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Abstract: The production of second-generation ethanol has been recognized as a promising alternative for 
reducing greenhouse gas emissions. To achieve this, the hydrolysis of lignocellulosic residues by cellulases 
and hemicellulases is required, facilitating the release of monosaccharides that are subsequently fermented 
for ethanol production. In this study, the prospecting and macroscopic characterization of filamentous fungi 
were conducted, along with the evaluation of potential cellulase producers. Four distinct samples were 
collected and filamentous fungi were isolated using three different methods. Macromorphological 
characteristics were assessed in two solid culture media, CMC and oat flour, under incubation at 30 °C. 
Qualitative cellulase production was analyzed in CMC medium, with enzymatic halos visualized through 
Congo red staining. To determine the effect of temperature on fungal growth, the growth rates of the isolates 
were measured at 30 °C, 35 °C, and 40 °C in CMC containing medium. A total of nineteen filamentous fungi 
were successfully isolated. Limited macromorphological variation was observed in CMC containing medium; 
however, greater morphological diversity was noted when isolates were cultivated in oat flour medium. The 
highest growth rates were recorded for B.D.1.3.A at 30 °C, B.D.1.4.B and B.I.3.8.2 at 35 °C, and B.I.3.8.2 at 
40 °C. Additionally, the isolates B.D.1.1, B.D.1.4.B, B.I.3.8.2, V.D.7.1, and V.I.2.7.1 exhibited the highest 
cellulolytic activity. The findings of this study contribute to the identification of potential cellulase producing 

HIGHLIGHTS 

 Nineteen filamentous fungi were isolated from lignocellulosic samples. 

 Macromorphological characterization of the isolates was performed on solid culture. 

 Five potentially cellulolytic fungi were selected. 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4
https://orcid.org/0000-0002-3935-0660


 Mendes, W.J.M.; et al. 2 
 

 
Brazilian Archives of Biology and Technology. Vol.68: e25250097, 2025 www.scielo.br/babt 

filamentous fungi, improving the understanding of their biotechnological potential and supporting the 
development of sustainable technologies. 

Keywords: biotechnology; biofuels; microbiology; renewable resources; saccharification 

INTRODUCTION 

In light of climate change and as a consequence of the Paris Agreement, Brazil has committed to 
reducing greenhouse gas emissions. This commitment has led to initiatives such as RenovaBio, which plays 
a fundamental role as a government policy recognizing the strategic value of biofuels, such as first-generation 
(1G) and second-generation (2G) ethanol, in Brazil's energy matrix [1]. 

In this context, 2G ethanol is a promising solution due to its eco-friendly nature, as it results in lower CO₂ 
emissions [2]. It is produced from lignocellulosic biomass (LCB), a promising biofuel source that does not 
directly compete with food production. LCB is a heterogeneous material composed mainly of three plant 
polysaccharides: cellulose, hemicellulose, and lignin [3]. Its composition varies depending on the plant 
species, typically consisting of 40–60% cellulose, 20–40% hemicellulose, and 10–24% lignin [4, 5, 6]. LCB is 
found in agricultural and forestry residues, grasses, and energy crops [7]. 

Cellulose, in turn, is a homopolymer composed of D-glucose monomers linked by linear β-(1→4) O-
glycosidic bonds. Hemicellulose is also a carbohydrate polymer, made up of different monosaccharide 
molecules, primarily linked by β-(1→4) glycosidic bonds, including D-xylose, D-mannose, D-arabinose, 
among others. Lignin, on the other hand, is formed through coupling reactions involving the three main 
phenolic polymer units: p-coumaryl, coniferyl, and sinapyl alcohols [8]. 

Cellulose, a high-molecular-weight, unbranched polymeric material, is considered the most abundant 

renewable material on the planet. Its annual production through photosynthesis from CO₂ and water exceeds 
10¹⁰ tons. However, despite this availability, only about 6x10⁹ tons are exploited in industries such as 
materials, chemicals, textiles, and paper [9,10]. 

To produce 2G ethanol from lignocellulosic biomass, the hydrolysis of polysaccharides by enzymatic 
cocktails, mainly cellulases and hemicellulases is required, along with other processes to deconstruct LCB 
into its monomers, generating fermentable sugars [7,8,9,10,11]. These sugars serve as a substrate for yeast 
fermentation, leading to ethanol production, energy generation, biomass formation, CO₂ release, and other 
byproducts [12,13]. 

The enzymes used in hydrolysis are powerful catalysts that accelerate reaction rates by lowering 
activation energy more efficiently and specifically than synthetic or inorganic catalysts, without altering 
reaction equilibrium [14]. Studies have been conducted to enhance the efficiency and robustness of 
enzymatic cocktails for biomass hydrolysis to produce biofuels and other bioproducts, aiming to improve 
industrial economics [15,16]. 

Cellulose hydrolysis is performed by cellulases, which belong to the glycoside hydrolase family. These 
proteins have three different structural arrangements: α-helix, β-sheet, and β/α-barrel, and their function is to 
cleave the β-(1→4) glycosidic bond in cellulose. The catalytic modules of cellulases are classified into 
different hydrolase families based on their structure and amino acid sequence [17,18]. 

Cellulases are classified into three main categories: endoglucanases, exoglucanases, and β-
glucosidases, which act on different parts of cellulose and work synergistically to convert cellulose into 
glucose through the hydrolysis process [19]. 

Endoglucanase, also known as carboxymethylcellulase (CMCase), primarily hydrolyzes 
carboxymethylcellulose (CMC). The endoglucanase complex consists of endo-β-1,4-D-glucanase and endo-
β-1,4-D-glucan-4-glucan-hydrolase. Its main function is to reduce the length of the cellulose polymer by 
hydrolyzing glycosidic bonds in the amorphous region, without activity in the crystalline region, acting as an 
intermediary in the cellulose hydrolysis process. 

Exoglucanase, also known as cellobiohydrolase or 1,4-β-D-glucan cellobiohydrolase, acts on the 
reducing (mainly CBHI) and non-reducing (CBHII) ends of cellulose, releasing cellobiose as the primary 
product. This enzyme is active on microcrystalline substrates but does not act on CMC [20]. Meanwhile, β-
glucosidases or cellobiases convert the cellobiose produced by exoglucanase into glucose, completing the 
hydrolysis process [21]. 

Notably, filamentous fungi are among the most widely used microorganisms in industrial enzyme 
production. These fungi, belonging to a broad group of eukaryotes, are heterotrophic and acquire nutrients 
by hydrolyzing complex substances into simple molecules for absorption and use in biosynthesis and energy 
production [22]. Due to their intrinsic ability to process a wide range of complex substrates, filamentous fungi 
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can synthesize a vast array of enzymes in significant quantities, including cellulases, amylases, xylanases, 
pectinases, proteases, lipases, among others [23]. 

Despite the abundance of these resources worldwide, their contribution to the energy sector remains 
limited. This can be attributed to the lack of economically viable technologies that can be applied on an 
industrial scale [23,24]. 

Thus, this study aimed to prospect and macroscopically characterize filamentous fungi from 
lignocellulosic samples to gain a better understanding of these microorganisms and their potential 
biotechnological applications. Additionally, the study analyzed the isolated fungi with potential cellulase 
production capabilities to release fermentable sugars for the generation of 2G ethanol. 

MATERIAL AND METHODS 

The experiments were conducted at the Laboratory of Mycology, Enzymology, and Product Development 
(LMEDP) of the Federal University of the Jequitinhonha and Mucuri Valleys (UFVJM), at the Institute of 
Science and Technology (ICT) in Diamantina, Minas Gerais, Brazil. The microorganisms used were 
registered in the National System for the Management of Genetic Heritage and Associated Traditional 
Knowledge (SisGen) under the registration number A64AD93. 

Sample Collection 

Four distinct samples of lignocellulosic residues were collected: sugarcane bagasse, ensiled sugarcane 
bagasse, filter cake, and vinasse, all sourced from the company Agropéu Agro Industrial de Pompéu S/A, 
located in Pompéu, Minas Gerais, Brazil. The samples were collected aseptically using sterile surgical gloves, 
70% alcohol, and pre-autoclaved glass flasks at 120 °C, 1.0 atm, for 30 minutes. After collection, the samples 
were transported in an isothermal box sanitized with 70% alcohol and stored in the laboratory at 4 °C until 
use. 

Isolation of Filamentous Fungi from the Collected Samples 

Filamentous fungi were isolated on a solid culture medium composed of 1% (w/v) carboxymethylcellulose 
(CMC) (Êxodo Científica®) and 2% (w/v) bacteriological agar (Êxodo Científica®). Initially, the culture 
medium was prepared, and, along with the Petri dishes, was autoclaved at 120 °C, 1.0 atm, for 20 minutes. 
Then, 20 mL of sterile medium was poured into the plates near a Bunsen burner under a laminar flow hood. 
After solidification, the procedure for isolating filamentous fungi began using three distinct methods: direct 
contact, pour plate, and serial dilution. 

For the direct method, a small portion of the collected samples was taken using a sterile tweezer and 
placed onto the culture medium. The sample was gently spread over the medium and then positioned at the 
center of the plate. For the pour plate technique, the solid culture medium was prepared as previously 
described. After autoclaving, it was left to cool near a Bunsen burner until reaching approximately 40 °C. 
Then, using sterile tweezers, part of the collected sample was added to the culture medium still in the 
Erlenmeyer flask, mixed, and poured into pre-sterilized Petri dishes. The third cultivation method was based 
on serial dilution. Initially, a small portion of the collected sample was added to 10 mL of autoclaved distilled 
water in a 15 mL Falcon tube. Subsequently, a 1 mL aliquot of this solution was transferred to a new Falcon 
tube containing 9 mL of autoclaved distilled water. The dilution was repeated two more times, and 250 µL of 
the third dilution sample was used to inoculate a solid culture medium containing CMC. 

The plates were incubated in a bacteriological oven at 30 °C for eight days, with filamentous fungi growth 
monitored every 24 hours. As the fungal species grew, point isolation was performed by transferring a portion 
to the center of another Petri dish containing the same culture medium. This procedure was repeated until 
complete fungal strain isolation was achieved. 

Code of the Isolated Filamentous Fungi 

The isolated fungi were assigned codes consisting of letters and numbers to indicate the sample from 

which they were isolated, the isolation method used, the dilution level (when applicable), the isolation day, 

and the order in which the fungi were isolated each day (Figure 1). 
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Figure 1. Coding method for isolated fungi. 

Maintenance of Isolated Filamentous Fungi 

The isolated microorganisms were maintained in the laboratory in test tubes containing inclined solid 

culture medium composed of 1% (w/v) CMC and 2% (w/v) bacteriological agar. Initially, they were stored in 

a bacteriological incubator at 30 °C until full fungal growth was achieved. Subsequently, the tubes were stored 

at 4 °C, with periodic subculturing. 

The strains were also preserved in silica gel [25]. A spore suspension was prepared with 2 mL of 

powdered milk (200 g.L⁻¹ of autoclaved distilled water). From this suspension, approximately 1 mL was added 

to screw-cap test tubes containing 7 g of silica gel and then shaken. These tubes were sealed and stored at 

4 °C. 

Analysis of Macromorphological Characteristics of Filamentous Fungi in Solid Culture Medium 
Containing Carboxymethylcellulose and Oat Flour 

Initially, solid culture media were prepared, consisting of 1% (w/v) CMC, as previously described, and 
solid culture media containing 4% (w/v) Quaker® oat flour and 2% (w/v) bacteriological agar (14). The media 
were autoclaved along with Petri dishes. After sterilization, 20 mL of medium was poured into the plates 
under laminar flow near a Bunsen burner. Once solidified, the isolated filamentous fungi were spot inoculated 
at the center of the Petri dish. The plates were incubated at 30 °C in a bacteriological incubator for eight days 
for the CMC medium and four days for the oat flour medium. 

After incubation, macromorphological characteristics of the fungi were analyzed, including texture, 
surface, border, topography, colony color, and overall appearance. 

Qualitative Analysis of Cellulase Production by Isolated Fungi 

To qualitatively analyze cellulase production, the isolated filamentous fungi were spot inoculated at the 

center of Petri dishes containing CMC culture medium, as previously described, and incubated at 30 °C for 

eight days. After incubation, the fungal mycelium diameter was measured using a digital caliper, with 

measurements recorded in centimeters. 
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Subsequently, cellulolytic halo determination was performed by opening the Petri dishes and adding a 
revealing solution composed of congo red Verter® 1% (w/v), sodium chloride (NaCl) 1 M, and acetic acid 

(CH₃COOH) 0.5% (v/v). 
Initially, 10 mL of congo red solution was added to the plates for 15 minutes. Afterward, the solution was 

discarded, and 10 mL of NaCl solution was added for another 15 minutes. Finally, the plates were washed 
with CH₃COOH, which was immediately discarded. The presence of clear zones around the mycelium 
indicated cellulase activity. The halo dimensions were measured using a digital caliper, and the enzymatic 
halo was recorded in centimeters. From these measurements, the enzymatic index (e.i.) was calculated as 
the ratio between the sum of the enzymatic halo size and the fungal mycelium diameter to the mycelium 
diameter (Equation 1). 

 

(enzymatic halo + mycelium diameter) / mycelium diameter = enzymatic index (1) 

 

Effect of temperature on the growth of filamentous fungi 

In order to infer the growth rate of the isolated fungi at different temperatures, they were cultured at 
30 °C, 35 °C, and 40 °C for four days in a solid culture medium containing CMC, as described previously. 
After the incubation period, the mycelial radius was measured in centimeters using a digital caliper, and the 
growth rate was calculated in centimeters per hour (cm.hora-1). 

Analysis of the quantitative production of cellulases by isolated filamentous fungi 

Initially, the fungi selected in the previous experiment as the highest potential cellulase producers were 
spot inoculated onto Petri dishes containing a solid culture medium composed of 4% (m/v) oat flour and 2% 
(m/v) bacteriological agar [26], with growth in a bacteriological incubator at 30 °C for use in submerged culture 
inoculation.  

Next, 25 mL of submerged culture medium (Carvalho-Peixoto, CP) [27] containing wheat bran as a 
carbon source were prepared in 125 mL Erlenmeyer flasks, autoclaved at 120 °C, 1.0 atm, for 20 minutes. 
Under laminar flow behind the Bunsen burner, the microorganisms were inoculated into the submerged 
culture medium using a 10 mm diameter disc from the selected strains, with the media maintained in a 
bacteriological incubator under stationary conditions at 30 °C for five days. After the incubation period, the 
crude extract containing the cellulases was obtained by vacuum filtration with the help of a Büchner funnel. 
From the extract, the carboxymethylcellulase (CMCase) activity was quantified. 

Determination of carboxymethylcellulase activity by the saccharification method 

The activity of cellulases was determined using 1% (m/v) CMC as the substrate, dissolved in 100 mM 
sodium citrate buffer, pH 5.0. For the reaction, 250 µL of substrate and 250 µL of enzymatic extract were 
pipetted into test tubes. The reaction was performed in a water bath at 55 °C for 10 minutes. Then, 50 µL of 
the reaction medium were removed and added to 50 µL of 3',5'-dinitrosalicylic acid (DNS), followed by boiling 
at 100 °C for 5 minutes. After cooling, 500 µL of distilled water were added [28]. The absorbance was 
measured in an Elisa plate reader Loccus LMR-96 at 540 nm, against a blank that consisted of the zero time 
of the reaction. 

The method was previously standardized using a glucose standard curve (0.1 to 1.0 mg/mL). The unit of 
activity (U) was defined as the amount of enzyme that hydrolyzes one μmol of CMC per minute under the 
assay conditions, represented as U.mL-1. 

RESULTS 

Isolation of filamentous fungi 

Using the pour plate, serial dilution, and direct contact methods, a total of nineteen filamentous fungi with 
different macromorphological characteristics were isolated over eight days at 30 °C. Based on the daily 
monitoring and isolation of the fungi, it was recorded that the day with the highest microbial growth was the 
seventh day, while the day with the fewest isolations was the third (Table 1). 

 
 
 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4


 Mendes, W.J.M.; et al. 6 
 

 
Brazilian Archives of Biology and Technology. Vol.68: e25250097, 2025 www.scielo.br/babt 

Table 1. Monitoring of microorganism isolation over eight days at 30 
°C in solid culture medium containing carboxymethylcellulose. 

Days of filamentous 
fungi growth 

Number of isolated 
fungi 

1st 4 

2nd 2 

3rd 1 

4st 2 

7st 6 

8st 4 

Total  19 

  

 
It is worth noting that ten filamentous fungi were isolated using the direct contact method, six by serial 

dilution, and three by the pour plate method. Using the pour plate method, the isolated fungi were coded as 
T.P.2.1, T.P.2.2, obtained from filter cake on the second day, and E.P.8.1, obtained from sugarcane bagasse 
silage on the eighth day. Regarding the serial dilution method, the isolated fungi were identified as V.I.2.7.1, 
obtained from vinasse on the second day; T.I.3.7.2, obtained from filter cake on the third day; E.I.1.7.2, 
obtained from sugarcane bagasse silage on the seventh day; B.I.1.8.1, B.I.3.8.3, and B.I.3.8.2, obtained from 
sugarcane bagasse on the eighth day.  

Meanwhile, from the direct contact method, the fungi were isolated with the following codes: B.D.1.1, 
B.D.1.2, B.D.1.3.A, B.D.1.4.B, and B.D.4.1 from sugarcane bagasse; V.D.7.1 from vinasse; T.D.3.2 and 
T.D.7.1 from filter cake; and E.D.4.1, E.D.7.1 from sugarcane bagasse silage, on different growth days. 

Segmenting the isolated fungi by sample, it was observed that eight of the nineteen fungi were isolated 
from sugarcane bagasse samples, totaling 42% of the isolates (Table 2). This distribution can be explained 
by several factors related to the intrinsic characteristics of each sample. 

                                        Table 2. Fungi isolated by collected sample. 

Collected sample 
Quantity of filamentous 
fungi isolated 

Sugarcane bagasse 8 

Sugarcane bagasse silage 4 

Filter cake 5 

Vinasse 2 

Total  19 

 

Macromorphological characteristics of filamentous fungi isolated in a culture medium containing 
carboxymethylcellulose and oat flour 

Regarding the macromorphological characteristics of the filamentous fungi grown in solid medium 
containing CMC, it was observed that only one isolate (B.D.4.1) exhibited a cottony texture, six presented a 
velvety texture (B.D.1.3.A, B.D.4.1, E.P.8.1, T.D.7.1, V.D.7.1, and V.I.2.7.1), three creamy textures (E.D.7.1, 
T.I.3.7.2, and T.P.2.2), two powdery (E.I.1.7.2 and T.D.3.2), three serous (B.D.1.4.B, B.I.1.8.1, and B.I.3.8.2), 
and the texture of four fungi could not be defined due to inadequate mycelial growth (Table 3 and Figure 2). 

Regarding pigment production in the culture medium, it was observed that the isolate V.D.7.1 produced 
a green pigment and the fungus T.D.7.1 produced a yellow pigment (Table 3 and Figure 2). Regarding the 
surface of the isolated fungi, four different types were recorded, with five fungi (B.D.1.4.B, B.I.1.8.1, B.I.3.8.2, 
E.I.1.7.2, and V.D.7.1) showing concentric streaks, three isolates with radial streaks (E.D.7.1, E.P.8.1, and 
T.D.3.2), only one fungus with a fissured surface (B.D.1.3.A), and five fungi with a smooth surface (E.D.4.1, 
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T.D.7.1, T.I.3.7.2, T.P.2.2, and V.I.2.7.1). The surface of five fungi could not be defined due to inadequate 
mycelial growth (Table 3 and Figure 2). 

Regarding the edges, regular and smooth edges were observed in fungi B.D.1.4.B, B.I.1.8.1, E.D.4.1, 
and T.D.7.1. Three fungi had regular and undulated edges (B.I.3.8.2, E.I.1.7.2, and V.D.7.1), three had 
irregular and lobed edges (E.D.7.1, E.P.8.1, and T.I.3.7.2), one had a filamentous edge (V.I.2.7.1), one 
irregular and smooth (T.P.2.2), one irregular and undulated (B.D.1.3.A), and one regular and filamentous 
(T.D.3.2). The edge of five fungi could not be defined due to inadequate mycelial growth (Table 3 and Figure 
2). 

The flat topography was prominent with fourteen occurrences, only two fungi had a smooth and convex 
topography (B.D.1.4.B and E.P.8.1), one aerial (B.D.4.1), and one smooth and convex with a central peak 
(V.D.7.1). The topography of five fungi could not be defined due to inadequate mycelial growth (Table 3 and 
Figure 2). 

Regarding the color of the isolated fungi, there was not much variation, most of them had hyaline 
mycelium, with white, brown, and green coloration (Table 3 and Figure 2). 

It is worth mentioning that the fungi were also cultivated in solid medium composed of oat flour, at 30°C, 
for four days, where a greater pigmentation of the microorganisms was observed. Regarding the texture, two 
fungi exhibited a cottony texture (B.D.1.3.A and B.D.4.1), while the others had a velvety texture (Table 4 and 
Figure 2). It was also observed that only the isolate V.D.7.1 pigmented the culture medium. 

Regarding the surface, all nineteen fungi exhibited a granular surface. As for the edges, only one fungus 
presented undulated edges (T.D.3.2), while the others had filamentous edges. Upon examining the 
topography, flattened, pleated, and crateriform isolates with central folds were observed, mostly with a dry 
appearance, and the fungus B.I.3.8.3 had an opaque appearance (Table 4 and Figure 2). 

The results obtained in this study highlight the diversity of colors, textures, topographies, and edges 
exhibited by the isolated filamentous fungi. Additionally, some of the isolates with the highest cellulolytic 
activity showed macromorphological features similar to those described for species of the Aspergillus genus, 
such as A. flavus and A. fumigatus, as reported by Picková and coauthors (2021), Abdulzahra et al. (2021), 
and Ameen (2023) [29, 30, 31]. This morphological resemblance suggests a potential taxonomic relationship 
with this group, although not definitive. However, molecular identification of the fungal isolates was not 
performed, which limits the taxonomic precision, reproducibility, and biotechnological applicability of the 
findings. This limitation is acknowledged in the present study, and molecular analyses are planned for future 
work to confirm fungal identities and provide a more comprehensive phylogenetic characterization. 

Table 3. Macromorphological characteristics of fungi in culture medium containing carboxymethylcellulose. 

Fungi Texture Surface Edges Topography Color 

B.D.1.1 Undefined Undefined Undefined Flat Hyaline with black spores 

B.D.1.2 Undefined Undefined Undefined Flat Hyaline with white spores 

B.D.1.3.A Velvety Cracked Irregular, wavy Flat Brown center, white border 

B.D.1.4.B Serous Concentric striation Regular, smooth Smooth and convex Hyaline with black spores 

B.D.4.1 Cottony Undefined Undefined Aerial White with black spores 

B.I.1.8.1 Serous Concentric striation Regular, smooth Flat Hyaline with black spores 

B.I.3.8.2 Serous Concentric striation Regular, wavy Flat Hyaline with black spores 

B.I.3.8.3 Undefined Undefined Undefined Undefined Hyaline with black spores 

E.D.4.1 Velvety Smooth Regular, smooth Flat White with black spores 

E.D.7.1 Creamy Radial striations Irregular, lobulated Flat White 

E.I.1.7.2 Powdery Concentric striation Regular, wavy Flat White 

E.P.8.1 Velvety Radial striation Irregular, lobulated Smooth and convex White 
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Cont. Table 3 

T.D.3.2 Powdery Radial striation Regular, filamentous Flat Beige 

T.D.7.1 Velvety Smooth Regular, smooth Flat Hyaline with black spores 

T.I.3.7.2 Creamy Smooth Irregular, lobulated Flat White 

T.P.2.1 Undefined Undefined Undefined Flat Hyaline with black spores 

T.P.2.2 Creamy Smooth Irregular, smooth Flat White 

V.D.7.1 Velvety Concentric striation Regular, wavy 
Smooth and convex with 
central peak Green center, white borders 

V.I.2.7.1 Velvety Smooth Filamentous Flat Hyaline with black spores 

  

 

Table 4. Macromorphological characteristics of fungi in culture medium containing oat flour. 

Fungi Texture Surface Edges Topography Mycelium Color 

B.D.1.1 Velvety Granular Filamentous Crateriform with central folds Green 

B.D.1.2 Velvety Granular Filamentous Crateriform with central folds Green 

B.D.1.3.A Cottony Granular Filamentous Crateriform with central folds Black 

B.D.1.4.B Velvety Granular Filamentous Crateriform with central folds Green 

B.D.4.1 Cottony Granular Filamentous Crateriform with central folds White 

B.I.1.8.1 Velvety Granular Filamentous Crateriform with central folds Green 

B.I.3.8.2 Velvety Granular Filamentous Crateriform with central folds Green 

B.I.3.8.3 Velvety Granular Filamentous Crateriform with central folds Green 

E.D.4.1 Velvety Granular Filamentous Crateriform with central folds Green 

E.D.7.1 Velvety Granular Filamentous Crateriform with central folds Green 

E.I.1.7.2 Velvety Granular Filamentous Crateriform with central folds Green 

E.P.8.1 Velvety Granular Filamentous Crateriform with central folds Green 

T.D.3.2 Velvety Granular Undulated Flattened and folded Yellowish-green 

T.D.7.1 Velvety Granular Filamentous Crateriform with central folds Green 

T.I.3.7.2 Velvety Granular Filamentous Crateriform with central folds Green 

T.P.2.1 Velvety Granular Filamentous Crateriform with central folds Green 

T.P.2.2 Velvety Granular Filamentous Crateriform with central folds Green 

V.D.7.1 Velvety Granular Filamentous Crateriform with central folds Light green 

V.I.2.7.1 Velvety Granular Filamentous Crateriform with central folds Green 
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Figure 2. Representative image of the isolated filamentous fungi. The photograph on the right shows the filamentous 
fungi cultivated in medium containing carboxymethylcellulose, and on the left, the medium containing oat flour. 
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Qualitative analysis of cellulase secretion in solid culture medium containing CMC 

Considering the enzymatic index criteria, the analysis results indicated that the fungi with the highest 
enzymatic index were T.D.3.2, V.D.7.1, T.I.3.7.2, B.D.1.4.B, and B.I.1.8.1. In terms of hydrolysis enzyme halo 
size, the five largest were observed in the fungi V.D.7.1, T.D.3.2, B.D.1.4.B, B.I.1.8.1, and B.D.1.1. The fungi 
V.D.7.1, T.D.3.2, B.D.1.4.B, and B.I.1.8.1 performed remarkably in both analyses. Regarding mycelial 
diameter, the fungi B.D.4.1, B.D.1.3.A, T.D.7.1, V.I.2.7.1, and B.D.1.4.B showed the greatest growth, 
although they did not form hydrolysis halos, demonstrating good development in the carboxymethylcellulose 
medium (Table 5 and Figure 3). 

                              Table 5. Data obtained from the qualitative analysis of enzymatic hydrolysis. 

Fungi 
Enzymatic Halo                   

(cm) 
Mycelial Diameter 

(cm) 
i.e. 

B.D.1.1 0,40 3,20 1,125 

B.D.1.2 0,00 2,90 0,000 

B.D.1.3.A 0,30 3,50 1,086 

B.D.1.4.B 0,50 3,30 1,152 

B.D.4.1 0,00 6,40 0,000 

B.I.1.8.1 0,40 3,00 1,133 

B.I.3.8.2 0,30 2,80 1,107 

B.I.3.8.3 0,00 0,00 0,000 

E.D.4.1 0,20 3,00 1,067 

E.D.7.1 0,20 2,00 1,100 

E.I.1.7.2 0,20 2,75 1,073 

E.P.8.1 0,20 1,80 1,111 

T.D.3.2 1,10 0,70 2,571 

T.D.7.1 0,20 3,50 1,057 

T.I.3.7.2 0,20 0,80 1,250 

T.P.2.1 0,00 0,00 0,000 

T.P.2.2 0,10 0,80 1,125 

V.D.7.1 1,20 1,80 1,667 

V.I.2.7.1 0,20           3,35 1,060 

Effect of temperature on the growth of filamentous fungi isolated in solid culture medium containing 
carboxymethylcellulose 

Regarding the effect of temperature on the growth of the isolates, it was observed that five fungi exhibited 
the highest growth rate at 30 °C: B.D.1.3.A (0.0292 cm.h⁻¹), T.P.2.1 (0.0260 cm.h⁻¹), B.I.1.8.1 (0.0240 

cm.h⁻¹), B.D.1.2 (0.0219 cm.h⁻¹), and E.D.4.1 (0.0208 cm.h⁻¹). The fungi that showed the highest growth at 
35 °C were B.I.3.8.2 (0.0313 cm.h⁻¹), B.D.1.4.B (0.0313 cm.h⁻¹), T.P.2.1 (0.0271 cm.h⁻¹), B.D.1.2 (0.0271 

cm.h⁻¹), and B.D.1.3.A (0.0260 cm.h⁻¹). Finally, the fungi with the highest growth at 40 °C were B.I.3.8.2 
(0.0365 cm.h⁻¹), B.D.1.1 (0.0323 cm.h⁻¹), V.D.7.1 (0.0323 cm.h⁻¹), B.D.1.4.B (0.0313 cm.h⁻¹), and V.I.2.7.1 

(0.0292 cm.h⁻¹) (Figure 4). 
It is worth mentioning that the isolates B.I.3.8.2, B.D.1.1, V.D.7.1, and V.I.2.7.1 increased their growth 

rate as the temperature increased. On the other hand, the fungi T.P.2.1, B.D.1.3.A, E.D.4.1, T.D.3.2, T.I.3.7.2, 
and T.P.2.2 showed decreased growth as the temperature increased, indicating microorganisms with low 
tolerance to temperature increases (Figure 4). 
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Figure 3. Enzymatic halo by the action of cellulase enzymes on the solid medium composed of carboxymethylcellulose 
and the consequent formation of clear regions around the fungi. 
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Figure 4. Growth rates of the filamentous fungi isolates in solid culture medium at different temperatures. 

Quantitative analysis of cellulase production by selected isolated fungi 

The quantitative analysis of enzymatic hydrolysis using Congo red, followed by the evaluation of fungal 
growth at different temperatures, allowed for the selection of five microorganisms for the determination of 
endoglucanase (CMCase) activity by cultivating these specimens in submerged culture medium containing 
wheat bran as a carbon source. 

It was observed that the fungus B.I.3.8.2 exhibited the highest enzymatic activity, 0.208 U.mL⁻¹, and also 
stood out in the qualitative production at 35 °C and 40 °C (Figure 4), followed by the fungus B.D.1.1, with 
activity of 0.205 U.mL⁻¹, B.D.1.4.B, with 0.152 U.mL⁻¹, and V.D.7.1 and V.I.2.7.1, which presented lower 
enzymatic activities, with 0.117 U.mL⁻¹ and 0.176 U.mL⁻¹, respectively. Based on the obtained results, it can 
be observed that the isolated microorganisms have potential for CMCases production. 

DISCUSSION 

It is well established that bacteria and yeasts, as unicellular microorganisms, exhibit faster growth rates 
compared to filamentous fungi, which are multicellular organisms composed of filamentous hyphae. The 
development of microorganisms is influenced by environmental factors such as humidity, pH, and 
temperature. Additionally, the diversity of microorganisms inhabiting these materials may be affected by the 
intrinsic characteristics of the substrates’ composition. Furthermore, fungi interact with one another and 
respond to environmental stimuli through a complex network of extracellular signaling and cellular responses 
[29,30]. 

During the isolation of filamentous fungi, only a limited number of microorganisms were observed to grow 
under the analyzed conditions, with a total of 19 filamentous fungi isolated from four distinct samples. This 
limited growth is likely attributed to factors such as the low initial concentration of microorganisms in the 
samples, which are dry and rich in lignocellulosic material (sugarcane bagasse, ensiled sugarcane bagasse), 
the low pH of certain samples (filter cake and vinasse), and the composition of the culture medium used, 
carboxymethylcellulose (CMC), among other factors. 

Among the isolation methods evaluated, the pour plate method yielded the fewest isolates, possibly due 
to its oxygen demand. This method is more suitable for the growth of anaerobic and facultative aerobic 
microorganisms since the sample remains submerged in the culture medium. While the increased surface 
area enhances nutrient accessibility, oxygen exposure is simultaneously restricted. 
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Regarding the serial dilution method, filamentous fungi were observed to grow at later stages of the 
experiment, which is likely a consequence of sample dilution before inoculation. A primary goal of this 
technique is to enable the growth of microorganisms present in lower concentrations. 

The direct contact isolation method demonstrated greater efficiency in comparison to the other methods 
analyzed. This efficiency is attributed to the aerobic nature of fungi and the absence of dilution effects on 
fungal concentrations within the samples. Notably, 50% of the isolates were obtained exclusively from 
sugarcane bagasse samples, which may be explained by the specific chemical composition of this substrate. 
In terms of isolation timing, most isolates were obtained at the beginning of the study, likely due to the 
exposure of microorganisms to oxygen and their physicochemical characteristics. 

The chemical characteristics of each sample varied according to their origin, processing, and storage 
conditions, which in turn influenced microbial diversity and growth potential. The pH of the substrates was 
also a critical factor; for example, sugarcane bagasse silage typically exhibits pH values below 3.88, creating 
favorable conditions for material preservation by inhibiting the growth of undesirable microorganisms [31]. 

Regarding filter cake and vinasse, both substrates possess lower organic matter content and acidic pH 
values, which directly impact fungal growth while maintaining high moisture levels. Filter cake contains 24 to 
28% organic matter and 6 to 8% mineral constituents, while vinasse has a pH range of 4.0 to 4.8 [32]. 

The slow growth of filamentous fungi observed during isolation in this study may be attributed to the 
composition of the solid culture medium, which consisted solely of CMC. CMC is an anionic, water-soluble 
derivative of cellulose produced through the reaction of cellulose with chloroacetic acid under alkaline 
conditions, introducing carboxymethyl groups at positions C2, C3, or C6 of glucose units. The abundance of 
hydroxyl and carboxyl groups in CMC results in high water absorption capacity; however, the polysaccharidic 
nature of its glycosidic linkages provides a limited nutrient source for microbial growth [33]. 

CMC hydrolysis requires the presence of cellulases to break down cellulose into simple sugars (D-
glucose). However, the production of these enzymes is a time-consuming process, and not all fungi are 
capable of secreting them in sufficient quantities over short incubation periods. Additionally, the exclusive 
use of CMC as a carbon source may not provide all essential nutrients for fungal growth. In more complex 
culture media containing a variety of nutrients, fungi may experience more favorable conditions for 
development. 

The macromorphological characteristics and growth patterns of fungi are strongly influenced by the 
composition of the culture medium. Due to the nutrient deficiency of CMC, significant morphological diversity 
was not observed among the isolates, with most exhibiting hyaline mycelium. In contrast, oat flour, a more 
nutrient-rich substrate, provided essential growth factors such as carbohydrates, dietary fibers, proteins, and 
fats, leading to increased fungal growth and predominantly greenish pigmentation. 

The enzymatic index serves as an important parameter for screening enzyme-producing fungi, as it 
establishes a relationship between the fungal mycelium size and the hydrolyzed region influenced by enzyme 
secretion. A larger enzymatic halo and smaller fungal colony diameter indicate more pronounced enzymatic 
activity. 

Based on the criteria analyzed, the isolate B.D.1.4.B exhibited the greatest potential for cellulase 
production, excelling in all evaluation parameters. Other promising cellulase-producing fungi included 
T.D.3.2, V.D.7.1, and B.I.1.8.1. 

The findings of this study align with those reported by Ang et al. (2015) [37], who isolated 32 filamentous 
fungi from palm oil waste, including Trichoderma, Aspergillus, Rhizopus, Talaromyces, and Penicillium. The 
enzymatic screening performed by these authors revealed activity indices ranging from 1.04 to 1.62, values 
similar to those observed in the present study [34]. Similarly, the study by Cyrus and coauthors (2015) [38] 
reported the isolation of 67 fungi from agricultural residues and mountain soil, with the highest enzymatic 
index recorded at 1.90 (SWTS0X) and the lowest at 1.04 (SMS41-R) [35]. The results obtained in this 
research are therefore consistent with existing literature, demonstrating enzymatic indices between 1.057 
and 2.571 cm. 

When evaluating the effect of temperature on fungal growth in solid medium, variation in thermal 
tolerance among the isolates was observed. Additional tests are required to classify the isolates as 
psychrophiles (optimal growth at 0 °C to 20 °C), mesophiles (25 °C to 40 °C), or thermophiles (40 °C to 60 °C) 
[36]. These findings are critical for selecting microorganisms suitable for biotechnological applications under 
specific thermal conditions. 

In this study, the isolate B.I.3.8.2 exhibited enzymatic activity of 0.208 U/mL in submerged culture using 
wheat bran as the carbon source. This value closely aligns with that reported by Santos and coauthors (2022) 
[39], who cultivated Aspergillus niger on a mixture of dry urban tree leaves as a substrate for cellulase 
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production using solid, submerged, and sequential fermentation, obtaining CMCase activities of 0.137 U/mL, 
0.237 U/mL, and 0.395 U/mL, respectively. 

However, while Santos and coauthors (2022) [39] employed a mixed substrate and different fermentation 
methods, the fungi in this study were evaluated under standardized conditions, highlighting the need to 
explore operational variables that may enhance enzymatic production efficiency. Further studies are required 
to optimize culture conditions and maximize the industrial viability of these cellulolytic microorganisms in 
biotechnological processes. 

CONCLUSION 

An in-depth understanding of the macromorphological characteristics of filamentous fungi collected from 
lignocellulosic samples was obtained through the experiments. A total of nineteen fungi were isolated, with 
eight from sugarcane bagasse, four from ensiled sugarcane bagasse, five from filter cake, and two from 
vinasse. 

Further insights into fungal development and growth in culture media with varying compositions and 
nutrient availability were gained, as these factors are directly related to the macromorphological 
characteristics expressed by the microorganisms. Additionally, the qualitative analysis of cellulase secretion, 
utilizing congo red staining, was identified as a promising tool for the rapid screening of a large number of 
fungal isolates, facilitating the identification of those with higher cellulolytic potential. 

The influence of growth temperature on the microorganisms was also a critical factor, revealing their 
tolerance to different temperature ranges, with optimal development observed at 30 ºC. Furthermore, the 
quantification of endoglucanase activity highlighted the fungal isolates B.D.1.1, B.D.1.4.B, B.I.3.8.2, V.D.7.1, 
and V.I.2.7.1 as notable producers of this enzyme. 

This study underscores the importance of prospecting filamentous fungi from diverse materials for the 
isolation of microorganisms with enzymatic potential for biotechnological applications. Moreover, the findings 
contribute to a broader understanding of the Brazilian microbiota, advancing knowledge of fungal diversity 
and their functional characteristics. 

 
Author Contributions: Wanderson de Jesus de Moura Mendes, Brenda Ketilyn Lages de Paula, Elizângela Nunes 
Pataleão; Ana Vitória Moreira Cunha: the students also developed the experiments presented in this scientific article, 
as well as writing the article in Portuguese; Tássio Brito de Oliveira: the professor helped in the development of the 
experiments carried out and in writing the article.; David Lee Nelson: the professor helped with writing the scientific 
article, translating it into English and analyzing the results obtained; Vivian Machado Benassi: the teacher is the advisor 
to the students who developed the work, helping to guide the experiments, analyze the results obtained, write the article, 
and translate it into English. 

Funding: This research was funded by Foundation for Research Support of the State of Minas Gerais (FAPEMIG) - 
Universal Demand APQ-02178-21, as well as to CAPES and CNPq PIBIC/UFVJM. 
Institutional Review Board Statement: Not applicable. 
Acknowledgments: The authors thank the Federal University of the Jequitinhonha and Mucuri Valleys, the Institute of 
Science and Technology, the Laboratory of Mycology, Enzymology, and Product Development, the Graduate Program 
in Food Science and Technology, and the Graduate Program in Biofuels for the infrastructure provided to conduct the 
experiments. Special thanks is given to the Foundation for Research Support of the State of Minas Gerais (FAPEMIG) 
- Universal Demand APQ-02178-21, as well as to CAPES and CNPq PIBIC/UFVJM, for the financial support. 
Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the study; in 
the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to publish the results. 
Data Availability Statement: Not informed the use of data, did not use research data 

 

REFERENCES 

1. Ministério de Minas e Energia (BR), Secretaria de Petróleo, Gás Natural e Biocombustíveis. RenovaBio [Internet]. 
Brasília (DF): MME; [cited 2025 Jun 2]. Available from: https://www.gov.br/mme/pt-br. 

2. Demiray E, Karatay SE, Dönmez G. [Determination of bioethanol production from apricot (Prunus armeniaca) 
pomace]. Braz. Arch. Biol. Technol. 2021;64:e21210059. 

3. Ibarra-Islas A, Méndez Hernández JE, Armenta S, Espitia López J, Garza López PM, Hernández León S, et al. 
[Use of nutshells wastes in the production of lignocellulolytic enzymes by white-rot fungi]. Braz Arch Biol Technol. 
2023;66:e23210654. doi:10.1590/1678-4324-2023210654. 

4. Putro JN, Soetaredjo FE, Lin SY, Ju YH, Ismadji S. [Pretreatment and conversion of lignocellulose biomass into 
valuable chemicals]. RSC Adv. 2016;6(52):46834-52. doi:10.1039/C6RA09851G. 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4


 Mendes, W.J.M.; et al. 15 
 

 
Brazilian Archives of Biology and Technology. Vol.68: e25250097, 2025 www.scielo.br/babt 

5. Yogalakshmi KN, Poornima Devi T, Sivashanmugam P, Kavitha S, Yukesh Kannah R, Varjani S, et al. 
[Lignocellulosic biomass-based pyrolysis: a comprehensive review]. Chemosphere. 2022 Jan;286(Pt 2):131824. 
doi:10.1016/j.chemosphere.2021.131824. Epub 2021 Aug 6. PMID: 34388872. 

6. Mujtaba M, Fraceto LF, Fazeli M, Mukherjee S, Savassa SM, Medeiros GA, et al. [Lignocellulosic biomass from 
agricultural waste to the circular economy: a review with focus on biofuels, biocomposites and bioplastics]. J 
Clean Prod. 2023 May 20;402:136815. doi:10.1016/j.jclepro.2023.136815. 

7. Dudek DN, Bueno IK, Rasbold LM, Pagnonceli J, Corrêa JM, Silva JLC, et al. [Enhancement of cellulase 
production and biomass degradation by transformation of the Trichoderma reesei RUT-C30∆zface1 strain]. Braz. 
Arch. Biol. Technol. 2020;63:e20190185. doi:10.1590/1678-4324-2020190185. 

8. Antero RVP, Silva DB, Brum SS, Vale AT. [Energy balance of ethanol production from sugarcane and aspects of 
current Brazilian production]. J Biotechnol Biodivers. 2019;7(3):399-412. 
doi:10.20873/jbb.uft.cemaf.v7n3.antero399. 

9. Ren W, Zhu J, Guo F, Guo J, Zhang X, Wang H, et al. [Structural evolution of cellulose from bamboo fibers and 
parenchyma cells during ionic liquid pretreatment for enhanced hydrolysis]. Biomacromolecules. 2022 May 
9;23(5):1938-48. doi:10.1021/acs.biomac.1c01521. Epub 2022 Feb 28. PMID: 35226471. 

10. Trache D, Thakur VK, Boukherroub R. [Cellulose nanocrystals/graphene hybrids—a promising new class of 
materials for advanced applications]. Nanomaterials (Basel). 2020 Aug 4;10(8):1523. doi:10.3390/nano10081523. 

11. Singh A, Tsai ML, Chen CW, Singhania RR, Patel AK, Tambat V, et al. [Role of hydrothermal pretreatment 
towards sustainable biorefinery]. Bioresour Technol. 2023 Jan;367:128271. doi:10.1016/j.biortech.2022.128271. 
Epub 2022 Nov 10. PMID: 36351534. 

12. Hahn-Hägerdal B, Lindén T, Senac T, Skoog K. [Ethanolic fermentation of pentoses in lignocellulose 
hydrolysates]. Appl Biochem Biotechnol. 1991 Spring;28-9:131-44. doi:10.1007/BF02922595. PMID: 1929360. 

13. Lopes ML, Paulillo SCL, Godoy A, Cherubin RA, Lorenzi MS, Giometti FHC, et al. [Ethanol production in Brazil: a 
bridge between science and industry]. Braz J Microbiol. 2016 Dec;47 Suppl 1:64-76. 
doi:10.1016/j.bjm.2016.10.003. Epub 2016 Oct 25. PMID: 27818090. 

14. Nelson DL, Cox MM, Hoskins AA. [Lehninger principles of biochemistry]. 8th ed. Dalmaz C, Termignoni C, 
Saraiva-Pereira ML, editors. Porto Alegre: Artmed; 2022. [cited 2023 Oct 21]. Available from: 
https://integrada.minhabiblioteca.com.br/books/9786558820703. 

15. Choudhary J, Singh S, Nain L. [Thermotolerant fermenting yeasts for simultaneous saccharification fermentation 
of lignocellulosic biomass]. Electron J Biotechnol [Internet]. 2016 May;21:82-92 [cited 2025 Jun 2]. Available from: 
http://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0717-34582016000300013. 
doi:10.1016/j.ejbt.2016.02.007. 

16. Moraïs S, Ben David Y, Bensoussan L, Duncan SH, Koropatkin NM, Martens EC, et al. [Enzymatic profiling of 
cellulosomal enzymes from the human gut bacterium, Ruminococcus champanellensis, reveals a fine-tuned 
system for cohesin-dockerin recognition]. Environ Microbiol. 2016 Feb;18(2):542-56. doi:10.1111/1462-
2920.13047. Epub 2015 Oct 14. PMID: 26347002. 

17. Singh A, Bajar S, Devi A, Pant D. [An overview on the recent developments in fungal cellulase production and 
their industrial applications]. Bioresour Technol Rep. 2021 Jun;14:100652. doi:10.1016/j.biteb.2021.100652. 

18. Robl D, Pereira BMP, Costa AC, Pradella JGC. [Cellulase and xylanase enzymes from Trichoderma reesei RUT-
C30 using pretreated sugarcane bagasse in a biorefinery environment]. Braz Arch Biol Technol. 
2024;67:e24240066. doi:10.1590/1678-4324-2024240066. 

19. Singh SP, Jawaid M, Chandrasekar M, Senthilkumar K, Yadav B, Saba N, et al. [Sugarcane wastes into 
commercial products: processing methods, production optimization and challenges]. J Clean Prod. 2021 Dec 
15;328:129453. doi:10.1016/j.jclepro.2021.129453. 

20. Rajnish KN, Samuel MS, John JA, Datta S, Chandrasekar N, Balaji R, et al. [Immobilization of cellulase enzymes 
on nano and micro-materials for breakdown of cellulose for biofuel production—a narrative review]. Int J Biol 
Macromol. 2021 Jul 1;182:1793-802. doi:10.1016/j.ijbiomac.2021.05.176. Epub 2021 May 28. PMID: 34058212. 

21. Koblitz MGB. [Food biochemistry: theory and practical applications] [Internet]. 2nd ed. Rio de Janeiro: Guanabara 
Koogan Ltda; 2019 [cited 2023 Oct 21]. Available from: 
https://integrada.minhabiblioteca.com.br/reader/books/9788527735261/epubcfi/6/10%5B%3Bvnd.vst.idref%3Dcop
yright%5D!/4/26/6/1:5%5Beth%2Cik%5D. 

22. Lv L, Dai L, Du W, Liu D. [Progress in enzymatic biodiesel production and commercialization]. Processes. 2021 
Feb 15;9(2):355. doi:10.3390/pr9020355. 

23. Brasil RBS, Rodrigues K, Barbosa BCA, Ribeiro JAS, Araujo RS, Oliveira D, et al. [Biodegradation of cassava 
flour production wastes in the Brazilian industry for industrial glycohydrolase enzymes production by Aspergillus 
niger]. Braz Arch Biol Technol. 2024;67:e24240032. doi:10.1590/1678-4324-2024240032. 

24. Yousuf A, Pirozzi D, Sannino F. [Fundamentals of lignocellulosic biomass]. In: Yousuf A, editor. Lignocellulosic 
biomass to liquid biofuels. 1st ed. Cambridge (MA): Academic Press; 2020. p. 1-15. doi:10.1016/B978-0-12-
815936-1.00001-0. 

25. Michelin M. [Potential of Aspergillus terrícola and Aspergillus ochraceus fungi in the development of bioprocesses 
and properties of xylanolytic enzymes] [dissertation]. Ribeirão Preto (SP): Universidade de São Paulo, Faculdade 
de Filosofia, Ciências e Letras de Ribeirão Preto; 2009. 236 p. 

26. Emerson R. An experimental study of the life cycles and taxonomy of Allomyces. Lloydia. 1941;4:77-144. 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4


 Mendes, W.J.M.; et al. 16 
 

 
Brazilian Archives of Biology and Technology. Vol.68: e25250097, 2025 www.scielo.br/babt 

27. Peixoto SC, Jorge JA, Terenzi HF, Polizeli MLTM. Rhizopus microsporus var. rhizopodiformis: a thermotolerant 
fungus with potential for production of thermostable amylases. Int Microbiol. 2003 Aug;6:269-73. 

28. Miller GL. Use of Dinitrosalicylic Acid Reagent for Determination of Reducing Sugar.Anal Chem.1959;31(3):426-8. 
29. Pickova D, Ostry V, Toman J, Malir F. [Aflatoxins: history, significant milestones, recent data on their toxicity and 

ways to mitigation]. Toxins (Basel). 2021 Jun 3;13(6):399. doi:10.3390/toxins13060399. PMID: 34205163. 
30. Abdulzahra B, Khudor M, Alkhursan RN. [Poultry feed fungi: a practical guide – fungi in poultry feed with detection 

of aflatoxins and study of other aspects of fungi]. 2021. 
31. Ameen F. [Purification and characterization of xylanase produced by Aspergillus fumigatus isolated from the 

Northern Border Region of Saudi Arabia]. Fermentation. 2023;9(7):595. doi:10.3390/fermentation9070595. 
32. Leeder AC, Palma-Guerrero J, Glass NL. [The social network: deciphering fungal language]. Nat Rev Microbiol. 

2011 Jun;9(6):440-51. doi:10.1038/nrmicro2580. PMID: 21572459. 
33. Lin X, Terejanu G, Shrestha S, Banerjee S, Chanda A. [Bayesian model selection framework for identifying growth 

patterns in filamentous fungi]. J Theor Biol. 2016 Jun 7;398:85-95. doi:10.1016/j.jtbi.2016.03.021. Epub 2016 Mar 
19. PMID: 27000772. 

34. Pereira RC. [Silage and haymaking of sugarcane bagasse from cachaça production] [Dissertation]. Lavras (MG): 
Universidade Federal de Lavras; 2006. 202 p.  

35. Fioranelli A, Bizzo WA. [Generation of surplus electricity in sugarcane mills from sugarcane bagasse and straw: 
challenges, failures and opportunities]. Renew Sustain Energy Rev. 2023 Oct 1;186:113647. 
doi:10.1016/j.rser.2023.113647. 

36. Kong P, Rosnan SM, Enomae T. [Carboxymethyl cellulose–chitosan edible films for food packaging: a review of 
recent advances]. Carbohydr Polym. 2024 Dec 15;346:122612. doi:10.1016/j.carbpol.2024.122612. Epub 2024 
Aug 14. PMID: 39245494. 

37. Ang SK, Yahya A, Abd Aziz S, Md Salleh M. [Isolation, screening, and identification of potential cellulolytic and 
xylanolytic producers for biodegradation of untreated oil palm trunk and its application in saccharification of 
lemongrass leaves]. Prep Biochem Biotechnol. 2015;45(3):279-305. doi:10.1080/10826068.2014.923443. PMID: 
24960316. 

38. Temitope Cyrus E, Arotupin DJ. [Isolation and identification of cellulytic fungi from agrowastes and sawmill soils]. 
Biotechnol J Int. 2015;7(3):147-59. doi:10.9734/BBJ/2015/17575. 

39. Santos GB, de Souza Francisco Filho A., da Silva Rodrigues J R , Rodrigues de Souza R. [Cellulase production 
by Aspergillus niger using urban lignocellulosic waste as substrate: Evaluation of different cultivation strategies]. J 
Environ Manag. 2022 Mar 1;305:114431. doi:10.1016/j.jenvman.2021.114431. 

 
 

© 2025 by the authors. Submitted for possible open access publication under the terms and 
conditions of the Creative Commons Attribution (CC BY) license 
(https://creativecommons.org/licenses/by/4.0/) 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4

