farms, equipment, casing soil, package, pest 

and diseases control products producers, invest companies, banks and ministry representatives, Russian and 

foreign experts. 

Analytics and innovation 

During the Conference «Quality, variety, marketing» world leading and Russian experts will discuss worldwide 

mushroom market trends and local markets experiences with new mushroom products. In Expo «Mushroom 

growing, processing and packaging» companies from Russia, Europe and Asia will introduce their new products 

and projects. 

REGISTRATION 

Registration fee per person -290 EUR 

Last day of registration is August 24 

Online registration site: www.dnirosgribovodstva.ru 

RUSSIAN MUSHROOM DAYS PROGRAM 

September, 29 
10.00-13.00 Check in 
13.00-13.45 Welcome coffee 

 Congress Hall "Moskovskiy" 
14.00-14.30 Russian Mushroom Days Opening Ceremony 

Up-coming Events 
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14.30-17.30 Expo 

 "Petrov-Vodkin" hall "Dayneka" hall 

14.30-14.45 
Russian mushroom market: development 
potential  
(Alexander Khrenov, Russian Mushroom School) 

 

14.45-15.00 
Who buy/not buy mushrooms in Russia  
(Romir company) 

 

15.00-15.15 
Who influences the consumer opinion and how 
to collaborate with them 

 

15.15-15.35 What is a reason to eat mushrooms?  

15.35-15.50 
General trends in food consuming in Russia - 
what is important to know for mushroom 
grower 

 

15.50-16.20 Coffee breaks 16.20-17.40 — Mushroom processing session 
16.20-16.40 Mushroom consumption trends in Europe Frozen mushroom – market and technology 

16.40-17.00 American mushroom market 
Blanching mushroom – market and 
technology 

17.00-17.20 Turkish mushroom market Mushroom mince – new mushroom product 

17.20-17.40 
How Malaysia increase mushroom 
consumption 

Dry mushroom and mushroom chips 

18.30-19.30 Bus transfer to Banquet Hall Royal Beach 
19.30-22.00 Gala Dinner and Best Russian Mushroom Farms 2019 the Awards Ceremony 
22.30-23.15 Bus transfer to Holiday Inn hotel 

 
September, 30 

 Congress Hall "Moskovskiy" 
09.00-18.00 Expo 

 "Petrov-Vodkin" hall "Dayneka" hall 

09.00-13.00 
Oyster mushroom and another exotic 
mushrooms session 

Medicinal mushrooms conference 

09.00-09.20 
Why consumers buy less oyster mushrooms 
then Agaricus mushroom 

Russian medicinal mushrooms market 

09.20-09.40 Shiitake - mushroom number 1 in the world  
Chaga - most famous Russian medicinal 
mushroom 

09.40-10.00 Pipino - growing and marketing World mecicinal mushrooms market 

10.00-10.20 
King oyster mushrooms - growing and 
marketing 

Russian official medicine opinion about 
medicinal mushrooms 

10.20-10.40 Machines and equipment for sterile technology Finnish experience in chaga promotion 

10.40-11.00 
Small farm for exotic mushroom growing - how 
to be efficient 

Medicinal mushrooms in Chinese medicine 

11.00-11.20 Coffee break  
11.20-11.50 Oyster mushroom growing in Europe  

11.50-12.50 
Key questions of successful oyster mushroom 
production in Russia 

Russian department ISMM meeting 

13.00-14.00 Lunch  

14.00-18.00 White buttom mushroom session 
14.00-16.00 — Mushroom Food - 
Professional Discussion 
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14.00-14.20 
Agaricus mushroom quality - standarts and 
consumer opinion 

Mushrooms position in restourants menu 

14.20-14.40 Innovations in mushrooms packaging 
Wild or cultivated mushrooms - what 
restaurants prefer 

14.40-15.00 Plastic films - friend or enemy for mushrooms 
Mushrooms and fast food - unlimited 
opportunities 

15.00-15.20 Mushrooms сooling - vacuum or air 
Mushroom breakfast - fast , nutritious and 
healthy 

15.20-15.40 New mushroom strains 
Russian mushroom soup and cream soup: 
traditions and transformations 

15.40-16.00 New mushroom strains 
Pizza with mushrooms - not only with Agaricus 
mushrooms 

16.00-16.20 Coffee break  
16.20-16.50 Climate control influence for mushroom quality  

16.50-17.05 
Picker working place - an Important factor for 
picker efficiency 

 

17.05-17.25 
How to not spoil mushroom quality at picking 
time 

 

17.25-17.45 
Russian national mushroom promotion 
program 

 

17.45-18.00 Discussion  
 

EXPO 

Mushroom growing, processing and packaging 

International Expo «Mushroom growing, processing and 

packaging» is one of main part of Russian Mushroom 

Days. 

Expo attending is included in Registration fee. 

If you would like to be Expo exhibitor, please, choose expo 

place in Expo plan. Fill in registration form and write expo 

place number in it. 

Standard Expo place price – 645 EUR. 

ACCOMMDATION 

Holiday Inn Hotel will be glad to take Russian Mushroom Days participants. 

For Russian Mushroom Days participants hotel offer special price for Standard category rooms 

Single room with breakfast 5500 RUR (About 64 EUR) 
Double/twin room with breakfast 5800 RUR (About 67 EUR) 

 
For more information: www.dnirosgribovodstva.ru 
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The 14th Chinese Mushroom Days 
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26th North American Mushroom Conference & 20th International Society for 

Mushroom Science Congress 

 

Welcome 

For the first time ever, Mushrooms Canada will be hosting both the International Society for Mushrooms Science 

Congress and North American Mushroom Conference at the Parq Vancouver from May 30th – June 3rd, 2021. Expand 

your knowledge and improve your daily business operation by gathering the most current industry information on 

mushroom production technology, food safety, and consumer marketing on the joint 26th North American Mushroom 

Conference and the 20th International Society for Mushrooms Science Congress. 

About Vancouver 

Consistently ranked as one of the most beautiful places to live, Vancouver offers a bustling city nestled within the 

mountains and the ocean.  

The city is renowned for its natural beauty and cultural diversity. For thousands of years the Coast Salish people have 

called the area now known as Vancouver home, and their history and cultural traditions, deep respect for nature, and 

spirituality are all tightly woven into the city’s cultural fabric. 
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At a Glance Agenda 

SATURDAY   |   MAY 29  

AFTERNOON 
• Registration Opens 
• Sponsor/ Expo Set Up 

SUNDAY   |   MAY 30  

MORNING 
• ISMS Opening Ceremony 
• Breakfast & Expo 
• ISMS Sessions 

AFTERNOON 
• Lunch & Expo 
• ISMS Sessions 

EVENING • Reception 

MONDAY   |   MAY 31  

MORNING 
• Breakfast & Expo 
• ISMS Sessions 

AFTERNOON 
• Lunch & Expo 
• ISMS Sessions 

TUESDAY   |   JUNE 1  

MORNING 
• Breakfast & Expo 
• NAMC & ISMS Sessions 

AFTERNOON 
• Lunch & Expo 
• NAMC & ISMS Sessions 

EVENING • ISMS/NAMC Dinner & Ceremony 

WEDNESDAY   |   JUNE 2  

MORNING 
• Breakfast & Expo 
• NAMC & ISMS Sessions 

AFTERNOON 
• Lunch & Expo 
• NAMC & ISMS Sessions 

THURSDAY   |   JUNE 3  

MORNING 
• Wrap Up & Breakfast 
• Possible Tour or Excursion 

 

Call for Abstracts  

Please note that the closing date for submitting abstracts is October 30, 2020 5:00 PM EST 

GENERAL REMARKS FOR AUTHORS: 

1. An individual may be the presenting author of more than one abstract. The presenting author does not have to be 

the first author to appear on the abstract. 

2. Abstracts must be submitted with the intention that they will be presented if programmed. Presenting authors 

should not submit abstracts if they do not plan to attend the meeting. If the author does not attend and present his or 
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her abstract it will not be included in the proceedings. 

3. A complete abstract should include a statement of purpose, methods used, and a summary of results in sufficient 

detail to support the conclusion. Statements such as "results will be described" should be avoided. 

4. Only the submitting author may make revisions and corrections via the online abstract submission program. Please 

proof your text carefully before submitting. 

5. Any authors selected from the poster submissions for an oral presentation in a concurrent session must still display 

and present during their scheduled poster session time. 

6. The Organizers reserve the right to decline a presentation to any submitted abstracts that lack scientific content or 

merit, or merely announce the availability of a resource or service. 

If you have any technical questions, please contact Dr. John Pecchia at jap281@psu.edu. 

Hotel Information 

The JW Marriott Parq Vancouver Hotel & The Douglas, Autograph Collection 

Indulge in a luxury hotel experience unlike any other at JW Marriott Parq Vancouver Hotel and the Douglas, Autograph 

Collection. With Western Canada's majestic mountaintops as its backdrop, our hotel boasts a distinct sense of place in 

British Columbia with beautifully-designed accommodations and impeccable service. Anchored by the stylish 

neighborhoods of Gastown and Yaletown, our hotel is at the epicenter of downtown Vancouver’s dynamic 

entertainment district near Rogers Arena, BC Place and Queen Elizabeth Theatre. After exploring the city's attractions, 

relax in our Spa by JW, workout in the hotel fitness center, enjoy world-class gaming or sample innovative regional 

cuisine in our distinct hotel restaurants and lounges. In the evening, retreat to waterfront, luxury accommodations with 

floor-to-ceiling windows and scenic city, ocean and mountain views. If visiting for business or social reasons, host your 

event in 60,065 square feet of venue space, including Vancouver's largest hotel ballroom. 

Register 

Full Business Program Member $1,200.00 

Full Business Program Non-Member $1,500.00 

Partner Member $700.00 

Partner Non-Member $800.00 

Student $500.00 

*All amounts are in Canadian Dollars. 

Website: www.mushroomconference.org 
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Ukrainian Mushroom Days Postponed to the Summer of 2021 

UMDIS, organizer of the exhibition-conference “Ukrainian Mushroom Days” announces the postponement of the event 

to June 2021. 

Currently, Ukraine is in conditions of high incidence of COVID-19, quarantine restrictions, limited ability to fly and cross 

borders. And in this situation, we have a significant risk of not giving guests the full set of positive impressions that we 

consider it our duty to provide. 

We will make “Ukrainian Mushroom Days” at the highest level! But we have to ask to wait until the beginning of next 

summer. Now we are postponing the dates of the event to June 2021 and crossing our fingers so that by this time the 

situation is safe enough to hold the best Ukrainian mushroom days. 

ABOUT THE EVENT 

“Ukrainian Mushroom Days” exhibition-conference was founded in 2014, and now it is the main event of the Ukrainian 

mushroom industry. It gathers an overwhelming number of cultivated mushrooms producers, casing soil equipment 

and other branches every two years. 

CONTACT 

If you have any questions, please, call us or text to our messenger 

+380734165308 

+380509604472 

ksenijatrigubenko@gmail.com 

For more information: www.mushroomdays.in.ua 

  

20 
 

tel:380734165308
tel:380509604472
mailto:ksenijatrigubenko@gmail.com


 

 
  

 

 

 

 

Use of lignocellulosic substrate colonized by oyster mushroom (Pleurotus ostreatus) for removal of 
organic micropollutants from water 

M. Hultberg1, L. Ahrens2, O. Golovko2 

1Department of Biosystems and Technology, Swedish University of Agricultural Sciences, P.O. Box 103, SE 230 53, Alnarp, 

Sweden; 2Department of Aquatic Sciences and Assessment, Swedish University of Agricultural Sciences, P.O. Box 7050, 

SE 75007, Uppsala, Sweden 

Abstract: Efficient removal techniques are urgently needed to remove organic micropollutants (OMPs) from 

wastewater, in order to protect water resources. In this study, laccase activity of mushroom substrate colonized 

by Pleurotus ostreatus was evaluated as a novel wastewater treatment method for removal of OMPs, including 

diclofenac, bicalutamide, lamotrigine, and metformin at environmentally relevant concentrations. Laccase activity of 

the colonized mushroom substrate was found to be highest, 0.8 enzyme activity (U)/g mushroom substrate wet weight, 

immediately before initiation of fruiting body formation. The selected OMPs were treated for 5 min with suspensions 

of mushroom substrate with laccase activity of approximately 50 U/L. Removal of all OMPs was significant, with the 

highest removal for diclofenac of 90% compared with a control with uncolonized mushroom substrate. To our 

knowledge, direct use of colonized mushroom substrate in removing diclofenac from water has not been reported 

previously. Removal efficiency of bicalutamide, lamotrigine, and metformin was 43%, 73%, and 59%, respectively. This 

demonstrates potential for using mushroom substrate colonized by P. ostreatus for removal of OMPs from wastewater. 

Keywords: Pharmaceuticals; Laccase; Oyster mushroom; Spent mushroom substrate (SMS); Wastewater treatment 

Journal of Environmental Management, Volume 272, 15 October 2020, 111087 

 

Whole-genome sequence of Phellinus gilvus (mulberry Sanghuang) reveals its unique medicinal 
values 

Jinxi Huo1, Shi Zhong1, Xin Du1, Yinglong Cao2, 3, Wenqiong Wang2, 3, Yuqing Sun1, Yu Tian4, Jianxun Zhu1, Jine Chen1, 

Lijiang Xuan2, 3, Chongming Wu4,⁎, Yougui Li1,⁎ 

1Sericultural Research Institute, Zhejiang Academy of Agricultural Sciences, Hangzhou 310021, People’s Republic of 

China; 2State Key Laboratory of Drug Research, Shanghai Institute of Materia Medica, Shanghai Institutes for Biological 

Sciences, Chinese Academy of Sciences, Shanghai 201203, People’s Republic of China; 3University of Chinese Academy of 

Sciences, Beijing 100049, People’s Republic of China; 4Pharmacology and Toxicology Research Center, Institute of 

Medicinal Plant Development, Chinese Academy of Medical Sciences & Peking Union Medical College, Beijing People’s 

Research progress 
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Republic of China 

Abstract: Phellinus gilvus (Schwein.) Pat, a species of ‘Sanghuang’, has been well-documented for various medicinal 
uses, but the genome information and active constituents are largely unknown. Here, we sequenced the whole-genome 
of P. gilvus, identified phenylpropanoids as its key anti-cancer components, and deduced their biosynthesis pathways. 
A 41.11-Mb genome sequence was assembled and the heatmap created with high-throughput chromosome 
conformation capture techniques data suggested all bins could be clearly divided into 11 pseudochromosomes. Cellular 
experiments showed that P. gilvus fruiting body was more effective to inhibit hepatocellular carcinoma cells than 
mycelia. High resolution electrospray ionization mass spectroscopy (HR-ESI-MS) analysis revealed P. gilvus fruiting body 
was rich in phenylpropanoids, and several unique phenylpropanoids in Phellinus spp. exhibited potent anti-
carcinogenesis activity. Based on genomic, HR-ESI-MS information and differentially expressed genes in transcriptome 
analysis, we deduced the biosynthesis pathway of four major phenylpropanoids in P. gilvus. Transcriptome analysis 
revealed the deduced genes expressions were synergistically changed with the production of phenylpropanoids. The 
optimal candidate genes of phenylpropanoids’ synthesis pathway were screened by molecular docking analysis. Overall, 
our results provided a high-quality genomic data of P. gilvus and inferred biosynthesis pathways of four 
phenylpropanoids with potent anti-carcinogenesis activities. These will be a valuable resource for further genetic 
improvement and effective use of the P. gilvus. 
Keywords: Anti-carcinogenesis activity, Genome sequencing, HR-ESI-MS, Inoscavin A, Phellinus gilvus, Phenylpropanoids 
biosynthesis 

Journal of Advanced Research 24 (2020) 325–335 

 

Hericium erinaceus enhances neurotrophic hlear cell apoptosis in senescence accelerated mice 

Juen-Haur Hwang1,2,3, Chin-Chu Chend, Li-Ya Lee4, Hung-Te Chiang5, Ming-Fu Wang5, Yin-Ching Chan5,⁎ 

1 Department of Otolaryngology-Head and Neck Surgery, Dalin Tzu Chi Hospital, Buddhist Tzu Chi Medical Foundation, 

Chiayi, Taiwan; 2 School of Medicine, Tzu Chi University, Hualien, Taiwan; 3 Department of Medical Research, China 

Medical University Hospital, China Medical University, Taichung, Taiwan; 4 Grape King Biotechnology Inc., Taoyuan City, 

Taiwan; 5 Department of Food and Nutrition, Providence University, Taichung, Taiwan 

Abstract: This study aimed to investigate the effects of Hericium erinaceus (HE) on auditory function. Twenty-four 9-

monthold male senescence-accelerated prone 8 (SAMP8) mice were randomly and equally assigned to the control 

group (group A) and two groups supplemented with 215.25 (group B) or 430.5 mg/kg BW of HE (group C) for 12 weeks. 

Compared with group A, group C had significantly smaller threshold shifts by auditory brainstem responses at the end 

of study. HE increased nerve growth factor (NGF) expressions in the spiral ganglion neurons (SGNs) and the temporal 

lobes, and also prevented outer hair cells (OHCs) loss in the middle turn of cochlea. In addition, group C had significantly 

lower apoptosis-inducing factor and poly (ADP-ribose) polymerase-1 expressions in the middle turn of cochlea, 

brainstem and temporal lobes. In conclusions, HE could prevent hearing degeneration possibly by increasing 

neurotrophic expression, preventing OHCs loss, and reducing the caspaseindependent apoptosis signalings. 

Keywords: Age-related hearing impairment, Hericium erinaceus, Neurotrophic factors, Caspase-independent apoptosis, 

Cochlea, SAMP8 mice 

Journal of Functional Foods, 2020, 66:103832. 
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Mushrooms Bioactive as Prebiotics to Modulate Gut Microbiota in Relationships with Causes and 
Prevention of Liver Diseases (Review) 

Tsopmejio Ivan Steve Nguepi 1, Hui Song2 

1School of Life Science, Jilin Agricultural University, 130118 Changchun, P.R. China; Department of Animal Biology and 

Physiology, University of Yaoundé I, 812 Yaoundé, Cameroon; 2School of Life Science, Jilin Agricultural University, 130118 

Changchun, P.R. China; Engineering Research Center of Chinese Ministry of Education for Edible and Medicinal 

Mushrooms, Changchun 130118, P.R. China 

Abstract: Over the years, the gut microbiota has become a main focus in gastroenterology and hepatology research. It 

is made up of billions of bacteria that can have essential functions ranging from digestion to the control of the immune 

response through the production of substances resulting from microbial metabolic activities. However, the liver 

remains the primordial organ as the first filter of toxins, nutrients, as well as its bacterial metabolic products from the 

intestines and passing through the portal vein which is the main junction connecting them and constituting about 75% 

of liver blood supply. Hence, the importance of their interactions, which, associated with the immune system, play 

mediating roles both in normal physiology and in the predisposition to disease, especially liver disease. In addition, 

possible therapeutic manifestations due to the modification of the intestinal microflora through prebiotics can come 

from nutrition such as mushroom consumption. Although used for food and medical needs for centuries, mushrooms 

have not yet fully disclosed their positive effects on health, particularly on the regulation of intestinal microbiota and 

subsequent effect on liver diseases. This review will present the knowledge acquired on the contribution of the 

intestinal microbiota to the functioning of the liver; factors causing dysbiosis, the process by which it causes disorders 

of intestinal homeostasis and induces the genesis of liver diseases; and the therapeutic benefits of culinary-medicinal 

mushrooms on the body in general through the intestinal microbiota. Mushrooms have several bioactive compounds, 

for example, polysaccharides such as xylans, galactans, β and α-glucans, and chitin, that justify their use as prebiotics 

to promote the growth of intestinal bacteria and to induce beneficial effects in the health of the host. 

Keywords: gut microbiota, dysbiosis, liver diseases, medicinal mushrooms, prebiotics 

International Journal of Medicinal Mushrooms, Volume 22, 2020 Issue 6, pages 509-519 

 

A 53-Year Bibliometric and Scientometric Analysis of Research in Culinary and Medicinal Mushrooms 

Xin Hui Chan1, Vikineswary Sabaratnam2,3, Noorhidawati Abdullah4, Chia-Wei Phan1,2 

1Department of Pharmaceutical Life Sciences, Faculty of Pharmacy, University of Malaya, 50603 Kuala Lumpur, Malaysia; 
2Mushroom Research Centre, University of Malaya, 50603 Kuala Lumpur, Malaysia; 3Institute of Biological Science, 

Faculty of Science, University of Malaya, 50603 Kuala Lumpur, Malaysia; 4Department of Library Science & Information, 

Faculty of Computer Science & Information Technology, University of Malaya, 50603 Kuala Lumpur, Malaysia 

Abstract: The research field of culinary and medicinal mushrooms has been well developed since the first relevant 

publication in 1966. However, to date, there has been no bibliometric analysis published specifically for this field. This 

study aimed to assess the most influential publications as well as the research trends and important drivers in the field 
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of culinary and medicinal mushrooms. Scopus was used to identify relevant publications and the 1000 most-cited 

publications were identified and analyzed. Bradford's law of scattering shows one-third of the papers were published 

in 14 core journals, with a total of 102 papers published in International Journal of Medicinal Mushrooms. There is an 

insignificant negative correlation (Pearson's correlation coefficient, r = -0.355) between the journal impact factor and 

publication count. VOSviewer was used to generate a country network. China represents Asia's research center in this 

field, having contributed 20% of the 1000 most-cited publications. A term map was also created to visualize the co-

occurrence of key terms in the domain. Different biological activities such as antioxidant and antitumor properties of 

mushrooms appeared to be a recurring topic in this field. Wasser (2003) showed the highest citation count (n = 1282), 

which is almost double the second most-cited publication (n = 611). There is a weak positive correlation (r = +0.237) 

between the years since publication and total citation count. In conclusion, this bibliometric study will assist researchers 

to comprehend the current status of the research on culinary and medicinal mushrooms, and to visualize the future 

impact of such an important field. 

Keywords: bibliometric, scientometric, analysis, Scopus, research, visualization, VOSviewer, culinary and medicinal 

mushrooms 

International Journal of Medicinal Mushrooms, Volume 22, 2020 Issue 6, pages 521-534 

 

Ganoderic acid A is the effective ingredient of Ganoderma triterpenes in retarding renal cyst 
development in polycystic kidney disease 

Jia Meng1, Sai-zhen Wang2,3, Jin-zhao He1, Shuai Zhu1, Bo-yue Huang1, Shu-yuan Wang1, Min Li1, Hong Zhou1, Shu-qian 

Lin2,3 and Bao-xue Yang1,4 

1State Key Laboratory of Natural and Biomimetic Drugs, Department of Pharmacology, School of Basic Medical Sciences, 

Peking University, Beijing 100191, China; 2Fuzhou Institute of Green Valley Bio-Pharm Technology, Fuzhou 350002, 

China; 3JUNCAO Technology Research Institute, Fujian Agriculture and Forestry University, Fuzhou 350002, China; 4Key 

Laboratory of Molecular Cardiovascular Sciences, Ministry of Education, Beijing 100191, China 

Abstract: Autosomal dominant polycystic kidney disease (ADPKD) is one of the most common life-threatening 

monogenetic diseases characterized by progressive enlargement of fluid-filled renal cysts. Our previous study has 

shown that Ganoderma triterpenes (GT) retards PKD renal cyst development. In the present study we identified the 

effective ingredient of GT in suppression of kidney cyst development. Using an in vitro MDCK cystogenesis model, we 

identified ganoderic acid A (GA-A) as the most promising candidate among the 12 ganoderic acid (GA) monomers. We 

further showed that GA-A (6.25−100 μM) significantly inhibited cyst growth in MDCK cyst model and embryonic kidney 

cyst model in vitro, and the inhibitory effect was reversible. In kidney-specific Pkd1 knockout (kPKD) mice displaying 

severe cystic kidney disease, administration of GA-A (50 mg· kg−1 ·d−1, sc) significantly attenuated renal cyst 

development. In both MDCK cells and kidney of kPKD mice, we revealed that GA-A dose-dependently downregulated 

the Ras/MAPK signaling pathway. The expression of proliferating cell nuclear antigen (PCNA) was also suppressed, 

suggesting a possible effect of GA-A on cell proliferation. These experimental data suggest that GA-A may be the main 

ingredient of GT as a potential therapeutic reagent for treating ADPKD. 
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Keywords: ADPKD; Ganoderma triterpenes, Ganoderic acids, Ganoderic acid A, MDCK, kPKD mice, Ras/MAPK signaling 

pathway, 8-Br-cAMP 

Acta Pharmacologica Sinica (2019) 0:1–9 

 

Screening of Georgian Medicinal Mushrooms for Their Antibacterial Activity and Optimization of 
Cultivation Conditions for the Split Gill Medicinal Mushroom, Schizophyllum commune BCC64 
(Agaricomycetes) 

Tamar Khardziani1, Eka Metreveli2, Kakha Didebulidze2, Vladimir I. Elisashvili3 

1Durmishidze Institute of Biochemistry and Biotechnology, Academy of Science of Georgia, 10 km Agmashenebeli 

kheivani, 0159 Tbilisi, Georgia; 2Institute of Microbial Biotechnology, Agricultural University of Georgia, Tbilisi, Georgia; 
3Animal Husbandry and Feed Production Institute of Agricultural University of Georgia, 240 David Agmashenebeli alley, 

0159 Tbilisi, Georgia 

Abstract: The present study aimed to evaluate the antibacterial activity (ABA) of new mushroom strains collected from 

the mountain and plain forests of Georgia and belonging to different taxonomic groups. Of 30 Basidiomycetes strains 

tested on agar plates, Schizophyllum commune BCC64 exhibited the highest inhibitory activity against Escherichia coli 

and Staphylococcus aureus by the diameter of inhibition zones (17 ± 1 mm and 19 ± 1 mm, respectively). Moreover, 

this mushroom showed strong activity against Staphylococcus enteritidis (11 mm), Pseudomonas aeruginosa (19 mm), 

and Salmonella epidermitidis (12 mm). In the submerged cultivation in synthetic medium, xylose and glucose ensured 

the highest ABA toward S. aureus (70% inhibition in microplate rider tests) and E. coli (60%), respectively. Among 

lignocellulosic materials tested in the submerged and solid-state fermentation, mandarin marc was found to be an 

excellent growth substrate for ABA accumulation by Sch. commune 64. Of six nitrogen sources, KNO3 favored the 

mushroom ABA increase against both bacteria. The suitability of the developed nutrient medium has been proven in 7 

L fermenter. After fermentation, ethyl acetate extract obtained from culture liquid and ethanol extract obtained from 

mycelial biomass of Sch. commune 64 showed the best minimum inhibitory concentration (MIC) against E. coli (0.5 and 

2.5 mg/mL, respectively) and S. aureus (1 mg/mL for both extracts). 

Keywords: antibacterial activity, medicinal mushrooms, Schizophyllum commune, submerged cultivation 

International Journal of Medicinal Mushrooms, Volume 22, 2020 Issue 7, pages 659-669 

 

Untargeted Metabolite Profiling of Antimicrobial Compounds in the Brown Film of Lentinula edodes 
Mycelium via LC−MS/MS Analysis 

Lihua Tang,† Junjun Shang,† Chunyan Song, Ruiheng Yang, Xiaodong Shang, Wenjun Mao, Dapeng Bao,* and Qi Tan* 

National Engineering Research Center of Edible Fungi, Key Laboratory of Edible Fungi Resources and Utilization (South), 

Ministry of Agriculture, Institute of Edible Fungi, Shanghai Academy of Agricultural Sciences, Shanghai 201403, China 

Abstract: The brown film (BF) of Lentinula edodes mycelium has been reported to exert biological activities during 
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mushroom cultivation; however, to date, there is limited information on its chemical composition. In this study, 

untargeted metabolomics analysis was performed via liquid chromatography–mass spectrometry (LC–MS), and the 

results were used to screen the antimicrobial compounds. A total of 236 differential metabolites were found among the 

BF stages compared with the white hyphal stage. Among them, five important antimicrobial metabolites related to 

antimicrobial activities, namely, 6-deoxyerythronolide B, tanikolide, hydroxyanthraquinone, benzylideneacetone, and 

9-OxooTrE, were present at high levels in the BF samples. The score plots of the principal component analysis indicated 

that the samples from four time points could be classified into two groups. This study provided a comprehensive profile 

of the antimicrobial compounds produced during BF formation and partly clarified the antibacterial and antifungal 

mechanism of the BF of L. edodes mycelium. 

ACS Omega 2020, 5, 7567−7575 

 

Japanese mushroom consumption alters the lipid metabolomic profile of high-fat diet-fed mice 

Takamitsu Shimizu1, Koichiro Mori1, Hitoshi Kobayashi1, Tsuyoshi Tsuduki2 

1Mushroom Research Laboratory, Hokuto Corporation, Nagano 381-0008, Japan; 2Laboratory of Food and 

Biomolecular Science, Graduate School of Agriculture, Tohoku University, Sendai 980-0845, Japan 

Abstract: Mushrooms are familiar ingredients in Japanese cuisine and large numbers are consumed in Japan. Recently, 

we reported that the consumption of Japanese mushrooms suppressed the accumulation of visceral fat. The purpose 

of this study was to examine the alteration of lipid metabolism by Japanese mushrooms consumption in high-fat diet 

(HFD) mice. Multivariate analysis of serum, liver, adipose tissue, cecal contents, large intestinal and fecal lipids showed 

differing compositions in the mice that had consumed HFD or HFD supplemented with 3% freeze-dried mushroom 

mixture (HFMD). There were higher concentrations of diacylglycerol in the adipose tissue, non-esterified fatty acids in 

the serum, and triacylglycerol in the feces of the HFMD group. These results suggest that mushroom consumption 

promotes the degradation of lipids in visceral fat and limits the absorption of food lipids. Moreover, the HFMD group 

demonstrated higher concentrations of phospholipids, some of which contained odd-chain fatty acids. Thus, we 

speculated that the alteration of lipid metabolism in mice such that mushroom consumption prevent obesity 

progression, as demonstrated by metabolomic analysis. 

Keywords: Food science; Japanese mushroom; Obesity; Metabolome; Lipid profile 
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Introduction 

This book presents a state-of-the-art report on recent advances concerning 

Ganoderma and where the field is going. Although some older work is also 

cited, the main focus is on advances made over the past 20 years in the 

research history, classification, chemical components and industry of Ganoderma. 

Ganoderma lucidum (Lingzhi) has been used as a traditional medicine in Asian countries to maintain health and to treat 

diseases for more than two thousand years. Recently, its value has been demonstrated in preventing and treating certain 

diseases, such as tumors, liver disorders, renal injury, hypercholesterolemia, obesity, cerebral ischemia reperfusion, 

bronchitis etc. In addition, laboratory and clinical studies have confirmed that the chemical components of Ganoderma, 

such as Ganoderma lucidum polysaccharide peptides and triterpenes isolated from the fruiting body of Ganoderma 

lucidum, produce diverse pharmacological effects. Ganoderma and its components play an important part in antioxidant 

stress, radical-scavenging, immunomodulation, and intracellular signaling regulation, and accordingly warrant further 

study. This book systematically reviews the latest advances in our understanding of Ganoderma’s basic knowledge, 

history of modern research, species, cultivation, components, spore polysaccharide and industry of Ganoderma, and 

offers researchers and graduate students valuable new insights into the development and clinical applications of 

Ganoderma and related products. 
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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 

Continued from previous issue: 

Rapid Expansion of the Mushroom Industry in the Late 20th Century 

It has been noted that a nutritious balance of foods and an active lifestyle under a friendly environment can help achieve 

optimal health throughout life. The use of mushrooms as diet 

therapy to sustain or improve health or treat illness was used 

by ordinary people and in the imperial court of China as far back 

as 2,000 years ago (Xue & O’Brien, 2003). The pyramidal model 

of mushroom uses (Figure 14) conforms fully to an old Chinese 

saying “Medicine and food have a common origin.” This 

statement is particularly applicable to mushrooms, whose 

nutritional qualities and tonic effects as nutriceuticals (Chang & 

Buswell, 1996) or as dietary supplements (DSs) and medicinal 

attributes have long been recognized (Wasser, 2010). Human 

health may be divided into three states: health, subhealth, and 

illness. Mushrooms can be used mainly as food for a healthy 

state, as a medicine for illnesses, and as DSs for a sub-healthy 

state, as well as for both healthy and ill states (Chang & Wasser, 

2012). 

 

Figure 14. A pyramid model of mushroom use 

(industry), Source: Chang and Wasser (2012). 
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Since the end of World War II, mushroom production has increased steadily in agricultural-based industries. World 

production of cultivated edible mushrooms over a number of years is shown in Table 1. In 1981, production totaled 

1,257.2 thousand tons and in 1986, 2,182.0 thousand tons, a 73.6% increase. By 1990, total production was 3,763.0 

thousand tons, increasing to 6,158.4 thousand tons by 1997. Overall, world mushroom production increased over 

12% annually during the period from 1981 to 1997. However, the Agaricus mushrooms decreased in percentage of 

world total production. This is mainly due to other alternative edible mushrooms becoming more in demand; for 

instance, Lentinus edodes increased in percentage of total global mushroom consumption, from 14.3% in 1981 to 

25.2% in 1997, and in production, from 180 thousand tons to 1,564.4 thousand tons. Pleurotus mushrooms increased 

from 2.8% to 14.2%, and their production increased from 35 thousand tons to 875.6 thousand tons, with a 25-fold 

increase over the same period of time. Auricularia mushrooms increased from 0.8% in 1981 to 7.9% in 1997, and 

their production increased from 10,000 thousand tons in 1981 to 485.6 thousand tons in 1997, with a 48.5-fold 

increase (Chang & Wasser, 2012). Overall, increase in world mushroom production has been due mainly to 

contributions from countries with developing economies including China, India, Poland, and Hungary. In contrast, 

mushroom production in Western European countries, the United States, and Japan, has remained unchanged or 

has even fallen. China especially has witnessed a huge increase in edible mushroom cultivation and now makes the 

largest contribution, by over 85%, to the total worldwide output (Table 2). Furthermore, several new species of 

mushrooms have been recently cultivated and marketed in China. India’s annual production of mushrooms doubled, 

from 5,000 tons in 2001 to 10,000 tons in 2004, and is expected to continue rising, at about 25% per annum, for the 

foreseeable future. In Latin America, the annual mushroom production has also increased steadily since 1995. During 

the period 1995–2001, the estimated commercial mushroom production level in this region rose by 32% (49,975 to 

65,951 tons), equivalent to an annual increase of 5%. Since mushroom cultivation can be a labor-intensive agro-

industrial activity, it could have great economic and social impact by generating income and employment for both 

women and youth, particularly in rural areas in developing countries. Using China as an example, in 1978 the total 

production of mushrooms in China was only 60 thousand tons, which accounted for less than 6% of total world 

mushroom production. In 2012 (Table 2), however, total production of mushrooms in China reached 28.3 million 

tons, which accounted for more than 85%. In 2013 (Royse, Baars, & Tan, 2017), world production of cultivated edible 

mushrooms has increased to 34 million tonnes. China is the main producer of mushrooms, producing over 30 million 

tons. This is accounted for about 87% of total production. The rest of Asia produced about 1.3 million tons, while 

the European Union, the Americas, and other countries produced about 3.1 million tons. In the same report, 

Lentinula edodes is the major species, contributing about 22% of the world’s cultivated mushrooms. Pleurotus spp, 

including 5 to 6 cultivated species, contributes about 19%, and Auricularia spp, including 2 to 3 species, contributes 

17%, while Agaricus bisporus mushroom is responsible for 15% of the volume. Moreover, according to Feeney et al. 

(2014), since 2009, China has produced 65% of global mushrooms and truffles, the European Union 24%, the United 

States 5%, and Japan, Indonesia, and Canada 1% each. Exact figures of world production of mushrooms are actually 

difficult to obtain, because some estimated figures are the total weight of all kinds of mushroom products including 

the fresh, dried, and canned. That is incorrect. Technically, however the dried, canned, and other preserved products 

should first be converted to equivalent fresh weight and then added together.  
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Table 1. World Production of Cultivated Edible Mushrooms, Fresh Equivalent, from 1960–2009 

Year Production (x 1,000 MT) Increase, % Annual Increase. % 
1960 170.0   
1965 341.0 100.6 20.1 
1970 546.0 60.0 12.0 
1975 916.0 67.8 13.6 
1981 1,257.2 37.3 6.2 
1986 2,176.0 73.1 14.6 
1990 3,794.0 74.4 18.6 
1991 4,273.0 12.6 12.6 
1994 4,909.3 14.9 5.0 
1997 6,158.4 25.4 8.5 
2002 12,250.0 98.9 19.8 
2009 24,000.0 95.9 13.7 
2012 31,500.0 31.3 10.4 

Annual average increase 12.9  

Note: (*) This figure assumes that the Chinese contribution was 28,280 million tons in 2012 (China Edible Fungus 

Association, 2012, 2014). The rest comprised all other countries. 

Sources: Chang (1999A), Delcaire (1978), and Sharma (1997). 

Table 2. China’s Contribution to Worldwide Mushroom Production Since 1978 

Year 
 

Total production (x 1,000 
tons) 

China’s production 
(x1,000 tons) 

China’s contribution 
(%) 

1978 1,060.0 60.0 5.7 
1983 1,453.0 174.5 12.0 
1990 3,763.0 1,083.0 28.8 
1994 4,909.3 2,640.0 53.8 
1997 6,158.4 3,918.0 63.6 
2002 12,250.0 8,650.0 70.6 
2006 NA 14,000.0 NA 
2009 24,000.0 20,200.0 More than 80 
2012 31,500.0 28,280.0 More than 85 
2014 NA 32,700.0 NA 

Note: NA, not available. 

Sources: Chang (1991, 1999B), and Huang (2000); and China Edible Fungus Association (2012, 2014). 

Total employment in the mushroom industry in China was over 35 million people in 2012, with only 15% employed as 

actual mushroom farmers; other employment categories were in sectors such as food, beverage manufacturing, trading 

and management, transport, marketing, wholesaling, retailing, export, etc. The mushroom industry can also have even 

a broader positive spillover, generating complementary employment in areas such as accommodation, restaurant 

services, etc. Furthermore, it is interesting to note that in some counties in China (e.g., Qingyuan, in Zhejiang province 

in 1997 with a population of just under 200,000 people), 60% of the populations were engaged in mushroom production 
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and management (Chang, 2006). The local mushroom industry can also be the main source of revenue for local 

government. The development of the mushroom industry in China, for example, can be used as a model for other less-

developed countries. The call for a “non-green” or “white revolution” in the 21st century (Chang, 1999A) began with the 

conviction that mushrooms, increasingly, are being realized as an invaluable treasure, with vital roles in many facets of 

human welfare. They have multi-beneficial effects, as food, health tonic, and medicine, as well as for feed, fertilizers, 

and as environmental protection services. The global impact of edible and medicinal mushrooms on food, environment, 

social change, economic growth, and quality of health is expected to continue increasing and expanding in the 21st 

century because, on average, more than 70% of agricultural and forest materials are non-productive (Pauli, 1996) and 

have been treated as lignocellulosic wastes in processing. Therefore, sustainable research and the development of 

mushroom-based biotechnological industries have been named as the “non-green revolution” or “white agricultural 

revolution.” Mushrooms and their multibeneficial products should not be considered a luxury for only certain segments 

of the population, but rather as a national, regional, and global necessity for all people. It should be emphasized that 

good quality and honest products for mushroom crops are of paramount importance in earning enduring public 

credibility and securing an expanding market in the future (Chang, 1999B).  

The Environmental Significance of Mushroom Cultivation 

Technologies and innovations for human development are expanding every day. However, our world’s inhabitants, 

particularly in some less developed countries, still face, and will continue to face, three basic problems (Chang & 

Wasser, 2012): (a) inadequate food supplies, (b) diminishing quality of health, and (c) increasing environmental 

deterioration. These three key underlying problems will affect the future wellbeing of humankind. The magnitude 

of these problems is set to increase as the world’s population continues to grow. The 20th century began with a 

world population of 1.6 billion and ended with 6.0 billion inhabitants. According to the report UN World Population 

Prospects (2015), the world population reached 7.3 billion as of mid-2015. It is expected to reach 8.5 billion by 2030, 

9.7 billion in 2050, and 11.2 billion in 2100 with most of the growth occurring in less-developed countries. With the 

population still growing by about 80 million each year, it is hard not to be alarmed. Inevitably, the amount of food 

and the level of medical care available to each individual will decrease, and global ecosystems will be subjected to 

intensified abuse.  

The commonly used Ehrlich equation in the environmental field calculates environmental impact by considering the 

combination of three principle factors, namely, population, affluence (consumption per person), and technology (I 

= P x A x T). In promoting mushroom cultivation in this article, we would like to emphasize the importance of 

bioconversion and bioremediation technologies as a factor in transforming the factor (T).  

Reducing Environmental Pollution through Bioconversion of Vast Quantities of Organic Wastes into Mushrooms  

Organic solid wastes are a kind of biomass, which are generated annually through the activities of the agricultural, 

forest and food processing industries. They consist mainly of three components: cellulose, hemicellulose, and lignin. 

The general term of these three main building blocks of plant fiber is known as lignocellulose (Chang, 1987, 1989). 

These are organic compounds composed of long chains of carbon and hydrogen, structurally similar to many organic 

pollutants. It is common knowledge that lignocellulosic wastes are available in abundance both in rural and urban 

areas. They have insignificant or less commercial value and certainly no food value, at least in their original form. 
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When carelessly disposed of in the surrounding environment by dumping or burning, these wastes are bound to 

lead to environmental pollution and, consequently, to health hazards (Stamets, 2005). These wastes can be converted 

into valuable resources through proper management, with their utilization leading to reduced environmental 

pollution and further economic growth. Lignocellulosic compounds are complex and insoluble. They can be treated 

by various chemical methods, for example, with dilute hydrochloric acid and calcium chloride to increase the 

digestibility and nutritional qualities, and even to form sugars to serve as carbon sources. However, these chemical 

methods are tedious and costly. Furthermore, treatments to eliminate adverse side effects of the chemicals are also 

very complex. In contrast, mushroom cultivation techniques have become significantly important in recent years to 

improve nutritional quality and to upgrade the economic value of the solid organic wastes. Mushrooms, with other 

fungi, are presently only organisms that can synthesize and excrete the relevant hydrolytic and oxidative enzymes 

that enable them to degrade complex organic substrates into soluble substances, which can then be absorbed by 

the mushrooms for their nutrients (Chang & Miles, 2004). Different species of mushrooms have different abilities to 

utilize the substrates. This depends on the particular enzymes secreted by the individual mushroom. Examining the 

lignocellulolytic enzyme profiles of three important commercially cultivated mushrooms exhibit varying abilities to 

utilize different lignocellulolytic as growth substrate (Buswell & Chang, 1994; Buswell, Cai, Chang, Peberdy, Fu, & Yu, 

1996): (a) Lentinula edodes, cultivated on highly lignified substrates, such as wood or sawdust, produces two 

extracellular enzymes (manganese perxidase and laccase), which have been associated with lignin depolymerization. 

(b) Conversely, Volvariella volvacea prefers high-cellulose, low lignincontaining substrates, such as paddy straw and 

cotton wastes, which have relatively lowlignin content, and it produces a family of cellulolytic enzymes including at 

least five endoglucanases, five cellobihydralases, and two ß-glucosidases, but none of the recognized lignin-

degrading enzymes. (c) Pleurotus pulmonarius var. stechangii (an oyster mushroom) is the most adaptable of the 

three species and can be grown on a wide variety of agricultural waste materials of differing composition in terms 

of polysaccharide/lignin ration, because it can excrete both kinds of cellulose- and lignin-degrading enzymes.  

Recycling of Organic Wastes into Mushrooms, Biogas, and Biofertilizer  

The ultimate aim in the applied aspects of any scientific endeavor is to integrate wherever possible the various 

disciplines of science as well as the technological processes, to maximize benefits accrued from such efforts. 

Combined production of mushrooms, biogas, and biofertilizer from rural and urban organic wastes should be one of 

the aims of such integrated schemes that can eventually be put into profitable and beneficial operation. Through 

the conventional and established methods of food production, the explosive growth of the population vis-à-vis the 

rapid depletion of conventional fuel resources leads people to look for alternative sources for food, fertilizer, and 

fuel. Even though people have been harvesting mushrooms as food from wild sources from time immemorial, their 

nutritive value was not assessed, and their production under controlled conditions was, for the most part, not 

undertaken until recent decades. The lignocellulosic substrate, used for mushroom production after harvesting the 

mushrooms, is used as compost for soil conditioning or organic fertilizer. It should be noted that this compost, 

besides being rich in nitrogenous material, contains partly degraded lignocellulosic components that, when 

combined with pure animal dung or human excrement in a biogas digester, yields not only biogas but is also a good 

quality organic nitrogenous fertilizer in the form of sludge. The sludge from the biogas plant as a nitrogenous 

fertilizer is far more beneficial than the compost from which it has been derived. Part of the biogas that is produced 

in the vicinity of the mushroom house can also be conveniently used for pasteurization of the mushroom bed 
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material and maintenance of the optimal temperature in the house as well. It is therefore suggested that an 

integrated approach in the production of mushroom, biogas, and biofertilizer should be considered as a feasible 

approach for rural and urban lignocellulosic waste utilization and disposal. This approach is in line with the “Zero 

Emission or Total Productivity” concept, derived from A Report on ZERI (Zero Emissions Research Initiative) by 

Hablutzel (2010). The philosophy of this increasingly popular perspective is summarized by the statement “We cannot 

expect the Earth to produce more—we have to do more with what the Earth already produces.”  

Restoration of a Damaged Environment by Mushroom Mycelium  

One of the primary roles of mushrooms in the ecosystem is decomposition, which is performed by the mycelium. 

Mushroom mycelium can produce a group of complex extracellular enzymes, which can degrade and utilize the 

lignocellulosic wastes to reduce pollution. Mushroom mycelia can also play a significant role in the restoration of 

damaged environments. Stamets (2005) has coined a term, mycorestoration, which can be performed in four different 

ways: mycofiltration (using mycelia to filter toxic waste and microorganisms from water in soil film in the air), 

mycoforestry (using mycelia to restore forests), mycoremediation (a form of bioremediation using mycelia to 

decontaminate the area), and mycopesticides (using mycelia to control insect pests). These methods represent the 

potential to create a clean ecosystem, where no damage will be left after fungal implementation, even if there are 

some toxic wastes. Bioremediation is a very important technique that involves the use of mushroom mycelia to 

remove or neutralize a wide variety of pollutants (Kulshreshtha, Mathur, & Bhatnagar, 2013; Purnomo, Mori, Putra, 

& Kondo, 2013). In order to clean contaminated land, various examples include: spent oyster mushroom substrate 

performing better than many mushrooms for denaturing of biocide pentrachlorophenol (Chiu, Ching, Fong, & 

Moore, 1998); removal of biocide pentachlorophenol in water systems using the spent mushroom compost of 

Pleurotus pulmonarius (Law, Wai, Lau, Lo, & Chiu, 2003); use of spent mushroom compost to bioremediate PAH-

contaminated samples (Lau, Tsang, & Chiu, 2003); mycoremediation (bioremediation with fungi)—growing 

mushrooms to clean the earth (Rhodes, 2014); removal of Escherichia coli from synthetic storm water using 

mycofiltration (Taylor, Flatt, Beutel, Wolff, Brownson, & Stamets, 2015). In addition, Stamets (2005) provides some 

excellent examples.  

 (...to be continued) 
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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. 

 

 

 

 
For any inquiry in membership enrollment, subscribing to ISMM newsletters, upcoming activities and events organized 

by ISMM, or submitting news reports, statements, or manuscripts to the Society, please contact the secretariat’s office 

in Beijing, China. 

 

ISMM Secretariat Office, Beijing 

Room D-1216, Jun Feng Hua Ting,  

No. 69 West Beichen Road,  

Chaoyang District, Beijing 100029, China.  

Tel: +86-10-58772596, 87109859  

Fax: +86-10-58772190  

E-mail: ismm.org@gmail.com 

Website: http://www.ismm2013.com/ 
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