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Abstract

Approximately 78 million tonnes of corn cob and 42 million tonnes of plantain peel residues are
generated annually across sub-Saharan Africa, representing a largely untapped reservoir of nutrients
suitable for microbiological applications. This research evaluated the efficacy of corn cob extract,
plantain peel extract, and their combination as alternative growth substrates for the cultivation of four
filamentous fungal species: Aspergillus niger, Aspergillus flavus, Trichoderma harzianum, and
Penicillium chrysogenum. The agricultural waste substrates were collected from processing centers in
the Greater Accra Region, Ghana, and processed through sequential extraction involving hot water
treatment, enzymatic hydrolysis, and filtration to obtain nutrient-rich liquid media. These liquid
extracts were supplemented with bacteriological agar to prepare solid media formulations. The
combined corn cob-plantain peel medium demonstrated the highest overall fungal biomass production,
reaching 13.2 g/L for A. niger after 14 days of incubation at 28°C, compared to 10.8 g/L on potato
dextrose agar control. Enzyme activity assays revealed significantly enhanced cellulase (52.4 U/mL)
and amylase (48.9 U/mL) production on the combined medium relative to individual waste media and
the commercial control. The pH monitoring throughout the cultivation period showed progressive
acidification across all media types, with the combined medium reaching a final pH of 3.6, consistent
with organic acid production during active fungal metabolism. Statistical analysis confirmed significant
differences in biomass yield and enzyme activity among media formulations (p<0.05). The combined
corn cob-plantain peel medium was identified as a promising, cost-effective alternative to commercial
fungal cultivation media, offering simultaneous benefits of waste valorization and enhanced enzyme
production for industrial applications.

Keywords: Corn cob extract, plantain peel medium, filamentous fungi, Aspergillus niger, alternative
culture media, enzyme production, agricultural waste valorization, fungal biomass, sustainable
microbiology, Trichoderma harzianum

Introduction

Global agricultural production generates an estimated 998 million tonnes of crop residues
annually, of which less than 12% is currently utilized for value-added applications, while the
remainder is either openly burned, landfilled, or left to decompose in the field. Among these
agricultural byproducts, corn cob and plantain peel represent two of the most abundantly
generated residues in tropical and subtropical agricultural systems, with combined annual
production volumes exceeding 120 million tonnes worldwide. Despite their rich composition
of polysaccharides, proteins, vitamins, and mineral elements, these waste materials remain
grossly underexploited as potential substrates for microbiological applications, including the
cultivation of industrially important filamentous fungi.

Filamentous fungi constitute a critically important group of microorganisms in industrial
biotechnology, serving as prolific producers of enzymes, organic acids, antibiotics, and other
bioactive metabolites. Species belonging to the genera Aspergillus, Trichoderma, and
Penicillium are extensively utilized in commercial enzyme production, food processing,
pharmaceutical manufacturing, and biological control applications. The conventional
cultivation of these organisms relies heavily on commercially prepared media such as potato
dextrose agar, Czapek-Dox agar, and malt extract agar, which impose considerable financial
constraints on mycological laboratories and industrial fermentation facilities, particularly in
developing economies where these media must be imported at premium costs. The
nutritional composition of corn cob includes significant quantities of cellulose (32-45%),
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Hemicellulose (28-35%), and lignin (15-20%), along with
extractable sugars, minerals, and trace nutrients that could
serve as carbon and energy sources for fungal growth.
Plantain peel, conversely, is characterized by high starch
content (40-50%), crude protein (8-12%), and an array of
vitamins and minerals including potassium, magnesium,
calcium, iron, and phosphorus. Several investigators have
examined individual agricultural wastes as substrates for
fungal cultivation, with varying degrees of success.
However, the synergistic potential of combining corn cob
and plantain peel extracts as a dual-substrate medium for
filamentous fungal cultivation has not been systematically
evaluated.

The enzymatic potential of filamentous fungi cultivated on
lignocellulosic  substrates is of particular industrial
significance, as the complex polysaccharide composition of
agricultural wastes can serve as natural inducers for
cellulolytic, amylolytic, and proteolytic enzyme secretion.
Previous research has demonstrated that fungi cultivated on
waste-based media often exhibit enhanced enzyme
production compared to those grown on defined synthetic
media, presumably due to the presence of complex
polymeric substrates that stimulate the expression of
extracellular hydrolytic enzymes. This phenomenon presents
an opportunity to simultaneously achieve two objectives:
cost-effective fungal cultivation and enhanced production of
industrially valuable enzymes.

This research aimed to evaluate the efficacy of corn cob
extract, plantain peel extract, and their combination as
alternative growth substrates for the cultivation of
Aspergillus  niger, Aspergillus flavus, Trichoderma
harzianum, and Penicillium chrysogenum. The specific
objectives encompassed the characterization of waste-
derived media, comparative assessment of fungal biomass
production, monitoring of pH dynamics during cultivation,
and quantification of extracellular enzyme activities across
different media formulations.

Material and Methods

Material

Corn cobs were collected from three maize processing
facilities in the Tema industrial district of the Greater Accra
Region, Ghana, during the period of June to August 2023.
Plantain peels were obtained from local food processing
establishments and market vendors in the Madina area of
Accra. The fungal species utilized in this research included
Aspergillus niger (ATCC 16888), Aspergillus flavus (ATCC
204304), Trichoderma harzianum (ATCC 20476), and
Penicillium chrysogenum (ATCC 10106), acquired as
freeze-dried cultures from the Mycology Reference
Laboratory of Accra Metropolitan University. Potato
dextrose agar (Oxoid, UK) served as the commercial control
medium. Chemical reagents including cellulase enzyme
cocktail (Celluclast 1.5L, Novozymes), sodium acetate
buffer, citric acid, and bacteriological agar were of
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analytical grade. The research protocol was approved by the
Institutional Biosafety Committee of Accra Metropolitan
University (Reference: AMU/IBC/2023/BT-062) before
experimental commencement.

Methods

The collected corn cobs and plantain peels were washed
extensively with distilled water, oven-dried at 60°C for 48
hours to constant weight, and ground using an industrial
blender (Waring 7011HS, USA) to obtain fine particles of
approximately 1-2 mm diameter. The ground substrates
were subjected to a sequential extraction process involving
initial hot water treatment (autoclaving at 121°C for 30
minutes in distilled water at a 1:10 wi/v ratio), followed by
enzymatic hydrolysis using commercial cellulase (Celluclast
1.5L) at a concentration of 15 FPU/g substrate in sodium
acetate buffer (pH 5.0) at 50°C for 24 hours. The
hydrolysates were filtered through Whatman No. 1 filter
paper and vacuum-filtered through 0.45 pm membrane
filters to obtain clear liquid extracts.

Four media formulations were prepared: Corn Cob Extract
Agar (CCEA) containing 800 mL/L corn cob extract and 15
g/L bacteriological agar; Plantain Peel Extract Agar (PPEA)
containing 800 mL/L plantain peel extract and 15 g/L agar;
combined Corn Cob-Plantain Peel Extract Agar (CPPEA)
containing 400 mL/L each of corn cob and plantain peel
extracts with 15 g/L agar; and Potato Dextrose Agar (PDA)
as the commercial control. All media were adjusted to pH
5.6+0.2 and autoclaved at 121°C for 15 minutes before
dispensing into sterile Petri dishes and Erlenmeyer flasks.
Fungal inocula were prepared by harvesting spore
suspensions from 7-day-old PDA cultures using sterile 0.1%
Tween 80 solution, and adjusting spore concentration to 1 x
10° spores/mL using a Neubauer hemocytometer. Each solid
medium plate was centrally inoculated with 10 uL of spore
suspension and incubated at 28°C for 14 days, with colony
diameter measurements recorded at 2-day intervals. For
submerged cultivation, 250-mL  Erlenmeyer flasks
containing 100 mL of liquid media were inoculated with 2
mL of spore suspension and incubated at 28°C, 150 rpm on
an orbital shaker for 14 days. Fungal biomass was
determined gravimetrically by filtering the culture broth
through pre-weighed Whatman No. 1 filter paper and drying
at 80°C to constant weight. The pH of liquid cultures was
monitored daily using a digital pH meter (Mettler Toledo
FE20, Switzerland). Enzyme activities were determined
spectrophotometrically: cellulase activity by the DNS
method using carboxymethylcellulose as substrate, amylase
activity using soluble starch, protease activity using casein,
and lipase activity using p-nitrophenyl palmitate as
substrates, all expressed in units per milliliter (U/mL).
Statistical analysis employed two-way ANOVA with
Bonferroni post-hoc correction at p<0.05 using R statistical
software version 4.3.1.
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Fig 1: Scatter plot depicting the relationship between incubation time (days) and fungal biomass accumulation (g/L) for Aspergillus niger
cultivated on four different media formulations over a 14-day incubation period at 28°C with trend lines fitted to third-order polynomial
regression models

The biomass accumulation profiles of Aspergillus niger on
the four media formulations over the 14-day cultivation
period are presented in Figure 1. All media supported
progressive biomass accumulation, with the most rapid
growth phase occurring between days 3 and 9. The
combined corn cob-plantain peel medium consistently
produced the highest biomass values throughout the
incubation period, reaching a maximum of 13.2 g/L by day
12, after which growth plateaued. The individual corn cob
and plantain peel media achieved maximum biomass values
of 10.6 g/L and 11.5 g/L, respectively, while the PDA
control reached 10.8 g/L. The plantain peel medium
demonstrated marginally superior growth support compared
to the corn cob medium, likely attributable to its higher

readily available starch content providing an immediate
carbon source for early-stage fungal metabolism.

Similar growth patterns were observed for the other three
fungal species, though with species-specific variations in
absolute biomass values. Trichoderma harzianum exhibited
the fastest initial growth rate among the four species,
achieving 50% of maximum biomass by day 5 across all
media, while Penicillium chrysogenum showed the slowest
growth kinetics, requiring approximately 10 days to reach
maximum biomass levels. Aspergillus flavus displayed
intermediate  growth  characteristics, ~with  biomass
production profiles closely paralleling those of A. niger but
at approximately 85-90% of the absolute values.

Table 1: Pre-hydrolysis and post-hydrolysis chemical composition of corn cob and plantain peel substrates showing the effect of sequential
extraction processing

Parameter Corn Cob (Pre) Corn Cob (Post) Plantain Peel (Pre) Plantain Peel (Post)

Total Sugars (g/L) 12.4+1.2 68.5+3.8 18.6+1.5 82.4+4.2
Reducing Sugars (g/L) 3.840.6 45.242.9 5.2+0.8 54.8+3.5
Total Nitrogen (g/L) 2.1+0.3 1.840.2 4.5+0.4 3.940.3
pH 6.240.1 5.440.2 5.840.1 5.140.2

Total Solids (g/L) 245.048.5 85.6+4.2 312.0+10.2 102.445.8
Ash Content (g/L) 18.5+1.4 6.2+0.5 12.8+1.1 4.5+0.4
Crude Fiber (g/L) 142.046.8 28.5+2.1 85.6+4.5 15.2+1.3

The sequential extraction process dramatically altered the
chemical composition of both substrates, as shown in Table
1. Total sugar content increased approximately 5.5-fold for
corn cob (from 12.4 to 68.5 g/L) and 4.4-fold for plantain
peel (from 18.6 to 82.4 g/L) following hydrolysis, while
crude fiber content decreased by 80% and 82%,

respectively. The reduction in total nitrogen was relatively
modest (14% for corn cob and 13% for plantain peel),
indicating that the extraction process preserved the majority
of the nitrogenous compounds while effectively converting
complex polysaccharides into simple, metabolizable sugars.
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Table 2: Summary statistics of maximum fungal biomass production (g/I) across four media formulations after 14 days of submerged
cultivation at 28°C

Fungal Species Medium Mean+SD Range p-value
A. niger Combined 13.2+0.8 12.1-14.2 <0.001
Corn Cob 10.6+0.9 9.5-11.8
Plantain Peel 11.5+0.7 10.6-12.4
PDA Control 10.8+0.6 10.0-11.5
A. flavus Combined 11.8+0.9 10.8-12.9 <0.01
Corn Cob 9.2+0.8 8.2-10.3
Plantain Peel 10.1+0.6 9.3-10.9
PDA Control 9.5+0.7 8.6-10.4
T. harzianum Combined 12.5+1.1 11.2-13.8 <0.001
Corn Cob 10.0+0.8 9.0-11.1
Plantain Peel 10.8+0.9 9.7-11.9
PDA Control 10.2+0.7 9.3-11.0
P. chrysogenum Combined 9.8+0.7 8.9-10.6 <0.01
Corn Cob 7.5+0.6 6.8-8.3
Plantain Peel 8.2+0.5 7.5-8.9
PDA Control 8.0+0.6 7.2-8.7

The summary statistics presented in Table 2 confirm that the
combined medium consistently produced the highest mean
biomass values for all four fungal species, with statistically
significant differences compared to individual waste media
and the commercial control. Aspergillus niger achieved the
highest absolute biomass on the combined medium

(13.2+0.8 g/L), followed by T. harzianum (12.5%1.1 g/L), A.
flavus (11.8+0.9 g/L), and P. chrysogenum (9.8+£0.7 g/L).
The relatively narrow ranges observed for each species-
medium combination indicate good reproducibility of the
cultivation system.
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Fig 2: Changes in pH values of four culture media formulations during the 14-day submerged cultivation period of Aspergillus niger at 28°C
under agitated conditions (150 rpm)

The pH dynamics during the 14-day cultivation period
exhibited a characteristic pattern of progressive acidification
across all media formulations, as illustrated in Figure 2. The
combined medium showed the most pronounced pH decline,
decreasing from an initial value of 6.6 to a final pH of 3.6,
representing a total reduction of 3.0 pH units. The plantain
peel medium demonstrated similar acidification behavior,
reaching a final pH of 3.7, while the corn cob medium

showed slightly less acidification (final pH 4.2). The PDA
control exhibited the least pH decline, stabilizing at
approximately 4.5 by day 10. The most rapid phase of
acidification occurred between days 2 and 7, coinciding
with the exponential growth phase of the fungal cultures and
reflecting active production of organic acids, particularly
citric and oxalic acids, as metabolic byproducts of
carbohydrate catabolism.
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Fig 3: Comparative extracellular enzyme activities (U/mL) of cellulase, amylase, protease, and lipase produced by Aspergillus niger
cultivated on four different media formulations after 10 days of submerged fermentation

The comparative enzyme activity profiles presented in
Figure 3 reveal marked differences among the four media
formulations in their capacity to stimulate extracellular
enzyme secretion by A. niger. The combined medium
elicited the highest cellulase activity (52.4 U/mL) and
amylase activity (48.9 U/mL), representing increases of
47% and 47% respectively over the PDA control values.
The enhanced enzyme production on waste-based media is
attributable to the presence of complex polymeric substrates,
particularly cellulose and hemicellulose from corn cob and
starch from plantain peel, which serve as natural inducers of
hydrolytic enzyme expression. Protease and lipase activities
were comparatively lower across all media, consistent with
the predominantly carbohydrate-rich composition of the
waste substrates providing limited protein and lipid-based
induction signals.

Discussion

This research investigated the potential of corn cob and
plantain peel extracts, individually and in combination, as
sustainable growth substrates for the cultivation of four
industrially important filamentous fungal species. The
principal findings demonstrated that the combined corn cob-
plantain peel medium supported superior fungal biomass
production and enhanced extracellular enzyme secretion
compared to individual waste media and the commercial
PDA control, with A. niger achieving maximum biomass of
13.2 g/L and peak cellulase activity of 52.4 U/mL on the
combined formulation.

The superior performance of the combined medium is
consistent with previous reports documenting synergistic
effects of multi-substrate media for fungal cultivation. The
investigations by Soccol and colleagues demonstrated that
blended agricultural waste substrates provided more
complete nutritional environments for Aspergillus species
compared to single-source media, a finding that aligns
closely with the results of the present research. Similarly,

work by Pandey and Soccol on solid-state fermentation of
mixed lignocellulosic wastes reported enhanced enzyme
production when fungi were cultivated on substrate mixtures
rather than individual waste materials, corroborating the
enzyme activity patterns observed in this investigation.
However, the magnitude of biomass enhancement observed
in this research (22% increase over PDA control for A.
niger) exceeds the improvements reported by several
comparable investigations. For instance, Onofri and
associates documented only 8-12% biomass increases when
Aspergillus species were cultivated on banana peel-based
media compared to PDA, while Adekunle and colleagues
reported 15-18% improvements using cocoa pod husk
media. This discrepancy may reflect the particular
nutritional complementarity of corn cob and plantain peel,
where the cellulose-rich corn cob provides structural carbon
sources and enzyme-inducing substrates while the starch-
rich plantain peel supplies readily metabolizable carbon for
rapid early-stage growth, creating a temporal optimization
of nutrient availability that single-substrate formulations
cannot replicate.

The progressive acidification observed during fungal
cultivation is mechanistically linked to the metabolic
production of organic acids, predominantly citric acid and
oxalic acid, as byproducts of carbohydrate catabolism
through the tricarboxylic acid cycle. The more pronounced
pH decline in the combined medium correlates with the
higher biomass production and greater metabolic activity on
this substrate, as increased fungal growth drives
proportionally greater organic acid secretion. This
observation carries practical implications for industrial citric
acid production, where A. niger is the primary production
organism, suggesting that the combined waste medium
could simultaneously serve as a cost-effective cultivation
substrate and as an inducer of enhanced citric acid
biosynthesis.
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The broader implications of these findings extend beyond
the immediate context of laboratory fungal cultivation. The
establishment of functional linkages between agricultural
waste processing and biotechnological production represents
a tangible contribution to the circular bioeconomy paradigm,
where waste streams from one sector serve as input
resources for another. The combined corn cob-plantain peel
medium offers particular relevance for industrial enzyme
production in tropical developing countries, where both
waste substrates are abundantly available at minimal cost
and where commercial enzyme preparations must be
imported at prohibitive expense. Furthermore, the enhanced
enzyme production observed on the waste-based media
suggests potential applications in biorefinery processes,
where the same agricultural waste materials could serve as
both enzyme production substrates and targets for
subsequent enzymatic degradation in biomass conversion
pipelines.

Waste valorization perspectives

The conversion of corn cob and plantain peel from disposal-
destined waste materials to functional microbiological
substrates represents a paradigm shift in agricultural waste
management within tropical developing economies. Current
disposal practices for these residues, including open
burning, landfilling, and riverside dumping, contribute
significantly to air pollution, greenhouse gas emissions, and
aquatic ecosystem degradation across West Africa. The
sequential extraction methodology employed in this research
converts these environmentally problematic waste streams
into value-added culture media while generating a
secondary residual fraction (the post-extraction solid) that
retains potential utility as a soil amendment or animal feed
supplement, further enhancing the overall waste utilization
efficiency of the process.

Industrial enzyme production potential

The elevated cellulase and amylase activities observed on
the combined waste medium carry significant implications
for industrial enzyme production economics. Commercial
cellulase preparations typically retail at 150-300 USD per
liter, rendering them a major cost component in biofuel
production, textile processing, and paper manufacturing.
The capacity of the combined corn cob-plantain peel
medium to stimulate cellulase production at levels 47%
higher than the commercial PDA control, while
simultaneously reducing medium preparation costs by an
estimated 70-80%, suggests a compelling value proposition
for industrial enzyme manufacturers seeking to reduce
production costs. Scale-up investigations are warranted to
determine whether the enhanced enzyme production
observed at laboratory scale translates proportionally to pilot
and industrial-scale fermentation systems.

Conclusion

The principal contribution of this research is the
demonstration that a combined corn cob-plantain peel
extract medium provides a functionally superior alternative
to commercial potato dextrose agar for the cultivation of
industrially important filamentous fungi, achieving higher
biomass production and enhanced extracellular enzyme
activities  simultaneously. The supporting evidence
encompasses comprehensive growth kinetics data for four
fungal species across four media formulations, quantitative
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enzyme activity profiling for four hydrolytic enzymes, and
detailed monitoring of pH dynamics throughout the 14-day
cultivation period. These findings collectively establish that
the combined medium provides not merely an adequate
substitute for commercial media but an actively enhanced
cultivation environment that stimulates greater metabolic
productivity. The significance of this work within the
broader field of applied mycology lies in its demonstration
that agricultural waste valorization and biotechnological
productivity enhancement can be achieved simultaneously
through intelligent substrate combination, advancing the
concept of waste-to-value conversion beyond simple
substitution toward functional improvement. Several open
questions merit further investigation, including the long-
term storage stability of the prepared waste extracts, the
performance of the combined medium with thermophilic
and psychrophilic fungal species, the scalability of the
extraction and formulation processes to industrial volumes,
and the potential for medium optimization through response
surface methodology to further enhance biomass and
enzyme yields.
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