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ABSTRACT KEYWORDS
Agro-industrial wastes constitute great nuisanceto our environment. These Ediblefungi;
wastes could be recycled into other useful products such as animal feeds Biodegradation;
and organic fertilizers. Two white rot fungi (Lentinus subnudus and Digedtibility;
Pleurotus tuber- regim) were collected from the Botanical Nursery sec- Maize cob.

tion, University of Ibadan, Nigeria and tissue cultured to generate hyphal
starter cultures. Inoculation of active mycelia of these microoranismsinto
agricultural wastes(maize cobs, Zea mays) inasolid state fermentation for
56 daysresulted in significant increase (P>0.05) in the crude protein (CP),
ether extract (EE) and ash contents (AC) of the fermented wastes. Crude
protein (CP)of the maize cob increased significantly from 6.71 g/100g DM
control (UM) after 8 weeksto 10.64 and 9.50 g/100g DM for LSM and PT
respectively. Likewise, the EE value of UM was 0.37 g/100g DM whilethat
of PT and LSM increased to 1.38 and 0.65 g/100g DM respectively. Thedry
matter (DM) and crude fibre fractions (CRF) of the treated wastes also
reduced significantly in comparism with that of the control (P>0.05). How-
ever, acid detergent fractions (ADF) reduced from 47.03 g/100g DM (con-
trol) to 41.98 and 40.76 g/100g DM respectively in LSM and PT. Invitro gas
production ranged from 0.16ml hrt(UM) to 0.20ml h* for LSM and 0.11ml h?
for PT. Thevolume of final gas(at+b) produced also differ in values consid-
erably. For LSM, it was 15.00ml h%, and 19.67ml h for PT but the control
(UM) had thevalue of 11.67ml hl, Which wassignificantly lower than the
treated cobs(P>0.05). Significant incresed valueswere a so obtained in the
fungal treated maize cobs as compared with the control for short chain
fatty acid (SCFA), organic matter digestibility (OM) and metabolisable
energy (ME). Treatment of maize cobs with the two fungi were also ob-
served to enhance invitrol digestibility in ruminants.
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INTRODUCTION titiesfromagricultural andindustrial wastesinNigeria
The poor management of thissolid wasteshasled to
Lignocdluloscmateridsareobtainedinlargequan-  theincreasing demandfor their possibleuseinlivestock



BTAIJ, 5(1) 2011

S.GJonathan and A.Akinfemi 61

————, FyuLL PAPER

and animal feeds. Lignocd lulosearemateria scontain-
ing highfibre content, low protein, vitaminsand miner-
ad,

BecauseNigeriaisamaize producing country, maize
cob, straw, husks etc and other wastesfrommaizeare
cheaply available after harvest, at theend of each plant-
ing season. Chen et a'® reported that thereisaconsid-
erableinterest inthepotentid of biologicaly based pro-
cessfor utilization of such materialsfor upgrading of
animd feeds, inthe pul p and paper industry and for the
production of chemicals. Livestock inthetropicsare
being faced withthechalengesof poor nutrition. Thisis
because the available crop residues or by- products
are of low nutrient quality!?. Khan et al.?! and
Gbolagade et al .8 independently reported that ed-
ible higher fungi aregood sourcesof protein, vitamins
and minerals. Mushrooms also contain appreciable
amount of potasium, phosphorus, copper, andiron but
low leve of cacium®2, Mushroom proteinintermedi-
ates between that of meat and vegetables™7,

Thisgood qualitiesof ediblefungi could beincorpo-
rated into agricultural wastesfor thebenefit of livestock.
Maor agricultural wastesare cered cobs, straw, leaves,
stems, rootsetc.?. Maizecobisistheremainsor left
over dfter theremova of strachy grains. Thecobisusu-
aly discarded or disposed of and they could causeenvi-
ronmental nuisancewhen burnt or inadequiately dumped.
Thesewastematerid scould berecydedinto vaueadded
livestock or ruminant feedsor used asorganicfertilizers
and the environment is less endangered. Solid state
fementation of maizecobsusing Pleurotustuber regium
and Lentinus subnuduswill beacheap recycling tech-
nology that can beused by agriculturistsin Nigeria

MATERIALSAND METHODS

Sour ceof agricultural wastes

Seven hunded and fifty kilogrammes (750 kg) of
maize cobs were collected from the Teaching and
Research Farm, University of Ibadan, Ibadan, Nigeria
They were sundried for 21days. The materialswere
pulverised and oven-dried at 55°C to obtain constant
weight.

Test fungi
The fruitbodies of Pleurotus tuber regium (PT)

and Lentinus subnudus (LSM) were obtained from
decaying log of wood at the back of the Nursery section,
Department of Botany and Microbiology, University of
Ibadan, Ibadan, Nigeria. They weresubjected totissue
culture to generate mycelial cultures. These were
maintained on plates of potato dextrose agar
supplemented with 5.0% yeast extract!*€l.

Substratepreparation and inoculation

One hundred grammes (100.0)g of the dried
pulverised substrateswereweighedinto each 1 Litre
heat resi stant bottle and 200ml of digtilled water were
added. The mouth of each bottle was covered with
aluminum foil and sterilised in the autoclave at
temperature of 121°C and pressure of 1.02 kg cm-2
for 20 minutes. Each experiment wasreplicated thrice.

Seven milimeters (7.0 mm) mycelia disc were
removed with the aid of sterile cork borrer from
vigoroudy growing (5day old) culturesof thetest fungi.
Thesewereused to inocul ate each experimenta bottle
at the center of the substrate and themouth sealed with
auminiumfail. Incubation wasdoneinthelaboratory at
28+2°C and RH of 100%. After 56 days of inoculation,
thesubstrateswere harvested®”. Fungal treated maize
cobswereovendried at 55°C. Chemical anaysisand
in vitro digestibility were then carried out on the
biodegraded samples.

Invitrodigestibility

ThreeWest African Dwarf fema e goat were used.
Suction tubeswereused to collect intestinal fluid from
thesegoatsbeforethey werefedinthemorning. Fourteen
days prior to the collection of therumen fluid, these
animashavebeenfed with specid diet whichwasmade
up of 40% corn, 10% wheat offal, 10% palm kernel
cake, 20% groundnut cake, 5% soybean meal, 10%
brewersgrain, 1% common salt, 3.75% oyster shell,
0.25% fish meal and 60% guineagrass. Thisspecial
feeding isnecessary so that malnurition will not have
negative effect on the composition of rumen fluid
collected. Thitrty milimetres (30ml) of strained rumen
liguor was added to 200mg of biodegraded sample
ingdethetightly rgpped cheesedothinatest tube. Buffer
wasa so added to therumen fluid. The composition of
this buffer were: 9.8g NaHCO,, 2.77g Na,HPO,,
0.57gKCL, 0.47gNaCL, 0.12gMgSO,. 7H,0, 0.169
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CaCl, 2H,0. These were added in aratio (1:4 v/v)
under continous flushing with CO,. (Menke and
Steingass,1988). Incubation was carried out at
37°+£2°C. Theexperiment wasreplicated theetimes.
The gas productionwas measured at 3, 6, 9, 12, 15,
18, 21 and 24h using calibrated syriges®. Theamount
of methane produced was quantitavey estimated by the
introduction of 4ml of NaOH (10M) to the already set
up experiment. The average volume of gas produced
from the blankswas deducted from the volume of gas
produced per sample. Thevolume of gas production
characteristicswereestimated usingtheequationY =a
+b (1 - e*) described by Qrskov and McDonal d®,
whereY = volume of gas produced at time ‘t’, a =
intercept (gas produced from the solublefraction), b=
gas production from theinsolublefraction, at+b=find
gas produced, ¢ = gas production rate constant for the
insolublefraction (b), t =incubationtime. Metabolizable
energy (ME, MJ/Kg DM) and organic matter
digestibility (OMD %) were estimated accordingtothe
methods described by Getachew et al.[*4 and short
chainfatty acids (SCFA) was cal cul ated asreported
by Getachew et al.[*3.

ME =2.20+0.136* GV +0.057* CP +0.0029*C;

OMD =14.88+0.88GV + 0.45CP 0.651XA,;

SCFA =0.0239*GV - 0.0601;

GV, CP, CF and XA are net gas production (ml/
200mg, DM) crudeprotein, crudefiber and ash of the
incubated samplerespectively.

Biodegraded samplesnalyses

Crude protein (CP), ether extracts (EE) (crudefat)
and ash content(AC) were determined using the
procedures of AOACH., Digestiblematter (DM) ware
determined using the method described by Melaku et
al.”, The method of Zadrazil?® wasused to assay for
hemicelulose. Neutra detergent fiber (NDF) andAcid
detergent fiber (ADF) were analysed using themethod
of Van Soest et d .2 whileAcid detergent ligrain (ADL)
were quantified using the procudures described by
Blummel and Becker®.,

Satistical analysis

All the data derived from the experiments were
subjected to andysisof variance (ANOVA) and mean
separaionwerecarried out by Duncan’s multiple range
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test using Satistical Analysis System (SAS) package
(1988).

RESULTS

TABLE 1 represents results of proximate
compositions after 56 daysof solid statefermentation
by whiterot fungi. Crude protein contentsof themaize
cobsincreased sgnificantly (P>0.05) from 6.71 ¢g/100g
DM (control) (UM) to 10.64 and 9.50 g/100g DM for
L. subnudus (L SM) and P.tuber-regiumrespectively
(PT) respectively. When compared with the untreated
substrates (32.68 g/100g DM), the crude fibre (CF)
decreased notably to 26.70 g/100g DM in PT and
17.68 g/100g DM in LSM. Similarly, thedry matter
(DM) content of the fermented samples reduced
significantly compared with the undegraded cobs. In
LSM, 86.66 g/100g DM was observed whilein PT,
86.90 g/100g DM was obtained. These values
decreasad Sgnificantly from thet of theuntreated samples
(88.57 g/100g DM). (P<0.05).

There were noticeable increased in the values
obtained for the ether extract (EE) and ash content
(AC), from untreated substrate (UM) to fungal
biodegraded substrates. Thevalueof 0.37 g/100g DM
was observed for the UM in EE, whereas 0.65 and
1.38 g/100g DM were recorded for PT and LSM
respectively. Similarly, in ash content, UM was 2.86 ¢/
100g DM while 3.16 and 2.98 g/100g DM were
observed for LSM and PT respectively. Metabolising
energy (ME) dso reduced significantly from untreated

TABLE 1: Nutritional compositionsof Fungal biodegraded
maize cob((g/100g DM)

Parameters UM LSM PT SEM
Dry matter 8857  86.66° 86.90° +0.01
Crude protein 6.71° 10.64% 950°  +0.04
Ether extract 0.37° 1.38% 0.65°  +0.02
Ash 2.86° 3.16° 298°  +0.04
Crude fiber 3268 1768  2670° +0.02
Nitrogen freeextract ~ 57.36°  67.13*  60.17° +0.05
ME (MJkg DM) 4958.33% 4223.60° 3901.04° +1.40

Values followed by different superscripts along each column
are significantly varied (P > 0.05) by Duncan’s multiple range
test. LSM = Lentinus subnudus degraded maize cob, UM = un-
treated maize cob (control), PT = Pleurotus tuber-regium de-
graded maize cob,M E = metabolisable energy
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TABLE 2: Fiber fractions(g/100g DM) of Lentinussubnudus
and Pleurotustuber-regium degraded maize cob

Parameters UM LSM PT SEM
Neutral detergent fiber ~ 68.35% 60.85° 61.09° +0.03
Acid detergent fibre 47.03* 41.98" 40.76° +0.01
Acid detergent ligrain 1379 11.50° 11.77° +0.01
Hemiellulose 33.24° 30.48" 28.98° +0.00
Nitrogen free extract 57.36°  67.13%  60.17° +0.05

ME (MJkg DM) 4958.33% 4223.60° 3901.04° +1.40
Values followed by different superscripts along each column
are significantly varied (P > 0.05) by Duncan’s multiple range
test. LSM = Lentinus subnudus degraded maize cob, UM = un-
treated maize cob (control), PT = Pleurotus tuber-regium de-
graded maize cob,M E = metabolisable energy

TABLE 3: Invitrogasproduction(ml 200mg DM) char acter-
isticsof biodegr aded maize cob

Parameters UM LSM PT SEM
a+b (ml) 11.67° 15.00° 19.67*  +1.07
b (ml) 8.00° 13.00° 12.83°  +1.03
y (ml) 9.67b 11.67° 9.00" +1.07
c(h? 0.16° 0.202 0.11° +0.01

Values followed by different superscripts along each column
are significantly varied (P > 0.05) by Duncan’s multiple range
test. LSM = Lentinus subnudus degraded maize cob, UM = un-
treated maize cob (control), PT = Pleurotus tuber-regium de-
graded maize cob,M E = metabolisable energy

TABLE 4: Short chain fatty acid (mol or ganic matter digest-
ibility (%),) and metabolisableenergy (M J/KgDM) of treated
maizeCaob

Parameters UM LSM PT SEM
SCFA 0.34° 0.422 0.412 +0.10
OMD 2844° 3314  2887°  +1.08

ME 4.26° 4.882 427" +1.10

Values followed by different superscripts along each column are
significantly varied (P > 0.05) by Duncan’s multiple range test.
LSM = Lentinus subnudus degraded maize cob, UM = untreated
maize cob (contral), PT = Pleurotus tuber-regium degraded maize
cob,ME = metabolisable energy. OM D=0Organic matter digest-
ibility; SCFA=Short chain fatty acid;M E=metabolisable ener gy
substrate (4958.33 MJKgDM) to 4223.60 and 3901
MJKgDM inLSM and PT respectively.

Fibre analysis of the biodegraded samples was
presented on TABLE 2. Apart from the nitrogen free
extract (NFE), therewere general decreaseinthefibre
fractions of maize cob. Thevauesfor acid detergent
fibre (ADF) reduced from 47.03 g/100g DM in the
control experiment (UM) to 41.98 and 40.76 g/100g
DM in LSM and PT g/100g DM.The same trend of
significant reduction wereobservedintheNDF, ADL
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Figure2: Methaneproduction fromin vitrogasproduction of
maize cob tr eated with two strainsof mushroom UM =control
PSM =L entinus subnudus,; PT=Pleurotustuber-regium

and cellulose contents of fungi treated maize cob.
(P>0.05). Hemicdlluloseva uesd so reduced s gnificantly
and showed marked gtatistical (P>0.05) differentinthe
control (UM), L. subnudusand P.tuber-regium. It was
observed that nitrogen free extract (NFE) was57.36
9/100g DM in the control experiment. This values
increased significantly (P<0.05) in PT (60.17 ¢/100g
DM) and LSM(67.13 g/100g DM) after the
bi odegradation of maize cob.

TABLE 3 shows the in vitro gas production
characteristics of maizecob over aperiod of 24 hours.
Gasproduction (b) (ml 200mg DM) apparently varied
between samples from 80.00ml (control) UM to
13.00ml (LSM) and 12.83 (PT). Thegas production
rate(c) (mlh?) aso differed sgnificantly (p<0.05). The
fractiona raterangesfrom 0.16ml h (control) UM to
0.20ml ht (LSM) and 0.11ml h*(PT). There were
sgnificant difference (P<0.05) in thefind gasproduced
(at+b) ml. Thehighest valuewas 19.67ml wasobtained
in PT.Thisvaduereduced sgnificantly inLSM (15.00ml)
whilethelowest valueof 111.67 ml wasobtainedinthe
control (UM).
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Therewere no significant differences (P>0.05) in
the values obtained for UM, LSM and PT.for short
chain fatty acid, (SCFA) (TABLE 4). There were
significant variations (p<0.05) in OMD of the LSM
(33.14MIKgDM). fungdl trested mai ze cob compared
with the control (28.44 MJKgDM)), but the values
obtained in control and PT (28.87MJKgDM). arenot
significantly different. The proportion of SCFA was
sgnificantly higherinLSM (0.42 MJKgDM). and PT
(0.41MJKgDM), thanthe control (0.34 MJKgDM).
withthe highest proportionrecordedin LSM. TheME
of thecontrol and PTwerestatisticaly smilar (p>0.05),
however, it was significantly different () from LSM.
Figure 1 showsthein vitro gas production pattern of
the (control) UM, LSM and PT over aperiod of 24
hourswhilefigure 2 showsthe bar chart of methane
productioninthesubstratestreated by thesetwo fungi.

DISCUSSION

The progressivereduction observedin crudefibre,
and crudefibrefractionsin thefungal treated wastes
may beattributed to the biodegradation of celluloseand
hemicellulose by these two white rot fungi®. The
breakdown of these complex compounds by Pleurotus
tuber-regium and Lentinus subnudus may belinked
withthier ability to producelignoodluloscenzymeswhich
are capableof bioconversion of lignin, celluloseand
hemicelluloseto other smpledigestable materia §5,

Theprogresveincreamentinthecrudeprotein (CP)
content noticedin fungal fermented substratesmay be
attributed to the addition of fungal biomas to the
fermented samples®. Theestablished fungal hyphae
observed in the biodegraded maize cobsmay aso be
linked withtheimproved crude protein values obtained
in the fermented agricultural wastes?!. Mushroom
vegetatative hyphae have been suggested to be good
sources of proteinsand essential mineral nutrientg824,
Thenoticablehigher vauesof CPobsevedinthemaize
cobs after solid state fermentation for 56 days could
also bedueto therel ease of the polysaccharide bound
proteinsand thismay enhance thefermented substrates
to have more nutritional quality™. The progressive
reduction recordedintheNeutrd detergent fibre(NDF)
withinthe 56 daysof biodegradation may beduetothe
extensveutilization of hemicelluloseby Ptuber-regium
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and Lentinussubnudus. Thisobservationisin support
of earlier work of Chen et a.®, on biodegradation of
agricultural wastesusing other fungi. Thecrudefibre
(CF) and acid detergent fibres (ADF)vaues which
reduced graduadly withinthe 8 weeksof biodegradation
inthetreated substrates could befavourably compared
with the earlier work of Jonathan et al.?® who also
recorded smilar reductionin CFandADFinthefunga
treated agro-industrial wastes.

Thereduction observedin cellulose contentinthe
biodegraded cobs could be linked to utilization of
cellulosefor fungd metabolismi*®. With theexception
of gas production, c(h?), that was high in control
experiment (UM), find gasproduction, (a+b)ml, volume
of gasproduced, y (ml), and gas production from the
insolublefraction., b (ml) werebetter in the biodegraded
wastes Thisisanindicator that thecobsundergonevery
good solid state fermentation. However, fina gas
produced, (a+b)ml, volume of gas produced, y (ml),
and gas production from theinsolublefraction., b (ml)
were all better in Lentinus subnudus(LSM) than in
Pleurtustuber-regium(PT) thismay be attributed to
the higher cellulose content recorded for latter. It has
been suggested that cellulose could serveasan energy
soucefor vegetativegrowth of fungi*®. Also, thehigher
hemicellul ose content recorded for LSM will provide
more glucosefor theruminant animalssincethe gut of
the animalsare rich with microorganismsthat could
convert cdluloseto glucoseby thehep of lignocdlulosic
enzmes?¥. Thedifferent typesof whiterot fungi used
maly beresponsiblefor thevaried gas production rate
congtant, c(hr* observedin PT and LSM. Thebest Short
chainfatty acid (SCFA) valueswererecorded for the
biodegraded substrates copared with the untreated
(control)t (P>0.05). Thisresult indicated the potentials
of makingenergy fredy availabetotheruminantsusing
maizecobsfungal treated samples®. Theimprovement
inthe CP coupled with thedecreasein the CFand CF
fractionsof LSM and PT will bethemost likely reason
that contributed to the improved organic matter
digestibility (OMD). Methane (CH,) production
representsenergy loss, sncethevauesobseved in LSM
and PT werelower than the valuesobserved in control
(UM). It could be seen from theseinvestigationsthat
the values CP, EE, AC, SCFA and OMD in the
biodegraded maize cobss gnificantly improved than thet
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of thecontrol. Thisactually suggested that thefungal
treated mai ze cobs could serve asthe potentidly useful
productsfor animal feeds.
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