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During an eight-month study, two soil samples were randomly collected each
month from two hydrocarbon-polluted soil piles undergoing off-site biotreat-
Copyright © 2025 by author(s) and ment, resulting in a total of 18 samples analyzed. Using standard microbiolog-

Scientific Research Publishing Inc. ical techniques, 31 mold strains were isolated on Sabouraud agar and incu-
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bated at 37°C for 5 to 7 days. The isolates were purified and preliminarily
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International License (CC BY-NC 4.0). identified based on macroscopic and microscopic morphological characteris-

http://creativecommons.org/licenses/by-nc/4.0/ tics. Their colony diameter and radial growth rate were determined on
Sabouraud culture medium supplemented with 5% (w/v) DDO. The isolates
were identified as belonging to four genera: Aspergillus spp. (48.39%), Peni-
cillium spp. (25.81%), Fusarium spp. (22.58%), and Geotrichum spp. (3.23%).
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Despite a significant reduction in colony diameter (from 19.44% to 87.27%)
and average radial growth rate (from 21.05% to 86.49%), all isolates showed
the ability to grow, revealing adaptive and enzymatic potential favorable to
petroleum hydrocarbon biodegradation. Among the isolates, ten isolates (C,
E,L, R, S, X, AA, BB, CC, EE) presented less than 50% reduction in colony
diameter, with isolate C showing the highest tolerance (only 19% reduction).
These mold isolates are promising candidates for future bioremediation appli-
cations in hydrocarbon-contaminated environments.

Keywords

Molds, Hydrocarbons, Distillate Diesel Oil, Bioremediation, Contaminated
Soil

1. Introduction

Petroleum pollution remains a major environmental concern worldwide, with hy-
drocarbon compounds from industrial activities, oil spills, and fuel storage con-
taminating soils, air, and water bodies. These pollutants pose serious risks to eco-
systems and human health due to their toxicity, persistence, and low biodegrada-
bility [1] [2]. To address this challenge, various remediation strategies have been
developed, including physico-chemical and biological methods (bioremediation,
bioaugmentation, phytoremediation...) [3] [4]. Compared to physico-chemical
remediation methods, bioremediation offers a more sustainable, cost-effective,
and environmentally friendly approach by harnessing the natural metabolic capa-
bilities of microorganisms to degrade pollutants without altering soil structure or
generating toxic residues [5]-[8].

In Burkina Faso, over 80% of the national electricity supply is provided by the
National Electricity Company of Burkina (SONABEL), which relies on fossil fuels
such as Heavy Fuel Oil (HFO), Distillate Diesel Oil (DDO), and various industrial
lubricants [2]. The combustion, handling, and accidental release of these sub-
stances lead to the emission of complex hydrocarbon mixtures that are both toxic
and environmentally persistent. These pollutants, such as used oils, hydrocarbon
sludge, contaminated wastewater, and greenhouse gases, pose significant threats
to soil fertility, water quality, and air purity, while also endangering the health of
workers and nearby communities. To mitigate these impacts, an environmental
management system (EMS) has been established at SONABEL’s power plants to
prevent, monitor, and reduce pollution. This system involves the systematic col-
lection, disposal, and treatment of waste to minimize its harmful impact on the
environment. As part of this process, soils contaminated by hydrocarbons un-
dergo bioremediation procedures designed to restore their ecological functional-
ity [2] [9].

Molds play a pivotal role in the remediation of contaminated environments due
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to their remarkable adaptability and metabolic versatility. These fungi can thrive
under extreme conditions, including elevated temperatures and low water activity,
while exhibiting a strong capacity to degrade a wide range of organic compounds
and pollutants. Notably, several isolated mold strains have demonstrated the abil-
ity to utilize Distillate Diesel Oil (DDO)—a light petroleum fraction commonly
encountered in industrial soils—as a carbon and energy source [8] [10]-[14]. In-
deed, Okrasiniska et al. [15] reported that the presence of DDO in polluted envi-
ronments influences fungal physiology, affecting growth dynamics, sporulation,
and metabolic pathways, which may in turn modulate their biodegradation po-
tential. In Burkina Faso, several investigations have explored the biodegradation
potential of various microorganisms in hydrocarbon-contaminated soils and wa-
ter [16]-[20]. However, specific research on molds remains limited, particularly
regarding their direct responses to Distillate Diesel Oil exposure under local envi-
ronmental conditions.

This study aims to evaluate the effects of Distillate Diesel Oil (DDO) on mold
isolates from hydrocarbon-contaminated soils in a thermal power plant in Oua-
gadougou. It focuses on their growth, sporulation, tolerance, and potential mor-
phological adaptations to better understand their role in bioremediation strategies

applied to polluted sites of these power plants.

2. Materials and Methods
2.1. Study Site

The research was conducted in the thermal power plants Ouaga I and Ouaga III,
operated by SONABEL (the National Electricity Company of Burkina Faso), both
located in Ouagadougou, the capital city in central Burkina Faso.

The Ouaga I thermal power plant is the oldest in Ouagadougou, having been
commissioned in 1954. It is located in Paspanga at an altitude of 300.53 meters
(coordinates: N12°23.031', W1°30.927'). This plant runs on heavy fuel oil (HFO),
distilled diesel fuel (DDO), lubricants, and cooling water [21].

Soil sampling at this site revealed significant hydrocarbon contamination, with
concentrations ranging from 9.83 to 136.13 g/kg [9] [17] [20]. Contaminated soil
samples were collected at this location and transported to the Ouaga III thermal
power plant, which houses an experimental platform for the bioremediation of
polluted soils.

The Ouaga III power plant is located in Kossodo, northeast of Ouagadougou
(coordinates: N11°14.906', W000°42.230'; altitude: 254.20 meters). Treated soil
samples were collected and analyzed periodically at the microbiology and micro-
bial biotechnology laboratory of the Joseph KI-ZERBO University [9].

2.2. Soil Biotreatment

The soil collected from the Ouaga I thermal power plant and transported to Ouaga

IIT was divided into two piles, placed on a dedicated platform, and subjected to an
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“off-site bioremediation” process. This treatment combined the application of
mineral fertilizers, straw, and water, along with periodic soil turning, following
the method described by Ouédraogo et al. [9].

2.3. Soil Sampling

During the biotreatment process, ten composite soil samples were taken randomly
from each of the two soil heaps. The samples from each stack were mixed sepa-
rately to create the analysis samples. A total of eighteen (18) bioremediation soil

samples were collected [9].

2.4. Soil Microbiological Analyses

The samples taken from polluted soils in biotreatment [9] were used for microbi-
ological analyses. Within five hours of sampling, they were subjected to isolation
and preliminary identification of mold isolates. In addition, the influence of dis-
tilled diesel fuel (DDO) on mold growth was evaluated.

2.4.1. Mold Strain Isolation

The mold isolates were obtained from soils contaminated by hydrocarbons under-
going biotreatment, using Sabouraud agar in Petri dishes as a medium. Sabouraud’s
agar medium is a selective medium used for the isolation of filamentous fungi,
limiting bacterial proliferation. Isolation was carried out by spot and serial inoc-
ulation, followed by incubation for at least 3 days at 37°C under aerobic condi-
tions, according to ISO 4833-1:2013 (suitable for soils). The isolates were purified
by subculturing distinct colonies after 3 to 5 days of incubation under the same
conditions. The selection of the colonies was based on macroscopic traits (color,
texture, elevation, margin) observed visually or with a magnifying glass. The iso-
lates were coded with alphabetical letters for identification and tracking during

experiments.

2.4.2. Preliminary Identification of Molds
The preliminary identification of mold isolates was based on several criteria. These
included cultural parameters (such as growth conditions and growth rate), mac-
roscopic characteristics (including colony appearance, elevation, size, color, mar-
gin, diffusible pigment production, and the presence of exudates, observed at the
surface and on the back after 24 to 96 hours of incubation), and microscopic char-
acteristics. The microscopic observations focused on specific mold structures—
such as vegetative mycelium, reproductive organs, and spores—examined in fresh
preparations without staining using a 400-fold optical microscope. Reference tax-
onomic keys were used to obtain a preliminary classification of isolates at the ge-
nus level [22]-[28].

To facilitate the macroscopic analysis of mold isolates, the colonies were dia-
grammed from the center to the periphery, following the representation described
by Carlile and Watkinson (1996) in The Fungi [23]: (Figure 1)
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Figure 1. Diagram of a fungal colony illustrating the different differentiation zones on an
agar surface, as presented by Carlile and Watkinson (1996) in “The Fungi”. a: Extension
zone, the part of the hypha that advances into unexplored areas of the culture medium; b:
Productive zone, where the highest biomass production occurs; c: Fruiting zone, where
biomass no longer increases; d: Aging zone, where hyphae are highly vacuolated or empty
due to cytoplasmic mobilization toward spores or younger parts of the colony.

For this study, we designated “a” for “Z4”, “b” for “Z3”, “c” for “Z2”, and “d”
for “Z1”.

2.4.3. Evaluation of DDO Effect on Mold Colony Development
The culture medium was enriched with 5% distilled diesel oil (DDO) by adding
0.75 ml to 15 ml of Sabouraud agar. The Sabouraud agar was sterilized by auto-
claving at 121°C for 15 minutes. The DDO was then sterilized separately by sterile
filtration using a Millipore filter with a pore size of 0.22 um and subsequently
incorporated aseptically into the cooled medium (45°C - 50°C) after autoclaving.
After homogenization, the mixture was poured into Petri dishes. Isolated mold
strains were inoculated in the center of each dish in triplicate. The inoculated
plates were incubated at 37°C under aerobic conditions for four days. Colony
growth was monitored by measuring the diameter every 24 hours over a period of
72 to 96 hours. The growth rate (V) was calculated and expressed in centimeters
per hour (cm/h) using the following formula:
D, - Do
" 24 hours

D, = Final diameter, D, = Initial diameter

The values obtained allowed for an evaluation of the ability of the isolates to
tolerate and survive in a hydrocarbon-enriched environment.

Distillate Diesel Oil (DDO)

The physical parameters of DDO used to generate electricity at the SONABEL

power plant are presented in Table 1.
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Table 1. Physical parameters of Distillate Diesel Oil (DDO).

Parameter Valeur (1073)
Density at 29.5°C 845
Density at 15°C 854
Average viscosity 3400

2.5. Data Analysis

The interaction between incubation time and the presence of distilled diesel oil
(DDO) was assessed using linear regression models, fitted independently for each
experimental condition. Colony diameter or growth rate was treated as the re-
sponse variable, with time as the predictor. A comparison of the regression slopes
enabled the evaluation of the combined influence of incubation time and DDO
treatment on mold growth kinetics. In parallel, Multiple Correspondence Analysis
(MCA) was applied to qualitative data from colony characterization to explore
associations among variable categories and reduce the dimensionality of the da-

taset.

3. Results
3.1. Mold Isolation

During the study, 31 mold isolates were obtained based on their macroscopic char-
acteristics. Preliminary identification of these isolates was conducted using both
macroscopic and microscopic characteristics to determine the dominant genera

present in the bioremediated hydrocarbon-contaminated soils.

3.2. Preliminary Identification of Mold Isolates

3.2.1. Macroscopic Characteristics

All 31 mold colonies exhibited concentric, radiating morphologies with centrifu-
gal growth, displaying distinct zones of differentiation. After 96 h of incubation,
all colonies had developed mycelium, with or without the production of a pow-
dery substance. The location, intensity, and color of this powder varied according
to differentiation zones and incubation time. Overall, 19 isolates produced pow-
dery deposits on the colony surface.

Mycelial growth in all mold isolates was apical, with variable growth rates de-
pending on the isolate. The morphology of the colony surface, observed from above,
was heterogeneous. Eighteen isolates formed flat colonies, while the remaining
isolates (C, E,F, H, L L, O, R, T, U, Y, AA, CC) showed elevated profiles, some-
times with a depression, peak, or bulge in the center (Figure 2).

Figure 2 illustrates the distribution of isolates across six qualitative variables
(Aspect, Margin, Transparency, Exudate, Streak, and Diameter) using compara-
tive charts with confidence ellipses. This visual representation highlights the var-
iability among mold colonies and the clustering of isolates based on distinct mor-

phological traits.
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Figure 2. Projection of mold isolates along the first two principal factorial axes, based on the macroscopic characteristics of their
colonies.

Indeed, based on colony aspect, two distinct groups of mold isolates were iden-
tified: powdery (A, B, D, E,, K, M, O, Q,R, S, V, W, Y, Z, BB, CC, DD, EE) and
non-powdery (C, F, G, H,J, L, N, P, T, U, X, AA). This distinction reflects differ-
ences in surface texture and sporulation patterns (Figure 2-Aspect).

Colony margins presented three distinct morphotypes: smooth (G, E, F, G, L, ],
L,M, O0,Q R, T,W,Y, Z, BB, CC, DD), filamentous (A, B, D, K, N), and wavy
(H,P,S,U, V,X, AA, EE). Smooth-edged colonies represented 55% of the isolates,

while irregular margins (filamentous or wavy) accounted for 45%. This distribu-
tion was independent of colony aspect (powdery vs. non-powdery), as illustrated
in Figure 2-Margin.

In addition, colony texture and density varied among the isolates. The majority
revealed a matted appearance (81%), while a smaller proportion displayed a cot-
tony texture (3%) or a velvety surface (16%), occasionally with or without a pow-
dery layer. One isolate (BB) was characterized by sparse growth (Figure 2-Trans-

parency). Moreover, exudate production was rare, observed in only 6% of colo-
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nies (Figure 2-Exudate).

Figure 2 shows that striation distribution varied according to colony differen-
tiation zones. Colonies were classified based on the presence or absence of visible
streaks. Most isolates (52%) lacked streaks on either surface, whereas 38% revealed
radial striations on both the upper and underside surfaces, and 10% displayed
them exclusively on the underside (Figure 2-Streak).

Colony diameters were classified into three levels: small, medium, and invasive.
After 96 hours of incubation, the sporulation extent revealed small colonies (iso-
lates P, L, J, T, AA, U) with diameters ranging from 1 c¢m to just under 3 cm;
medium-sized colonies (isolates B, EE, O, Y, R, V, X, C, S, W) measuring between
3 and 5 cm; and large colonies > 5 cm, which were either expansive (isolates Z,
CC,DD,K,F, M, E, I, A, D, N, G) or invasive (isolates H, Q, BB). These measure-
ments are directly related to the growth rate and invasive potential of each isolate
(Figure 2-Diameter).

Figure 3 illustrates the diversity of pigmentation patterns among 31 mold iso-
lates, observed 96 hours after incubation. Each sub-graph (CZ1F to CZ4F) high-
lights phenotypic contrasts across four differentiation zones: central (aging), fruit-

ing, productive, and peripheral (expansion).
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Figure 3. Phenotypic diversity of pigmentation patterns of 31 mold colonies, front view, based on differentiation zones.

Colony coloration varied according to the isolate, the observation side (surface

or reverse), the differentiation zone, and the incubation time. From the upper sur-

face, 13% of the isolates (F, H, L, N) exhibited a uniform white pigmentation
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across all zones. In contrast, the remaining 87% displayed at least two distinct
shades, with perceptible variations between differentiation zones. Remarkably,
isolates Q and EE showed striking pigmentation features: isolate Q developed an
intense black coloration, while isolate EE produced a vivid yellow hue. In both
cases, the dominant pigment covered approximately 90% of the Petri dish surface.

The clustering and dispersion of color descriptors reveal distinct phenotypic
profiles, with certain hues consistently associated with specific zones, darker tones
predominating in aging centers and lighter or greenish shades appearing more
frequently in peripheral expansion zones. The observed pigments included white,
off-white, yellow, yellowish, brown, green, olive green, greenish, dark brown, gray,
grayish, and black (Figure 3).

The reverse side of the mold colonies also exhibited notable chromatic diversity.
Observation from underneath revealed that in 12 colonies, a uniform coloration
dominated by pigments such as white, yellow, or grayish was observed. In con-
trast, the remaining 19 isolates displayed more complex pigmentation patterns,
characterized by at least two distinct hues depending on the differentiation zones.
These variations are illustrated in Figure 4 (CZ1V to CZ4V), where the differen-

tiated zones are clearly visible.
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Figure 4. Phenotypic characterization of pigmentation patterns of 31 mold colonies, reverse view, based on differentiation zones.

DOI: 10.4236/2im.2025.1512045

722 Advances in Microbiology


https://doi.org/10.4236/aim.2025.1512045

W. P. Ouédraogo et al.

This figure presents a comparative visualization of the chromatic profiles of the
reverse view across four differentiation zones (CZ1V to CZ4V). The scatter plots
display the spatial distribution of color categories—such as yellowish, greenish,
black, white, grayish, yellow-brown, light brown, and dirty white—within a color
space.

In CZ1V, CZ2V, and CZ3V, color trends appear widely dispersed, indicating a
high degree of chromatic variability among the isolates. In CZ4V, the grouping is
more pronounced, with an ellipse and directional arrows highlighting a concen-
trated cluster around yellow, dirty white, and white tones (Figure 4).

A distinctive feature was observed for mold isolate P, which secreted a diffusible
pigment that modified the coloration of the surrounding agar without reducing
its transparency. This isolate was the only one to induce a color change in Sabouraud
agar, within a radius of approximately 0.7 cm, shifting from translucent white to
translucent brown. On the reverse side, pigmentation was clearly zonal, with dark
brown in CZ1V, light brown in CZ2V and CZ3V, and off-white in CZ4V.

3.2.2. Microscopic Characteristics

The assessment of the microscopic characteristics of the isolates revealed distinct
vegetative and reproductive structures. All mold isolates displayed either conidia
or sporangia, associated with a vegetative network of hyphae forming the myce-
lium (Figure 5(a)).

Figure 5. Spores (b), mold hyphae (a), a conidiophore ending in brush-like structures (c),
and conidiophores ending in vesicles (d), (e), observed under a light microscope at 400x
magnification.

Among them, 23 isolates exhibited septate hyphae. Within this group, conidio-
phores either terminated in a vesicle bearing conidia (A, B, E,I, M, O, Q, R, W, Y,
Z, BB, EE, CC, DD) or branched into brush-like structures forming visible chains
of conidia (C, D, ], K, L, S, T, V) (Figures 5(c)-(e)).

Additionally, seven isolates (G, F, N, P, U, X, AA) produced fusiform macro-
conidia or kidney-shaped microconidia, while a single isolate (H) revealed rectan-
gular arthroconidia (irregular tubular elements, arthrospores) formed by hyphal
fragmentation.

All macroscopic and microscopic characteristics of the mold isolates, summa-
rized in Figures 6-9 of the supplementary material, were used for preliminary tax-
onomic affiliation. Based on these criteria, 48% of the isolates were affiliated with
the Aspergillus spp. (A, B, E,I, M, O, Q, R, W, Y, Z, BB, EE, CC, DD), 26% with
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Penicillium spp. (C, D, ], K, L, S, T, V), 23% with Fusarium spp. (G, F,N, P, U, X,
AA), and 3% with Geotrichum spp. (H). The Aspergillus and Penicillium genera
were distinguished by the morphology of the conidiophore head—vesicular in As-

pergillus and brush-like in Penicillium.

Back Front Back

Front

Figure 6. Macroscopic and microscopic characteristics of Apergillus spp.
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Front Back Front Back

Figure 7. Macroscopic and microscopic characteristics of Penicillium spp.

Front Back Microscopic observation (x400)

Figure 8. Macroscopic and microscopic characteristics of Geotrichum spp.

3.3. Effect of DDO on Mold Isolate Diameter

The colonies exhibited macroscopic characteristics (color and diameter) that var-
ied depending on the isolate, incubation time, and enrichment of the medium
with 5% DDO. All mold colonies showed a reduction in their diameter by at least
1.2-fold in the presence of DDO (Figure 10).
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Figure 9. Macroscopic and microscopic characteristics of Fusarium spp.

The isolates were grouped into three main growth patterns on the culture me-
dium. Firstly, 78% of the isolates (A, B, C,D, G, L], K,L, M, N, O, P, Q,R, S, T,
U, V, W, X, Y, AA, EE) produced small colonies (<3 cm) on DDO-enriched
Sabouraud, compared to only 19% (P, L, J, T, AA, U) on the control medium.
Secondly, 19% of the isolates (E, F, Z, BB, CC, DD) developed colonies of medium
size (3 - 5 cm), while 32% (B, EE, O, Y, R, V, X, C, S, W) reached this size on the
control medium. Finally, 3% of the isolates, composed of H mold only, formed
large colonies (>5 cm) with a diameter of 6.5 cm, while 49% of the isolates (A, D,
E,F,G H, I, K, M, N, Q, Z, BB, CC, DD) reached or exceeded this size on the
control medium (Figure 10).

In terms of growth inhibition, isolates K and Q showed the greatest sensitivity
in the presence of 5% DDO, with reductions in colony diameter of 77% and 87%,
respectively. Nineteen isolates revealed a reduction of about 50%, while ten iso-
lates (C,E, L, R, S, X, AA, BB, CC, EE) were less affected, with a reduction below
50%. Isolate C demonstrated the highest tolerance, with only 19% inhibition (Fig-
ure 10).

Growth dynamics also differed in the absence of DDO. Isolates Q and H were
highly invasive, filling the Petri dish in less than 96 h: Q reached 8 cm within 72 h
and fully occupied the dish at 96 h, while H reached 8 cm within 48 h and com-
pletely covered the dish by 72 h. Conversely, isolate U consistently exhibited the
smallest colony diameters under all conditions, whereas isolate H remained the

most invasive (Figure 10).
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Figure 10. Changes in colony diameter over time during incubation on Sabouraud agar, with and without the addition of Distillate

Diesel Oil (DDO).

Overall, the addition of 5% DDO inhibited the growth of all isolates to varying
degrees, but none were completely suppressed, indicating survival and metabolic

tolerance under hydrocarbon stress.

3.4. Effect of DDO on Mold Isolates’ Growth Kinetics

Analysis of the growth kinetics revealed a difference in colony growth rates de-
pending on the presence or absence of DDO in the media (Figure 11).

In the absence of DDO, the growth rate (cm/h) increased progressively over
time. Some isolates, such as C, N, Y, W, and EE, exhibited faster growth than oth-
ers (Figure 11). Under these conditions, 68% of the isolates showed a consistent
increase in growth rate every 24 hours, while 22% (isolates B, D, E, F, L, Q, U)
displayed a decrease, and 10% (isolates A, H, S) maintained a constant rate. After
48 hours of incubation, the growth rates varied depending on the isolate and the

incubation duration.
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Figure 11. Mold growth kinetics according to period and media used.

During the study, the mold isolates showed average growth rates ranging from
0.021 to 0.088 cm/h, except for the isolates H and Q, which were invasive. Indeed,
the isolates H and Q exhibited higher rates of growth, with averages of 0.167 cm/h
and 0.111 cm/h, respectively.

It was further observed that the average colony growth rate decreased by more
than 1.3-fold when the growth medium was supplemented with DDO. In this con-
dition, the growth rates ranged from 0.006 to 0.068 cm/h, compared to 0.021 to
0.167 cm/h on the standard medium. Indeed, the lowest rate of growth was rec-

orded for isolate U, whereas the highest was observed for isolate H.

4. Discussion
4.1. Mold Isolation

During the study, 31 mold isolates were obtained based on macroscopic charac-
teristics. This preliminary screening provides a crucial foundation for identifying
fungal isolates with potential applications in hydrocarbon degradation. Although
only macroscopic identification was conducted at this stage, each isolate may rep-
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resent a unique biological entity capable of contributing to hydrocarbon biodeg-
radation in polluted soils. Such diversity holds promising implications for select-
ing effective mold isolates for bioremediation and ecosystem restoration [8] [13]
[29]-[33].

The diversity observed among these isolates highlights the richness and adapt-
ability of the fungal microbiota in petroleum-contaminated environments under-
going bioremediation. Previous studies have shown that microbial diversity dur-
ing bioremediation is influenced by factors such as the nature of the initial sub-
strate, prevailing environmental conditions, and the availability of organic com-
pounds that favor the selective proliferation of specific fungal taxa [15] [25] [34]-
[36].

These isolates may contribute significantly to the degradation of persistent or-
ganic pollutants, particularly polycyclic aromatic hydrocarbons (PAHs), which
are commonly found in petroleum-contaminated environments [10] [37]-[39].
Thus, further research should be performed to evaluate the ability of these mold

isolates to degrade a wide range of petroleum substrates.

4.2. Preliminary Identification of Molds

The results obtained allowed for an initial classification of the isolates according

to their morphological and structural characteristics [25] [34]-[36].

4.2.1. Macroscopic Identification

Macroscopic characteristics of the mold isolates revealed a large phenotypic di-
versity among the mold strains isolated. Colonies exhibited concentric or radiat-
ing morphologies with centrifugal development, typical of filamentous fungi.

Color variations across colony zones (center, fruiting, expansion) reflected met-
abolic dynamics and intra-strain heterogeneity [40]. In addition, the pigmentation
on the reverse side of the Petri dish highlighted differences in growth and meta-
bolic activity, potentially linked to asymmetric pigment production or distinct
structural organization within the mycelium [25]. During the study, an isolate (P)
produced a diffusible pigment. This characteristic is linked to the enzymatic ac-
tivity of this isolate, illustrating the biodegradability of the substrate by the isolate
[41].

These macroscopic data have allowed the classification of the mold isolates into
the genera Aspergillus, Penicillium, Fusarium, and Geotrichum. Many studies have
shown that mold isolates belonging to those genera are frequently encountered in
contaminated soils [22] [23] [25]-[27] [34]-[36].

4.2.2. Microscopic Identification

Microscopic examination of the 31 mold isolates revealed a wide range of mor-
phological traits, underscoring the ecological adaptability and taxonomic diversity
of molds inhabiting hydrocarbon-polluted soils. The presence of septate hyphae,
non-septate hyphae, and reproductive structures (such as conidiophores termi-

nating in vesicles or brush-like formations) corresponds to classical descriptions
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of filamentous fungi typically involved in biodegradation processes [24].

A clear morphological distinction between Aspergillusand Penicillium was ob-
served based on conidiophore head type: vesicular in Aspergillus and brush-like
in Penicillium, serving as a reliable preliminary taxonomic marker [42]. The pre-
dominance of Aspergillus spp. (48%) and Penicillium spp. (26%) reflects their ubiq-
uity in organic-rich environments and their well-documented resilience and met-
abolic versatility in contaminated ecosystems. Both genera are known to produce
extracellular enzymes that catalyze the breakdown of complex hydrocarbon com-
pounds [10] [12] [25] [37]-[39].

The detection of Fusarium spp. (23%) and Geotrichum spp. (3%) further broad-
ens the functional spectrum of the mold community. Fusarium species are fre-
quently associated with petroleum hydrocarbon degradation [31] [33], while Ge-
otrichum, characterized by rapid growth and a cottony appearance, is recognized
for its capacity to enhance substrate colonization and biomass production [13].

All mold isolates presented invasive mycelial growth, which increases the vol-
ume of soil explored and the surface area in contact with pollutants, thereby facil-
itating hydrocarbon degradation [13] [43]. The identified genera are recognized
for their enzymatic capacities to degrade hydrocarbons, a finding consistent with
previous studies. Lotfinasabasl et a/. [38] reported degradation efficiency in hy-
drocarbon-contaminated soil ranked as follows: Aspergillus niger > Rhizopus sp. >
Aspergillus terreus > Penicillium sp. Likewise, Aspergillus niger isolated from pe-
troleum-polluted soils demonstrated strong degradation potential [31] [44]. Ad-
ditional studies further confirmed the biodegradation capacity of Penicillium, Ge-
otrichum, Fusarium, and Cladosporium [13] [37] [43] [45].

4.3. Effect of DDO on Mold Isolate Growth Parameters

Analysis of the growth parameters demonstrated that DDO reduced mold growth
in all isolates, with inhibition rates varying across isolates. Nevertheless, the ability
of the isolates to grow on DDO-enriched medium confirmed their tolerance to
hydrocarbons and indicated an enzymatic potential for the degradation of persis-
tent petroleum-derived compounds, supporting their biotechnological relevance
for hydrocarbon bioremediation [40].

Growth dynamics fluctuated over time, likely influenced by the metabolic state
of the isolates, the nutrient composition of the medium, and competition for re-
sources. Similar patterns were reported by Lotfinasabasl et a/ [38] who observed
that Aspergillus niger may grow rapidly during the first 2 - 3 days, followed by a
slowdown as colonies expand and nutrient availability declines.

Among the 31 isolates, ten (C, E, AA, BB, CC, R, L, S, EE, and X) revealed the
highest tolerance to DDO, making them promising candidates for the bioremedi-
ation of soils contaminated with hydrocarbons. Moreover, all isolates maintained
apical mycelial growth in the presence of DDO, confirming the persistence of veg-
etative activity and their ability to proliferate. This observation also indicates that
hydrocarbons, at certain concentrations, do not fully inhibit the reproductive pro-

cesses of these molds [40].
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In addition, some mold isolates could produce pigments, develop dense myce-
lia, or sporulate abundantly. These isolates could play critical roles in hydrocarbon
degradation and soil restoration processes [10] [15] [30] [37] [41].

The process of hydrocarbon degradation is a synergistic process involving other
soil microorganisms such as bacteria, yeast [9] [11] [20] [45] as demonstrated in
large-scale biotreatments, leading to a decrease in hydrocarbon concentration in
the soil of up to 67.92% after eight months of biotreatment [9].

5. Conclusions

This study isolated and characterized 31 mold isolates from soils contaminated by
hydrocarbons and demonstrated their ability to grow on media enriched with Dis-
tilled Diesel (DDO). The results showed that the isolates could tolerate 5% hydro-
carbons, although their growth was partially inhibited. Despite this inhibition, all
isolates maintained vegetative activity, indicating metabolic tolerance and poten-
tial for hydrocarbon biodegradation.

The isolates were identified as belonging mainly to the genera Aspergillus, Pen-
Icillium, Fusarium, and Geotrichum. These taxa appear particularly promising,
combining notable growth capacity with morphological diversity, thus illustrating
their suitability for biotechnological applications in soil bioremediation. It should
be emphasized, however, that this identification is preliminary and based on mor-
phological traits, and definitive confirmation will require molecular characteriza-
tion.

Overall, the results provide a basis for the targeted use of indigenous mold in
large-scale soil decontamination programs in Burkina Faso. Nevertheless, further
studies are needed to assess their ability to degrade a broader range of hydrocar-
bons, to achieve molecular-level identification, and to conduct field trials using
these isolates as inoculants. Such studies would help elucidate the enzyme path-
ways involved and identify the most effective isolates for large-scale application.
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