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Abstract

Historically, medicinal mushrooms (basidiomycetes) have been shown to have profound health promoting benefits
and recent studies, which are reviewed here, are now confirming their medical efficacy and identifying many of the
bioactive molecules. Methods of large-scale cultivation by solid substrate and liquid culture fermentations are also

briefly described.

Introduction

Many forms of chronic disease such as cancer and
cardiovascular disfunction can, in part, be attributed
to diet and arising from the awareness of the relation-
ship between diet and disease has evolved the concept
of ‘functional foods’ (Sadler & Saltmarsh 1998). The
US Academy of Science has defined functional foods
as those that ‘encompass potentially health products’
including ‘any modified food or food ingredient that
may provide a health benefit beyond the traditional
nutrients it contains’ (Thomas & Earl 1994). ‘Foods as
medicine’ underpins the paradigm of functional foods.
Functional foods cannot claim to cure diseases but,
increasingly, evidence is being produced that supports
the role of some functional foods in disease prevention
(Steinmetz & Potter 1991). The concept of foods as
medicine does not fit easily within the current exper-
tise in either pharmaceutical or food companies and
the full creative development of functional foods may
well require new alliances between these companies
with respect to regulatory issues.

Fleshy mushrooms (members of the class Basid-
iomycetes) have long been valued as highly tasty and
nutritional foods by many societies throughout the

world (Chang & Miles 1989). To the ancient Romans
they were ‘the foods of the Gods’, to the early Egyp-
tians they were ‘a gift from the God Osiris’ while,
more appropriately, the Chinese considered them ‘the
elixir of life’. Several ancient societies dating back as
far as the Palaeolithic period recognised the psycho-
active, hallucinogenic properties of some mushrooms,
especially Amanita muscaria and Psilocybe spp., and
involved them in ancient religious beliefs and practices
(Arora 1985, Samorini 2001).

Many cultures worldwide, but especially in the
Orient, recognised that extracts from certain mush-
rooms could have profound health promoting benefits
and, consequently, became essential components in
many traditional Chinese medicines. There are at least
270 species of mushrooms that are known to possess
various therapeutic properties (Ying et al. 1987) and
the term ‘medicinal mushroom’ is now increasingly
gaining worldwide recognition. Edible mushrooms
which demonstrate medicinal or functional proper-
ties include species of Lentinula, Hericium, Grifola,
Flammulina, Pleurotus and Tremella while others
known only for their medicinal properties, viz. Gan-
oderma lucidum and Trametes (Coriolus) versicolor,



1840

are decidedly non-edible because of their coarse tex-
ture and bitter taste.

Historically, most medicinal mushroom species
were relatively scarce and were collected from the
forests where they grew on dead or living trees and
forest litter. They are predominantly lignocellulose
degraders. For medicinal purposes, they were almost
always prepared either as hot water extracts, concen-
trates or in powdered form. Nowadays almost all of
the important medicinal mushrooms have been sub-
jected to large-scale artificial cultivation by solid sub-
strate or low moisture fermentation, thus removing
the historical scarcity factor and allowing large com-
mercial operations to develop. Mushroom cultivation
is the only large-scale biotechnological process that
creatively utilises lignocellulosics (Stamets 2000).

Medicinal properties

The practice of using medicinal mushrooms in Chi-
nese traditional medicine dates back into antiquity
and has been recorded in ancient Chinese manuscripts
(Bensky & Gamble 1993). Increased scientific and
medical research in recent years and published in peer-
reviewed journals, especially in Japan, Korea and
China, and more recently in the US, is increasingly
confirming the medicinal efficacy and identifying the
bioactive molecules (Wasser & Weis 1999, Ooi &
Liu 2000, Hobbs 2000). Recent advances in chemical
technology have allowed the isolation and purification
of some of the relevant compounds especially polysac-
charides which possess strong immunomodulation and
anti-cancer activities. The bioactive polysaccharides
isolated from mushroom fruit-bodies, submerged cul-
tured mycelial biomass or liquid culture broths are
either water-soluble B-D-glucans, B-D-glucans with
heterosaccharide chains of xylose, mannose, galactose
or uronic acid, or B-D-glucan-protein complexes i.e.
proteoglycans (Mizuno 1999). While many are orally
bioavailable, others are mainly effective only by in-
traperitoneal injection. The main medically important
polysaccharides that have undergone extensive anti-
cancer clinical trials include lentinan (Lentinula edo-
des), schizophyllan (Schizophyllum commune), PSK
(polysaccharide-K, commercially sold as Krestin) and
PSP (polysaccharopeptide) (Trametes versicolor), and
Grifron-D (Grifola frondosa) (Kidd 2000). All of
these compounds are currently produced by Asian
pharmaceutical companies.

These medicinal polysaccharides are primarily
modifiers of biological response where these poly-
mers interact with the immune system to up-regulate
or down-regulate specific aspects of the response of
the host and this may result in various therapeutic
effects (Bohn & BeMiller 1995). Their ability to en-
hance or suppress immune responses can depend on
a number of factors including dosage, route of ad-
ministration, timing and frequency of administration,
mechanism of action or the site of activity. Several of
these compounds have been shown to potentiate the
host’s innate (non-specific) and acquired (specific) im-
mune responses and to activate many kinds of immune
cells that are important for the maintenance of home-
ostasis, e.g. host cells (such as cytotoxic macrophages,
monocytes, neutrophils, natural killer cells, dendritic
cells) and chemical messengers (cytokines such as in-
terleukins, interferon, colony stimulating factors) that
trigger complement and acute phase responses (Li
1999, Ooi & Liu 2000). They can also be consid-
ered as multi-cytokine inducers capable of modulating
gene expression of various immunomodulatory cy-
tokines via specific cell membrane receptors (Maeda
et al. 1994, 1996). Lymphocytes governing antibody
production (B-cells) and cell-mediated cytotoxicity
(T-cells) are also stimulated.

Anti-cancer properties

There have been extensive in vivo studies demonstrat-
ing the anti-cancer activity of the extracted, purified
glucan polysaccharides and polysaccharide peptides in
animal models (Wasser & Weis 1999). These stud-
ies strongly suggest an immunomodulating mode of
action. However, in in vitro studies on various can-
cer cell lines, there is evidence for direct cytotoxic
effects on the cancer cells for some, but not all, of
the polysaccharides (Borchers et al. 1999). Many of
the proprietary mushroom polysaccharides have pro-
ceeded through Phase I, IT and III clinical trials mainly
in Japan and China while some are now occurring in
the US (Kidd 2000). In almost all cases the polysac-
charides are used as adjuvant treatments with conven-
tional chemotherapy/radiotherapy with many forms of
cancer. Highly encouraging results have been forth-
coming together with the observations that their incor-
poration into treatment regimes significantly reduced
the side-effects so often encountered by patients. Sev-
eral of the purified mushroom polysaccharides have
been in clinical use in Japan, China and Korea for



many years, with no reports of any significant short-
term or long-term adverse effects. These compounds
are not miracle drugs but can increase the quality of
life of cancer patients and may offer increased survival
rates for some types of cancer (Kidd 2000).

There is also increasing experimental evidence that
regular incorporation of certain powdered medicinal
mushrooms in the diets of animals or topical applica-
tion of extracts can have a cancer prevention effect and
restriction of tumour metastasis (Ikekawa 2001, Shon
& Nam 2002). A survey conducted among mushroom
workers in the Nagano Prefecture in Japan implied that
regular eating of medicinal mushrooms (mainly Flam-
mulina velutipes) was associated with a much lower
death rate from cancer than for other people in the
Prefecture (Ikekawa 2001).

Extracts of medicinal mushrooms are also exten-
sively used in Chinese traditional medicine to treat
viral and other microbial infections, for cardiovascular
diseases, diabetes and also for hepatoprotection. Com-
mercial preparations are available as tablets, elixirs or
capsules, and are extensively on sale in most Oriental
countries and increasingly in the USA and Europe as
nutriceuticals in natural food/medicine markets. Gan-
oderma lucidum or Reishi, is the premier medicinal
mushroom and the annual value of extracts of this
mushroom alone sold worldwide is estimated at over
US$ 1.6 billion (Chang & Buswell 1999) and mostly
used as a tonic for the immune system.

Technology of medicinal mushroom cultivation

There are at least 12 000 species of fungi that can be
considered as mushrooms with at least 2000 species
showing various degrees of edibility (Chang 1999a).
To date, only about 35 mushroom species have been
cultivated commercially and, of these, about 20 are
currently cultivated on an industrial scale. The ma-
jority of these cultivated species are both edible and
possess certain medicinal properties. Overall, the
world production of cultivated edible and/or medici-
nal mushrooms was recorded as 4909 x 10° tons in
1994, increasing to 6158 x 10% in 1997, with an esti-
mated value in excess of 14 billion US dollars (Chang
1999b). Mushroom cultivation is a worldwide prac-
tice. Output yield of the leading 10 species cultivated
made up about 92% of total world production and
of these, six species, viz.: Agaricus bisporus — the
white button mushroom (31.8%); Lentinula edodes
(25.4%); Pleurotus spp. (14.2%); Auricularia auricula
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(7.9%); Flammulina velutipes (4.6%) and Volvariella
volvaceaea (7.9%) made up 87% of the total produc-
tion. By late 1994, of these species, only Agaricus
and Pleurotus were cultivated worldwide to be joined
in 1997 by Lentinula. The other three of the ma-
jor six species are grown almost exclusively in Asia
(Chang 1999b). World production of mushrooms over
the last two decades has shown a phenomenal pat-
tern of growth, with a 5 times increase in tonnage.
While Agaricus bisporus (with few specific medicinal
claims) still retains the highest overall world produc-
tion, its relative contribution is decreasing due to the
dramatic increase in the other species, viz: Lentinula
and Pleurotus in particular. In 1981, Agaricus pro-
duction represented 72% of world production but by
1997 this had dropped to 32%. Overall world produc-
tion of mushrooms is increasingly being dominated
by species that are both edible and have medicinal
properties or are only medicinal (Ganoderma and
Trametes).

Medicinal mushrooms can be cultivated through
a variety of methods. Some methods are extremely
simple and demand little or no technical expertise,
while cultivations which require aspects of sterile
handling technology are much more technically de-
manding (Stamets 2000). For production of the fleshy
mushroom fruit-bodies, various forms of solid sub-
strate or low moisture fermentations are employed
whereas, for mycelial biomass production, liquid tank
fermentations are now becoming increasingly impor-
tant especially for nutriceutical and pharmaceutical
productions.

Solid substrate fermentation

All medicinal mushrooms are lignocellulose degraders
and can use wood as substrate for mycelial growth
and fruit-body production. The historical method of
cultivation, and still practiced mainly in Asia, is on
logs of hardwood trees. This process occurs over sev-
eral years and yields two crops of mushrooms each
year and continues until the log physically collapses
due to wood degradation. This is primarily an outdoor
process, producing quality mushrooms, but is not eco-
nomically suitable for worldwide production (Stamets
2000).

The rapid worldwide cultivation of medicinal
mushrooms is due largely to the use of specially de-
signed 1-2 1 polypropylene bags or containers with
microfilter windows for air exchange. The bags con-
tain the substrate of sawdust and selected nutrients,
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and after autoclaving, are inoculated with the mush-
room mycelium with the entire growing process being
carried out under controlled environmental conditions
over a reduced time scale (1-3 months). Almost all
edible medicinal mushroom fruit-bodies are now pro-
duced worldwide by modifications of this method
(Stamets 2000).

The batch solid substrate fermentation process oc-
curring within the polypropylene bag (bioreactor) can
be viewed as a dynamic operation comprising three
phases in which the inoculum will grow and undergo
morphological development, viz.:

1. The solid phase involving a lignocellulosic sub-
strate (sawdust or wood chips) with other essential
nutrients.

2. An aqueous phase intimately associated with the
solid surfaces and in various states of sorption.

3. A gaseous phase continuous with the external
environment.

This is essentially a low moisture fermentation
with no visible free water.

Strain selection of individual mushroom species
is essential before starting fruit-body production. In-
dividual strains can show differences in growth rate,
yield, temperature requirements, degree of required
aeration and physical features of the fruit-body such as
colour and shape. A mushroom species can consist of
many strains each with a distinct genotype and pheno-
type (Stamets 2000). Strain stability and identification
can be problematic.

The inoculum or spawn should be a vigorous
mycelial growth of a pure strain on a chosen vehicle
(liquid medium, grain or sawdust) and this living, veg-
etative propagation stage will be used to inoculate the
sterilised sawdust substrate in the polypropylene bags,
e.g.

Liquid spawn: mycelial spawn produced in flasks
or small fermenters and is a rapid method of multiple
point inoculation.

Grain spawn: a variety of mycelium-coated grains
such as millet, rye, wheat, sorghum and milo, is
widely used commercially.

Sawdust spawn: supplemented mycelium impreg-
nated sawdust-bran substrate is less often used.

Mushroom growers rarely produce their own
spawn and normally obtain guaranteed cultures from
a wide range of specialist inoculant companies.

For the cultivation of most medicinal mushrooms
the basic substrate is hardwood sawdust (a mixture of
fine and coarse sawdust to ensure good aeration), 75—
80%, supplemented with wheat bran (coarse) — 20%,

gypsum (calcium sulphate) — 1%, + sucrose — 1%,
moisture content — 60-65% and pH — 5.5-6.5 (Chen
1999a,b, Stamets 2000). The bags are sealed and auto-
claved to create a sterile environment and on cooling,
inoculated aseptically and resealed. Total asepsis is
required until the substrate is colonised. Only after
colonisation are the bags opened to facilitate fruit-
body formation. Each mushroom species will require
specific growth parameter requirements and attention
must be given to regulate temperature, relative hu-
midity, light and air flow. Each of these conditions
will vary with the stage of development, viz.: spawn
run, primordium initiation and fruit-body develop-
ment. The overall process is extremely complex and
will span 1-3 months depending on type of mushroom
being cultivated. Any deviation in parameter control
can have disastrous consequences. [For fuller details
reference should be made to Stamets (2000) and Chen
(1999a,b)].

Mushroom fruit-bodies are complex structures,
both morphologically and physiologically with un-
doubted variations in chemical composition from
batch to batch. The chemical make-up of a mush-
room fruit-body will mirror the composition of the
basic substrate and supplementary ingredients which
can vary considerably since the basic raw materi-
als are derived from lignocellulosics from agriculture
or forestry. Also, within any batch of mushrooms,
there will be some degree of variation in size and age
which will, undoubtedly, influence specific biochem-
ical composition (Gunde-Cimerman 1999, Wasser
et al. 2000). While this is not critical when produc-
ing fruit-bodies for the fresh market it could create
problems and preclude standardisation of the extracted
products (nutriceuticals/pharmaceuticals) without ex-
tensive and costly purification.

The way ahead for mushroom nutriceuticals and
pharmaceuticals must be an increasing dependency on
pure culture mycelial cultivation strategies. By adopt-
ing modern fermentation practices it will generate
many production and safety advantages, e.g. speed
of growth with major reduction in production time,
optimisation of medium composition and physico-
chemical conditions to allow regulation of mushroom
metabolism, improved yield of specific products and
designed variation of product types. Furthermore,
since the final product(s) can be better controlled, a
more consistent and reproducible production can be
achieved which will be an important factor in the cur-
rent climate of Good Manufacturing Practice (GMP)
required by the regulatory authorities.



Liquid submerged fermentation

Submerged pure culture fermentation techniques have
been widely developed for most of the main medicinal
mushrooms and used in the propagation of mycelium
for three main applications, viz.: (1) liquid spawn for
solid substrate fruit-body production; (2) biomass that
can be used for food and dietary supplements; and
(3) biomass and/or extruded metabolites especially
exo-polysaccharides as raw materials for pharmaceuti-
cal studies. In all cases the underlying principle in each
approach is to use mycelium in the active physiologi-
cal state and of known purity. As in any fermentation
study, the factors which can affect mycelial growth
rate, yield of biomass and metabolic production, in-
clude inoculum size, pH, composition of nutrients,
aeration and temperature. While many studies have
been restricted to shake flask cultures, others have
used laboratory and pilot-scale liquid cultivation tech-
nology, with dry mass yields of 16-18 g 1=! during
4-5 days of cultivation for several medicinal mush-
room species (Solomko 2001, Puchkova et al. 2001,
Reshetnikov et al. 2001).

The limited availability of the caterpillar fungus,
Cordyceps militaris, used in Chinese traditional medi-
cine for hypoglycaemic activity, prompted the devel-
opment of mycelial fermentations in liquid culture
(Yang et al. 2000, Park et al. 2002). These fer-
mentation studies have been highly successful with
product development closely similar to that obtained
from the whole fungus/insect combination. Similarly,
the hypoglycaemic polysaccharide from Phellinus lin-
teus has been successfully achieved by submerged
mycelial culture (Kim et al. 2002). Ganoderic acid has
been successfully produced by liquid fermentation of
a mycelial culture of Ganoderma lucidum (Fang et al.
2002). A glycoprotein with strong immunosuppressive
activity has been extracted from cultured mycelium of
Ganoderma lucidum (Tsumoo et al. 1994). The two
most widely used anti-cancer polysaccharides, PSK
and PSP from Trametes (Coriolus) versicolor pro-
duced respectively in Japan and China, have always
been obtained by liquid tank fermentations and now
new generation products are being developed with new
strains and novel cultivation techniques. The exact
details of these fermentations are not available.

While standard stirred-tank liquid fermentations
have been the most widely used mycelial techniques,
several studies have used air-lift fermenters for ex-
opolysaccharide production from mycelia of Gan-
oderma lucidum (Lee et al. 1999ab). In contrast
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to the normal pellet growth obtained in stirred fer-
menters, air-life fermenters normally produce filamen-
tous growths.

A recurring problem with the use of Basidiomycete
fungi in liquid fermentation conditions has been the
low rate of mycelial growth as compared with other
microorganisms such as bacteria, yeasts, and fila-
mentous fungi. The vegetative mycelial state of most
medicinal mushrooms will be the dikaryon, the binu-
cleate cell containing the opposite sexual nuclei. The
vegetative propagation of such cells involves complex
clamp connections which may be an impediment to
rapid mycelia propagation. The dikaryon is the sta-
ble, long-living stage of the Basidiomycete life-cycle
whereas the monokaryotic stage is normally short-
lived. However, a technique has been developed to
convert the dikaryotic stage of Trametes versicolor
into a long-living monokaryotic form with ensuing
extracellular product formation. When the dikaryotic
stage was subjected to a mechanical treatment such as
grinding or shearing in a liquid submerged medium,
a monokaryotic mycelium was produced which was
characterised by extremely high propagation rate and
polysaccharide production (Yoshikumo et al. 1979).
It is not known if this technique is widely used com-
mercially with other Basidiomycetes that occur in the
dikaryotic vegetative stage.

Another growth promoting effect for Basid-
iomycetes in both liquid culture and solid substrate
culture has been obtained by adding to the culture
medium a straight chain saturated aliphatic alcohol
with a carbon number within a specific range of 26
to 36 carbon atoms (Takita et al. 1983).

While mycelial cultures dominate most Basid-
iomycete fermentations yeast-like cultures have also
been used commercially. Tremella mesenterica fruit-
bodies contain a polysaccharide, glucuronoxyloman-
nan, with reputed hypocholesterolemic effects. How-
ever, such production from fruit-bodies can be highly
variable and new methods have been developed to
standardise production by liquid fermentation meth-
ods, for the neutriceutical market. This fungus has
a very complex life cycle in contrast to other Basid-
iomycetes. A single basidiospore can germinate on
nutrient medium to hyphal growth or by yeast-like
budding. The haploid yeast budding culture has been
developed and shown to be the best form of growth
for submerged liquid culture and for producing large
amounts of the desired polysaccharide (Reshetnikov
et al. 2001, Wasser & Reshetnikov 2002). The dy-
namics of this submerged culture can be divided into
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two stages. In the first phase or trophophase, uni-
cell biomass accumulation is favoured in conditions
of balanced nutrient uptake while the second phase
occurs in the presence of excess carbon source, but
limited nitrogen assimilation, and is characterised by
glucuronoxylomannan accumulation.

While solid substrate fermentations will remain the
chosen method of production for whole mushrooms
for food and nutriceutical purposes, there will be a
continued increase in the development of submerged
liquid culture to produce a more uniform and repro-
ducible biomass for dietary supplements and pharma-
ceutical products. Western biotechnology companies
have yet to recognise the potential of this area of
medical bioscience.

References

Arora D (1985) Mushrooms Demystified. Berkeley, CA: Ten Speed
Press.

Bensky D, Gamble A (1993) Chinese Materia Medica, 2nd edn.
Seattle: Eastland Press.

Bohn JA, BeMiller JN (1995) (1-3)-8-D-Glucans as biological
response modifiers: a review of structure-functional activity
relationships. Carbohyd. Polym. 28: 3—14.

Borchers AT, Stern JS, Hackman RM (1999) Mushrooms, tumours
and immunity. Proc. Soc. Expt. Biol. Med. 221: 281-293.

Chang ST (1999a) Global impact of edible and medicinal mush-
rooms on human welfare in the 21st Century — non-green
revolution. Int. J. Med. Mush. 1: 1-7.

Chang ST (1999b) World production of cultivated edible and medi-
cinal mushrooms in 1997 with emphasis on Lentinus edodes
(Berk.) Sing. in China. Int. J. Med. Mush. 1: 291-300.

Chang ST, Buswell JA (1999) Ganoderma lucidum (Curt.:Fr.) P.
Karst. (Amphyllophoromycetidae) — a mushrooming medicinal
mushroom. Int. J. Med. Mush. 1: 139-146.

Chang S-T, Miles PG (1989) Edible Mushrooms and their Cultiva-
tions. Boca Raton, FL: CRC Press Inc.

Chen AW (1999a) A practical guide for synthetic-log cultivation of
the medicinal mushroom Grifola frondosa (Dich.:Fr.) S. Fr. Gray
(Maitake). Int. J. Med. Mush. 1: 153-168.

Chen AW (1999b) Cultivation of the medicinal mushroom Gano-
derma lucidum (Curt.:Fr.) P. Karst. (Reishi) in North America.
Int. J. Med. Mush. 1: 263-282.

Fang QH, Zhong JJ (2002) Two-stage culture process for improved
production of ganoderic acid by liquid fermentation of higher
fungus Ganoderma lucidum. Biotech. Prog. 18: 51-54.

Gunde-Cimerman N (1999) Medicinal value of the genus Pleurotus
(Fr.) P. Karst (Agaricales, Basidiomycetes). Int. J. Med. Mush. 1:
69-80.

Hobbs CR (2000) Medicinal value of Lentinus edodes (erk.) Sing.
(Agaricomycetideae). A literature review. Int. J. Med. Mush. 2:
287-302.

Tkekawa T (2001) Beneficial effects of edible and medicinal mush-
rooms on health care. Int. J. Med. Mush. 3: 291-298.

Kidd PH (2000) The use of mushroom glucans and proteoglycans
in cancer treatment. Alt. Med. Rev. 5: 4-27.

Kim SW, Park JP, Cho YJ (2002) Mycelial growth and exopolymer
production by submerged culture of various edible mushrooms
under different media. Lett. Appl. Microbiol. 34: 56-61.

Lee KH, Lee SY, Lee HY (1999a) Bistage control of pH improv-
ing exopolysaccharide production from mycelia of Ganoderma
lucidum in an air-lift fermenter. J. Biosci. Bioeng. 88: 646—650.

Lee KH, Lee SY, Lee HY (1999b) Effect of ammonium phosphate
on mycelial growth and exopolysaccharide production of Gano-
derma lucidum in an air-lift fermenter. J. Microbiol. Biotechnol.
9: 726-731.

Li K-Y (1999) Advances in immunomodulating studies of PSP. In:
Yang Q-Y, ed. Advanced Research in PSP 1999, Published by
the Hong Kong Association for Health Care Ltd., pp. 39-46.

Maeda Y'Y, Takahama S, Kohara Y, Yonekawa H (1996) Two genes
controlling acute phase responses by the antitumour polysaccha-
ride, Lentinan. Immunogenetics 43: 215-219.

Maeda Y'Y, Yonekawa H, Chihara G (1994) Application of Lentinan
as cytokine inducer and host defense potentiator in immunother-
apy of infectious diseases. In: Masishi KW, ed. Immunotherapy
of Infections. New York: Marcel Dekker, pp. 261-279.

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

Ooi VEC, Liu F (2000) Immunomodulation and anti-cancer activity
of polysaccharide-protein complexes. Curr. Med. Chem. T: 715—
728.

Park JP, Kim YM, Kim SW, Hwang JH, Cho YT, Lee YS, Song
CH, Yun JW (2002) Effect of aeration rate on the mycelial mor-
phology and exo-biopolymer production in Cordyceps militaris.
Proc. Biochem. 37: 1257-1262.

Puchkova TA, Babitskaya VG, Rozhkova ZA (2001) Physiology and
properties of Lentinus edodes (Berk.) Sing. in submerged culture.
Int. J. Med. Mush. 3: 206.

Reshetnikov SV, Wasser SP, Duckman I, Tsikor K (2001) Regula-
tion of growth and biosynthetic activity of the medicinal jelly
mushroom Tremella mesenterica (Retz.:Fr.) pure culture. Int. J.
Med. Mush. 3: 45-51.

Sadler M, Saltmarsh M (eds) (1998) Functional Foods: The Con-
sumer, the Products and the Evidence. Cambridge: Royal Society
of Chemistry.

Samorini G (2001) New data on the ethnomycology of psychoactive
mushrooms. Int. J. Med. Mush. 3: 257-278.

Shon Y-H, Nam K-S (2002) Cancer chemoprevention in-
hibitory effect of soybeans fermented with basidiomycetes on
7,12-dimethylbenz[a]anthracene/12-O-tetradecanoylphorbol-13-
acetate-induced mouse skin carcinogenesis. Biotechnol. Lett. 24:
1005-1010.

Solomko EF (2001) Nutritional and medicinal benefits of Pleuro-
tus ostreatus (Jacq.:Fr.) Kumm. Submerged cultures. Int. J. Med.
Mush. 3: 223.

Stamets P (2000) Growing Gourmet and Medicinal Mushrooms, 3rd
edn. Olympia, WA: Ten Speed Press.

Steinmetz KA, Potter JD (1991) Vegetables, fruit and cancer. 1.
Epidemiology. Cancer Cause Cont. 2: 325-357.

Takita H, Wada T, Mukaida Y, Enomoto S, Nakajima A, Okubo A
(1983) Growth promoting method for Basidiomycetes. US Patent
No. 4,369,253.

Thomas PR, Earl R (1994) Enhancing the food supply. In: Thomas
PR, Earl R, eds. Opportunities in Nutrition and Food Science.
Washington, DC: National Academy Press, pp. 98—142.

Tsumoo H, Kino K, Yamashita A (1994) Glycoprotein isolated
from Ganoderma having immunosuppressive activity. US Patent
5,334,704.



Wasser SP, Weis AL (1999) Medicinal properties of substances oc-
curring in higher Basidiomycete mushrooms: current perspective
(review). Int. J. Med. Mush. 1: 31-62.

Wasser S, Nevo E, Sokolov D, Reshetnikov S, Timor-Tismenetsky
H (2000) Dietary supplements from medicinal mushrooms: di-
versity of types and variety of regulations. Int. J. Med. Mush. 2:
1-20.

Wasser SP, Reshetnikov SV (2002) Process for producing, meth-
ods and composition of glucoronoxylomannan as nutriceutical
agents from higher Basidiomycete mushrooms. US Patent No.
6,383,799 BI1.

1845

Yang BK, Ha JY, Jeong SC, Das S, Yun JW, Lee YS, Choi JW, Song
CH (2000) Production of exo-polymers by submerged mycelial
culture of Cordyceps militaris and its hypolipidemic effect. J.
Microbiol. Biotechnol. 10: 784-788.

Ying JZ, Mao XL, Ma QH, Zong YC, Wen HA (1987) Icons
of Medicinal Fungi from China (translation Xu YH), Beijing:
Science Press.

Yoshikumi C, Omura Y, Wada T, Makita H, Ando T, Toyoda N, Mat-
sumaga K (1979) Method of producing a stable monokaryotic
mycelium of Coriolus versicolor and its use in polysaccharide
production. US Patent No. 4,159,225.



