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Abstract

Mushrooms have superior nutritive value and medicinal importance. They are
cultivated from spawn in the compost that changes in mixtures of substances. Spawn
productions requires in a clean room conditions by using single cell culture and then
go on the inoculation to grains and followed packaging in the plants. Cultivation
of mushrooms developed by using sorts of Plant and organic materials such as
sawdust, wheat straw and gypsum horse manure or chicken manure etc. The compost
preparations investigated for using kinds of waste for and evaluated for recycling
in the mushroom productions. On the other hand, Mushroom can serve good nutrients
such as protein contents, B complex vitamins and nutritive minerals. Mushrooms have
been evaluated for their medicinal compounds for chronic diseases, improving health
benefits preventing the most common threatened public health diseases. In the review
from the spawn introduction, cultivations to nutritive value and medicinal importance of
mushrooms were informed by illustrating diagrams and pictures supported by literature
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ABBREVIATIONS

FS: Federal Standard; I[SO: International Standard
Organization; ACH: Air-change per hour; FAOSTAT: Food and
Agriculture Organization; HEPA: High-Efficiency Particulate
Air; RH: Relative Humidity; ACR: Air-Change Rate; USDA: U.S.
Department of Agriculture; GABA: y -aminobutyric Acid; TCM:
Traditional Chinese Medicine; DM: Diabetes Mellitus; WBWDI:
World Bank Development Indicators

INTRODUCTION

Mushrooms were old and important topics in food, health,
agriculture in the World. They are fungi, we will mention about
edible mushroom those are useful items an along the history.
Mushrooms have been begun to consume since men discovered
them. Mushrooms always have big interest for scientific
researches and papers. The main cultivated mushroom species
worldwide are Agaricus bisporus, Pleurotus sp and Lentinula
edodes, [1] and Turkey has same trends too [2]. Some exotic
and medicinal mushroom species: Agrobye aegrita, Gonederma
lucidum, Grifola frondosa, Hericum erinasceus, Pleurotus citrino-
pileatus, P. djamor [3].

It was reported that production of mushrooms in 2005 was
(in metric tons) 1,411 in China, 382 in USA, 245 in Netherlands,
139 in France, 138 in Spain, 135 in Poland, 88 in Italy, 80 in
Canada, 77 in Ireland, and 74 in the UK. [4]; FAOSTAT 2005;
USDA 2005; WBWDI 2007 [5-7].

Mushrooms spawns were produced by using single culture
techniques, which are the different samples from usual plant
seeds. Production of mushroom spawn is very sensitive and
difficult because of clean and hygiene requirements for spawn
productions plants.

Growing of mushrooms in the compost or other media and
their growing conditions are studied and applied in various
techniques.

These preservation techniques of mushrooms are preferred
for long shelf life and for the economic aspects. Mushrooms are
consumed both fresh and also processed which possess some
food treatments like blanching, drying, sterilization, freezing,
pickling, modified atmosphere packaging etc, [8,9].

Mushrooms contain essential elements such as nutritive
minerals, protein amino acids, vitamins. Mushrooms are
medicinal substances or bioactive compounds [10,11].
Mushroom processes are canned, frozen pickled drying, powder,
even cosmetics. In the world, mushrooms are nutritive foods
and contain functional compounds, such as phenolic bioactive
compounds.

MUSHROOM SPAWN AND MUSHROOM CULTIVA-
TION

Mushroom spawn

Mushroom spawn should be obtained in the clean room
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conditions such as productions. Spawn production is a single
cell culture manufacturing. In the review, spawn productions
were explained by pictures from the sources. (Figure 1-5). Clean
room provides without creating any contamination. Clean room
requires laminar flowing bench and HEPA filters; there are clean
room construction designs such as ISO 14644-1 Clean room
Standards, Turnkey Clean rooms, and Modular Clean rooms.
Class 100, class 1000, class 10k, and class 100k clean rooms. ISO5,
[S06, ISO7 and ISO8 clean room. Hard wall and soft wall Floors,
walls, doors, windows, ceilings, structural, temperature and RH
control. LEED Clean rooms Soft wall Clean rooms. Medical Device
Clean rooms, USP 797 Clean room Compliance, Federal Standard
209E informed by the new ISO 14644-1 international standards.
They are still valid applications for clean room constructing. To
FS209E are still used; the comparison chart [12], http://www.
americancleanrooms.com/ clean room-classifications.

A critical factor in clean room design is controlling air-change
per hour (ACH), also known as the air-change rate, or ACR.
There is other clean room standards, the U.S. General Service
Administration’s standards (known as FS209E that FS209E
contains six classes, there are some of differences between the
ISO clean rooms such as The “cleanest” clean room in FS209E is
referred to as Class 1; the “dirtiest” clean room is a class 100,000.
https://www.terrauniversal.com/cleanrooms/iso-classification-
cleanroom-standards.php [13].

The spawn productions had basic disciplines and studies such
as clean room applications, and single cell productions. Spawn
production is base of mushroom biology and cultivation [14].

The mushroom spawn production was illustrated as basic
and simple pictures as below.

In the figures were given kinds of versions and introductions
of spawn and cultivations of mushrooms in different appearances
(Figure 1-5).

Mushroom cultivation

An example and common compost type was determined
e.g. Mixture of 75% cottonseed hulls, 24% wheat straw and 1%
ground limestone. Then it is pasteurized with aerated steam at
65 C for 1 hr by passing the air-steam mixture and filtered air
(HEPA filter; 99.9% efficiency) is passed through the substrate
for cooling (approximately 1.5 hr.) [18].

The known mushroom growing process was written by the
sources [19]. There are main works first one is composting, is
made by mixing and wetting the ingredients, gypsum and N
source e.g. horse manure, chicken manure, thus fermentation
begins after finishing fermentation, Pasteurization applied for
killing the organisms which contaminate the compost and second
one is composting, spawning, casing, pinning, and cropping.

Mushroom culture comprises kinds of fermentation process
for compost and also following several different treatments such
as, inoculation, incubation, and production conditions changed
according to manufactured species. Mushrooms can degrade
several lignocelluloses materials. Cultivation of mushrooms
requires some of factors as follows: Key factors to induce fruiting
bodies are: changing temperature, high humidity, deficiency of a
nutrient, CO, concentration in the air, light physical shock. Grain
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Figure 1 A simple Mushroom spawn production in pilot scale, http://www.
alohaecowas.com/clean-room.html [15], P6.
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Figure 2 The mushroom growing in winery and vineyard waste
http://www.intechopen.com/books/advances-in-applied-biotechnology/
biotechnology-of-agricultural-wastes-recycling-through-controlled-cultivation-
of-mushrooms [16], P7..
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Figure 3 The on ether mushroom growing picture from spawn till fruit forming
(Drawings by T. Beauséjour) http://www.mykoweb.com/articles/cultivation.
html [17], P8.

Figure 4 In kinds of culture medium mushroom cultivations
https://community.akerkits.com/t/aker-mycelium-cultivation/306 [25], P9.

such as wheat, rye, barley used as substrate because of cost and
large surface of them also for their low cost.

Affected factors of mushroom cultivation are temperature,
humidity and ventilation. These factors were established for P.
ostreatus [20]. The appropriate temperature ranges were for
spore germination, Mycelia and fruit body (24-28)°C, (20-25)°C,
and (10-8)°C respectively those re varied among the different
strains. Humidity is also another factor for growing mushroom.
Air humidity should be between the 65 and 70 % in range.
Fruiting period needs, the suitable air relative humidity can be as

high as 85-90%. Ventilation P. ostreatus is an aerobic fungus. Its
fruit bodies have to get sufficient air.

On the other hand, mushroom growing industry can serve
as environment protection media since sorts of wastes can
used for compost preparing. Mushroom cultivation can provide
sustainable farming with advantages. It uses agricultural waste
products e.g. A high production per surface area can be obtained
and after picking, the spent substrate is still a good soil condition
[21].

The assays of kind usages of compost preparing enhancing
yield and evolutions and protecting environment is very common
and trendy works worldwide [22-24].

BIOCHEMISTRY OF MUSHROOMS

Nutrients of Mushrooms

Mushroom dietary has both useful and curing effects for
human. The edible wild and cultivated mushroom species have
very good health effects even can be used in alternative medicine

Mushroom tissue is
placed on an agar plate

Mycelium develops from
the mushroom tissua

Mycelium is
added to grain

Grain is added to
pasteurised compost

Compost is put into
trays or plastic bags
in a growing room

Mushrooms grow

Figure 5 Mushroom growing in tray or plastic bag mediums, P10
http://www.teara.govt.nz/en/diagram/16818/stages-in-commercial-

mushroom-production [26].
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or probably exact medicine future for preventing effects. In the
living conditions due to harmful life conditions such as stress,
exhausting and fast life conditions, environment pollution,
genetic factors etc can cause to chronic diseases, infections, heart
and coroner system diseases, genetic disorders or more and
more negative health effects.

Nutrition is one of factors that affecting health as positive or
negative. In the literature there are lots of published articles about
mushroom composition and medicinal compounds of mushroom
species. When examined literature, mushroom species have rich
biochemical composition such as high protein level, especially
B complex vitamins and vitamin D, and nutritive minerals,
good Na and K balance, and very important beta glucans, and
other medicinal compounds; phenolic compounds, antioxidant
compounds, or elements. Nutrition should be evaluated economic
and social levels of countries.

Malnutrition and starvation is the big problem for several
countries. On the other hand, chronic diseases are increasing
day by day. There can be can met great human migrations,
reaching 2.5 or million number persons who need to get well
or balanced nutrition. Protein requirement is the indicator for
well nutrition. Consuming of edible mushroom species should
provide to maintain people both for economical and good health
effects. Thus, there were researches about nutritive values of
mushrooms. They contain in high ratio quantity and well quality
because of amino acid composition and rich in essential and
nutritive minerals and B group vitamins [27,28]. These include
high protein content, all essential amino acids (thus able to act
as a substitute for meat), a chitinous wall that acts as a source
of dietary fiber, high vitamin content (B1, B2, B12, C, D, and E),
micro- and macro elements, carbohydrates, low fat content, and
virtually no cholesterol. 2, 4-6 [29]. Mean values of mushrooms
were established were as follows (mg/100g); B1, B2, C, folic acid,
panthotenic acid, niacin (pp); 0.077, 0.417, 5.06, 0.058, 2.07, 5.32
[30].

Minerals of A. bisporuswere determined by Matillaetal. (2001)
[11], As follows; Ca, K, Mg, P, Na, (g/kg); 0.019, 3.64, 0.10, 0.980,
0.032, Fe, Zn, (mg/kg); 3.7, 5.1 respectively, Caglarirmak (2007)
[10] reported mean protein values of L. edodes, P. ostreatus and P.
sajor-caju were 2.61%, 1.76% and 0.92 % wb. Vitamin C contents
of P. ostreatus and P. sajor caju were 3.38 and 16.01 (mg/100 g
wet base). The edible mushroom species A. bisporus (white and
brown) mushrooms researches about chemical compositions and
volatiles flush terms and different harvests time were determined
by Caglarirmak 2008 [2,28], Obtained results indicated that
mushrooms were rich in all of the investigated nutrient and
superior flavor compounds for consumer acceptance. They have
balanced and nutritive components for organism and they can
recommended for whole life periods.

The species of following mushrooms; Rinus comatus, C.
militaris, Flammulina velutipes, Ganoderma lucidum, Grifola
frondosa, Hericium erinaceus, Lentinus edodes, O. sinensis,
Pleurotus ostreatus, Trametes versicolor, and Tremella fuciformis
have been recommended by the United Nations Food and
Agriculture Organization as highly nutritious edible mushrooms
and as sources of valuable medicinal compounds.

The research gives the results of a proximate analysis
(moisture, ash, crude protein, fat, total carbohydrates, and total
energy); a bioactive compounds analysis (y-aminobutyric acid
[GABA], ergothioneine, lovastatin, and cordycepin); fatty acid and
amino acid analysis; and an analysis of macro and microelement
content of fruit bodies and mycelia of 15 higher Basidiomycetes
medicinal mushroom strains belonging to 12 species [29].

BIOCOMPOUNDS OF MUSHROOMS

Functional properties of mushrooms were investigated in
large scale in the world and they are always interesting field for
mushroom scientists. In this review, aim of the article can give a
summary and some of introductions and reminding from base of
mushroom like spawn to harvesting and mushroom biochemistry.
Antioxidants and medicinal properties of mushrooms and some
of growing conditions and its enzyme activity behaviors were
studied and reported in the literatures, [31-34].

Another interesting mushrooms specie were indicated by
(Holiday and Cleaver, 2004, Holiday and et al. (2004), Cleavar
et al.,, patent, 2011) [35-37] in some of articles with coworkers.
It has medicinal importance too. Cordyceps sinensis has been
known and used for many centuries in Traditional Chinese
Medicine (TCM). In nature, it is found only at high altitudes on
the Himalayan Plateau, and is thus difficult to find and harvest.
The range of therapeutic uses claimed for Cordyceps species is
large indeed. In TCM, Cordyceps has been used to treat a wide.
Mentioned its medicinal objectives were cleared that including
respiration, pulmonary diseases, renal, liver, cardiovascular
diseases, hypo sexuality, and hyperlipidemia [35-37].

Kalac (2012) [38], reviewed that mushrooms had D vitamin
ergocalsiferol content that is rare found substances in the
plants, and brought e new view of antioxidants and phenolic
of mushroom species. In the article declared that there exists a
consensus that phenolic, particularly phenolic acids are the main
mushroom antioxidants. These are two major groups

Hydroxy derivatives of benzoic acid and trans-cinnamic acid
within the former group,

p-hydroxybenzoic, protocatechuic, gallic, gentisic, vanillic and
syringic acids have usually been detected in mushrooms, while
p-coumaric, caffeic and ferulic acids represent the latter group.

P.ostreatus and A. bisporus were the richest in lovastatin [39].
Generally, tree oyster mushrooms were better in antioxidant
activity, reducing and scavenging abilities and higher in the
content of total phenols. They also reported that shiitake, winter
and abalone mushrooms should have the antioxidant properties.

Caglarirmakc, (2011) [40] reviewed Shiitake mushroom
contains lentinan, -glucan which stimulation of the immune
system and can fight the against AIDS and exhibits antitumor
activity. Mushrooms have anti carcinogenic effects such as they
contain (-glucans, selenium, or ether medicinal compounds.

It was reported detailed functional properties and their
biochemistry were explained in the literature. Kinds of
126 medicinal functions were known to be produced by
medicinal mushrooms, including antitumor, anti-human
immunodeficiency virus, immune modulation, antioxidant,
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radical scavenging, cardiovascular, anti hypercholesterolemia,
antiviral, antibacterial, antiphrastic, antifungal, detoxification,
hepatoprotective, antidiabetic, and many other effects [41,42].

Mushrooms have been applied as medicinal samples or
preventing, improving and curing some of chronic diseases
such as cancers, cardiovascular diseases, diabetes mellitus (DM)
They have bioactive, host defense compounds and antioxidant
compounds [10,32,40].

One of the bioactive compounds that was investigated and
explained the chemical name, was y-aminobutyric acid (GABA),
and ergothioneine constitute an important source of novel
drugs. An important role for GABA in both central and peripheral
nervous system control of blood pressure has been established
by the scientists.

The other known compound was Lovastatin (mevinolin) is
one of the best-known hypocholesterolemic pharmacological
agents of natural origin. ergothioneine is only produced by
fungi and some prokaryotes. 27,28 Ergothioneine can only be
absorbed from the diet and cannot be biosynthesized in humans
[39,41,42]. All of compouns were established for improving of
human health by using advanced studies in related sciences.
Identified substances are known as functional compounds of
medicinal and edible mushrooms.

CONCLUSSION

The mushroom production including spawn and growing
medium were different from usual plants and have different steps
and properties. These properties were given by pictures with by
supported literature sources and pictures. On the other hand
mushrooms are nutritious samples balanced diet with protein,
amino acid, minerals, vitamins and law calorie and also have very
important bioactive compounds for health. The biochemistry of
edible mushrooms was summarized by following literature.
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