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technology and the mushroom industry is still snealinpared to many
plant crops. In addition, the investment on mushroproduction in
Keywords : Ethiopia is low. Solid waste materials are usefulthie cultivation of

Ficus vasta, mushrooms used as substrate. Mushroom cultivatsomni excellent
Mushroom cultivation,

Oyster mushroom, method of increasing the profitability of an agitawval disposal waste.
Pleurotus ostreatus, Objective of this study: The present study was designed to Eiemis
Spawn, vasta leaves of agricultural waste disposal as subsfoateultivation of
Sorghum. the oyster mushroom Pleurotus ostreatus) in order to effective

utilization of solid waste residue through biocorsien into food.

Method of this study: Ficus vasta leaves used as substrate for
composting was collected from Dilla University aai Campus from
2013 October-2014 June. In order to prepare, aeraomposted
substrate, about 80% &icus vasta leaves were thrashed manually into
small pieces through using mortar and pestle. Aftepping, mixing the
choppedFicus leaves with Wood ash, Wheat bran, Cow dung and
Chicken manure, then the water was added until tomeiscontent was
between 40-60%. After two weeks of compostinhpese substrates
were distributed equally into plastic bags of 4Dx6n size at the rate of
3.5kg substrate in triplicates and sterilifedthree hours in barrel by
fire (figure 4). After cooling; they were inoculdtevith the spawn (one
glass bottle per bag) and mixed thoroughly to fiat# rapid and uniform
mycelia growth.

Results of this study: As the result indicatedsicus leaves were one of
the substrate which supports the growth of edibleshmoom (oyster
mushroom). The fruiting body on the substrates tloatains wheat bran
and manure, the number and size of fruit body wagis and larger when
it was compare with alone substrafécis vasta leaves only).

Conclusion: Therefore, Oyster mushroom can be converted thefsa
waste into vitamin and some essential mineral ficbd beside of
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INTRODUCTION

Mushroom cultivation is an appropriate
technology for the management of agro-
industrial  residués through bioconversion
processes. Mushroom which is a fleshy
saprophyte fungus are found growing in nature
on damp rotten log of wood trunk of trees,
decaying organic matter and in damp sail rich in
organic substances. It is cultivated for its food
value world-wide. More than 2000 species of
edible mushrooms exist in nature, but only
approximately 22 species are intensively
cultivated.

Mushrooms are eaten by people for their
favour, texture as well as for the health benefits
that they accord. Mushrooms are healthy foods,
poor in calories and in fat, rich in proteins,
chitin, vitamins (niacin, riboflavin, vitamin D, C,
B1, B5, B6 and K and sometimes vitamins A
and C§, folic acid and pro-vitamin D
ergosterdt® and  minerals  (potassium,
phosphorus, calcium, sodiufi) and some
essential amino acids, fiber and have low
cholesterol and fat levéls Mushroom normally
ranges between 20 and 40% protein which is
better than many legume sources like
soybeans and peanuts, and protein-yielding
vegetable foods.

Moreover, mushroom proteins contain
all the essential amino acids needed in the
human diet and are especially rich in lysine
and leucine which are lacking in most staple

cereal food$™. Increasing consumption of
mushroom is good for preventing
malnutrition, although mushrooms cannot be

an alternative protein source for of meat, fish,
and egd. Edible mushrooms are recommended
by the FAO as food, contributing to the protein
nutrition of developing countries dependent
largely on cereals. The acceptance of cultivated
mushrooms such as shitake mushrobamtfnus
edodes), oyster mushroomP{eurotus ostreatus)
and button mushroomAg@aricus bisporus) are
well-established worldwide as a delicacy. Due to
their unique and subtle flavour, these
mushrooms have been used as food and food
flavouring material in soups for centuriés

The common nameoyster mushroom”
comes from the white shell-like appearance of
the fruiting body. Oyster mushrooms are a
diverse group of saprotrophic fungi belonging to

the genusPleurctus®. According to Croatf
these mushrooms are a good source of non-
starchy carbohydrates, with high content of
dietary fiber and moderate quantity of proteins,
including most amino acids, minerals, and
vitamins. The protein content varies from 1.6 to
2.5%, and the niacin content is about ten times
higher than that of any other vegetable.
Moreover, Randiv€ reported that oyster
mushrooms are rich in Vitamin C, B complex,
and mineral salts required by the human body.
Pleurotus ostreatus is a mushroom of
pleasant flavour and possesses several
proteins, minerals (Ca, P, Fe, Mg), and low
carbohydrate quantities and fat, constituting
excellent dietary fodd. Oyster mushroom
powder rich in protein and low in fat contents
can be incorporated into various recipes for
improving the nutritional status of vulnerable
population in developing countriés Beta-
glucan has been shown to decrease blood IDI-
cholesterol concentration in animal models and
clinical intervention studiéd

Oyster mushrooms grow over a wide
range of temperature of 15%Dand hence are
ideally suitable for cultivation under both
temperate and tropical climatic conditions.
Oyster mushroom can be grown on various
substrates including paddy straw, maize
stalks/cobs, vegetable plant residues, bagasse
etc’. The oyster mushrooms can be cultivated
successfully under semi controlled conditions in
a small space by using agricultural as well as
industrial waste and other refuse as substrate. In
most countries, there is a well-established
consumer acceptance for cultivated mushrooms
such as Agaricus bisporus, Pleurotus spp.,
Lentinus edodes, Volvariella volvacea and
Auricularia spp.”°. The most well known species
of Pleurotus are P. ostreatus, P. florida, P.
eryngii, P. cydtidioss, P. flabdlatus, P.
cornucopie, and P. sajor-caju. P. sajor-caju is
recognized as an excellent mushroom.

Mushrooms have become attractive as
a functional food and as a source for the
development of drugs and nutraceutitals
responsible with their antioxidant, antiturffor
and antimicrobial properties. A nutraceuticals
can be defined as a substance that may be
considered a food or part of a food that provides
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medical or health benefits like the prevention
and treatment of disease. There are many more
species of cultivated and wild edible and non-
edible mushrooms that have been analysed for

both their nutritional and nutraceuticals
components.

The active constituents found in
mushrooms are polysaccharides, dietary

fibres, oligosaccharides, triterpenoids, peptides
and proteins, alcohols and phenols, and mineral
element®® such as zinc, copper, iodine,
selenium and iron, vitamins, amino acids etc.
These have been found to boost the immune
system, have anti-cancerous properties, act as
anti-hypercholesterolemia and hepato-
protective agents, show anti-HIV activity and
anti-viral activity, and ameliorate the toxic
effect of chemo- and radiotherapy. Many of the
species are known to be aphrodisiacs. Oxidation
is essential for all living organisms for the

production of energy to fuel biological
processes.
Mushroom is an excellent source of

folic acid, the blood building vitamin that
prevents anaenfid>. Mushroom protein is
comparable to muscle protein in terms of
nutritive valué®. Various bioactive compounds
isolated fromP. ogtreatus culture extracts of
Ethiopian higher fungi showed other biological
properties such as antiprotozoal, anthelmintic,
phytotoxic and brine shrimp lethality activitfés
Also Inchausfl’ investigated Leishmanicidal and
Trypanocidal activity of the extracts and
secondary metabolites of some Basidiomycetes.
Ficus vasta is a very large tree from
Moraceae family growing over 25 m tdi.

vasta is a tree of dry north and eastern
Africa, Sudan, Ethiopia, Saudi Arabia and
Tanzani&@®. In traditional medicineF. vasta

used in rheumatism, pains, intestinal wofink
was already studied for the extract from the
fruits of F. vasta antibacteriaf, mainly against
Gram-positive bacteria, and antihelmirtic
activities.

Composting is a fertilizing mixture of
partially decomposed organic matter from plant
and animal origiff. Composting is a solid-
waste fermentation process, which exploits the
phenomenon of microbial degradation and
mineralizatio®®. The main purpose of
composting to a mushroom grower is to

prepare a substrate in which the growth of
mushroom is promoted to the practical
exclusion of other microorganisms. Ferffor

reported that a composted substrate improved

mushroom fruit body yield but, reduced
infestation by insects, fungi and bacteria
pathogens.  Microorganisms colonizing
mushroom compost during composting

process are regarded as active agents, which
determine the chemical composition and
mineralization thereby making it possible for
mushroom growtH.

Unlike in developed countries where
mushrooms food consumption is increa$ifiy®
in Ethiopia, mushroom eating habit is very
poor’. Information on nutritive value and
sensory properties of edible oyster mushroom
foods cultivated on agricultural residues in
Ethiopia is limited. Such information is
important to facilitate the popularization of
mushroom cultivation, processing, marketing
and consumptions.

Pleurotus species are good candidates
for cultivation in Ethiopia because of the
following reasons is some are efficient degraders
of lingo-cellulosic materials and the raw
materials are abundantly availabkicus vasta
leaves larger removed as solid waste in Dilla
University and collected into garbage in order to
maintain the environment from pollutants.
Cultivation of Pleurotos ostreatus mushroom on
this substrate has a good acceptance from the
consumer and also a good opportunity for small
producers to embark in an enterprise. It is
necessary to keep on promoting the benefits of
this product, one of the main problems to start
this project was the resistance to change the
traditional ways of production so a new culture
of sustainable agriculture needs to be developed.
Therefore, the present study was designed to use
Ficus vasta of agricultural waste disposal as
substrate for cultivation of the oyster mushroom
(Pleurotus ostreatus) in order to effective
utilization of this residue and reduction of
environmental pollution.

MATERIALSAND METHODS

Pure culture collection and maintain
Pleurotus ostreatus was obtained from
Mycology Laboratory, Department of Biology
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from Addis Ababa University. The pure culture
of Pleurotus ostreatus was inoculated onto Malt
extract agar. The pure culture was maintained on
Malt extract agar slants at’@ for one month,
then sub-culturing subsequently after one month
transferred (inoculated) onto fresh slant of Malt
extract agar.

Substrate collection

Ficus vasta leaves used as substrate for
composting was collected in Dilla University
from Main Campus from 2013 October -2014
April as indicated in figure 1. Other nutrient
supplement such as wheat bran and pH
adjustment of Wood ash was obtained from the
Dilla town. Beside this Cow dung and Chicken
manure was obtained from Allege Research
centre. (See figure 1.)

Compost preparation

The compost was prepared by outdoor
single-phase solid-waste fermentafforn order
to prepare, aerobic composted substrate, about
80% of Ficus vasta leaves were thrashed
manually into small pieces through using mortar
and pestle (figure 2). After chopping, mixing the
choppedFicus leaves with Wood ash, Wheat
bran, Cow dung and Chicken manure, then the
water was added until moisture content was
between 40-60%. This is wusually being
determined by the ‘rule of thumb’ metHdd
Then supplement with 20% of three different
supplements on 80 % oficus leaves as
follows:-

Substrate A. 10% Chicken manure, 8%
Wheat bran and 2% wood ash.

Substrate B. 10% Cow dung, 8% Wheat
bran and 2% wood ash.

Substrate B. 18% Wheat bran and 2%
wood ash.

Substrate C. 18% Cow dung and 2%
wood ash.

Substrate D. 18% Chicken manure and
2% wood ash on dry weight basis with some
Modification of’. The substrates were then
added into hole of about 1.5 m wide, 1.5 m high
and 1.5 m long which was under shadow area at
Dilla University. This was covered with banana
leaves and left for 2 weeks with turning and
restacking every 3-4 days to produce
homogenous compost. (See figure 2.)

Spawn production

Spawn is the vigorous mycelia growth
of a single fungus on a chosen substrate material
(liquid media, grains, saw dust substrate,
wooden stick®. Sorghum was used for mother
spawn. About 20 kg of sorghum was washed
and dead floating removed then soaked
overnight in 15L water and rinsed three times in
distilled water. The excess water was drained off
and 20% wheat bran, 12% gypsum (CaSo
2H,0), and 3% limes (CaCO3) were added as
shown in figure 3. The ingredients were
thoroughly mixed; moisture was maintained
at the level of 55 %, and distributed equally
in to 500 ml glass bottle at the rate 370.66 g
seed per bottles and autoclaved for°C21to 1
hour. After cooling, each bottle was inoculated
with 7 days old culture which grown on Malt
extract agar and incubated for 25 days &C25
until the substrate fully colonized; at ten days
interval mycelia invasion and contamination
were recorded. (See figure 3.)

Sterilization of substrates and cultivation of
mushrooms

After two weeks of composting, these
substrates were distributed equally into plastic
bags of 40x60 cm size at the rate of 3.5kg
substrate in triplicates and sterilized forethr
hours in barrel by fire (figure 4). After cooling;
they were inoculated with the spawn (one glass
bottle per bag) and mixed thoroughly to
facilitate rapid and uniform mycelia growth. The
mouth of the bags was tied using a cotton plug
and thread and holes were made over the
polythene bags for aeration. Then, they were
incubated in the dark at 47 and mycelia
development in the bag was observed and noted
within 5 days. (See figure 4.)

Cultivation conditions

The bags were subsequently placed, long
side down, into a spawn running room at 20 - 25°
C in the dark and 65 - 70% relative humidity until
completion of spawn running. After completion of
spawn running the temperature and relative
humidity was changed to 19 to 20° C and 80 -
90% RH, respectively. The bags were slit and the
cut portions folded back. Water was sprayed for
maintaining moisture up to the desired level in the
form of fine mist from a nozzle.
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Watering

Each cultivating bags were irrigated using
tap water every morning and evening until 2
flushes of Pleurotus ostreatus fruiting bodies
appears.

Harvesting of mushroom

The first primordia appear 2-4 days after
scratching depending upon types of substrate,
which were recorded. The harvesting date also
varied depending upon types of substrate. Matured
mushroom identified by curl margin of the cap
was harvested by twisting to uproot from the base.
Mushroom matured generally 48 hours after
appearing the primordia. Data were recorded
periodically during culture.

Statistical analysis

The data of actively mycelium growth
during spawn making and formation of full
morphology ofPleurotus ostreatus mushroom and
fruiting body were observed during cultivation on
substrate. The data were expressed qualitatively in
the form of figure.

RESULT AND DISCUSSI ON

Pleurotus ostreatus) was cultured on malt
extract agar for 7 days at 28°C and mycelium
covered the plate. It was fully grow on plates as
shown in figure 5. The food for human beings
comes from three different sources, i.e. land,
water, and microbes. Among microbes used as
human food, the fungi comprise the largest
and the most important group containing edible
mushroom&. Mushrooms cultivation also enables
farmers to utilize organic substrates that would
otherwise be regarded as waste prodtitts
Healthy nutrition and diet are gaining importance,
not only in the everyday life of human beings, but
also in the treatment of chronic diseases. Medical
practitioners of worldwide are recognizing that
mushrooms are medicinal foods rich in nutritfon
(See figure 5.)

Spawn production

Sorghum is important crop for spawn
production of oyster mushroom. Sorghum based
spawn took 25 days to colonize the substrate
completely (figure 6). The moisture content of the
sterile moist sorghum (55-60%) was found to be

suitable for growth of mycelium of oyster
mushroom. (See figure 6.)

Substrate sterilization and spawn inoculation

The substrate was sterilized by in boiling
water for three hours. Mycelium running rate on
the substrates was observed after 7 days
inoculation of spawn (figure 7). Therefore,
mycelium running was required high humidity,
temperature and cultivation room should be dark.
(See figure 7.)

Primordial formation oPleurotus ostreatus
mushroom

The first primordia appear after 20 days
after scratching depending upon types of
substrate. The primordial formation and number
of primordia per plastic bag (substrate) was
affected by humidity, aeration and the substrate
itself. Beside of this the supplement such as
wheat bran and manure also factor for either high
or low number of primordial formation (figure 8).
An ever increasing human population and
diminishing farm sizes have resulted in declining
soil fertility associated land productivity and
increasing poverty levefS. However, mushrooms
products are solved both problem through
cultivation in small size area finally by consumed.
(See figure 8.)

Fruiting body production

The effect of supplemented ingredients on
Ficus vagta leaves were investigated and found to
influence the number of fruit body and size of
fruit body. Fruiting body is the edible part of
mushroomPleurotus ostreatus. The fruiting body
on the substrates that contains wheat bran and
manure, the number and size of fruit body was
high and larger when it was compare with alone
substrate Kicus vasta leaves only). The mature
fruit body became curl margin of the cap of
Pleurotus ostreatus as indicated in figure 9.
Several different polysaccharide anti-tumor agents
have been developed from the fruiting body,
mycelia, and culture medium of various
medicinal mushrooms Lentinus  edodes,
Ganoderma lucidum, Schizophyllum commune,
Trametes versicolor, Inonotus obliquus, and
Flammulina velutipes. Both cellular components
and secondary metabolites of a large number of
mushrooms have shown an effect on the
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immune system of the host and can be used to
treat a variety of disease stdtesThe high
nutritional value of mushrooms is due to the
presence of 8 essential amino-acids,
polyunsaturated fatty acids (linoleic and
arachidonic acids) and reduced quantities of
saturated fatty acids (See figure 9.)

CONCLUSION

Mushroom cultivation required
knowledge as well as skill for growing fungi on
plant solid waste materials that are not necessary
consumed by humans. But left as solid waste
through collecting them and removed into
garbage. However, Oyster mushrooms can be
converted this solid waste in to vitamin and some
essential mineral rich food and low with fat.
Commercial production of oyster mushrooms is
largely determined by the availability and
utilization of cheap solid waste products, which
are agricultural solid waste that are the most
promising substrates for cultivation.
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(A) (B)

Figure 2. A, thrashed the sample in to pieces; B, compost preparation area
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(A) (B)

(€) (D)

Figure 3. A, weighing of sorghum; B, after overnight soaked in to tap water, washed and
drainage of water ; C, addition of the supplement (wheat bran and pH adjustment) on the
sorghum; D, addition of formulated sorghum into glass bottle for sterilization
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Figure 4. Substrate sterilization for three hours by fire

(A) (B)

Figure 5. Oyster mushroom mycelium grown on malt extract agar: A, Front observation of
mycelium growth on plate; B, back observation of mycelium growth on plate
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Figure 6. Spawn preparation on sorghum: A, inoculation of old culture (7 days) oyster mushroom
on the sorghum; B, fully colonized sorghum by oyster mushroom mycelium after 25 days
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Figure 7. Sterilization and inoculation spawn: A, sterilization of substrate; B, inoculation of oyster
mushroom spawn on sterilized Ficus vasta leaves substrate; C, mycelium colonization of the Ficus
vasta leaves
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\\ Figure 8. Primordial formation on the Ficus vasta leaves contain supplement ingredients /
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Figure 9. Fruit body grown on the Ficus vasta leaves and the mature fruit body
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