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Abstract: A study was carried out on a new strain of Rhizopus stolonifer RCH7 isolated from a spontaneously-
fermenting rice husk sample. Growth characteristics on and utilization profile of various substrates by this
isolate were investigated. The isolate was found to display the most extensive mycelia proliferation at a
temperature of 37°C and a pH of 4.0. Divalent ionic additions did not cause an increase in the growth rate, but
0.1M potassium ions increased the growth recorded by 34.3% compared to the control by 72 hours. This isolate
was able to effectively utilize Carboxymethylcellulose and Polygalacturonic acid as alternate nutritive substrates
demonstrating a growth of 90mm and 86mm respectively by 72 hours. The dry mycelia mass of R. stolonifer
obtained from the cultivation in broth containing lactose was 26mm while that in glucose broth was 24mm. The
growth and substrate utilization profile exhibited by this R. stolonifer RCH7 isolate is suggestive of its strong
capacity to employ residues of agricultural wastes as growth substrates. It is also an indication of the isolate’s
potential to degrade ‘agricultural waste residues, especially those from rice plant parts’.
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INTRODUCTION numerous  structural  plant  components  which

Biomass is made up of biological organic materials  In  third world countries, one of the easiest ways of
which are available in wide varieties and  can be handling pollution problems is by burning off refuse,
converted into bioproducts [1]. These include whole whatever  its  origin.   Others   are   indiscriminately
plants and plant parts, materials of marine and animal heaped on solitary land fills and waysides. Others harness
origin, municipal and industrial wastes. These resources these vast resources and employ them as cheap
constitute a source of renewable carbon that can be made alternative  natural  resources  in   the  industrial
available  and  utilized  in   many   industrial   processes processes [10]. In Nigeria and over the world, effective
[2, 3]. Fungi  and bacteria work together in a synergistic waste disposal poses a very great challenge [9]. Many
fashion to degrade the structural polysaccharides in microorganisms are found associated with the
biomass.  The  association of these fungi and bacteria spontaneous degradation of plant materials  [11-14].
with  agricultural waste  dumps  is therefore very These  act  together  to produce different enzymes for
important [4]. Besides the large amount of cellulose degrading  the  different   substrates.   Most   solid
present in the structural matrix [5, 6], the other plant wastes in Nigeria are made up of cellulosic and
components [hemicelluloses] are all susceptible to hemicellulosic  fibres.  The  need  to  obtain  high fibre-
microbial colonization and degradation. Microorganisms depolymerising isolates forms the basis of the current
have had applications in many industrial processes [7, 8]. work.
Their use in the agro-chemical industries have also been
investigated because of their abilities to attack target MATERIALS AND METHODS
points in the plant structural matrix in order to use the
plant matter as growth substrates and in enzyme Sample  Collection: Rice husk samples were obtained
production [4]. from the threshing mill located within the premises of

Agricultural  practices  abound   globally.  Products International Institute of Tropical Agriculture, Moniya,
of agricultural practices result in the generation of Ibadan, Nigeria.

contribute to environmental  pollution  problems   [6,   9].
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Spontaneous Fibre Degradation and Isolation of was centrally inoculated onto separate solid agar media in
Microorganism: Rice husk [70-80% moisture], was plates composed of either PDA, polygalacturonic acid
spontaneously fermented in a Nalgene  plastic bucket for [PGA] or carboxymethylcellulose [CMC] respectively [16]®

4 days at an ambient temperature of 25-35°C using the and incubated at 27±2°C for 96 hours. Mycelial extensions
modified method of Hammad et al. [15]. A dilution plate were measured daily and plotted. Extent of mycelia
method of analysis was employed in which 10g of rice proliferation was used as a parameter for substrate
husk sample was introduced into a 250ml Erlenmeyer flask utilization [17].
containing 90ml of sterile distilled water. This was mixed Effects of temperature on fungal growth was
using a Burrell wrist action shaker [Burrell Scientific, determined by plating 3mm of R. stolonifer isolate on PDA
Pittsburgh P.A USA], for 10 minutes and then allowed to and incubating at temperature regimes of 27°C, 37°C, 45°C
settle. Ten-fold serial dilutions were made up to a power and 55°C. Mycelial extensions were measured and used as
of 10 and 1ml aliquot of different dilution levels were growth  parameters.  The  effects of pH on the growth of
introduced into sterile Petri dishes containing 15ml of R. stolonifer isolate was monitored by inoculating 3mm
molten, acidified Potato Dextrose agar [PDA]. Plates were agar plug on Potato Dextrose agar prepared by adjusting
swirled, allowed to set on the work bench of the Laminar to pH ranges of pH 4.0 to 9.0 using 0.1M citrate
Air Flow Chamber and incubated at 27±2°C for 3 to 7 days phosphate buffer and phosphoric acid. Daily mycelia
in Percival Intellus Environmental Controller Incubator extensions were measured and recorded. 
[Iowa, USA]. A direct plate method was also employed in The contributions of cations to fungal growth was
which some particles of rice husk were directly plated on determined by centrally inoculating R. stolonifer isolate
acidified PDA. The plates were observed daily and each onto fresh PDA medium supplemented with 1.0ml of 0.1M
distinct,  morphologically  contrasting colony was Co , Ca , Mg , K , Mn  and fungal responses were
isolated and repeatedly sub-cultured to obtain a pure recorded as mycelial growth extensions over 96 hours.
colony. The fungal isolates obtained were identified
based on the diversity exhibited in terms of the RESULTS
biochemical, morphological, cultural and physical
characteristics. Pure cultures were maintained on PDA From Table 1, as the incubation period increased,
slants and stored at 4°C. more growth of R. stolonifer was recorded on all the test

Physiological   and   Growth   Optimisation   Studies: recorded at 24 hours. At 48 hours, more than half of the
Two 3mm discs of 4 day-old R. stolonifer isolate were PDA plate was already covered. The 90mm PDA plate was
introduced  into a 1:1 mixture of 50 mL of a mineral 91.1% covered by the 96  hour. The least fungal growth
solution and a 1.0% [w/v] carbon source each haven been was recorded on PGA plate at 24 and 48 hours [35.6% and
separately sterilized. The mixture was contained in 250ml 50%  respectively].  The  mycelial extension measured at
Erlenmeyer  flask.  The  mineral  solution  was  composed 72 hours was 86mm, corresponding to 95.5% of the total
of MgSO •7H O, 0.5 g; K HPO , 0.6 g; KH PO , 0.5 g; growth. The fastest growth at 24 hours was recorded on4 2 2 4 2 4

CuSO •5H O,  0.4  mg;  MnCl •4H O,  0.09  mg;  BO H , the CMC plate [51.1%]. R. stolonifer fully covered the4 2 2 2 3 3

0.07 mg; FeCl , 1 mg; ZnCl , 10 mg; biotin, 5 µg; thiamine- surface of the CMC Petri dish substrate by 72 hours.3 2

HCl,0.1 mg; CaCl , 0.11 g; with 1L distilled water [16]. The 90mm growth readings were obtained on the CMC and2

carbon sources used were galactose, arabinose, manitol, PGA test plates at 96 hours.
sorbitol, maltose, lactose, xylose, trehalose, myo-inositol,
hypoxanthine, esculin and glucose. The mixtures were
incubated at 27 ± 2°C and 125rpm on a rotary Orbit shaker
bath, [Lab-line instruments, Illinois, USA]. The mycelium
in each case was harvested after 7 days of growth,
separated from the culture liquid by filtration and dried to
constant weight at 60°C.

To determine the isolate’s potential to hydrolyse
complex plant components for microbial metabolism, a
3mm agar disks of 4 day-old R. stolonifer RCH7 culture

2+ 2+ 2+ + 2+

plates. On PDA control plate, 43mm growth diameter was

th

Table 1: Growth of Rhizopus stolonifer RCH7 strain associated with
spontaneous depolymerisation of rice husk on different substrate
types at different time intervals

Time [hrs]/ Fungal growth [mm]
---------------------------------------------------------------------------------

Isolate 24 48 72 96

PDA *43±0.58 53±1 67±2.1 82±1.53
CMC 46±2.1 62±1 90±0.58 90
PGA 32±0.58 45±0.58 86±1.2 90

* Each value is a mean [SD] of triplicate determinations 
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Fig. 1: Time course growth of R. stolonifer RCH7 isolate RCH7 isolate at different time intervals
at different temperatures

Fig. 2: Time course growth of R. stolonifer RCH7 isolate
at different pH Fig. 4: Effect of different carbon sources on the growth

Environmental  Effects:  At  24  hours,  the  longest
mycelial extension was demonstrated at 37°C incubation by a very rapid growth extension of 90mm at 48 hours.
[45mm]. At this temperature, as time increased, the highest The values at pH 5.0 were lower with gradual increases as
extensions of this experiment were recorded. The least the time increased. While its growth at 24 hours was less
extension at 24 hours, 21mm, occurred at 55°C [Figure 1]. than that of the control at the same temperature, the
There was a gradual increase in fungal diameter on all test values gradually increased to be 84mm at 96 hours. Least
plates as time increased. The readings at 45°C were values were recorded pH 6.0 and beyond. At pH 6.0,
slightly higher than those at 27°C [84mm and 82mm fungal proliferation was gradual but was 10.6% of the
respectively] at 96 hours. The maximum growth recorded optimum at onset and 34.4% at 96 hours.
at 55°C was 70% of that at the optimum temperature In Figure 3, the growth of R. stolonifer strain RCH7
[37°C]. The time course of growth of the R. stolonifer was totally inhibited by both cobalt and manganese ions.
isolate in response to changes in environmental acidity Potassium and Magnesium ions aided growth with values
levels showed its best result at pH 4.0 [Figure 2]. The best higher than the control. The fungal growth with calcium
growth  responses  were  recorded from pH 4.0 tests. At ion fortification was very slightly lower than the control
24 hours, the reading on pH 4.0 plate  was  66mm followed [73mm].

Fig. 3: Effect of different ions on growth of R. stolonifer

of R. stolonifer RCH7 isolate
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The increase in mycelia mass of R. stolonifer isolate the experiment. At this pH, the mycelia extensions were
in different carbon sources is reported in Figure 4. Lactose
source  was  best  for the proliferation of the fungus with
a dry mycelia weight of 26mg. This was followed
decreasingly by trehalose, glucose, galactose with the
least dry mycelia weight was from arabinose [6.3mg]. The
un-supplemented minimal solution medium had the least
fungal mass [6.2mg].

DISCUSSION

The predominant fungal isolates found during rice
husk degradation were different species of Rhizopus. The
strain of R. stolonifer RCH 7 was found to possess the
highest succession values and was able to establish itself
as the incubation hours increased. After 72 hours of
spontaneous husk degradation, it was the only
filamentous fungus isolated with a 60% occurrence level.
While PDA and CMC plates elicited a profuse growth
onset for the R. stolonifer strain, the growth on PGA
substrate was slower in the first 48 hours but speedily
pickup by the 72  hour reading. The establishment of and

fungus on the substrate is a prerequisite to nutrient
uptake and subsequent mycelia proliferation. The
diameter of fungus recorded on the CMC substrate at 24
hours showed that it was totally able to utilize the CMC
substrate as a source of nutrition for growth without any
restriction. The R. stolonifer biomass was much higher on
the cellulose substrate medium than the others, especially
in the first 72 hours. The biomass yield on PGA medium
was initially lower than that of the others tested for
indicating that some initial adaptation time was required
for the fungus to establish itself on the substrate medium.
The substrate utilization pattern exhibited on CMC and
PGA substrate is of considerable interest since it is
indicative of the ability of the fungus to degrade cell wall
components of agricultural waste origin [18, 19]. A
significant number of fungal species possess the ability
to digest cellulose and use it as sole carbon source for
growth [19].

A higher temperature of between 37 and 45 degrees
centigrade favoured the growth of this isolate more than
what was recorded at the conventional temperature for
fungi incubation. This result shows that the fungus would
be able to survive and still carry out complete metabolic
activities at such temperature extremes. This characteristic
is advantageous in the Nigerian tropical environment in
which the ambient temperature is generally high. 

As the pH increased, the growth reduced until none
was recorded beyond pH 6.0. A consistent high mycelia
length  was recorded at pH 4.0 throughout the duration of

even more than that realized on the control PDA plate.
The high acid range afforded the isolate a very unique
growth rate, totally covering the plate by 48 hours. The
growth values at pH 5.0 were close to that obtained from
control values on PDA plate. As the pH increased
towards a neutral range, the fungal growth rate reduced
until growth was not supported at pH 7.0 and beyond.

Since the plant structure is basically cellulose and
hemicellulose, the response of the fungus to pentose and
hexose sugars was determined to see if these substrates
would support fungal growth. All the carbohydrate
sources supported the growth of R. stolonifer RCH7
isolate. Rose and Bennett, [20]; and Rudsander, [8]
described the carbohydrate sugars associated with the
cellulose and pectic structures in plants and reported
these to be hexose and pentose groups which are made
up of molecules rich in glucose, mannose, rhamnose,
galactose, arabinose and galacturonic acid.

Temperature,  environmental  pH,  ionic  additions
and carbon source substitutions were all found to be
important parameters which contributed positively to
fungal growth. Although, the fungal lengths recorded on
PDA were considerable, equal and/or higher yields were
realized with different substrate types tested for. There
were statistically significant differences (P<0.05) at all
levels the growth of the fungus was measured.

The supplementation of the solid culture medium with
metal ions showed that while there was no distinct
observable effect on fungal growth by Mg, etc, the fungal
isolate thrived on an agar medium fortified with K .+

CONCLUSION

An enhancement of fungal mass yield was realized
through the  growth  incubation of 37°C, a pH regime of
4.0 and the incorporation of 0.1M K . The possibility of+

optimized utilization of cellulose and polygalacturonic
acid substrates is indicative of the ability of the fungus to
degrade  agricultural  wastes.  Thus,   an  understanding
of the environmental conditions which support the
proliferation of this strain of R. stolonifer is very
important  in  the  microbial and agricultural industry
where the fungus can find important cost-effective
applications  through the eco-friendly depolymerisation
of the  numerously  generated  agricultural  waste
residues,  especially  from  rice  plant  in  the  management
of environmental pollution. The R. stolonifer isolate may
also possibly serve as a source of hydrolytic enzyme
production through the effective array of substrate
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utilisation profile displayed having end products which 9. Okafor, N., 1987. Industrial Microbiology. University
can be made available for other metabolic activities of of Ife Press Ltd., Ile-Ife, Nigeria, pp: 32-33.
other organisms present in the environment. 10. Alzaydien, A.S., 2009. Orange Peels as a Low Cost
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