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Abstract

A total of 16 species of fungi were isolated frono8ations viz:- two refuse-dump
sites and palm kernel stack in Ibadan, Nigeria. @the 16 isolates obtained at’@5
incubation temperature, 9 were found to be thertedat while the other 7 were
found to be thermophilic. The thermophilic and thetolerant fungi were separated
from the others by incubating at a low temperataofe 12°C at which the
thermotolerant fungi grew, while the thermophilic chot grow at this temperature.
All the fungi (thermophilic and thermotolerant) werscreened for possible
antimicrobial activities using different media soes. However, none of the screened
organisms showed sign of antimicrobial activityiaving no clear zone of inhibition
against the test organisms. The test organisms usgé Bacillus subtilis and
Staphylococcus aureu3he conditions necessary for the production dfaeellular
enzymes of thermophilic fungi isolated were detaedi using a stationary liquid
medium of Oat-meal-chaff. Cellulases were produogall the thermophilic fungi.
The cellulase activities of all the fungi used weetermined at pH 5.5. The peak
activities for the enzyme (cellulase) were showréoat 45C. The possible use of
extracellular enzymes from these fungi for varipugposes is discussed.

1. Introduction

Thermophilic fungi are a small assemblage in mycitat have a minimum
temperature of growth at or above 2D and a maximum temperature of growth
extending up to 60 to 6Z (Maheshwaret al, 2000). As the only representatives of
eucaryotic organisms that can grow at temperatabesre 45°C, the thermophilic
fungi are valuable experimental systems for ingegtbns of mechanisms that allow
growth at moderately high temperature yet limititiggowth beyond 60 to 62C.
Thermophilic fungi are potential sources of enzymith scientific and commercial
interests. Enzymes of thermophilic fungi includellldase, amylase, xylanase,
polygalacturonase, glucoamylase, protease, lipagse,—amylase, Cellobiose
dehydrogenase, phytase, D - Glucosyl transferasemples of media for the growth
of thermophilic fungi are Potato dextrose agar,rcBtgeast- extract agar, Malt
extract agar, Saboraud dextrose agar.

Genes of thermophilic fungi encoding lipase, pregexylanase and cellulase have



28 Ogunleye Akin Olagoke: Mycelial Growth and Cklge Activities of Some Thermophilic Fungi Isolafesin Municipal
Wastes and Palm-Kernel Stacks in Nigeria

been obtained for elucidation of the mechanismsheir female spores that come in contact with each otber
intrinsic thermostability and catalysis (Maheshwetrial., produce a new organism.
2000). Municipal Solid Waste (MSW), commonly called “trdsh
Thermophilic fungi are the chief components of theor “garbage”, includes wastes such as durable gomds
microflora that develops in heaped masses of platires, furniture; non-durable goods, e.g., newspap#astic
materials, piles of agricultural and forestry proguand plates/cups; containers and packaging, e.g., naltons,
other accumulations of organic matter where-invila@m, plastic wrap; and other wastes, e.g. yard wasta].fd his
humid, and aerobic environment provides the basicategory of waste generally refers to common hauldeh
conditions for their development (Allen and Emersonwaste, as well as office and retail wastes, butiuebes
1949). They constitute a heterogeneous physiolbgroap  industrial, hazardous, and construction wastesnt@@eor
of various genera in the phycomycetes, ascomycktegi  Sustainable Systems, 2009).
imperfecti, and mycelia sterilia (Mouchacca, 1997]. Sha’Atoetal.( 2007) describe composition of municipal
Thermophilic fungi reproduce by producing male andsolid waste in Nigeria as follows:

Composition of municipal solid waste in Nigeriah@3\to et al., 2007)

Waste Waste category (%)

Source Putrescibles Plastics Paper Metals Glass Textiles Fines Others
LD 57.5 6.10 4.30 2.50 2.30 2.90 21.0 3.40

MD 53.7 7.10 4.10 2.01 1.70 2.40 27.1 1.70

HD 36.4 8.04 2.59 1.75 0.86 3.67 41.0 5.73

COMM 27.9 10.20 10.90 3.40 6.90 1.20 36.4 3.10

INS 44.8 5.90 8.90 0.90 1.20 0.30 36.4 3.10

LD = low density; MD = medium density; HD = highrdgty; COMM = commercial; INS = institutional; Pagcibles include food remnants, and
decomposable matters.

The disposal of refuse in cities has always presktat for this work. Samples were collected by using clshovel
serious problem and the odours that characterize tho dig about 70cm depth of the dump sites and sasnpl
outskirts of many large cities confirm the facttthhe collected into sterile polyethylene bags.
problem has frequently been solved in a mannerishabt Temperature was noted with a thermometer. The smmpl
only crude but also a health hazard. (Sharma, 1989) were collected at varying different locations owhedump

Presently, the importance of environmental sushdiitya ~ site to obtain a very good representative sampfettie
cannot be over-emphasized. The status of municiped  work. Each sample collected contained about 1000g o
waste disposal is in a way indicative of a goodnpry refuse.
health care and how sustainable the quality of dfel
living in any municipality. This research work was

therefore designed with the aims and objectives to: Glasswares:- All glass wares used in the experiment

(1) Isolate and identify thermophilic fungi from \ashed, dried and sterilized in the hot air oveb6afC for
municipal solid wastes (refuse dumps) and palm lerny oo

2.2. Preparation of Glasswares/Materials

stacks (agrlcgltural waste); . Open- flame:- Other materials like wire loop, intating
(2) Determine the growth rate of the isolates; needles, neck and mouth of beakers and conicaksflas
3) Sc_r_een f(_)r_ the antimicrobial activities of the, q e sterilized by flaming using spirit lamp.

thermophilic fungi if any; 70% ethanol:- This was always used with the aid of

(4) Assay for the production of cellulase enzyme bypqorhent cotton wool to wipe the working tableobef

Zome selected thermophilic fungi isolated from sefu o,.p experiment to ensure an aseptic work condition
umps.
2.3. Preparation of Culture Media

2. Materials and Methods All culture media used in the experiments were

aseptically prepared according to the manufacturers

specifications. They were sterilized by autoclavatgl21
Samples for this research work were collected frofiC for 15 minutes before dispensing into steriletgsaor

Apete and Bodija refuse dump sites at Ibadan, Mger universal bottles to make slants.

Samples were also collected from the teaching aséarch

farm, University of Ibadan. Decomposing refuse sasip

were collected aseptically from the three locatichesen One gram of the refuse sample from each of theethre

2.1. Location and Collection of Samples

2.4. Isolation and Total Fungal Count
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locations was suspended in 9ml of sterile distilteater. It McCartney bottles and incubated at°87for 24 hrs and 10
was vigorously shaken for 15 minutes to disloddetted  — fold serial dilution was performed on the stockre in
mycelia and spores and keep them in suspensioraierw broth. Selected dilutions were subsequently traresfie
Pasteur pipette was used to pipette 1ml of the Eamponto sterile Nutrient Agar (NA), Potato Dextroseah@nd
(suspension/supernatant) to 9ml of sterile digtiliater, i.e. Mueller Hinton Agar (MHA) medium using the pour @a
10 — fold serial dilution; this was then shakenovaysly. method which was then allowed to solidify. The @iént

Selected dilutions were plated out on Potato Dextro culture media sources were used so as to obtaibdbe
Agar (PDA) medium using the pour plate method aoded medium for the antimicrobial activity of the fungablates.
in triplicates. Uninoculated plate of the mediumvee as Uninoculated plates for each of the media soureesed as
the control .The plates were then incubated 4C4®r 3  the control.

days after which the fungal colonies were obseraad One centimeter cork borer was used to remove a disk
counted. from the fungal plates each and inoculated at drdre of
. the plates already seeded with the test organisms.
2.5. Maintenance of Fungal Isolates / Incubation was initially done at’6 for 24 hrs to allow
Cultures the fungus diffuse its metabolites on to the medium

Thereafter, the plates were incubated 4C3or 24 hrs.
The plates were then observed for any zone of ititib
around the fungal mycelium at the centre of theéepla

Pure cultures of fungal species isolated from #fese
dumps and agricultural waste were grown on slahBDA
contained in sterile McCartney bottles and weret kephe

refrigerator at 2C as stock cultures. 2.10. Determination of Cellulase Activity

2.6. Identification of Fungal Isolates An Oatmeal-chaff medium was used to study the
production of the cellulase enzyme. Oatmeal — chaf$
obtained by running distilled water over Quakersoa a

used for fungal microscopic examination on slidgsiow ~Muslin cloth. This washed off most of the staragving
were viewed under the x10 and x40 objectivest.he chaff which was then dried in an oven at8%or 48

Identification was made with reference to the condggm hours. The oatmeal — chaff medium was prepared by
of soil fungi Volume 1 by K.H. Domsch, W. Gams angsusPending 20g of the dry chaff in a liter of disti water
Traute — Heidi Anderson. together with 5g yeast extract (pH 6.8). This wapehsed

into 150ml conical flasks in 30ml amounts per flasare
2.7. Distinguishing the Thermophilic from being taken to shake the medium well before dispgns
Thermotolerant Isolates into each flask. The flasks were then autoclaveti2at°C

. . o , for 15 minutes.
All the fungal isolates obtained at“@were incubated at To obtain the inoculum, the fungus was grown fakas

a low temperature of & for 5 days to distinguish the 5t 4®C in Petri dishes on starch —yeast — extract agar
truly thermophilic ones from the thermotolerantargms. (SYEA). Each flask of the chaff medium was inocetht

The organisms that grew at this temperature weed th i one disk (1-cm diameter) of agar and mycelium
taken to be the thermotolerant organisms, whilse¢hthat jpisined by using a sterile cork borer,

did not show any sign of growth at this temperaaiter 5 Uninoculated flasks of the chaff medium served has t
days of incubation were the thermophilic organisms. control.

After growth had been allowed to proceed for 5 datys
45°C, the cultures were filtered and the cellulolaittivity

The test organisms used for the antimicrobiabf the filtrates was determined using the methodReése
investigation,Bacillus subtilisand Staphylococcus aureus, and Mandels (1963).
were collected from Dr Adenike Ogunshe of the The assay medium was 0.55% carboxymethyl cellulose
Department of Microbiology, University of Ibadanigdria. (CMC) in 0.55M acetate buffer (pH 5.6) and 9ml bist

. L . L. were incubated with 1ml of the fungus filtrate fohour at
2.9. Screening for Antimicrobial Activity of  00c  Fijrates of the uninoculated control were also
Isolates obtained and similarly assayed.

their 1O estimate the amount of reducing sugars reledsat],
of dinitrosalicylic acid (DNSA) reagent was addedliml
of the filtrate — CMC reaction mixture and the
temperature of 48C to obtain a good growth . transmittance was determined at 540nm usin_g a

Perpendicular lines were drawn at the base of hall ts_pectrophotometer._ Tran_smlttance was _set at 10QPotiae
Petri-dishes needed for this experiment to eaddtrate ~CMC reaction mixture of the uninoculatehtrol.
measurement of zone of inhibition in millimetersnijn Dinitrosalicylic acid reagent was prepared by camig

The test organisms were inoculated into nutrienttbin ~ 1-09 DNSA with 20ml 2N NaOH and 20g potassium
sodium tartrate in 100ml distilled water. The trartsance

Fungal isolates were subjected to both macroscapitc
microscopic observations. Cotton blue -in-lactopiiemas

2.8. Source of Test Organisms

All the fungal isolates were screened for
antimicrobial activity. This was done by first auding all
the isolates for 5 days in Petri- dishes at theitinoal
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of standard aqueous solutions of D- glucose ofoumri weight of the culture filtrates were recorded. Tmgcelium
concentrations (0-10mg per ml) was determined as®tlu produced in each flask(3 for each fungus) werergid in
to construct a graph of % transmittance as reliadg of  pre-weighed filter paper, dried in an oven af@%or 2-4
glucose per ml. The amount of reducing sugar predly hours, cooled in a desiccator and weighed.
1ml of fungus filtrate from the CMC assay mediumswa
calculated from this graph. 3. Results

Cellulolytic activity of the filtrates was then engssed in
terms of the amount of total reducing sugars (R3hg per 3.1. Cellulase Activity of the Isolates
ml. Three replicate determinations were carriediowach

case and the mean of the three values was taken. Five isolates were used for the determination dtileese

activity. These were: A. corymbifera T. helicus
2.11. Mycelial Growth Determination with Chaetomium elatumHumicola sp. andR. pusillus The
Time at 45 °C result of cellulase activities of the culture fites at 48C

) ) ) shows that all the fungi produce extracellular Wdales
This was carried out by employing the method of OS?TabIes 4a-e).

(1979). At 2-day intervals for a 10-day period, el
Table 1. Location and Frequency of Fungi Isolated at°@5

Refuse Dump Sites.
Bodija Apete U.l. Farm
Aspergillus fumigatus + - +
Aspergillussp.
Aspergillus clavatus
Absidia corymbifera
Acremoniumnsp.
Gilmaniella humicola
Humicolasp.
Rhizomucor pusillus
Chaetomium elatum
Chaetomiunsp
Talaromyces helicus
Aspergillus candidus
Scopulariopsis brevicaulis
Scopulariopsisp - - +
Chalara elegans - + -
Trichosporiella cerebriformis - + -

Probable Names of | solates.

+ 4+ + + + + + + + +
'
'

Key: + = Present at location. - = Absent at logatio

Table 2. Thermotolerant and Thermophilic Fungi.

Probable Names of | solates. Refuse Dump Sites.
Thermotolerants. Bodija Apete U.l. Farm
Aspergillus fumigatus + = +
Aspergillus clavatus + = -
Aspergillus sp. + + +
Acremonium sp. + -
Scopulariopsis brevicaulis - + -
Scopulariopsis sp. - = +
Chalara elegans - + -
Trichosporiella cerebriformis - + -
Aspergillus candidus + -

THERMOPHILICS.
Absidia corymbifera
Gilmaniella humicola
Humicola sp.
Rhizomucor pusillus
Chaetomium elatum
Chaetomium sp.
Talaromyces helicus

+ + + + + + +
+
'

Key: + = Present at location. - = Absent at lamati
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Table 3. Comparison of Mycelial Growth with Time at %45.

31

Days of Incubation A. corymbifera T. helicus Chaetomium elatum Humicola sp. R. pusillus
(mg/30ml) (mg/30ml) (mg/30ml) (mg/30ml) (mg/30ml)

2 10.0 30.0 60.0 70.0 60.0

4 30.0 40.0 70.0 250.0 100.0

6 40.0 40.0 80.0 870.0 830.0

8 70.0 60.0 90.0 600.0 500.0

10 20.0 30.0 30.0 590.0 500.0

Table 4a. Cellulase Production by Absidia corymbifera; and pHViedium when Grown on Oat-Meal-Chaff Medium%t@.

Days of incubation Cellulase Units PR culture®filtrate
2 2.0 7.54
4 3.0 5.47
6 3.2 7.21
8 4.0 5.68
10 3.5 5.87
2 Initial pH=6.8

Table 4b. Cellulase Production by Talaromyces helicus; andgffedium when Grown on Oat-Meal-Chaff Medium&ai@.

Days of incubation

Cellulase Units

PH culture®filtrate

2 9.0 4.77

4 9.5 4.76

6 10.0 5.30

8 9.0 5.08

10 8.0 5.45
2 Initial pH=6.8

Table 4c. Cellulase Production by Chaetomium elatum; and pMedium when Grown on Oat-Meal-Chaff Medium at@5s

Days of incubation

Cellulase Units

PH culture®filtrate

2 5.0 5.42

4 5.5 5.44

6 7.1 6.07

8 5.0 5.49

10 4.9 541
initial pH=6.8

Table 4d. Cellulase Production by Humicola sp.; and pH of Medwhen Grown on Oat-Meal-Chaff Medium at@5s

Days of incubation

Cellulase Units

PH culture®filtrate

2 8.5 6.22

4 9.0 6.01

6 10.0 6.77

8 9.5 6.06

10 9.0 4.55
#initial pH=6.8

Table 4e. Cellulase Production by Rhizomucor pusillus; andgfHMedium when Grown on Oat-Meal-Chaff Medium=ai@.

Days of incubation

Ceéllulase Units

pH culturée®filtrate

2
4
6
8
10

3.0
S5
5.0
3.0
1.0

4.24
5155
6.65
5.93
6.86

#initial pH=6.8
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Table 5a. Anova Table for the Cellulase Yield .

SV d.f S.S M.S F-cal F-tab
Cellulase yield /day 4 9.56 2.39 4.938 3.01*
Individual isolate’s yield. 4 183.45 45.86 94.75 3.01*
Error 16 7.75 0.484

Total 24 200.76

** - Highly significant at 0.05 level of significare.

* — significant.

Table 5b. Anova Table for the Mycelial Growth .

SV df SS M.S F-cal F- tabulated (a-0.05)
General weight / day of incubation 344,584 86,146 2.931 3.01ns
Isolate’s individual dry weight . 932,264 233,066 7.930 3.01*

Error 16 470,256 29,391

Total 24 1,747,104

*- Significant at 0.05 level of significance.
n.s- Not significant

Table 6a. Duncan Multiple Range Test I.

Table 6b. Duncan Mu

Itiple Range Test Il.

7 : Treatment Cellulaseyield

Treatment CellulaseYield DY Weight Mycelium.

(mg/30ml) Day 2 5.50"
A. corymbifera 3.14 34.0° Day 4 6.10°
T.helicus 9.1 40.0% Day 6 708
C.elatum 5.50 66.0° Day 8 6.1G°
Humicolasp. 9.20° 476.0 Day 10 5 ogh
R.pusillus 3.10 398.0°

- Mean followed by the same alphabet verticallyraesignificantly

-Means followed by the same alphabet verticallyN@ significantly different from each other.

different from each other.

124

10

Cellulase Unit
S

—&—A.corymbifera

—#-T helicus
C.elatum
Humicola sp

—*-R.pusillus

4 6 8 10

Days of Incubation

Fig. 1. Cellulase Activities of Culture Filtrates at 46.

12
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12 q

10

Glucose Concentration (mg/ml)

Absorbance at 540nm

Fig. 2. Standard Curve of Percent Absorbance as Relatetgtof Glucose per ml.

elegans, Trichosporiellaerebriformiswhereas those that
did not grow were the following thermophilic fungi

The isolation of the fungi; all totaling 16 at %5 Gilmaniella humicola, Humicola sp, Rhizomucor plusi|
conforms to earlier reports by Kane and Mullins@@and Absidia corymbifera,Chaetomium elatum, Talaromyces
Chang and Hudson (1967). In view of the fact that &elicus and Chaetomiursp. Which compared favourably
locations Apete, Bodija and University of Ibadanrffa and was in line with reports of growth of thermetaint
were used for the sources of the samples usedign tfungi in a temperature range of 12.5 td@gFinstein and
research study; the frequency of occurrence offtingi ~ Morris, 1975).
isolated at 4% from the various locations can be seen in All the fungi isolated from the dump sites wereestred
Table 1. Eleven (11) fungi were isolated from Badi for their antimicrobial activities of which 3 diffent media
which were: Aspergillus fumigatus, Aspergillus sp, used were Nutrient Agar (N.A), Sabouraud DextroggarA
Aspergillus clavatus, Absidia corymbifera, Acremmnisp., (S.D.A) and Mueller Hinton Agar (M.H.A) anBacillus
Gilmaniella humicola, Humicola sp, Rhizomucor pusil subtilis and Staphylococcus aureusserved as the
Chaetomium elatunChaetomium sp, Talaromyces helicus test/indicator organisms. After the screening, woez of
Seven (7) fungi were isolated from Apete which urd inhibition were seen around the fungal myceliur‘r’deeleat
Aspergillus sp, Gilmaniella humicola, Rhizomucosifius, ~ the center of all the Petri dishes used for thiglstwhich
Aspergillus candidus, Scopulariopsis brevicaulifafara indicated that none of all the fungi isolated was a
elegans, Trichosporiella cerebriformis whereas three antibiotic producing fungi. This is with particuleeference
(3)fungi were isolated from the University of IbadBarm to the fact that attention have been drawn to thtergial
which include Aspergillus fumigatus, Aspergillus sp, health hazards these fungi pose to man and hisadsias
Scopulariopsis sp. well as understanding that most of the major groaps

Moreover, it can also be noticed in Table 1 tha@ntibiotics that are used to ameliorate these h@atiblems
Aspergillus sp, Gilmaniella humicola and Rhizomucor Posed by these fungi have been discovered by etihaus
pusillus were common to both Bodija and Apete refusécreening of thousands of cultures from naturalrcssu
dump sites respectively. (Frobisher and Fuerst, 1983). Table 3 shows the

Aspergillus fumigatusvas isolated from both Bodija and comparison of mycelial growth with time at °€5 The
University of Ibadan Farm; whileAspergillus spwas mycelial growth of the fungi with time (days of irtzation)
isolated from all the three locations (that is, fpeBodija Was determined to find out whether there was aetation
and the University of Ibadan Farm). between mycelial growth and enzyme production.

The thermophilic fungi were subsequently separated For Humicola spand Rhizomucor pusillusthere was a
from the thermotolerant fungi by incubating af@Zor 5  rise in mycelial weight with time reaching the peakthe
days and the result shown in Table 2, represeatlgl¢hat 6" day, after which there was a decline. Whereas
those fungi which grew at 12 as well as their location and Chaetomiun elatum, T. helicus and Absidia corymaife
frequency of occurrence were the following therrierant ~ reached their peak on thd @lay after which their was a
fungi; Aspergillus fumigatus, Aspergillus sp, Aspergillusdecline. The decline in mycelial weight may be agsult
clavatus Aspergi”us candidus, Acremonium Sp(,)f decrease in the availability and SUpp'y of rerits in the
Scopulariopsis brevicaulis Scopulariopsis sp., Chalara medium for use by the fungi. It may also be assalteof

4. Discussion
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autolysis. This result compare favourably with poee explore the suitability of the enzymes of thermdipHungi
work by Oso0(1979) and suggest that the fast metabolin environmental bioprocesses; and to also deterrtiie
rates of these fungi with its mycelial productiendirectly  possible use of cellulolytic thermophilic fungi frorefuse
proportional to its extracellular enzyme productiwhich  dumps in the large scale enzymic production of ggecand
can be related to the biodegradative roles of tifiwsgi in  maltose from starch.

nature and especially in refuse dumps. These piieparan

be of tremendous use in industrial fermentatiorcesses. Acknowledgements

Tables 4a-e shows the cellulase productions of the

thermophilic fungi and the pH of the medium wheovgn The author acknowledge with thanks the following: D
at 45C. The determination of the cellulase activitieshef Adenike Ogunshe of the Microbiology department,
culture filtrates of the fungi shown in figure Idinates that University of Ibadan, Nigeria; for providing the ste
all the fungi produced cellulaseddumicola sp and organisms used; Professor O. Obigbesan, the former
Talaromyces helicusproduced the highest amounts ofDirector ,teaching and research farm, Universitybaidan,

cellulases on the "6 day Chaetomium elatumand
Rhizomucomusillus also produced their peak amounts on

Nigeria; for the permission to take samples fromfdrm.

the 6" day during the 10-day incubation period. It isoals References

worthy to note tha#bsidia corymbiferareached its peak
production at the 8 day during the 10-day incubation [1]
period. A standard curve of percent (%) absorbamge
related to milligram (mg) of glucose per ml as seen
figure 2 was used to calculate the amount of redusugar
released by 1ml of fungus filtrate from the carbmeghyl
cellulose (CMC) assay medium.

Moreover, the Analysis of Variance (ANOVA) tabler fo
the cellulase vyields (Table 5a) shows that there ig]
significant difference in the cellulase yield of tde fungi
used for the study. From the table, the variantie (&)
at degree of freedom 4 and 16 at 0.05 level ofifsigimce
= 3.01. R, for yield per day of incubation was 4.938.
Therefore, test is significant. The value of theasace ratio
calculated (k) for isolate’s yield(94.75) was greater than
the value of the §&,. Therefore, the test is significant for 5]
each isolate. That is, there is significant cefialgield for
each isolate throughout the 10-day incubation peffable
5b shows the ANOVA table for the mycelial growthofm
the table, the variance ratio.{ff at degree of freedom 4 [g)
and 16 at 0.05 level of significance = 3.01, for general
weight of mycelia produced per day of incubationswa
2.931. Therefore the test is not significant. Thtug of the

(2]

(4]

variance ratio calculated {fj for isolate’s individual dry 17l
weight(7.930) was greater than the value of the(%01).
Therefore, the test is significant for each isolathat is, (8]
there is significant mycelia yield for each isolate
throughout the 10-day incubation period.

Tables 6a and 6b shows the result of the Duncatipieul ]

range tests. The parameters tested were: cellylalsband
mycelial dry-weight. Mean vyields followed verticalby
the same alphabets on the tables are not significan[10]
different from each other.

5. Conclusion & Recommendation [11]

From the above observations, it can be concludat th
lignocellulose’s degradation in refuse dumps anthpasts
involves the activity of a range of hydrolytic aogidative
enzymes.

Further studies will be needed by the enzymolodists

(12]

(13]

Allen, PJ. and Emerson, R.(1949). Guayule rubber,
microbiological improvement by shrub rettinthd. Eng.
Chem41: 346-365.

Center for Sustainable Systems, University of Miahig
(2009). ‘Municipal Solid Waste Factsheet.Pub. No.
CSS04-15. Available online at:
http://css.snre.umich.edu/css_doc/CSS04-15.pdf

Chang, Y. and Hudson, H.J. (1967) .The fungi of whea
straw compost. 1. Ecological studidsans Br Mycol Soc.
50: 649-666.

Davis, C.L.; Donkin, C.J.; Hinch, S.A. and GermistemizP.
(1992). The Microbiology of Pine bark compostingdan
electron — microscope and physiological stuBipresource
Technology40: 195 -204.

Deschamps, A.M.; Gillie, J.P. and Lebeault, J.MOQ).
Direct lignifications of untreated bark chips withixed
cultures of bacteria. European Journal of Applied
Microbiology and Biotechnolog$4: 2237 -2244.

Domsch, K.H.; Gams, W. and Anderson ,T.H.(1980).
Compendium of Soil Fungi.Volume 1. Academic PressyN
York.

Finstein, M.S. and Morris, M.L. (1975). Microbiolpgf
municipal solid waste compostingddvances in Applied
Microbiology.19: 113 -151.

Frobisher, M. and Fuerst, R.(1983). MicrobiologyHralth
and Diseases. 5th edition. Saunders W.B. Company, New
York, pp. 41-48.

Kane, B.E. and Mullins, J.T. (1973) .Thermophilia@iin a
municipal waste compost systelycologia 65:1087-1100.

Maheshwari, R.; Bharadwaj, G. and Bhat, M.K. (2000).
Thermophilic Fungi: Their Physiology and Enzymes.
Microbiol. Mol. Biol. Rev64(3): 461 -488. [PubMed]

Mouchacca, J.(1997). Thermophilic fungi: biodiversand
taxonomic statu€ryptogamie Mycol8: 19 -69.

Oso, B.A. (1978). The Production of Cellulase by
Talaromyces emersonii. Mycologi@: 577 -585.

Oso, B.A. (1979). Mycelial growth and amylase prdahrc
by Talaromyces emersonii. Mycologial: 520 -529.



American Journal of Microbiology and Biotechnoldfy14; 1(1): 27-35 35

[14] Reese, E.T. and Mandels , M. (1963). Enzymic hydislgf
cellulose and its derivatives. pp. 139 — 143. Iretivdds in
Ed.

[15]

Carbohydrate Chemistry. Vol. Ill. Cellulose
R.L.Whistler. Academic Press, New York.

Sharma, H.S.S. (1989). Economic Importance

Thermophilous  Fungi. Applied Microbiology
Biotechnology Journal. Springer Verlagfl:1-10.

and

[16] Sha’Ato, R.; Aboho, S.Y.; Oketunde, F.O.; Eneji,;.Snazi,

of

G. and Agwa, S. (2007).Survey of solid waste geimra
and composition in a rapidly growing urban arezéntral
Nigeria.Waste Managemer7: 352-358.



