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Abstract

This study investigated improved, cost effectivganic wastes management and
sustainable methods of Pleurotus pulmonarius atltim. The cultivation of edible
mushroom, P. pulmonarius was carried outusing aigaup plements such as corm bran
(CB), wheat bran (WB), rice bran (RB), palm k ercegke (PKC), groundnut cake (GNC),
soya meal (SM) and poulry manure (PM) mixed wita gawdust from Gmelina aborea
wood species. These organic supplements- sawdutstres were made into compost
heaps, and sawdust to which no supplement was asletgdd as the control (CON). The
primordial initiation was observed for the firstime at approximately 30days after
spawning on CB and PKC. The biological and produrtiefficiencies in all the
supplemented substrates were increased over uneuppted control. However, SM was
foundto bethe best supplement producing 58.372&21r60% biological and production
efficiencies respectively. PKC was the seconddxditive producing56.92 and 22.43%
biological and production efficiencies respectively Shortest days to substrate
colonization (21.86) and primordial initiaton (3®6) were observed on PKC when
compared with other supplements. These results sl tmat P. pulmonarius responded
differently to organic nutrient sourceend also indicated that the addition of these
supplements to basal sawdust substrate necessitgt=ter supply of nutrients in the
supplements which increased the mushroom yieldodpimal and production efficiencies.
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Introduction

Food rich in essential nutrients kke protein, miless and minerals obtanable from meat,
fish, eggs, beans, fruts and vegetables are matyal within the reach of the rural poor
and the kevels of the ntake of these food valleerohine their health status.

In Nigeria, carbohydrate is culturally the majourse of food intake, and t 5 one of the
majr reasons why malnutrition is rampant in thenty (lyangbe and Orewa, 2009).
Maprty of Nigerians do not consume the Food andridulture Organization (FAO)
recommended 60g per person daily protein requirenfen indviduals (FAO, 1992)
Nigeria's per capita daily protein intake 5 estetato be 45.4g (ICN,1992) as against the
FAO’s mnimum protein recommendaton. Proxmate &g of mineral and energy
content of edblke mushrooms indicate their potsntiar use as sources of good quality
food and detary supplements. The amount of crudéeip, ash, and crude fibre found in
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most edible mushroom species compare favourabl, veihd n some cases surpasses
those of some fruits, vegetables and legumes exgepundnut and soya beans
(Ologhogbo, 1981; Aletor and Aldetimi, 1989; Maddhan,et al 2006, Jegadesht al,
2010). In view of the ncreased popularty of Healbods, the detary and medicnal
importance of mushrooms cannot be over emphasiteds therefore desirabe to
encourage the production and consumption of edinlshroom species.

In nature,Pleurotus spmostly grow on the dead part of plants which aeecally poor in
nutrients and vitamins. It has been establishatl bth mycelia growth and fruiting body
development depend on lignocelulosic materiakrticpdarly the carbon: nitrogen ratio
(C:N) which has been reported to be 50:1 in varsubstrates (Bakkrishman and Nair,
1995). Substrates for mushroom growing have be@plesuented with organic materials
such as rice bran, earthworm cast, wheat brann di@ir, wood shaving, humus and
cocoa shel. (Madhab and Das, 1989; Pehal, 2000; Idowuet al 2009). Incorporation
of organic substances nto the basic substrategyfmwving mushrooms is to increase or
boost mushroom yields. This research was therefbned at determining the effect of the
different organic suppkements on the growth, yiedd biobgical efficiency of the
mushroom,P. pulmonarius

M aerids and methods

The experiment was carried out at the mushroomugtod unit of National Horticuftural
Research Institute, Ibadan Nigera. The primargcubomn was prepared from the fresh
fruiing body of P. pulmonarius by tissue cukure, which was maintained on potato
dextrose agar slant incubated at room temperaturd4days after which they were stored
at £C until needed.

Substrate Preparation

Sawdust ofGmelina aboreawas collected from Forestry Research InstiuteNgeria,
Ibadan and used as basal substrate. The sawdust dixgted into portions to which
10%w/w of the following organic supplements weredeat] corn bran (CB), wheat bran
(WB), rce bran (RB), pam kernel cake (PKC), gt cake (GNC), soya meal (SM)
and pouttry manure (PM) obtaned from a lcal femd around Alakia-lsebo road,
Ibadan, Nigeria. The sawdust to which no supplenvemt added served as the control
(CON). Water was added to the various substratesnmisture content of about 65% with
calcium carbonate (1%) added to adjust the pH eofstibstrates to 7.0. These were used to
investigate the growth and yeld of the mushrooms.

Vegetative growth

The different substrate mixtures above were fileid test tubes of 25x150mm plugged
with cotton wool covered with alumnium fol befosterized n an autoclave at 221
for 15 minutes. After cooling down to room temparat the tubes were inoculated with
freshly prepared and actively growng mycelum loé tmushroom, the vertical mycelium
extension was taken every other day for two weé&lach treatment was replicated eight
tmes.
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Fruiting body cultivation

The basal medium oGmelina aboreasawdustwas used. Portions of the sawdust were
added with the following suppkements at the ratel@ w/w each of rice bran (RB),
wheat bran (WB), palm kernel cake, (PKC), corn b(a@®), soya bean meal (SOY),
groundnut cake GNC), poultry manure (PM) and thatrob(CON) had no supplement
added. These substrate mixtures were moistenedwaitbr to about 65% moisture content
and left overnight (16 hours) for the water to pemte the entire substrate. They were
dispensed nto polyethykene bags held in place wilyvinyl chiorde (PVC) pipe which
was thereafter covered with cotton wool wrappedammminum fol and steamed and
steamed for 6 hours at a0

After coolng down to room temperature, the bagsrewseeded singly with freshly
prepared spawn dP. pulmonarius The inoculated bags were incubated at 2&Z@r 30
days in a dark room followed by cropping.

Days to ful colonization and appearance of mushrgwimordial were taken. The fruiing

bodies were harvested as they appeared and gratghsdch as number of fruits, pileus
width and length of stpe, average fruit weightakdruit weight, were colected and the
biological efficiency (Ratio of total fresh mushmeoharvested to substrate dry weight x
100) and producton effciency (ratio of total fnesnushroom harvested to substrate
weight before cropping x 100) cakulated.

Proximate analysis

Proximate analysis was carried out immedately ¢e tmushroom fruithg bodies
harvested from the various treatments after wejghidarvested fresh fruithg bodies of
mushrooms were weighed immediately after harvelsé Jamples were dried at%®0for 2
days, weighed, powdered in a Moulinex blender deded through a 450um sieve. The
fnal powdered samples were stored n desiccatotb needed. The dried and powdered
fruiing bodies ofP. pulmonariusfrom the varous treatments were analsed for faad
mineral compostion according to the method of c&ifi Analytical Chemists, (1995). The
analyses included the determination of crude protéat, moisture, ash and mineral
contents. The mineral elements incuded sodium,aspim, calcium, phosphorus,
magnesium, iron, copper, zinc and manganese andvabes determined using Atomic
Absorption spectrophotometer.

Results

The performance of the mushroom on the varioustrstibsaddiives was studied. It was
observed in Table 1 below th®. pulmonariusrecorded the highest number of fruiting
bodes on SOYA supplemented substrate with the dovebserved on PM. Total fruiing
body yield was found to be highest on Soya, CB\Af#iand lowest on PM.
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Table 1: Effects of different organic supplementinclusions on the growth and yield of
P. pulmaonarius

Mean
Total Width fruiting
fruiting of Length body Production
Mycelia Number body pleus of stipe weight efficiency

Treatment extension of fruts weight (g) (cm) (cm) (9) (%)
CB 11.49¢ 8.000 67.03" 763P¢ 7.63¢  8.46° 20.60¢
PKC 10.4. © 9.8¢ 61.07 85(¢ 7.66¢ 6.2&° 2240 ¢
PM 3.33f 5.14 18.1% 570f 6.119 3.62¢ 5.68f
WB 8.69¢ 9.43¢ 66.07 736« 6.87¢ 7.05b 21.73¢
RB 10.66° 7.57b  47.04 753bc 7,270 6.24¢ 16.254
GNC 7.71° 9.43¢ 61.109 773 6.96¢ 6.50¢ 20.87°¢

SOYA 7.60¢ 10.14¢  68.73¢ 7179 6.369 6.82 22.602¢t
CONTROL 6.13¢ 7.29° 39,98 6.89¢ 6.19¢9 5.54d 13.42¢
Means folowed by the same superscript letter(s)each column are not significantly
different (P>0.05) according to DMRT.

CB (corn bran), PKC (paim kernel cake,) PM (poutirgnure) WB (wheat bran), RB (rice
bran), GNC (groundnut cake), SOYA (soy meal), deddontrol.

Table 2: Effects of different organic supplementinclusions onthe proximate contents
of P. pulmonarius

Treatments N Protein Fat Moisture Ash
(%)  (Ppm)  (ppm) (ppm)  (Ppm)

CB 2.84 17.75" 2.0%° 8.67° 7.92
PKC 4.4¢ 275F 342 5.6 7.54
PM 4.2 26.2P 21F 93¢ 6.77
WB 353 2208 229 7.9z 8.03
RB 400 25.02 1909 8.64° 7.13
GNC 3.9 2448 32F 5.04¢ 6.3%

SOYA 3.6F 29F 40 6.28¢ 712
CONTROL 223 1592 160 6.12¢ 8.67

Means folowed by the same superscript letter(s)each column are not significantly
different (P>0.05) according to DMRT.

CB (com bran), PKC (palm kemnrel cake,) PM (pguinanure),WB (wheat bran), RB
(rice bran), GNC (groundnut cake), SOYA (soy mearf) the control.

The widest pleus was observed on PKC whie theonast was on PM.The biggest fruit

size was seen on CB and PKC and the smallest waBMnP roduction effciency was

highest with WB and PKC but bwest on PM with tleegest mycela extension on CB

and the shortest on PM. Nitrogen and proten ctsterere significantly higher in all the

supplemented substrates compared to the contrgk@5, the highest of which were

recorded on fruting bodies harvested from PKC Ilsupgnted substrate. Fat content was
generally low on al the treatments with the least the control. Ash content was

significantly highest on the control and least tmers.
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Table 3 shows the macro-element content of frudielso harvested from the different
supplemented substrates. Potasium was the mostdaabuof all the macro-elements
evalated. Sodium, magnesium, calcium and phospharere alko present in appreciable
ammount.

Table 3. Effects of different organic supplement incdusions on the major element
contents of P. pulmonarius

Treatments K Na Mg Ca P
(%)  (ppm) (%) (%)  (ppm)

CB 1.1% 81.77° 019 012 0.86
PKC 1.3¢d  70.2¢¢ 020 01F 1.0
PM 1.14  765:9 01¢ 01 0.9¢
WB 1.4% 5750" 018 015 1.0
RB 1.24 60.209 016 018 0.92
GNC 1.4 10035 02F 013 1.09
SOYA 1.26 78.34¢ 018 0.1Z 0.67

CONTROL 155 66.92f 016 017 0.49

Means folowed by the same superscript letter(s)each column are not significantly
different (P>0.05) accordng to DMRT. CB (corn BraPKC (palm kemel cake,) PM
(poultry manure),WB (wheat bran), RB (rice branN@G (ground nut cake), SOYA (soy
meal), and the control

The results in Table 4 shows the values of micreeral elements in fruithg bodies from
al the treatments. The fruitig bodies harvestedmfrthe control treatment recorded
significantly highest ammounts of all the micromets assayed wih least occuring in
the other treatments.

Table 4: Effects of different organic supplement incdusions on the trace element
contents of P. pulmonarius

Treatments Mn Zn Cu Fe
(Pppm)  (Ppm)  (ppm)  (ppm)
CB 6.40d 53.23 0.24f 88.70P
PKC 12.55 59.39 0.10h 74.364
PM 5.28¢ 61.67 0.28¢ 64.80f
WB 4.15f 52.62 0.13¢ 70.41°¢
RB 3.4 9 59.2F 1.0% 59.14
GNC 13.79 58.95 0.39d 83.56

SOYA 2.11h 57.60 0.90s 69.82¢
CONTROL 21.06 63.80 2.9F 165.62

Means folowed by the same superscript letter(s)each column are not significantly
different (P>0.05) accordng to DMRT. CB (corn BraRPKC (palm kemel cake,) PM
(poultry manure) WB (wheat bran), RB (rce bran)NG (groundnut cake), SOYA (soy
meal), and the control

Days to substrate were shortest on PKC and longesPM whie days to primodial
intiion (Days to first appearance of mushroontials) were bngest on PM and shortest
on both PKC and CB (Figs 1 and dighest biological efficency was observed on soya
supplemented substrates.
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Fig 1: Effects of organic supplements on number of days to substrate colonizaion of
P. pulmaonarius,

CB (corn bran), PKC (pam kernel cake,), PM (poultry manure),WB (wheat bran),
RB (rice bran), GNC (groundnut cake), SOYA (soy meal), and the control.
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Fig 2: Effects of organic supplements on number of days to appeaance of P.
pulmanarius,

CB (corn bran), PKC (palm kernnel cake,) PM (poultry manure),WB (wheat bran),
RB (rice bran), GNC (groundnut cake), SOYA (soy meal), and the control.
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Fig 3: Effects of different organic supplements on the biological efficiency of P.
pulmonarius,

CB (corn bran), PKC (pam kernnel cake,) PM (poultry manure),WB (wheat bran),
RB (rice bran), GNC (ground nut cak e), SOYA (soy med), and the control.

Discussion

In this present study, the supplementation of tasabmushroom substrate (sawdust) with
the various organic addtives enhanced the bialbgitficiency (Percentage ratio of total
fresh mushroom harvested to substrate dry weigh)duction efficency (Percentage
ratio of total fresh mushroom harvested to sulestraeight before cropping) and mycelia
growth of P. pulmonarius when compared with thetrobn Substrates for mushroom
cultvation have been reported to have nirogentecbnranging between 0.5 and 0.8%,
hence the additon of nitrogen sources to the iatibst resulted in higher mushroom yield
(Azizi et al, 1990; Gupta and Viay, 1991). The addtion of sogaal (SOYA) increased
significantly the biological and production effc@es and all the growth characters
evalated foP. pulmonariuswhich agreed with the findings of Naraiah al (2009) that
durng the cukivation ofP. florida on maize cobs, the addition of soya meabkagplement
increased the biological efficiency by 93%. Osenhial,2012) ako reported Inclusion of
these organic supplements especialy PKC whichceztlildays to substrate colonization
and primodial intiation which resuted in shorteni the production circle of the
mushroom and overall reduction in running cost mfdpction (Hanaet al 2005). Royse,
(2004) earler demonstrated that shortening of yatmsh period of P. cormucopiaewas
achieved by inclusion of some additives into itsabasubstrate whie Osemdit al2012,
obtained the same resut wih. ostreatuswhen its substrate was supplemented with
wheat bran.

The addtion of the various organic supplementspieyed in this study also brought
about a significant change in the nutritional dualnd chemical composition of the
mushroom fruiting bodies. This results agree with findings of bank and Nandi (2004)
who reported a sgnificant change n the nutriemin@stion of P. sajor-caju grown on

spent rice straw compost supplemented with cotterd shulls. The resuks of the
nutritional analysis of the harvested fruting lksdiffom the various treatments revealed
higher content of protein and low fat contents e tmushroomfruiing bodies from the

11
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supplemented substrate compared with the contrathwtould be indicative of addtional
protein from the organic supplements added to thsalbsubstrate. This resuit is in
agreement wih work of Jegadesh al, (2010) who reported high protein and low fat
contents in the fruiing bpdies dfolvariella bombycina.

Macro and micro-eements are present nhappreciaomounts, sufficient quantties of
sodum in fruting bodies from both supplementedd aonsupplemented subsrate is
essental in the regulation of volume flow and tlgoessure whie potasium & essential
in the synthesis of amno acids (Malk and srivestal982; Saigeet al, 2008). Zinc and
magnesium are requred in enzyme synthesis (Chd@8p), cacium is important in bone
formation whiemanganese and copper are requirggloiein synthesis (Ayaet al, 2006)

Conclusion

In conclusion, the results of the of this presetnidys indicated that addkion of organic
supplements to the basal mushroom fruiting sulestratil increased fruing body yield,
biological efficiency, production efficiency and tiional qualty of the mushroom. It can
therefore be reasonably concluded that mushroontingrubodies from supplemented
substrate hold tremendous promise in compememimen and mineral needs of the
teaming populace i the developing countries ofchviiligeria is one.
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