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EFFECT OF DIFFERENT SAWDUST ON THE GROWTH, YIELD
AND PROXIMATE COMPOSITION OF REISHI MUSHROOM
(Ganoderma lucidum)

ABSTRACT

The study was conducted at the Biochemistry laboratory and Mushroom Culture
House (MCH) of the Department of Biochemistry, Sher-e-Bangla Agricultura
University, Dhaka to study the effect of different sawdust on the growth, yield and
proximate composition of Reishi mushroom (Ganoderma lucidum).Six different types
of sawdust viz: jackfruit (Artocarpus heterophyllus) sawdust, mango (Mangifera
indica ) sawdust, rain tree (Albizia saman) sawdust, shegun (Tectona grandis)
sawdust, mahagony (Swietenia mahagony) sawdust and mixture of al five
supplemented sawdust (jackfruit, mango, rain tree, shegun, mahagony) with 30%
wheat bran and 1% lime as basal substrates were selected for research. Data on
different growth, yield and nutrient composition and mineral content were recorded
and significant variation was found for different studied parameter. Mycelium
running rate in spawn packet and highest average number of primordia/packet
was found to be differed due to different sawdust used. The highest average
number of fruiting body per packet was obtained 10.00 with mango sawdust.
The highest biological yield (97.3 g), economic yield (89.2 g), biological
efficiency (55.60%), cost benefit ratio (4.89) was counted under mango
sawdust with 30% wheat bran and 1% lime. Among the chemical characteristics
highest content of carbohydrate (74.15%), protein (12.25%), ash (1.36%), lipid
(3.23%) was found with mango sawdust treatment. Among the minerals highest
amount of nitrogen (1.96%), potassium (2.65%), calcium (1.92%) was found
with mango sawdust with 30% wheat bran and 1% lime treatment and the lowest
amount of magnesium (0.673mg), zinc (15.15mg) was found with jackfruit
sawdust with 30% wheat bran and 1% lime treatment. Therefore it can be
concluded that mango sawdust with 30% wheat bran and 1% lime contributed
significantly on different growth, yield and nutrient composition and mineral content

of Reishi mushroom (Ganoder ma lucidum).



Chapter 1

I ntroduction

Mushrooms are large reproductive structures ofledilngi belong to the class of
Basidiomycetes or Ascomycetes, having approxima@dp thousands varieties.
Among them which are fully edible and have no todffect are to be considered as
edible mushroom. Out of 2000 species of prime ediblshrooms about 80 have
been grown experimentally, 20 cultivated commelgiand 4-5 produced on
industrial scale throughout the world (Chang antesi1988). The vegetative part of
mushroom consists of thread like long thin mycelwinich under suitable condition
forms fruiting body or sporocarps. This fruitingdyois used as edible mushroom.
Mushroom is a highly nutritious, delicious, medalirand economically potential
vegetable. Mushroom can play an important role teetmup the nutritional
requirements of the population of our country. Masim has qualities like lowering
the blood cholesterol level, warding against carmed invigorating hair growth.
Tewari (1986) reported that the fresh mushroomainstabout 85-90% moisture, 3%
protein, 4% carbohydrates, 0.3-0.4% fats and 1%erala and vitamins.Mushrooms
have been considered as a special kind of fooce dine earliest time. The Greeks
believed that mushrooms provided strength for wasriin battle. The Pharoaphs
prized mushrooms as a delicacy and the Romansdegjanushrooms as the "Food of
the Gods,"” which was served only on festive ocemsiorhe Chinese treasured
mushrooms as a health food, the "Elixir of life.'hélT Mexican Indians used
mushrooms as hallucinogens in religious ceremoanesin witchcraft as well as for
therapeutic purposes (Chang & Miles, 1988). Edibleshroomsare recommendedby
theFAOasfood,tomeetprotein requirement of develpguntries, thelarge proportion
of which dependsmainlyon cereals (World Bank, 20079 history of mushroom
cultivation is very recent in Bangladesh; its canption is increasing rapidly in this
country.The vitamins of mushrooms are not destropgdcooking, drying and
freezing. It has been used as a food and medigndifterent civilizations since
immemorial time due to its delicious taste andetietqualities. But technology for
artificial cultivation of mushroom is recent inndim.Mushroom reduces the diabetic
on regular feeding. It also reduces the serum echarel in human bodies which
reduces hypertension (Suzuki and Oshima, 1979)hkéosn inhibits the growth of

tumor and cancer (Mqril986). Mushrooms are source of Niacin (0.3 g) and
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Riboflavin (0.4 mg). Mushroom is a good sourcergpsin enzyme. It is also rich in
iron, copper, calcium, potassium, vitamin D andcfeicid. Mushrooms are valuable
health food which are low in calories, high in vidde proteins, zinc, chitin, fiber,
vitamins and minerals (Alam and Saboohi, 2001)Remsushroom is a purplish-
brown fungus with a long stalk, brown spores, andrashaped cap with a shiny,
varnish-coated appearance with bitter taste fos tii is not used as edible
mushroom.it is used in modern medicine for theiditieal values (Kovfeen, 2004).
Ganodermalucidum is a member of fungal group Basidiomycetes whieloimgs to
Polyporaceae (Ganodermaceae) of Aphyllophoralssfriiting body is named as
“Reishi” in Japanese and “Lingzhi” in Chinese. Wiewide Reishi occupies a major
source of medicine that has been used for more 2080 years. Commerci&.
lucidum products are available in various forms, such asvders, dietary
supplements, and tea which are farmed from difteqgarts of the mushroom,
including mycelia, spores, and fruit bod$. lucidumhas been used in Traditional
Chinese Medicine (TCM) as a remedy to treat moaa 20 different illnesses which
include migraine and headache, hypertension, @sthbronchitis, asthma, anorexia,
gastritis  hemorrhoids,  hyper-cholesterolaemia, n@ph dysmenorrhoea,
constipation, lupus erythematosis, hepatitis, lpoemia, cardiovascular problems and
cancer. Besides, reishi or lingzhi also attribuime health benefits which principally
include the control of blood glucose levels, motala of the immune system,
hepato-protection, and bacteriostasis. Recent etudh lingzhi have demonstrated
numerous biological activities amongst this type miishroom, including anti-
tumor,anti-inflammatory,hepato-protective,anti-noigial, hypotensive, anti-diabetic
and hypolipodemic effects. To meet the gradualtyeasing demand fdg. lucidum
as a natural medicine, commercial cultivation of éiman Journal of BioScience
2015; mushroom has been initiated worldwide, esgfigcin the tropical Asian
countries. As different members of the Ganodernmugseek different conditions for
growth and cultivation, and the traditional cultiea technique takes several months
for fruiting body development, artificial cultivath of G. lucidum has been
implemented using the available substrates sucyrais, sawdust, wood logs and
cork residues. Several substrates have been igatsdi worldwide for the cultivation
of G. lucidum till date. Usually in Bangladesh the summer seas@onsidered as the
best time for the cultivation of mushroom. Differeanvironmental factors, oxygen

level, and calcium ion concentration, etc. are dlsportant for the cultivation.
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Bangladesh Council of Scientific and Industrial €&sh (BCSIR) investigated the
efficacy of sawdust supplemented with rice or whean as substrate, and found the
9:1 ratio of sawdust and rice bran/wheat bran teftective for the cultivation o6.
lucidum with elevated production, even in the large scalthough extensively used
in several Asian and tropical countries, unfortehaits application as medicine in
Bangladesh is still in scarce. Commercial-basetvation of such mushroom in this
country is thus critical to confer its extended mgdhl use as it could be a suitable
alternative to synthetic drugs with less adverdeces. Along these lines, the present
study assessed the best cultivation media for waicigehigh yield, biological
efficiency, and growth (mycelial, primordial anduiting body) rate ofG.lucidum.
The substrates on which mushroom spawn (Merely taige seed materials) is
grown, affects the mushroom production (Klingma®5@).Reishi mushroom can
grow on sawdust, wheat and paddy straw, banansede sugarcane bagasse and
leaves, wheat barn, rice husk etc. and their cultan be concentrated within a
relatively small space. In the present study fivéeffectent sawdust viz:
Jackfruit@rtocar pusheterophyllus) sawdust ,Mangd(angiferaindica)sawdust, Rain
tree@lbiziiasaman) sawdust, Sheguhéctona grandis) sawdust ,Mahagony
(Swieteniamahagony) sawdust and Mixture of all five supplemented sastd
(Jackfruit, Mango, Rain tree, Shegun, Mahagowjth 30% wheat bran and 1%lime
as basal substrates were selected for studied gheiormance on growth,yield and
nutritional composition d@éanodermalucidium. If different sawdust can be used in
mushroom production then low price and easily add sawdust could be select and
which one is better and also best for mushroomymtioh can be identified. So, the

investivation is undertaken to fulfill the followgnobjectives:

1. To improve the yield of reishimushroo@gnoder mal ucidum).

2. To observephysio-chemical characteristics of
reishimushroomGanoder mal ucidum)

3. To find out benefit cost ratio of the sawdust basgalwn packet.

4. To find out the mineral content of reishi Mushroom.



Chapter 2

Review of Literature

A number of literatures relating to the performanak different substrate on
mushroom cultivation are available but performangessame substrate with same
supplements in different level are not availablee Teview of literature given below
is based on the present information about the pedoce ofGanoderma lucidum and
the effect of different kinds of substrate on muosin cultivation. The review
includes report of several investigators which @ppgeertinent in understanding the
problem and which may lead to the explanation anterpretation of results of the

present investigation.

Ribeiroet al. (2006) found that edible mushrooms also contanoua polyphenolic
compounds recognized as an excellent antioxidaattduheir ability to scavenging

free radicals by single-electron transfer.

Fu et al. (2002) reported that several cultivated ediblesimooms such a&garicus
bisporus, Hericiumerinaceus, Flammulina velutipes, Lentinus edodes,Pleurotus
eryngii and Pleurotus ostreatus had significant antioxidant and free radical
scavenging activities which have been also founch@dicinal mushrooms including
Agaricus blazei, Sparassiscrispa, Phellinus linetus, Ganoderma lucidum, and

Inonotus obliquus.

Patersonet al. (1981) have assessed the minerals and heavy smetatent in

Ganoder ma spp.

Kim et al. (2008). Detected that twenty-eight of 30 phenotimpounds in mushroom
speciesAgaricus bisporus, Flammulina velutipes, Pleurotus erygii, Agaricus blazei,
Soarassis crispa, Ganoderma lucidum, Innotus obliquus, Phellinus linteus
Ganoderma lucidum is not only found to be medicinally effective astimmor,
antibacterial, antiviral and haematologicalagentad ain immunomodulating

treatments.



Wasserand Weis (1999) found th&anoderma possess significant antioxidant
capacity and these mushrooms can be used both fa®daingredient and in

pharmaceutical industry.

Lindequistet al. (2005) reported that reishi mushroom has aumtivéctivity with
specific action on HSV-1 and HSV-2, Influenza virMessicular stomatitis and HIV
typel or remedy for maladies Although these repedse mostly based on crude or
hot water extracts, purification and specific idigcation of few chemicals, there is
yet, the need to analyze the chemical compositi®isg various organic solvents
soluble fractions from the extracts of the of thi&dwnushroomé.lucidum (Mizuno,

2011) to assess its chemical composition.

Ko et al. (2008) who reported that steroids found fr@hucidum includes 0.3-0.4%
which has anti-inflammatory activity. These steso@de also precursors of ganoderic

acid and protease inhibitors (Wikipedia, 2012).

Idowu et al. (2003) found that the presence of alkaloids in ineshroom powder
explains its anti-bacterial activity, since thisyfsithemical is reported to have anti-
bacterial activity However, this property may bestladuring fractionation with

Methanol, Ethyl acetate and N-butanol which shoalesence of this phytochemical.

Saikumaret al. (2010) conducted an experiment that polyphena\dioids found in
weak concentration in reishi mushroom are knownbéo source of plant based
antioxidants which can protect the nerves, heasy land other organs and tissues.
This anti-oxidant property may be responsible feduction of hepatic damage
Lakshmiet al. (2006)

Guoet al. (2003) found that carbohydrates or high fibecti@ of diets which are
broadly classified as polysaccharides or indigéstitarbohydrates are known to
inhibit colonization of pathogenic microbial floren the intestines, hence, the
elimination of these pathogens from the gut systtoompanied by improved

immunity.



Khalil and Eladawy (1994) reported that saponinsfree forms have hemolytic
activity, the bitter taste of reishi mushroom egtrean be attributed to the Saponin-

triterpenoid complex.

Ray Sahelian (2012) reported that oral administratf saponins leads to hydrolysis
of glycosides from terpenoids, hence reducing foxi@associated with intact
glycoside molecule. (Wikipedia, 2012), Saponins algo reported to have anti-

inflammatory, expectorant and immune stimulating&s.

Ogbeet al. (2012) examined that low fats content (2.60% nfibin Ganoderma spp

that shows the health benefits of reishi mushroonthsdressing its nutritional value.

Bergeret al. (2004) conducted an experiment to evaluate theaexfrom reishi
mushroom.And found that it has cholesterol lowerprgperties in Hamsters and

Minipigs hence , its antihypertensive potentialfumans too.

Saikumar et al. (2010) researched that polyphenol, flavonoids,nfbun weak
concentration in reishi mushrooms are known tocdagce of plant based antioxidants
which can protect the nerves, heart, liver and rotrgans and tissues. This anti-

oxidant property may be responsible for reductibhepatic damage.

Riu et al. (1997) carried out an experiment to find out thsyecultivation procedure
of Ganoderma spp.They have normally been cultivated in solid sulisgasuch as
grain or other lignocellulosic materials such asawf sawdust and supplements.
Supplements such as sucrose, wheat and rice beagemerally added to the mix
(Chen, 1998).

Gonzalez-Matutet al. (2002) reported that sunflower seed hull can el s main
energy and nutritional sources in the formulattbna  substrate for cultivation of
G. lucidum in synthetic logs with an acceptable mushroom pectdn rate, and the
addition of 5% malt to sunflower seed hulls wergngicantly improved the

mushroom productivity.



In a study conducted by Tang and Zhong (2002), ds viound that biomass

productivity was higher on maltose but lactose tis@sbest sugar for both cell growth
and production of compenents such as IPS (inttacglblysaccharide) and ganoderic
acid in reishi mushroom Wagnetral. (2003).

Hsieh et al. (2005) found that while molasses addition promotégher mycelia
growth rate and cell concentration, the polysaddegproduction was lower than with

glucose inGanoderma lucidum.

Yanget al. (2003) used substrates were filled into the palpplene bags with 1.0 kg
per bag. Substrates were wetted to increase meistmtent approximately to 60 -
70%. The wetted bags were plugged with cotton ghygusing PVC ring and
autoclaved at 1210C for 1.5 h.And about 200g afienushroom per kg.

Wasser, S.P. 2005 used wood log, short wood segrmeatstump, sawdust bag and

bottle procedures for reishi mushroom production.

Staments, P. (2000) and Chen,A.W. (1999) foundt fitlvathe cultivation of most
medicinal mushrooms the basic substrate is hardwaediust (a mixture of fine and
coarse sawdust to ensure good aeration) 75-80%lesupnted with wheat bran 20%,

gypsum 1%, sucrose 1%, moisture content 60-65%pbins.5-6.5.

Tea waste was investigated by Pekeeal. 2009 and it was concluded that tea waste

can be used as a supplement for substrate prepanmaf. lucidum cultivation.

Erkel (2009) found that the yield from tishorea robusta sawdust was inconsistent

than theDalbergia sisoo andShorea robusta sawdust.

Triratanaet al. (1991) investigated the suitability of rice braite husks, coconut

fiber, peanut hulls, corn, sorghum and sugarcargasse as supplements for the
substrate mixture for the artificial cultivation &anoderma and rice bran, ground
corn and ground sorghum were found good supplemeomgpared to some other
agricultural residues such as rice husk, cocorrfipeanut hull and sugarcane

bagasse.



Malarvizhi et al. (2003) tested the different agricultural waststhe production of
xylanase by Ganoderma lucidum on liquid and sdiédesculture by and among the
different agricultural wastes used, wheat bran feasd to be the best substrate for
the test fungus for the production of xylanase carag to sugarcane bagasse and rice
bran in solid-state fermentation.

Wasser (2005); Olei, P. (2003) reported that Gamodecan be cultivated on the

sawdust which may originate from different kindgrees.

Yanget al. (2003) pointed out that the higher levels of grdbuice tended to decrease
the growth rate, in contrast, stillage grain ancathoran were found to be suitable for

mycelial growth.

Triratanaet al. (1991) stated that rice bran, ground corn and rgtagaorghum have

provided the best mycelial growth and yield.

Royseet al. (1996) used at the 10-15% ratio of rice bran mnhixture as a growing

medium forGanoder ma.

Smith et al. (2002) found that the cultivation of medicinaisté mushrooms largely

increased due to the use of different sizes ofgpolyylene bags or containers.

Wasser (2005) found that the methods most widelpptedi for commercial
production are the wood log, short wood segmeeg stump,sawdust bag and bottle

procedures for reishi mushroom cultivation.

Erkel (2009) investigated the effect of three kinflsaw dusts (poplar,0oak and beech)
and brans (Wheat, rice and corn) on the yield ofuGidum. The highest yield and
biological efficiency were obtained from oak sawtdtsmpared to the other sawdusts

and also from wheat bran compared to the otherlsopmts.

H.Y. Lee (1999) examined that Supplementation slioyesitive role in mycelia

growth and yield of mushroom.



Chen and Chao (1997) repoted about a succestfidialr cultivation of Ganoderma
lucidum has been reported on most broad-leaf hasdwees and commonly used
species include oak, pecan, elder, choke cherdypam.

Paterrson-Beedlet.al. (2002) used the approximate composition of melasss a
growing medium for Ganoderma spp is: 17- 25% ofewa0-40% of sucrose, 4 - 9%
of glucose, 4 -12% of fructose, 2 - 5% of starch, 5% ash, 2.5 -4.5% nitrogen
compounds, 0.5 - 4.5% of protein and 1.5 - 6% nitnegenous acids with varying

amounts of vitamins.

In Nepal, G. lucidum had been cultivated in 2004 ikDNepal Agricultural Research

Council taking four different types of substratengmsition (sample A (sawdust 90%,
rice bran 10%), sample B (sawdust 72% , Corn mé&s,%ice bran 7.8 %, CaCO3
0.2%), sample C (sawdust90%, Wheat bran 12%) amglsaD(sawdust 90% , wheat
bran 10%). 65-70 %moisture was adjusted in all Bamples.The result showed that
the above mentionedcomposition can be substrateufavationof G. lucidum (Plant

Pathology Division,2007). Similarly, paddy straw svaised in Plant Pathology
Division Nepal Agricultural Research Council) artk tresult showed that paddy

straw is also one of the substrate for cultivatbGanoderma lucidum.

Erkel (2009) found that Gram flour showed significa difference with Wheat bran
and Corn flour in yield statistically.Although ytelshowed different among the

supplements, gram flour was not different from Rican statistically.

P.G. Miles (2004) found that Alnus nepalensis satdupplemented with gram flour
showed highest yield among all treatments.There wassignificant difference

between gram flour and rice bransupplement.

Okhuoyaet al. (1998) who reported that mushroom could not gros¥ wn sawdust

of some tree species lilBorasus flabellifer because of its thin layer of porus system.

Kacar, B. (1994) carried out an experiment for gineximate analysis of air dried
reishi mushroom.The harvestgganoderma lucidum was air dried at 370C and

grinded to powder; this was preliminary analyzedr fproximate contents,
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phytochemical constituents. The crude powder wagested to soxhlet extraction at
400C using Methanol, Ethylacetate and N-butanaltain different organic solvent
fractions, these were then concentrated in vacu848C for 48 hours to obtain
different solvent extract fractions. These extractere then analyzed for
phytochemical contents using standards methodsy8isafor proximate constituent
showed Moisture contents was 10.54%, Total ashob,.$3otein 17.55%, Crude Fats
2.60%, Crude Fiber 30.25%, Carbohydrates 33.13% Naimogen 23.52%.

Bangladesh Council of Scientific and Industrial €ash (BCSIR) investigated the
efficacy of sawdust supplemented with rice or whHeah as substrate, and found the
9:1 ratio of sawdust and rice bran/wheat bran tefbective for the cultivation of G.

lucidum with elevated production, even in the lasgale.

Chen (1999) examined that hardwood sawdust isdBi Isubstrate for the cultivation

of most medicinal mushrooms.

Ayodele (2007) investigated that the growth andeftlgwyment of reishi mushroom

varied from one tree species to another.

Peksen and Yakupoglu, (2009) and Yang et al. (20881 hardwood sawdust and
wheat bran mixture in production of Ganoderma lumdand the highest yield
obtained 63.669g per kg and 18.63% biological efficy were obtained.

Wasser, (2005) reported that more than 100 polysamtes are found in G. lucidum
and these polysaccharides are considered to cotdrito the bioactivity of the
mushroom. The polysaccharide is also known to piatien immunefunction by
binding to leukocyte surfaces or serum specifictggns leading to activation of
macrophages, T-helper cell, Natural killer (NK)Iselnd other effector cells, and this

can be the basis for its anti inflammatory effect.
Mueller et al. (2000); Stavinoha (2011) evaluated the high pnoteintent suggest its

importance in cellular function and tissue regetiena It has been reported that

protein isolate (LZ-8) from this mushroom can s@sgsr bovine serum albumin
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induced anaphylaxis and an important means of magdstamine mediated allergic

responses.

Erkel (2009) found the highest yield (63.66 g/kgyldiological efficiency (18.63%)

using oak sawdust where he used wheat bran asesoppt.

Tham et al. (1999) conducted an experiment to investigate teemical
characteristics oGanoderma lucidum.Results showed high concentration of calcium
(322.6mg/kg), potassium (317.1mg/kg), phosphoru87.(img/kg) and sodium
(192.5mg/kg). Moderate presence of carbon (68.2g)glkon (44.6mg/kg) and zinc
(14.65mg/kg) were observed. However, other elemesush as magnesium
(8.7mgl/kg), silicon (4.10mg/kg), arsenite (1.23ngg/land manganese (1.03mg/kg)
were found in moderately slight concentrations. ntgdats such as copper
(0.843mg/kg), aluminum (0.20), chromium, (0.140ngy/k lead, (0.106),
molybdenum nickel (0.095mg/kg), (0.090mg/kg), col@l026mg/kg) and fluorine
(0.0039mg/kg), were found in this study, to be racé quantity, but selenium
(0.00mg/kg) was totally absent.

Wasser (2005) reported that the nitrogenous coemgoconsists of 23.52% in
Ganoderma Spp.This provide essential requirement for nuatlsstiand nucleosides
formation in the body, these amino acids, are itgrcomponents of DNA and
RNA that are useful in cellular function and celiferentiation, thus, its mitogenic

capacity

Idowu et al. (2003) Examined that the presence of alkaloidhén reishi mushroom
powder explains its anti-bacterial activity, sirthes phytochemical is reported to have
anti-bacterial activity. However, this property mag lost during fractionation with
Methanol, Ethyl acetate and N-butanol which shoalesence of this phytochemical.

M. Azizi et al. (2012) used Potato Dextrose Agar (PDA) cultureltain the pure

culture ofG. lucidum.

S. Singh (2014) used for the production of reishishroom to achieve 3.5 kg dry
weight of substrate (35% of the mixture), and sast@nd supplements ratio of 9:1,
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3.1 kg (90%) of sawdust was mixed with 0.3 kg (8%@ bran or wheat bran and 0.1
kg (2%) of CaCO3.

Karma and Bhatt (2013) in India noticed primordiaitiation in reishi mushroom
after 35 days using sawdust as substrate supplethevith rice and wheat brans,

maize flour, and bagasse.

Azizi et al. (2012) reported the yield of 102.58 g/kg with bigkal efficiency of
12.89% using hornbeam saw dust supplemented witima#extract and 10% wheat

bran in reishi mushroom.

Karma and Bhatt (2013) tested different substratesh as sawdust, sugarcane
bagasse, rice straw, wheat straw and waste papeth& production of reishi
mushroom in polypropylene bag. Different substragggnificantly affected the
number of primordia, number of fruiting bodies ardount of fresh weight or yield.
This experiment revealed that the highest numbeprimhordia and fruiting bodies
were found in wheat straw 31.00.The highest amofifresh weight was found waste
44.25g.

Mayzumi ;Okamoto and Mizuno (19P#xamined and then reported that different

members of the Ganoderma genus need different tmmsli for growth and
cultivation. Different culture conditions and mewgliucompositions have also been
reported to strongly influence mycelial growth aifé production of biopolymers

(e.g., polysaccharides) that are extruded frontétiglexopolysaccharides).

Chang and Buswell (1999¢ported that the artificial cultivation &. lucidum has

been achieved using substrates such as grain, sgweaod logs, and cork residues
(Riu, Roig, and Sancho 1997

Yang and Liau (1998)ported that polysaccharide production by fermegtown

mycelia of G. lucidum was optimum at 30°C-35°C amdpH of 4-4.5, and the
addition of supplements such as fatty acids waaddo accelerate mycelial growth

and the production of bioactive components.
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Kim, Park, and Yun (2006eported that pH-control strategy, developed &ximize

mycelial biomass and EPS production, revealed tdture pH had a significant
effect on EPS vyield, chemical composition and makec weight, and mycelial

morphology of reishi mushroom.

Zhang and Tang (2008eported that a novel three-stage light irradmattrategy has

been developed in submerged cultures of G. lucifunthe efficient production of

polysaccharides and one of the triterpene compengahoderic acid.

Upton (2000 examined that the reishi mushroom consists ahatrix of the
polysaccharide chitin, which is largely indigestitdy the human body and is partly

responsible for the physical hardness of the muashro

Guo et al. (2003) examined that carbohydrates or high fibmctfon found in
Ganoderma which are broadly classified as polysawdés or indigestible
carbohydrates are known to inhibit colonizationpathogenic microbial flora in the
intestines, hence, the elimination of these pathedem the gut system accompanied

by improved immunity.

Dei et al. (2007) obtained that the presence of tannins it bloe powdered and
extract fractions of methanol and n-butanol whielm complex with the metal ions
and macromolecules such as proteins and carbolkgdiatthe powdered sample of

Ganoderma can be utilized in weight reduction mansnt.

Ray Sahelian, (2012) examined that saponins foumdGanoderma and oral
administration of Saponins leads to hydrolysis lgtgsides from Terpenoids, hence
reducing toxicity associated with intact glycosideolecule.(Wikipedia, 2012),
Saponins are also reported to have anti-inflammgatexpectorant and immune

stimulating effects.

Wagner, R.,Mitchell, D.A., Sassaki, G.L.,Amazon&s.,A.L.A. and Berovic, M.

(2003)found that the yield and biological efficignof Ganoderma lucidum varied
widely, depending on the kind of sawdust, bran tosr combinations. Therefore, it
IS important to use the proper combination of gabst formulations for the

commercial production of G. Lucidum.
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Ameset al., (1993); Weisburger (1999) report that G. lucidwas found to contain
high both total free and bound phenolic compountihkvis different from the other
mushrooms significant amount of phenolic compountdgh are major contributors
to the antioxidant capacity and give protectioniagfethe risks for chronic angiogenic

diseases, such as cardiovascular diseases, artbhitonic inflammation and cancers.

Ko et al., (2008) who reported that steroids found fromu@dum includes 0.3-0.4%
which has anti-inflammatory activity. These stesodte also precursors of ganoderic
acid and protease inhibitors (Wikipedia, 2012).

Ogbe et al. (2012) conducted an experiment for the elemeatalysis of the

G.lucidum powder and found calcium has 322.6mg/gtassium 317.1mg/kg,
phosphorus 197.1mg/kg sodium, 193mg/kg, these eitsmare found in high

concentration while carbon 68.2mg/kg, iron 44.6rgg/kinc 14.65mg/kg and
magnesium 8.7mg/kg, are found to be in moderateerdration when compared to
other elements. The above observed elements haysofdgical importance and
maintenance of cellular enzymatic functions; theknents are required for normal

growth, muscular activity and skeletal muscle depgient, especially calcium.

Dei et al. (2007) examined that saponins found in Ganodeawmasecondary
metabolites can be found as hydrophilic glycosideety combined with a lipophyllic
triterpene derivative to form a therapeuticallydiaractive agent in form of steroid-
saponins and triterpenoid saponins when found gh kkoncentration they can cause
hypercholesterolemia by binding to cholesterol,rébg making it unavailable for
absorption (Soetan and Oyewole, 2009).

Muhammadet al. (2011) reported that Sodium and potassium foun@Gamoderma
are required for the maintenance of fluid balaneeile potassium and calcium are
important in stimulating action potential acrossveeendings, and also to enhance
heart contractile rate. Iron is highly required giojogically for heme formation and
to enhance oxygen carrying capacity of red bloodsc&inc is an important
requirement in protein synthesis, normal body dewelent and recovery from

illnesses. it is a co-factor in the function of tiezyme carbonic anhydrase required
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for carbon dioxide transport and as part of pepedaneeded for protein digestion it is
also a necessary part of DNA, for cell division aytthesis hence its importance in

wound healing (innvista.com/health/elements.htn1,220

Crisan and Sands (1978); Bambal., (1988) conducted a study to determine the
carbohydrate percentage in reishi mushroom.Andrtegahat the carbohydrate

contents varied 67.5-78% on a dry weight basis.

Smith, J.E., Rowan, N.J. and Sullivan, R. (2002est that sawdust is the most
preference main ingredient used in substrate nestuior Ganoderma lucidum
cultivation. To investigate the feasibility of ugirthree kinds of sawdusts as basal
substrates, poplar, beech and oak sawdust weeel tegth three kinds of brans as
supplements. The highest yield of 60.24 g kg-1BEdf 17.48% were obtained from
oak sawdust, and followed by BS (53.24 g kg-1 abd®4%). These findings are in
conformity with some authors who reported hardwesaddust have been preferred

for the commercial production.
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Chapter 3
MATERIALSAND METHODS

The study was conducted during the period from danto July 2014 to study the
effect of different sawdust on the growth, yielddaproximate composition of
Ganoderma lucidium. The chapter includes a brief description of theation of

experiment, soil and climate condition, materiadedi for the experiment, design of
the experiment, preparation of substrates, preiparat packets, cultivation of spawn
packet, collection of produced mushrooms, proximatalysis of the mushrooms,

data collection and data analysis procedure.

3.1. Location of Experiment

The experiment was conducted at the Biochemisbgritory and Mushroom Culture
House (MCH) of the Department of Biochemistry, SadBangla Agricultural
University, and Dhaka. Details of the meteorolobidata during the period of the
experiment was collected from the Bangladesh Metegical Department, Aragon,

Dhaka and presented in Appendix .
3.2. Experimental materials

Mother culture ofGanoderma lucidium was collected from National Mushroom
Development and Extension Center (NAMDEC), Savéaia.

3.3. Varietal characteristics of Ganoderma lucidium

Ganoderma lucidium mushroom is characterized Hyasidiocarps that are large,
perennial, woody brackets also called "conks". Thegre lignicolous
and leathery either with or without a stem. Thetfhodies typically grow in a fan-
like or hoof-like form on the trunks of living oredd trees. They have double-walled,
truncate spores with yellow to brown ornamenteciriayers. Bitter taste with a high
medicinal valueReishi is used as medicine and not as food bedausitter and

corky hard.

3.4 Treatments of the experiments
Two different experiments with six treatments withe replications were conducted

to achieve the desired objectives. The experimeate as follows:
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Experiment 1: Effect of different sawdust substrates on yieldtdbuting character

and proximate composition analysis@dnoderma lucidium mushroom.
Treatments used:
T1: Controlled (Mixture of sawdust) supplemented vA0% wheat bran and 1% lime

T,: Mango Mangifera indica) sawdust supplemented with 30% wheat bran and 1%

lime

T3 Mahogony 8wietenia mahagony) sawdust supplemented with 30% wheat bran

and 1% lime

T4: Jackfruit @rtocarpus heterophyllus) sawdust supplemented with 30% wheat bran

and 1% lime

Ts: Teak tree Tectona grandis) sawdust supplemented with 30% wheat bran and 1%

lime

Te:Rain tree Albizia saman) sawdust supplemented with 30% wheat bran and 1%

lime

3.5. Design and layout of the experiment
The experiment was laid out in single factor CortedleRandomized Design (CRD).

The experiment included six treatments with fiveli@tions.
3.6. Sterilization procedure

In the laboratory, all instruments, glassware aolluce media were sterilized by

autoclaving strictly for maintaining sterility.
3.6.1. Sterilization of culture media

The bottles containing the media and also spawkgtaaevere autoclaved with 15 PSI
at 12£C for 1-2 hours. The culture media were allowecbéocold under normal

condition after autoclaving.
3.6.2. Sterilization of glassware and instruments

Beakers, test tubes, conical flasks, measuringndgts flat bottles pipettes, metallic

instruments like forceps, scalpels, needles andulssa petridishes, culture tubes,
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nanoabsorbent cotton and brown paper were stetiliz¢he autoclave at 14 for 1

hours at 1.5 kg/chpressure.
3.6.3. Sterilization of cultureroom and transfer area

The culture room of the laboratory was cleaned bgtly washing with detergent
followed by 70% ethyl alcohol regularly. Before autation, laminar airflow cabinet

was sterilized using ultra violet light for 30 nkeeping blower active.
3.6.4. Precautions to ensure sterile condition

All inoculation measures were carried out in theifzar airflow cabinet to avoid
contamination. The cabinet was exposing on the igkt for 30 min before use. All

the instruments and equipments used were steriizigdalcohol before use.
3.7. Production of Ganoderma lucidium mushroom

To produceGanoder ma lucidium mushroom following steps were undertaken.
3.7.1. Preparation of PDA media:

At first, 250 g potatoes were washed, peeled and & prepare 1000ml PDA media.
Then peeled and slice potatoes were boiled in watenake them soft and also
filtered through a cheese cloth and further watas wdded to get 1000 ml media.
After adding 18 g agar and 20 g dextrose, it waddteand stirred for about 45 min.
Then 10 ml media was taken into each of each oftté®s and mouths of test tube
and mouths of the test tubes were plugged witltonaind brown paper. After that all
the test tubes were sterilized in an autoclave@minutes at 12C for 1 hour at 1.5

kg/cn? pressure and kept in slanting position for havingximum space for the

organism in pure culture to proliferate.
3.7.2. Tissue culture

To obtain pure culture, a small piece of tissue w@kected from the fruiting body of
Ganoderma lucidium mushroom and placed on the sterilized PDA mediurdeu
aseptic condition in a laminar air flow cabinetwias then kept for 7-10 days in an
incubator under 2% for sufficient mycelial growth. These pure cuéisirwere used

for the entire experiment.
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3.7.3. Preparation of mother spawn

Mother culture substrate was prepared by using ssiv@awdust was sieved and sun
dried. The mother culture substrate was preparedalydust and wheat bran in 2:1
ratio with 0.1% calcium carbonate (Ruhul Amin, 2P07hen it was mixed
thoroughly with hands and maintained 55% moistwatent by adding sufficient
water. Then 200 gm of mixture was packed tightly1®0inch polypropylene (PP)
bag. Each of the bags was prepared by using plastk and plugged the neck with
cotton and covered with brown paper placing rubdzerd to hold it tightly in place.
The packets were sterilized for 1 hour at2for 1 hour at 1.5 kg/chpressure in an
autoclave and kept them for cooling. Then inoculdros pure culture were placed
aseptically to the mother spawn packets. The packiter inoculation were again
plugged with cotton and were kept at 20@2for spawn run. The whole packet
containing substrate became white due to fungalefieygroliferation within 15-20

days and thus ready for spawning the substrate.
3.7.4. Preparation of substrates

Spawn packets using different sawdust, wheat b@aCg in ratio 69:30:1
respectively and moisture should be maintained. mbasured materials were taken
in a plastic bowl and mixed thoroughly by hand amalsture was increased by adding
water. Moisture was measured by using the moisheter and adjusted the moisture
content at 65%.

3.7.5. Preparation of spawn packets

The mixed substrates were filled into 10x12 inclypampylene bag @ 500. ghe
filled polypropylene bags were prepared by usirasiit neck and plugged the neck
with cotton and covered with brown paper placingber band to hold it tightly in

place.

3.7.6. Sterilization, inoculation and mycelium running in spawn packets

The spawn packets were sterilized about 1 hourtlzer these were kept for cooling.
After cooling, 5 g mother spawn was inoculated itite packets in the laminar
airflow cabinet and the packets were kept at 2&E2@mperature until the packets
become white with the mushroom mycelium. After céetipn of the mycelium

running the rubber band, brown paper, cotton plug plastic neck of the mouth of
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spawn packet were removed and the mouth was wragletty with rubber band.

Then these spawn packets were transferred to theehouse.

3.7.7. Cultivation of spawn packet

Two ends, opposite to each other of the upperipasitf plastic bag were cut in "D"
shape with a blade and opened by removing theiplsiséet after which the opened
surface of substrate was scraped slightly with @& gpoon for removing the thin
whitish mycelial layer. Then the spawn packets vwser@ked in water for 15 minutes
and invested to remove excess water for anothenifigtes. The packets of each type
were placed separately on the floor of culture r@md covered with newspaper. The
moisture of the culture room was maintained 80-8®&%tive humidity by spraying
water 3 times a day. The light around 300-500 Io® mentilation of culture house
was maintained uniformly. The temperature of celthouse was maintained22to
25°C. The first primordia appeared 2-4 days aftertéog depending upon the type of

substrate. The harvesting time also varied depgngdon the type of substrate.

3.7.8. Harvesting of mushrooms
Ganoderma lucidium mushrooms matured within 6-7 days after primordigation.
The matured fruiting body was identified by cumadrgin of the cap, as described by

Amin (2002). Mushrooms were harvested by twistmgproot from the base.

3.8. Data collection
3.8.1. Mycdlial growth (%):
Mycelial growth was counted by taking the full patks a full unit and generally the

data was taken at every two days intervals.

3.8.2. Mycelium running rate in spawn packet
Mycelium running rate (MRR) for each type of substrwas measured after the
mycelium colony cross the shoulder of the packbe lihear length was measured at

different places of packet using the following fadan (Sarker, 2004):

MRR= ﬁcm/day

Where, L= Average length of mycelium running (cm)

N= Number of days
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3.8.3. Daysrequired for completing mycelium running

Days required from inoculation to completion of raljgm running were recorded.
3.8.4. Time from stimulation to primordial initiation (days):

Time required from stimulation to primordial initi@an (days) were recorded.
3.8.5. Timefrom stimulation to primordial initiation to harvest (days):

Time required from stimulation to primordial initi@n to harvest (days) were

recorded.

3.8.6. Average number of primordia per packet:
Number of primordial per packet was recorded.

3.8.7 Average number of fruiting body per packet:
Number of well-developed fruiting body was recordBdy and pinheaded fruiting

bodies were discarded but tiny fruiting bodies wiacduded in counting.

3.8.8. Average number of effective fruiting body per packet:
Number of well-developed fruiting body was recorddthy fruiting bodies were

discarded from counting.

3.8.9. Average weight of individual fruiting body per packet:
Average weight of individual fruiting body was calated by dividing the total
weight of fruiting body per packet by the total ruen of fruiting body per packet.

3.8.10. Dimension of fruiting body (stipe and pileus)
Thickness of the pileus of three randomly seleéteiting bodies was measured using

a slide calipers. Diameter of stipe, length andndiger of stripe were also measured

a. Diameter of pilus(cm)

c

Length of pileus (cm)

c. Thickness of stalk

o

Length of stripe (cm)
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3.8.11. Biological yield
Biological yield per 500 g packet was measured leyghing the whole cluster of

fruiting body without removing the lower hard andylportion.
3.8.12. Economicyield

Economic yield per 500 g packet was recorded bygiweg all the fruiting bodies in a

packet after removing the lower hard and dirty iport

3.8.13. Drying of mushrooms

The collected fruiting bodies of the mushroom wasnsferred to the laboratory.
Then data were collected on different parameteterA€ollection of the data the
fruiting bodies were dried in the sun separatelpeastreatment. In the time of drying

the stipe and the pileus were separated for batyang.

3.8.14. Dry yield

About 50 g of randomly selected mushroom sampletalesn in a paper envelop and
was weighed correctly. The mushroom was oven cate@?C temperature for 24
hours and weighed again. The weight of blank erpvelas subtracted from both the
initial weight. The dry yield was calculated usitite following formula (Sarker,
2004):

dO\yendry weightof samplgQ)
Fresh weibt of sampl€g)

Dry yield (g/500g packet) = Economic vyiel
3.8.15. Cultural operationsfor subsequent flushes

After completing the first harvest again the paske&ere scraped at the place where
the ‘D’ shaped cut had been done and were soakadincket for five minutes and
then were placed in the culture house and waterspas/ed regularly. The primordia
appeared 9-10 days after first harvest and 7-8 a@dies second harvest. Water

spraying was continued until the mushrooms werdyréa be harvested.

3.8.16. Biological efficiency
Biological efficiency was determined by the followgiformula (Ahmed, 1998):

Totalbiologicalweightof mushroonperpacket(g) N
Totaldry weightof substrateisedperpacket(g)

Biological efficiency = 100
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3.8.17. Benefit cost ratio:

The benefit cost ratio for different low cost substs were computed based on
present market price of mushroom and cost of diffemputs in the markets (Sarker,
2004).

3.9. Proximate analysis of the mushrooms

3.9.1. Collection of the samples
Mushrooms grown from the spawn were collected pawkge and all the wastes and

dusts were removed from the fruiting body. Therefihey are ready to be analyzed.

3.9.2. Deter mination of Moisture

Determination of Moisture was done by conventianathod. About 10-20 g of each
sample were weighed into separated and weighedligets and dried in an oven at
100°C to 105C till the weight of the petridishes with their ¢ents was constant. The

moisture content was expressed as percent ofekb fruiting bodies.

_Initial weight- Finalweight><
weightof thesample

Moisture%

100

3.9.3. Determination of dry matter

The dry matter content of the mushroom sample \aé=utated by subtracting of the
percent moisture of each sample from 100. The psoeeas repeat 3-4 times for
achieving constant weight of the sample used. Tmstant weight of the dry sample

was termed as dry matter.

% Dry matter= 100- % moisture content

3.9.4. Grinding

The dried plant materials were cut into small pgeeéth a knife or scissor. The
sample was grinded in a plant grinder fitted witlsuatable screen. If the grinding
takes a long time, the sample will absorb moistame it is necessary to dry the

sample again in the oven at £G%vernight.

3.9.5 Deter mination of total ash

One gram of the sample was weighed accuratelyantoucible. The crucible was
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placed on a clay pipe triangle and heated first avow flame till all the material
was completely charred, followed by heating in dffadurnace for about 5-6 hours
at 600°C. It was then cooled in a desiccator angjlvesl. To ensure completion of
ashing, the crucible was then heated in the mufilmace for 1h, cooled and
weighed. This was repeated till two consecutivegives were the same and the ash
was almost white or grayish white in color. Thenatoash was calculated as

following equation:

Ash content (g/I00 g sample) = Wt of ash x 100/Wsample taken (Raghuramulu
et al., 2003)

3.9.6 Determination of crude fiber

Ten gram of moisture and fat-free sample was takea beaker and 200 ml of
boiling 0.255 N HSO, was added. The mixture was boiled for 30 minutespkng
the volume constant by the addition of water afj@ient intervals. The mixture was
then filtered through a Moslin cloth and the regiduashed with hot water till free
from acid. The material was then transferred to shme beaker and 200 ml of
boiling 0.313 N NaOH was added. After boiling fd Binutes (keeping the volume
constant as before) the mixture was filtered thibagMoslin cloth and the residue
was washed with hot water till free from alkalilliaved by washing with some
alcohol and ether. It was then transferred to aibte, dried overnight at 80-100°C
and weighed (Us) in an electric balan&EY: JY-2003; China). The crucible was
heated in a muffle furnaog@ebertherm: Mod-L9/11/c6; Germany) at 600°C for 5-6
hours, cooled and weighed again (Wa). The diffezeimc the weights (We-Wa)

represents the weight of crude fiber.

Therefore,

Crude fiber (g/l00 g sample) = [100-(moisture Hlfat(We-Wa)/Wt. of sample.
(Raghuramulwet al., 2003).

3.9.7 Total carbohydrate estimation

The content of the available carbohydrate was detexd by the following

equation:

Carbohydrate (g/I00 g sample)100 - [(Moisture + Fat + Protein + Ash + Crude
Fiber) g/100 g] (Raghuramuh al., 2003).
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3.9.8. Total Fat estimation

Fat was estimated as crude by the ethereal exiraofi the dried mushroom using
the method that reported by (Raghurametlal., 2003). The dried sample (about 5g)
was weighted into a conical flask and plugged vathfree cotton. The flask was then
placed in an electric shaker and extracted withydrdus ether for about 16 hours.
The ether extract was filtered into another weidhtonical flask. The flask

containing the original ether extract was washed 8 times with small quantities of
ether and then the washings were also transfeoréluetfilter paper. The ether in the
conical flask was then removed by evaporation &edfiask with the residual was
dried in an oven at 80°C too 100°C, cooled in aabasors and weighted. The result

was expressed as follows:

Fat contents (g) per 100g of dried sample=

Weightof etherextract xRercentagef driedsample
weightof thedriedsampletaken

3.10. Determination of approximate composition of mineral content

3.10.1. Thefollowing Equipmentswere used

Electric balance, Muffle furnace, Oven, desiccatoAtomic Absorption
Spectrophotometer (AAS), Grinding machine, Porcelaucible, Beaker and Flame

photometer etc.

3.10.2. Determination of protein

The Protein contents of the fruiting bodies of theshrooms were determined by the
standard Micro-kjeldhal procedure. According tosthiethod total nitrogen contents
of the samples were estimated and protein conteets finding out by multiplying
by 6.25 to the total nitrogen values. The totalagien was determined by the Kjeldahl
methods, which depends upon the conversion of iprotérogen into ammonium
sulfate, by digestion ammonia liberated from thareomium sulfate by making the
solution alkaline were distilled into known voluraga standard acid, which was then
back titrated.
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3.10.2.1. Reagents
a) Concentrated sulfuric acid
98% H,SO, specific gravity 1.84.

b) Catalyst Mixture

Crush and mixed 100g potassium sulphateS@®) and 100g Copper (II)
sulphate (CuSgbH,0) in a motor.

c) 33% Sodium hydroxide

Can be procured as a solution or prepared by disgpll6.67g NaOH in
water in a 5 | volumetric flask. After complete sbéution, the flask is filled

to volume with water and the content is mixed.
d) 0.0500 M Sodium hydroxide

Transfer the content of 1 vial sodium hydroxideD¢}.to a 2 L volumetric

flask filled to with water and mixed.
e) 0.0500M hydrochloric acid

Transfer the content of 1 vial hydrochloric acidédb g) to a 2 L volumetric

flask filled to with water and mixed.
f) Methyl red- methylene blue indicator solution

Dissolve 0.667 g methyl red in 500ml 96% ethandkoAdissolve 0.625 g
methylene blue in 500 ml 96% ethanol. Mixed equalumes of the two

solutions.
3.10.2.2. Digestion

Step 1: The digester was turned on to reach thestian temperature (390°C) by the

time the samples were ready for digestion.

Step 2: 20 clean and dry digestion tubes were glacdehe digestion rack. Every
0.20 g sample was taken in each of 18 tubes. Thenfaining tubes served as

blanks.

Step 3: 1g catalyst mixture and 5ml congSB), were added to each tube included
the blanks.
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Step 4: The rack with the tubes was put besidedibester and place the exhaust
manifold on the tubes. All the stoppers were priypieserted into the tubes. Then the

exhaust pump were started to open the regulatitvg Vally.

Step 5: The tubes were placed in the digester @iG39After about 5 min the suction
rate was reduced by almost closing the regulatiager Digestion was continued

for 2 hours.

Step 6: Turning off the digester, the rack with thbes was removed and placed it
besides the digester for cooling. Suction was ometil for 5 min; the exhaust

manifolds were removed from the tubes and turnéthefexhaust pump.
3.10.2.3. Distillation

Some water was distilled following the appropridigtillation procedure and distilled
was received in a conical flask for further usedR0mi .0500 M HCI was taken from
a burette into a conical flask and placed the flaskhe platform in the distilled. 25
ml water was added carefully to one of the digestithes from the digestion rack.
The addition of water was done carefully as thetonecbecome very hot. The tube
was placed in the left hand side of the distilleduad the plastic tube. To touch the
plastic tube with the hands was avoided. The tuae tightening properly against the
upper rubber adapter and then the safety door Vesed: 25 ml 33% NaOH was
dispensed gently into the digestion tube by pullihg alkali handle to it's down
position and was released it. The steam valve pased by pulling it to its down
position and the timer was set to 3 min. When themasounds, the distillation was
continued for about 30 sec by lowering the platfawith the receiver flask. Closing
the steam valve by pushing it up, the safety doas wpened and the receiver flask
was replaced with another flask containing 20.000rib M HCI. The platform was
then pushed up. The content in the flask which reasoved from the distilled titrated
with 0.05 M NaOH as described below. Following #itgove procedure all of the

digestion tubes were distilled.
3.10.2.4. Titration

4 drops of indicator solution were added to theteonin the flask and titrate with

0.05 NaOH until the color was changed from viotegteen.
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3.10.2.5. Calculation

(axMHCI -b x MNaOH)x1.401
C

% N in the supplied fiber sample

Where,
a= ml HCI measured into the conical task in the Higisually 20.00 ml)

b= ml NaOH used for titration of the content in theniwal flask
Muci = Molarity of the HCl measured into the conicakia
Mnaor= Molarity of the NaOH used for titration

c= g of mushroom powder used for the analysis

3.10.3. Determination of total protein:

The total protein was estimated by multiplying totatrogen with 6.25 (Reff.
Standard Micro-Kjeldhal procedure of AOAC,1975).

3.10.4. Determination of Ca, Mg, K, Fe, Zn, Co, Mo, Se and P

The sample was digested with nitric acid to rele#s€a, Mg, K, Fe, Zn, Co, Mo, Se
and P. Ca, Mg, Fe, Co, Mo, Se and Zn were detednlme atomic absorption
spectrophotometer, K was determined by flame phetom and P by

spectrophotometer using the following formula.

3.10.4.1. Digestion

Step 1: 0.500 g of dried sample was taken into each ofiff®gen digestion tubes.
The two remaining tubes were kept blanks. 5 micacid was added to each of all
20 tubes. The tubes were left overnight mixing ¢batents in the tubes. Covering
with the exhaust manifold, the tubes were placethéndigester and the temperature
was set to 125°C, turning on the digester, thedfige was continued for 4 hours
after boiling started. Every tube was observedvtmdadrying.

Step2: After cooling, the digestion mixture was transfersgith distilled water to a
100 ml volumetric flask. Water was added to theKlto make the volume up to the
mark.

Step 3.Filtration was performed on a dry filter into a dgttle, which could be closed
with a screw cap. Keeping the filtrate in the cibéettle Ca, Mg, K, Fe, Mn, Zn, S,

Cu and P were determined in the filtrate.
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3.10.4.2 Estimation of Ca
20 ml diluted filtrate was transferred into a 50 volumetric flask using a pipette. 5
ml LaCZl-solution was added and the volume was made witerveand mixed. Then

the content of Ca was measured by atomic absorpfieatrophotometer (AAS).

310.4.3 Estimation of Mg
20 ml diluted filtrate was transferred into a 50 volumetric flask using a pipette. 5
ml LaCl-solution was added and the volume was made witerveand mixed. Then

the content of Mg was measured by atomic absorgi@ctrophotometer (AAS).

3.10.4.4 Estimation of K
10 ml diluted filtrate was transferred into a 50 volumetric flask using a pipette to

volume with water and mixed. The content of K wasasure by flame photometer

3.10.4.5 Estimation of P

5 ml diluted filtrate was transferred into a 50 volumetric flask using a pipette. 30
ml water was added, mixed and then 10 ml ammoniuotylsdate-ascorbic acid
solution was added to volume with water and mixédter 15 minutes, the

absorbance was measured on a spectrophotome@® atrg8

3.10.4.6 Estimation of Fe, Zn, Co, Mo and Se
The content ofe, Zn, Co, Mo and Se elements were measured hyi@aabsorption
spectrophotometer (AAS) directly in the undilutdttdte.
3.10.4.7 Calculations
For Ca Mg, K, P

ax 25000

mg per kg sample
bxc

Where, a= mg/L Ca, Mg, K or P measured on atomisogition

spectrophotometer, flame photometer or spectropetier

b= ml diluted filtrate transferred into the 50 ndlumetric flask for

determination of Ca, Mg, K or P

¢ = g sample weighed into the digestion tube
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If an additional dilution is made before the tramsb the 50 ml volumetric flask, the
result is multiplied with the dilution factor. Btite above elements were in trace. So

addition of dilution was not to be performed.

For Fe, Zn, Mo, Co, Se

dx100
mg per kg sample = .

Zn and Fe measured on atomic absorption sggwitometer

c = g sample weighed into the digestion tube

3.11. Statistical analysis of data

The data obtained for different parameters wertsstally analyzed to find out the
significance of the difference among the treatmatitthe data collected on different
parameters were statistically analyzed by Duncaidtiple Range Test (DMRT).
The mean values of all the characters were evaluatel analysis of variance was
performing by the ‘F’ test. The significance of t#&ference among the treatments
means was estimated by the least significant eiffee (LSD) test at 5% level of
probability (Gomez and Gomez, 1984).
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Chapter 4

RESULTSAND DISCUSSIONS

The study was conducted to find out the effect of different sawdust of the growth,
yield and proximate analysis of Ganoderma lucidum. Data on different growth, yield
contributing characters, proximate composition of mushroom were recorded. The
results have been presented and discussed with the help of table, graphs and possible

interpretations given under the following headings:

4.1 Effect of different sawdust substrates on mycelia growth and yield

contributing char acter s of Ganoderma lucidum
4.1.1 Effect on mycelium running rate in spawn packet (cm)

Mycelium running rate per day (MMR) for each type of substrates was measured after
the mycelium colony crossed the shoulder of the packet. The linear length was
measured at different places of packet. Mycelium running rate in spawn packet was
found to be different due to different sawdust used. The highest running rate was
observed in T, (0.72 cm) followed by T; (0.69 cm) and the lowest mycelium running
rate was observed in Tg (0.55cm). Different sawdust showed different mycelium
running because of different carbohydrate based on availability and the environment
of the spawn. Mycelium running rate varied due to use of different saw dust. (Table
1). The present findings found more or less similar with the previous workers. Peksen
and Yakupoglu, 2009 and Yang et al., 2003 amended with different organic
supplement like wheat chaff, wheat bran, paddy straw, cotton waste etc. provided
suitable condition for spawn running.Wasser, S. P. 2005.found that the mycelium
running rate of Reishi mushroom greatly influenced with the supplement of wheat
barnsin different levels.N. J. & Sullivan 2002 also found similar result as found in the

present experiment.
4.1.2 Effect on time from stimulation to primordial initiation (Days)

The time from stimulation to primordial initiation range from 20 days to 10 days. The
highest time from stimulation to primordial initiation was observed in T, 20.75 days).
Statistically similar lowest stimulation to primordial initiation was shown in T, (10.64
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days).The other treatments were statistically similar (Table 2). The result of present
findings keeps in with the findings of previous scientists (Chada and Sharma, 1998).
Sharma found that the fruiting bodies appeared 12-15 days after the packet cutting
and the first crop was harvested 7-8 days later on mango saw dust, mahogony

sawdust, raintree sawdust, teak sawdust, jackfruit sawdust and mixed sawdust packet.
4.1.3 Effect on time from primordial initiation to harvest (Days)

Numerically the lowest time from primordial initiation to harvest was in the treatment
Ts (7.68 days)followed by T; (8.33 days) and the highest time from primordial
initiation to harvest was observed in the treatment T, (12.50 days ).The result of
present findings keeps in with the findings of previous scientists (Basunia et al.2007,
Rahman et al.2007,And Gomez (2002). Basunia et al. (2007) reported that after
spwan running pinhead formation took 12-15 days and fruiting body formed after 7-8
days, sporocarps may be harvested after 10-12 days. Rahman et al.2007 found
significant effect of different agro-waste on the yield of mushroom. The days required
for first picking varied from 11.25-12.00 days and the final picking varied from 42-
43.50 days depending on different substrates. Gomez (2002) found as the spawn rate
increased the number of days to production decreased.
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Figure 1: Effect of different sawdust on time from primordia initiation to

harvest of Reshi mushroom
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T1: Controlled(Mixture of sawdust) with 30% wheat branand 1% lime
T,: Mango sawdust with 30% wheat bran and 1% lime

Ts: Mahogony sawdust with 30% wheat bran and 1% lime

T4 Jackfruit sawdust with 30% wheat bran and 1% lime

Ts: Teak tree sawdust with 30% wheat bran and 1% lime

Te: Rain tree sawdust with 30% wheat bran and 1% lime.

4.1.4 Effect on Average number of fruiting body per packet : Different sawdust
spawn packet showed statistically significant differences in terms of fruiting body per
packet of Reishi mushroom (Table 1). The highest average number of fruiting body
per packet was observed in T, (10.00) which was statistically similar with T4 (9.60)
and Ts (9.20).whereas the lowest average number of fruiting body per packet was
found in T4 (5.19) treatment.

4.1.5 Effect on Average weight of individual fruiting body: Significant variation
was observed in terms of average weight of individual fruiting body of Reishi
mushroom due to different sawdust packet (Table 1). The highest average weight of
individual fruiting body was attained in T4 (12.62 g) treatment and the second highest
average weight was T3 (10.45 g) which was statistically similar with Ts (9.60 g) and
On the other hand, the lowest average weight of individual fruiting body was found in
T, (8.9 g) treatment which was statistically similar with T1 (9.0 g) treatment.
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Figure2: Effect of different Sawdust on average weight of individual fruiting
body of Reishi mushroom

T1: Controlled(Mixture of sawdust) with 30% wheat bran and 1% lime
T,: Mango sawdust with 30% wheat bran and 1% lime

Ts: Mahogony sawdust with 30% wheat bran and 1% lime

Ta: Jackfruit sawdust with 30% wheat bran and 1% lime

Ts: Teak tree sawdust with 30% wheat bran and 1% lime

Te: Rain tree sawdust with 30% wheat bran and 1% lime.
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Table 1. Effect of sawdust of different tree species on mycelia growth and yield
contributing char acter s of Ganoderma lucidum

Mycelium Time from Time from Average Average
growthratein | stimulationto | primordia number of weight of
Treatments | spawn packet primordia initiation | fruiting body/ | individua
(cm/day) initiation to harvest packet fruiting
(days) (days) body/g
T, 0.69 ab 12.00de 8.33¢c 9.60 b 9744
T, 0.72a 1064 e 9.67b 1000 a 890 e
T, 0.62 bc 1525¢ 10.12b 740d 10.45 2b
T, 059c 20.75a 1250a 519e 12622
T, 0.63bc 13.67 cd 7.68¢ 8.40 ¢ 960 cd
T 055c 17.38b 10.25b 9.20b 970d
LSD (0.05) | 0.0788 1.744 1.148 1.793 0.8347
CV (%) 1.66% 4.75% 4.73% 5.14% 8.7%

In a column means having similar letter(s) are statistically similar and those having dissimilar
letter differ significantly at 0.01 level of probability

T1: Controlled(Mixture of sawdust) with 30% wheat branand 1% lime
T,: Mango sawdust with 30% wheat bran and 1% lime

T3: Mahogony sawdust with 30% wheat bran and 1% lime
T4 Jackfruit sawdust with 30% wheat bran and 1% lime
Ts: Teak tree sawdust with 30% wheat bran and 1% lime
Tes: Rain tree sawdust with 30% wheat bran and 1% lime.

4.2 Effect of different sawdust substrate on the development and size of fruiting

body

4.2.1 Effect on antler initiation

The reproductive growth of Ganoderma lucidum varied from one wood species to

another (Table 3). The first antler initiation (from opening to primordia), within
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3.75days, was recorded on Mango sawdust which was statistically similar with
Mixed sawdust (4.00days),Mahogony sawdust (6.50). Except jackfruit sawdust and
Teak Sawdust cause jackfruit sawdust takes the longest time (11.75 days).

4.2.2 Effect on conk for mation

The lowest time required from opening to conk development (10.25 days) was
recorded both in Mangifera indica and mixed sawdust. The highest period of conk
formation (20.00 days) was Observed in jackfruit sawdust which was significantly
higher to all the treatments. Number of fruiting bodies did not differ significantly in

the sawdust of different tree species.

4.2.3 Effect on Length of stalk (cm)

Length of stalk of Reishi mushroom varied significantly due to different sawdust
(Table 3). The highest length of stalk was observed in T2 (2.68 cm) treatment which
was statistically similar with T3 (2.35 cm) and closely followed by T5 (2.33 cm).
whereas the lowest length of stalk was found in T4 (1.10 cm) which was closely
followed by T6 (1.23 cm) Malarvizhi et al. (2003) reported that length of stalk ranged

from 1.80 to 2.79 cm which was similar to the findings of this experiment.

4.2.4 Effect on Diameter of stalk

Statistically significant variation was recorded in terms of diameter of stalk of Reishi
mushroom due to different sawdust treatment (Table3). The highest diameter of stalk
was found in Ty (1.33 cm) treatment was statistically similar with T3(1.30cm) and Ts
(2.20cm) treatment. While the lowest diameter of stalk was attained in T4 (0.95 cm)
treatment which was statistically similar with T, (1.13 cm) and closely followed by Ts
(1.20cm) treatment. Chen (1998) reported significant effects of various substrates on
diameter of stalk. Muhammad (2011) found that stalk of reishi mushroom on

different sawdust varied from 0.99 cm to 2cm.

4.2.5 Effect on Diameter of pileus (cm)

Different sawdust method showed satistically significant variation in terms of
diameter of pileus of Reishi mushroom (Table 3). The highest diameter of pileus was
recorded in T1 (6.05cm) treatment which was statistically similar with T5 (5.73 cm)
and T3 (5.60cm) .whereas the lowest diameter of pileus was observed in T4(4.00 cm)
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treatment which was closely followed by T6 (4.58 cm) treatment. Paterson (2006)
reported the diameter pileus ranged from 5.66 to 7.44 cm. The highest diameter of

pileus (7.44 cm) was found in autoclaved sawdust mixed with rice & wheat bran.
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Figure 3: Effect of different Sawdust on average diameter of pileus of
Reishi mushroom

T1: Controlled(Mixture of sawdust) with 30% wheat bran and 1% lime

T»Mango sawdust with 30% wheat bran and 1% lime

Ts: Mahogony sawdust with + 30% wheat bran and 1% lime

Ta: Jackfruit sawdust with 30% wheat bran and 1% lime

Ts: Teak tree with 30% wheat bran and 1% lime

Te: Rain tree sawdust with 30% wheat bran and 1% lime

4.2.6 Effect on Thickness of pileus

Significant difference was recorded in terms of thickness of pileus of Reishi
mushroom due to different sawdust packet (Table 3). The highest thickness of pileus
was observed in T3 (1.53 cm) treatment which was closely followed with T1(1.50cm)
and Te (1.50 cm) treatment. On the other hand, the lowest thickness of pileus was
found in Ts (1.28cm) treatment which was closely followed by T. (1.38cm).
Muhammad (2011) reported the thickness of pileus ranged from 0.47 to 1.55 cm
respectively and the highest was found in mixed sawdust with the mixture of rice and
wheat bran.
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Table 2: Effect of different sawdust on the development and size of fruiting
bodies of Ganoderma lucidum

Treat Day$ Day$ Average A_verage Average | Diameter of
ments required | required | Length diameter - :
Thickness | pileus
for antler | for conk of stalk of stalk of pileus
initiation | formation | (cm) (cm) (cm) (cm)
T, 4.00d 10.25d 195¢c 133a 150 &b 6.05a
T, 3.75d 10.25d 2.68a 1.13b 148 ab 5.13ab
T3 6.50c 13.00c 2.35b 130a 153a 5.60 &b
Ta 11.75a 20.50 a 1.10e 0.9c 1.38 bc 4.00c
Ts 9.75b 16.33 b 2.33b 1.20ab 1.28c¢c 573a
Ts 575c 12.25cd 1.23d 125ab 150 ab 4,58 bc
CV (%) 5.93 5.93 2.19 4.89 4.04 7.92
LSD(0.05) | 1.022 2.037 0.1115 0.138 0.1366 1.022

In a column means having similar letter(s) are statistically similar and those having dissimilar

letter(s) differ significantly at 0.01 level of probability.

T1: Controlled(Mixture of sawdust) with 30% wheat branand 1% lime
T,: Mango sawdust with 30% wheat bran and 1% lime

Ts: Mahogony sawdust with + 30% wheat bran and 1% lime

T4: Jackfruit sawdust with 30% wheat bran and 1% lime

Ts: Teak tree with 30% wheat bran and 1% lime

Te: Rain tree sawdust with 30% wheat bran and 1% lime

4.3 Effect of different sawdust on the yield, biological efficiency and benefit cost
ratio of Reishi mushroom

4.3.1 Effect of different sawdust substrateson biological yield

Different sawdust substrates had great effect on biological yield. The highest
biological yield was recorded from T, (97.30 g), which was statistically similar with
T1 (92.75 g) and Te (90.82 g) while the lowest biological yield was recorded in T4
(73.68 g). The result of the present study found similar with the of previous studies
(Smith et al., 2002; Wasser et al., 2005 and Yang et al., 2003). Erkel et al. (2009)
found the highest biologica yield 87.3 g/packet. Smith et al. (2002) examined the
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effects of adding various lime percentage and temperature fluctuation gave the highest
yield of Reishi mushroom. Wasser et al. (2005) found significant effect of different
agro-wastes on yield of Reishi mushroom. Erkel et al. (2009) found the highest yield
of Reishi mushroom with the substrate composed of 20% rice husk in weigh.

4.3.2 Effect of different sawdust substrates on economic yield

Economic yield of Ganoderma lucidum grown on different sawdust showed
statistically significant variation (Table 4). The highest economic yield was recorded
from T, (89.20 g), which was statistically similar with T, (86.55 g) and followed by
T6(83.48 g). whereas the lowest economic yield was observed in T4 (65.50 g) which
was followed by T3 (77.34 g). The findings of this experiment also supported by the
earlier findings of Paterson, et al. (2002) and Amin et al. (2007). Amin et al. (2007)
found that the trend of economic yield corresponded with different supplements at
different level. paterson et al. (2002) found the highest yield of Reishi mushroom with
the substrate composed of 20% rice husk in weight.

4.3.3 Effect of different sawdust substrateson Dry yield

The highest dry yield was observed from T, (60.05 g), which was statistically similar
with T, (56.36g) and followed by T¢ (55.77 g) On the other hand, the lowest dry yield
was attained in T, (42.65 g) which was datistically similar with Ts(52.950).
Chen&Fang (1998) observed that the diameter of pileus increased the quality and
yield mushroom and highest dry yield from mango sawdust.

4.3.4 Effect of different sawdust substrateson Biological efficiency

The highest biological efficiency was recorded from T, (55.60%), which was
statistically similar with T, (53.00%) and followed by Ts (50.57%) . And the lowest
biological efficiency was observed in T, (42.17%) which was statistically similar with
T3(48.46%).
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Figure4: Effect of different Sawdust on biological efficiency of

Reishi mushroom

T1: Controlled(Mixture of sawdust) with 30% wheat bran and 1% lime
To: Mango sawdust with 30% wheat bran and 1% lime

Ts: Mahogony sawdust with + 30% wheat bran and 1% lime

T4: Jackfruit sawdust with 30% wheat bran and 1% lime

Ts: Teak tree with 30% wheat bran and 1% lime

Ts: Rain tree sawdust with 30% wheat bran and 1% lime

4.3.5 Effect of different sawdust substrates on Benefit cost ratio

The highest benefit cost ratio was found from T3(5.10), which was statistically similar
with T (4.92) and followed by T, (4.89) On the other hand, the lowest benefit cost
ratio was recorded in T4 (4.14) which was statistically similar with T5(4.56). The
present findings found similar with the findings of previous research. Lim et al.
(1997) analyzed the cost and return of different species of Ganoderma mushroom
production and found the BCR of 8.9 and 5.1.Muhammad (2011) also observed the
benefit cost ratio of 7.32, 23.78 and 16.23 in case of Ganoderma .The cause of these

variations between the results of this study might be due to consideration of other
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costs involved in the production of Reishi mushroom or might be due to measuring

system. Sarker et al, (2007) mentioned the performances of substrates were
significantly differed based on benefit cost ratio. They reported the highest cost
benefit ratio of 6.50 with wheat bran.

Table 3. Effect of sawdust of different tree species on the yield, biological

efficiency and benefit cost ratio of Ganoderma lucidum

Treatments | Biological Economic Dryyield | Biological Benefit
yield yield Efficiency cost Ratio
(9/packet) (g/packet) | (g/packet) (%)
T 92.75b 86.55 b 56.36 ab 53.00 ab 476¢
1
T 97.30a 89.20a 60.05 a 55.60 a 4.89b
2
T, 84.82 cd 77.34cd 53.86 bc 48.46 cd 510a
T, 73.68d 65.50d 42.65cd 42.17d 4.14¢e
T, 88.50c¢c 80.68c¢c 52.95¢c 50.57 ¢ 456d
T 90.82b 83.48b B55.77 ab 51.89 bc 492b
6
CV% 0.03% 0.03% 0.04% 0.06% 0.85%
LSD (0.05) | 0.176 0.176 0.024 0.115 0.115

In a column means having similar letter(s) are statistically similar and those having dissimilar
letter(s) differ significantly at 0.01 level of probability

T1: Controlled(Mixture of sawdust) with 30% wheat branand 1% lime

T,: Mango sawdust with 30% wheat bran and 1% lime

T3: Mahogony sawdust with + 30% wheat bran

T4 Jackfruit sawdust with 30% wheat bran and 1% lime
Ts: Teak tree with 30% wheat bran and 1% lime
Te:Rain tree sawdust with 30% wheat bran and 1% lime
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4.4 Effect of different sawdust substrates on Proximate analysis of Ganoderma

lucidum
4.4.1 Effect on Moisture content Moisture

Statistically significant variation was recorded in terms of moisture content of reishi
mushroom due to different sawdust treatment (Table 4). The highest moisture content was
found in T3 (69.65%) treatment which was statistically identical with T, (67.33%) and Te
(66.81) treatment, while the lowest moisture content was recorded in T4 (65.12%) and T,
(65.12%) treatment which was statistically similar with T5(65.63%) Treatment . The findings
of the present experiment corroborate with the Mohammad et al. (2011) cultivated the Reishi
mushroom on paddy straw, banana leaves, sugarcane bagasse, water hyacinth, betel nut husk
and he found moisture content varied from 58.15 to 71.64%. Yung (2008) found no
significant differences among the mushrooms produced in sawdust. supplemented with wheat

bran.
4.4.2 Effect on Dry matter

Different sawdust treatment varied significantly in terms of dry matter content of
Reishi mushroom (Table 4). The highest dry matter content was found from T,
(34.88%) and T, treatment which was statistically identical with Ts (34.37%), Te
(33.19%) treatment, whereas the lowest dry matter content was recorded in Ts
(30.35%) treatment which is nearly similar to T, (32.67). The result of the present
study matches with the findings of previous one that reported by Mueller,et al.
(2009), they revealed that the dry matter percentage of the fruiting body was ranged
from 9.40 to 9.98 due to sawdust supplemented with different levels of cow dung in

oyster Mushroom. Gottlieb et al. (1998) found no significant differences among the

treatments when cow dung used as supplement. But in this study there was significant
differences found among the treatments. This might be due to different Species of

mushroom.
4.4.3 Effect on Protein content

All the treatment contains a considerable amount of protein.(table 4 ). The highest
protein content was recorded in T; (12.25%) treatment which was statistically
identical with T, (11.88%) , T3 (11.43%), Te (11.18%), T5 (10.69%)treatment. On the

other hand, the lowest protein content was observed in T, (7.43%) treatment.
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Figure5: Effect of different Sawdust on protein percentage
of Reishi mushroom

T1: Controlled(Mixture of sawdust) with 30% wheat bran and 1% lime
To: Mango sawdust with 30% wheat bran and 1% lime

Ts: Mahogony sawdust with + 30% wheat bran and 1% lime

Ta: Jackfruit sawdust with 30% wheat bran and 1% lime

Ts: Teak tree with 30% wheat bran and 1% lime

Te:Rain tree sawdust with 30% wheat bran and 1% lime

4.4.4 Effect on Lipid content

Statistically significant variation was recorded in terms of lipid content of Ganoderma
mushroom due to different sawdust treatment (Table 4). The highest lipid content was
observed from T, (3.23%) treatment which was statistically identical with T4 (2.94%)
and Ti (291%) treatment, whereas the lowest lipid content was obtained in Ts
(2.77%) which was statistically similar with Tg (2.83%) and Ts (2.84%) treatment.
The result of the present study was found more or less similar with the findings of
Alam et al. (2007) who reported 4.30 to 4.41% lipids in Reishi mushroom.



4.4.5 Effect on Carbohydrate

Statistically significant variation was recorded in terms of carbohydrate content of
reishi mushroom due to different sawdust treatment (Table 4). The highest
carbohydrate content was recorded in T, (74.15%) treatment which was statistically
identical with T; (73.28%) and T; (72.12%) treatment, whereas the lowest was
observed in Tg (64.33%) treatment which was closely followed with Ts (66.6%)
treatment. The findings of the present study were not supported by the study of Chang
yung et al. (2009) who found that carbohydrate content was ranged from 32.85 to
56.38% which showed a high rate of variation.
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Figure 6: Effect of different Sawdust on carbohydrate percentage
of Reishi mushroom

T1: Controlled(Mixture of sawdust) with 30% wheat bran and 1% lime
T,: Mango sawdust with 30% wheat bran and 1% lime

Ts: Mahogony sawdust with + 30% wheat bran and 1% lime

Ta: Jackfruit sawdust with 30% wheat bran and 1% lime

Ts: Teak tree with 30% wheat bran and 1% lime

Te:Rain tree sawdust with 30% wheat bran and 1% lime
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4.4.6 Effect on Crude fiber

Statistically significant variation was recorded in term of crude fiber content showed
due to different sawdust (Table 4). The highest crude fiber content was found in Tg
(20.82%) treatment which was statistically identical with Ts (19.46%) and T4
(17.30%) and treatment, while the lowest crude content was obtained in T, (9.38%)
treatment which was statistically similar with T, (10.23%) treatment. The findings of
the present study corroborate with the study Alam et al. (2007) reported 22.87g/100g
to 23.299/100g of fiber in Ganoderma spp. Gottlieb et al. (1998) reported that on an
average, a serving (100 g) of mushroom will supply 9 to 40% of the recommended of

dietary fiber which was also differ from the present study.
4.4.7 Effect on Ash

Different sawdust treatment varied significantly in terms of ash content of Reishi
mushroom under the present trial (Table 4). The highest ash content was found in T,
(1.36%) treatment which was statistically identical with T, (1.33%), T3 (1.15%) T4
(1.04) and the lowest ash content was recorded in Tg (0.84%) treatment which was
statistically similar with Ts (0.95%) treatment.

Table 4 Effect of different sawdust on proximate nutrient composition of

Ganoderma lucidum

Moisture Dry Protein Lipid Ash Carbo Crude

matter hydrate fiber

Treatment | (g (%) (%) (%)
(%) (%) (%)
T, 65.12c 34.88 a 12.25a 2.91bc 1.33b 73.28b 10.23 e

T, 67.33ab |3267ab |11.88Db 3.23a 136a | 74.15a 9.38f

T3 69.65a |30.35d 11.43cd | 2.77e 115c | 7212c 12.53d

T, 65.12¢ 34.88 cd 743 e 29c 1.04d | 71.29d 17.30c

Ts 65.63 c 34.37a 10.69d 2.84cd 0.95bc | 66.06 e 19.46 Db

Te 66.81bc | 33.19c 11.18cd | 2.83d 0.84f 64.33 f 20.82a

LSD(0.01) | 2.107 0.6956 0.6006 0.0788 0.0249 | 0.0078 0.2732

CV (%) 0.98 214 1.01 0.51 0.15 0.03 0.45
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In a column means having similar letter(s) are statistically similar and those having dissimilar
letter(s) differ significantly at 0.05 level of probability

T1: Controlled(Mixture of sawdust) with 30% wheat bran and 1% lime
T,: Mango sawdust with 30% wheat bran and 1% lime

Ts: Mahogony sawdust with + 30% wheat bran and 1% lime

T,4: Jackfruit sawdust with 30% wheat bran and 1% lime

Ts: Teak tree with 30% wheat bran and 1% lime

Te: Rain tree sawdust with 30% wheat bran and 1%

45 Effect of different sawdust on the Mineral content of Ganoderma lucidum
4.5.1 Effect on Nitrogen (N)

Statistically significant variation was recorded in terms of N content of Reishi
mushroom due to different sawdust method (Table 6). The highest N content was
recorded in T1 (1.96%) treatment which was statistically identical with T, (1.90%), T3
(1.83%) and Tg (1.79%) treatment. On the other hand, while the lowest N content was
observed in T4 (1.19%) treatment which was statistically similar with Ts (1.71%)
treatment.

4.5.2 Effect on Phosphorus (P)

Different sawdust treatment showed significant differences in terms of P content of
Reishi mushroom (Table 6). The highest P content was observed in T, (1.47%)
treatment which was statistically identical with T; (1.45%), T3 (1.43%), Ts (1.43%)
and Ts (1.41%) treatment, while the lowest P content was found in T, (1.28%)
treatment. Muhammad et al. (2011) also found that phosphorus content was ranged

from 0.84 to 0.92% which was smaller than the findings of this experiment.

4.5.3 Effect on Potassium (K)

Significant variation was recorded in terms of K content of Reishi mushroom due to
different treatment (Table 6). The highest K content was recorded in T, (2.65%)
treatment which was statistically identical with T3 (2.63%), T1 (2.58%) and T4
(2.55%) treatment, whereas the lowest K content was observed in Tg (2.40%)
treatment which was statistically similar with T (2.44%) treatment. The findings of
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the present study similar with the study of Chang et al. (1981) who reported that the
fruiting bodies of Ganoderma contained 1.43 to 1.88 g of K on dry weight basis.
Sarker et al. (2004) aso found 1.3% potassium in Reishi mushroom which was
smaller than the findings of present study.

4.5.4 Effect on Calcium (Ca)

Different treatment varied significantly in terms of Ca content of Reishi mushroom
(Table 6). The highest Ca content was observed in T3 (1.96%) treatment which was
statistically identical with T, (1.92%), Ts (1.91%), Ts (1.91%) and T; (1.90%)
treatment and the lowest Ca content was recorded in T, (1.73%) treatment.

45.5 Effect on Magnesium (M Q)

Statistically significant variation was recorded in terms of Mg content of Reishi
mushroom (Table 6). The highest Mg content was found in T, (0.727%) treatment
which was statistically identical with Ts (0.721%), whereas the lowest Mg content
was recorded in T4 (0.673%) treatment which was closely followed by Tg (0.708%)
and T3 (0.713%) treatment and they were statistically identical. Sharma et al. (2004)
aso found 0.21% magnesium in Reishi mushroom which was smaller than the

findings of this experiment.
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Figure7: Effect of different Sawdust on Magnesium percentage

of Reishi mushroom
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T1: Controlled(Mixture of sawdust) with 30% wheat branand 1% lime
T»: Mango sawdust with 30% wheat bran and 1% lime

Ts: Mahogony sawdust with + 30% wheat bran and 1% lime

T,: Jackfruit sawdust with 30% wheat bran and 1% lime

Ts: Teak tree with 30% wheat bran and 1% lime

Ts: Rain tree sawdust with 30% wheat bran and 1% lime

45.6 Effect onthelron (Fe)

Fe content of Reishi mushroom showed statistically significant variation.(Table 6). The
highest Fe content was recorded in T, (515.48 ppm) treatment which was statistically
identical with T, (510.08 ppm), T4 (503.12 ppm) and Te (498.86 ppm) treatment. On the
other hand, the lowest Fe content was observed in T3 (494.89 ppm) treatment which was
statitically similar with Ts (495.23 ppm) treatment. Thangamuthu (1990) reported that
content of Fe in the mushroom grown on different substrates varied from 92.09 ppm to
118.40 ppm. The result of the present study found iron higher than the value found by
Alam et al. (2007) who found that iron content of different Reishi mushroom varieties
ranged from 33.45 to 43.2 ppm.

45.7 Effect onthe Sculpture (S)

Statistically significant variation was recorded in terms of S content of Reishi mushroom
due to different sawdust treatment (Table 6). The highest S content was found in Tj
(0.323%), treatment which was statistically identical with T, (0.315%), Ts (0.313%) and
T1 (0.312%) treatment, whereas the lowest S content was recorded in Ts (0.281%)
treatment which was statistically similar with T4 (0.299%) treatment. The findings of the
present study were supported with the findings of Gottlieb et al. (1998) who recorded
0.238 to0 0.321% of sulphur from their earlier study in reishi mushroom varieties.

45.8 Effect ontheZinc (Zn)

Statistically significant variation was recorded in terms of Zn content of Reishi

mushroom due to different sawdust treatment (Table 6). The highest Zn content was
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observed in Ts (15.54%) treatment which was statistically identical with T, (15.49%), T3
(15.36%), T1 (15.32%), and T, (15.15%) treatment and the lowest Zn content in Tg

(14.02%) treatment. The results of the present study have the similarity with the study of

Alam et al. (2007) found from their earlier experiment that zinc content of different
Reishi mushroom ranged from 16 to 20 .09.

Table 5. Effect of different sawdust on major mineral contents of Ganoderma

lucidum
N P K Ca Mg Fe S Zn
Treatments
(%) (%) (%) | mg/100gm | mg/100g | mg/100g | mg/100g | mg/100g
T, 196a | 145b | 258ab | 1.90a |0.711b |5100b |0312b |15.32d
T 190b | 147a |265a | 192a |0727a |5155a |0.315b |1549b
Ts 183C | 143c | 263 | 19a |0713b |4952e |0383a |1536¢
T, 119f | 128e |250bc| 1.73b | 0.673c [5031c |0.299c |1515e
Ts 171e | 143c |240c | 191a |0721a |4949f |0281d |1554a
Te 179d | 141d |244c | 191a |0708b |4989d |0.313b |14.02f
LSD(0.01) | 0.0078 | 0.0078 | 0.1366 | 0.4461 | 0.007 |0.008 |0.007 | 0.008
CV(%) 026 | 071230 9.69 0.14 0001 [033 0.07

In a column means having similar letter(s) are statistically similar and those having dissimilar

letter(s) differ significantly at 0.01 level of probability

T1: Controlled (Mixture of sawdust) with 30% wheat branand 1% lime

T,: Mango sawdust with 30% wheat bran and 1% lime

Ts: Mahogony sawdust with + 30% wheat bran and 1% lime
T4: Jackfruit sawdust with 30% wheat bran and 1% lime
Ts: Teak tree with 30% wheat bran and 1% lime

Te:
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Chapter 5
SUMMARY AND CONCLUSION

The study was conducted at the Biochemistry laboratory and Mushroom Culture
House (MCH) of the Department of Biochemistry, Sher-e-Bangla Agricultural
University, and Dhaka during the period from August to December, 2014 to evaluate
the performance of different sawdust on the growth, yield and proximate composition
of Reishi mushroom (Ganoderma lucidum). The experiment consists of six different
type of sawdust as- T;: Mixed sawdust (Jackfruit, mango, mahogony, teak and
raintree) + 30% wheat bran, T,: Mango sawdust + 30% wheat bran; Ts: Mahogony
sawdust + 30% wheat bran; T, Jackfruit sawdust + 30% wheat bran; Ts: Teak
sawdust + 30% wheat bran and Te: Raintree sawdust + 30% wheat bran was taken as
basal substrate. The experiment was laid out in single factor Completely Randomized
Design. Data on different growth, yield and nutrient composition and mineral content
were recorded and significant variation was recorded for different studied parameter.
The highest mycelium running rate (0.72 cm) was recorded from T, while the lowest
mycelium running rate (0.55 cm) was observed in T4. The highest time from
stimulation to primordial initiation (20.75days) was found from T4, whereas the
lowest time from stimulation to primordial initiation (10.64days) was recorded in To.
The highest time from primordial initiation to harvest (12.50 days) was attained from
T4 and the lowest time from primordial initiation to harvest (7.68 days) was found in
Ts. The maximum average number of fruiting body/packet (10.00) was observed from
T, again the minimum average number of fruiting body /packet (05.19) was found in
T4.The highest average weight of individual fruiting body (12.62 g) was attained from
T4 and the lowest average weight of individual fruiting body (8.90 g) was found in Ta.
The longest length of stalk (2.68cm) was recorded from T,, while the shortest length
of stalk (1.10cm) was found in T4. The highest diameter of stalk (1.33 cm) was found
from T1, whereas the lowest diameter of stalk (0.95 cm) was recorded in T4. The
highest diameter of pileus (6.05 cm) was recorded from T4, again the lowest diameter
of pileus (4.00 cm) was found in T4 The highest thickness of pileus (1.53 cm) was
observed from T3, and the lowest thickness of pileus (1.28cm) was found in Ts. The
highest biological yield (97.30g) was attained from T,, while the lowest biological

53



yield (73.68 g) was recorded in T, The highest economic yield (89.20 g) was
recorded from T, whereas the lowest economic yield (65.50 g) was observed in
T4.The maximum biological efficiency (55.60%) was recorded from T,, again the
lowest biological efficiency (42.17%) was observed in T4. The highest benefit cost
ratio (5.10) was found from T3, and the lowest benefit cost ratio (4.14) was attained in
Ta.

The highest moisture content (69.65%) was observed from T3, while the lowest
moisture content (65.63%) was found in Ts. The lowest dry matter content (30.35%)
was found from T3, whereas the highest dry matter content (34.88%) was recorded in
T1. The highest protein content (12.25%) was recorded from T, while the lowest
protein content (7.43%) was observed in T,4. The highest lipid content (3.23%) was
found from T, again the lowest ash content (0.84%) was recorded in Ts. The highest
ash content (1.36%) was recorded from T,.The highest carbohydrate (74.15%) was
observed from T, whereas the lowest carbohydrate content (64.33%) was observed in
Te. The highest crude fiber (20.82%) was recorded from Tg, and the lowest crude fiber

content (9.38%) was found in T».

The highest amount of phosphorus content (1.47%) was attained from T,, whereas the
lowest phosphorus content (1.28%) was found in T4. The highest amount of potassium
(2.65%) was attained from T, again the lowest potassium content (2.40%) was found
in Ts. The highest amount of calcium (1.96mg) was observed from T3, whereas the
lowest calcium content (1.73mg) was observed in T, The highest amount of
magnesium (0.727mg) was attained from T, and the lowest magnesium content
(0.673mg) was found in T4. The highest amount of iron (515.48 mg) was attained
from T, whereas the lowest iron content (494.9 mg) was observed in Ts. The highest
amount of sulphur (0.383mg) was found from T3, while the lowest sulphur content
(0.281mg) was attained in Ts. The highest amount of zinc (15.54%) was observed

from Ts, whereas the lowest zinc content (14.22%) was recorded in Ts.

Conclusion

The effect of various kinds of sawdust and supplement on the yield of Ganoderma
lucidum was investigated in this study. As described above yield of G. lucidum varied
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widely depending on the kind of sawdust and supplement. it was observed that
treatment T, Mango sawdust + 30% wheat bran and Mixed sawdust
(jackfruit,mango,teak,mahogony and rain tree) + 30% wheat bran, among the
treatments performed significantly better on growth, yield, nutrient and minera
content of Reishi mushroom (Ganoderma lucidum). As wheat bran is the industrial by
product and economically cheaper than other like gram flour, corn flour etc. the above

discussion,

Recommendations

In this experiment, Mango sawdust with 30% wheat bran performed better in respect
of different growth, yield and nutrient composition and mineral content of
Reishimushroom. Therefore, Mango sawdust with 30% wheat bran substrate can be
recommended for wide range cultivation of reishi mushroom.
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Appendix I.

APPENDICES

Monthly record of air temperature, relative humidity,
rainfall, and sunshine (average) of the experimental site

during the period from August to December 2014

Month (2014) Air temperature’) Relative Rainfall | Sunshine
Maximum Minimum | humidity (%) (mm) (hr)
August 36.0 23.6 81 319 4.0
September 34.8 24.4 81 279 4.4
October 26.5 19.4 81 22 6.9
November 25.8 16.0 78 00 6.8
December 22.4 13.5 74 00 6.3

Source: Bangladesh Meteorological Department (Climatevefather

1212*

division) Agargoan, Dhaka—

Appendix Il.  Analysis of variance on data with the effect of sawdust
substrates on mycelium growth of Ganoderma lucidum
Mean square of

Source of | Degrees| Mycelium | Time from | Time from | Average | Average
variation of running rate, stimulation | primordial | number of| weight of
freedom | in spawn | to primordial | initiation to fruiting | individual

packets(cm) initiation harvest body/ fruiting

(days) (days) packet body

g

Replication 5 0.012 42.21 8.595 48.06 1.037
Treatment 12 0.001 0.498 0.212 0.517 0.112

Significant at 1% level of probability;

~ 65 ~




Appendix I11.

Analysis of variance on data with the effect of sawdust substrates
on development and size of fruiting bodies of Ganoderma lucidum

Source of | Degrees Mean square of
variation of
freedom .

Days_ Days_ Average A_ver ae Average | Diametr
required |required | Length | diameter Thickness _
for for conk | of stalk | of stalk | ¢ oileus of pileus
antler formatio | (cm) (cm) (cm) (cm)
initiation | n

Replication 5 30.875 47.718 1.264 0.059 0.021 1.79

Treatment 12 0.168 0.667 0.002 0.003 0.00 0.16

Significant at 1% level of probability;

Appendix IV. Analysis of variance on data with the effect of sawdust

substrates on theyield, biological efficiency and cost benefit
ratio of Ganoderma lucidum

Source of | Degrees Mean square of
variation of
freedom | Biological Economic Dry yield Biological Benefit cost
yield yield (9) efficiency ratio
(9 9 (%)
Replication 5 782.96 654.54 19.33 264.29 0.346
Treatment 12 0.005 0.005 0.0340 0.002 0.00%

Significant at 1% level of probability;

~ 66 ~



Appendix V. Analysis of variance on data with the effect of sawdust
substrates on proximate composition of Ganoderma lucidum

Source of | Degrees Mean square of
variation of
freedom| Moisture Dry Protein Lipid CHO Crud Ash
matter o 0 o , o
(%) (%) (%) (%) fiber (%)
(%) (%)
Replication 5 7.375 7.260 3.2472 0.098 0.130 8.868 1372
Treatment 12 0.714 0.078 0.058 0.001 0.970 0.900 0/012

Significant at 1% level of probability;

Appendix VI. Analysis of variance on data with the effect of sawdust
substrates on minerals content of Ganoderma lucidum

Source of Degrees Mean square of
variation of
freedom [N\(9p) P(%) | K (%) | Ca(%)| Mg(%) | Fe(ppm)| Zn(%)| S (%)
Replication 5 0.095 0.014 0.032 0.060 0.001 209.49 0/001 0,
Treatment 12 0.560 0.080 0.00B8 0.032 0.003 0.050 0.093 0.073

Significant at 1% level of probability;

~ 67 ~
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Plate 4 :Laminar flow cabinet for safe culturing in spawn packet
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Plate 6 : Watering the spawn packets
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Plate 8 :Mycelium growth and young fruiting body
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Plate 9 :Matured fruiting body in the packet

Plate 10 :Dried Mushrooms
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Plate 11 :Autoclave used in sterilization plate
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