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Abstract 
The industrial importance and the high cost of the commercial amylase re-
quire the study of microorganisms that produce these enzymes. For this rea-
son, the objective of this work was to isolate filamentous fungi from a region 
of the caatinga and evaluate their potential for the production of amylase. 
Four soil samples were collected from a deactivated dump located in the city 
of Diamantina, MG, in a region of the caatinga. The analysis of amylolytic 
production in a submerged medium at the ideal temperature of each micro-
organism was performed using the saccharification method, and the reducing 
sugars formed were quantified by DNS. Fourteen filamentous fungi were iso-
lated, which had different morphological aspects. Regarding amylase produc-
tion, a mean activity of 0.477 U∙mL−1 was obtained with the isolates I 1.2.1 
and I 4.4.1. These results bring important information regarding the biodi-
versity of the caatinga, in addition to the isolation of microorganisms that can 
be used as biological machinery to obtain metabolites with high biotechno-
logical and industrial potential. 
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1. Introduction 

Brazil is one of the countries with the greatest diversity of living organisms, in-
cluding fungi that are found in abundance in different habitats [1]. The pros-
pecting of these organisms is considered important because they represent a rich 
source of genetic resources for application in numerous biotechnological processes 
and products [2]. 

Enzymes are pre-eminent among the metabolites of technological importance. 
They can be obtained from the most diverse organisms, such as vegetables, ani-
mals and microorganisms such as bacteria, yeasts and filamentous fungi. How-
ever, according to Freitas et al. [3], it is a less costly and simpler process to ob-
tain enzymes from fungi because they require easy maintenance and they excrete 
the enzymes to the external environment as a natural process that allows fungi to 
obtain their nutrients. 

Microorganisms are considered be the largest biological source for the pro-
duction of enzymes, and filamentous fungi are responsible for 60% of the total 
industrial enzymes, followed by bacteria and yeasts, which together total 40% 
[4]. Enzymes are biological catalysts, involved in the hydrolysis of different bio-
masses because they perform specific actions in the degradation of the substrate 
of interest [5]. Of the enzymes used in industry, approximately 80% correspond 
to hydrolases, including proteases and amylases. 

Amylases are enzymes that act synergistically in the hydrolysis of the glyco-
sidic bonds of the starch molecule, hydrolyzing it into maltooligosaccharides. 
These enzymes lead the world production on an industrial scale because they are 
widely used in industry in the most varied sectors [6] [7]. However, the high cost 
of production requires the search for good amylolytic producers, as well as the 
standardization of the cultivation of these organisms using less expensive carbon 
sources, such as agro-industrial waste. 

Enzyme production by fungi is a natural process that can be affected by dif-
ferent parameters, and these parameters must be investigated because different 
microorganisms have different optimum conditions for the production of en-
zymes. Thus, the composition of the media directly influences enzyme synthesis 
[8]. 

This fact was confirmed by Oliveira et al. [9] when they showed that the en-
zymatic potential of microorganisms is directly related to the media and tem-
perature conditions in which they develop. For this reason, our work sought to 
isolate filamentous fungi from four different samples, to analyze the macroscop-
ic morphological characteristics of the isolates, and to verify the potential for 
amylase production by these microorganisms. 

2. Material and Methods 

The tests were conducted at the Laboratório de Biocombustíveis of the Instituto 
de Ciência e Tecnologia (ICT) of the Federal University of the Valleys of Jequi-
tinhonha and Mucuri (UFVJM), JK campus, Diamantina, Minas Gerais, Brazil 
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and in the Laboratório Integrado de Pesquisa e Ensino Multiuso (LIPEMVALE ). 
The microorganisms were registered in the Sistema Nacional de Gestão do Patri- 
mônio Genético e do Conhecimento Tradicional Associado (SisGen), number 
A64AD93. 

2.1. Collection, Isolation and Maintenance of Filamentous Fungi 

Four different soil samples were collected with characteristics of the caatinga lo-
cated in Diamantina, MG, at coordinates 18˚12'19.5''S and 43˚34'13.3''W, alti-
tude 1296.1 m. The collection was achieved aseptically using previously autoc-
laved materials. The isolation was performed in a culture medium proposed by 
Emerson [10] and composed of 4% Quaker® oats and 2% bacteriological agar. 
The samples were maintained in a bacteriological incubator at 30˚C for four 
days, and the growth of the filamentous fungi was monitored every 24 hours. 

As the specimens grew, point isolation was performed in the center of another 
Petri dish containing the same culture medium, and the samples was maintained 
at 30˚C. The isolation was achieved by macroscopic observation, and the isolated 
fungi were identified with the letter I and three digits. The first number referred 
to the number of the collected sample, the second was related to the day of isola-
tion, and the third number was related to the microorganism isolated from the 
specific sample. 

The isolated strains were kept on silica gel, where a spore suspension was 
prepared in 3 ml of powdered milk (200 g∙L−1 of distilled water). Approximately 
1 mL of this suspension was added to test tubes containing 7 g of silica gel, 
stirred, sealed and stored at 4˚C, as previously reported by Pasin et al. [7]. 

2.2. Analysis of Macroscopic Morphological Characteristics of 
Isolated Fungi 

The isolated fungi were placed punctually in the center of the Petri dish in solid 
oat culture medium [10] and incubated at 30˚C for four days. The macroscopic 
morphological characteristics were analyzed for texture, pigmentation, appear-
ance, border, and colony color [11]. 

2.3. Analysis of Growth Temperature of Isolated Microorganisms 

The organisms were cultured in a solid Potato-Dextrose-Agar (BDA, Himedia®) 
medium in a bacteriological oven at temperatures that varied from 30˚C to 50˚C, 
with intervals of 5˚C. The measurement of the radii of the filamentous fungus 
colonies was performed after 48 hours of growth of the microorganism, and the 
growth rate was calculated in centimeters per hour (cm∙h−1). 

2.4. Analysis of Amylase Production in Submerged Culture Medium 

Four isolated fungi that presented a higher growth rate per hour in solid BDA 
were selected to verify their amylolytic potential. The microorganisms were cul-
tured in 50 mL of CP submerged culture medium [12] contained in a 250 mL 
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Erlenmeyer flask that was maintained at the ideal temperature for each isolate 
for seven days, without stirring in a bacteriological incubator. 

For the inoculation, the cultures of the fungi were suspended in inclined test 
tubes containing oat medium [10] with 10 mL of sterile distilled water. A 2-mL 
aliquot of the spore suspension (7.5 × 10−3 spores∙mL−1) was inoculated in the 
medium. After the growth of the fungi, vacuum filtration was performed with 
the aid of a Büchner funnel and Unifil® filter paper for the separation of the 
fungal mycelial mass and the extracellular crude enzymatic extract containing 
the amylolytic enzymes. 

2.5. Determination of Amylolytic Activity by the Saccharification  
Method 

The determination of amylase activity was achieved by the formation of reduc-
ing sugars during incubation of the enzyme with the 1% (m/v) starch substrate 
in 100 mM sodium acetate buffer, pH 5.5, at 55˚C using 3',5'-dinitrosalicylic acid 
(DNS) [13]. The enzyme-catalyzed reaction consisted of the incubation of 500 
µL of the substrate with 500 µL of the extracellular crude extract for 5 minutes in 
a water bath at 55˚C. After the termination of the reaction, 200-μL aliquots were 
removed and added to tubes containing 200 μL of DNS. A 200-μL aliquot was 
also removed from the reaction mixture immediately after the enzyme extract 
was added to the substrate, and this aliquot was transferred to a tube containing 
200 μL of DNS reagent. This sample was used as the control the for reaction 
(time zero). Subsequently, the tubes were boiled for 5 minutes and, after cooling, 
2 ml of distilled water were added. The readings were performed at 540 nm in a 
RayLeigh UV-2601® spectrophotometer against the zero-reaction time, in which 
spontaneous hydrolysis of the substrate was minimal. The method was previously 
standardized using a standard glucose curve (0.1 to 1.0 mg∙mL−1), and the enzyme 
activity was expressed in U∙mL−1, where U is defined as the amount of enzyme that 
hydrolyzes a μmol of substrate per minute under the test conditions. 

3. Results and Discussion 
3.1. Isolation of the Filamentous Fungi and Analysis of the  

Macroscopic Morphological Characteristics of the Isolates 

Fourteen filamentous fungi were isolated from the soil samples collected, the 
microorganisms being morphologically distinct. Among the isolates, there was a 
variation in the color of the fungi including white, green, black, white with lilac, 
white with green and white with pink colorations. Regarding the texture of the 
microorganisms, 78.6% were classified as cottony; 14.3% as powdery, and only 
one of them, I 2.3.3, had a velvety texture (Figure 1 and Table 1). 

With regard to the topography of the microorganisms, 42.8% had circular 
borders, and the other 57.2% of the isolated organisms had irregular and regular 
borders. Regarding pigmentation, only 21% had pigments in the solid culture 
medium containing oats, and 79% did not develop any pigmentation when placed 
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in this culture medium. As for appearance, 28.6% were determined to be opaque, 
35.7% were dry and another 35.7% were humid (Figure 1 and Table 1). 

This variety of fungus with distinct characteristics is similar to the a fungus 
 

 
Figure 1. Representative images of the filamentous fungi isolated in solid culture medium containing oatmeal, at 
30˚C. 

 
Table 1. Macroscopic morphological characteristics of the filamentous fungi isoladed in 
solid culture medium containing oats after four days of growth at 30˚C. 

Fungi 
Macroscopic morphological characteristics 

Color Aspect Border Texture 

I 1.2.1 White Dry Irregular Powdery 

I 2.2.1 Black Opaque Irregular Powdery 

I 2.2.3 White Dry Regular Cottony 

I 2.3.1 White Opaque Regular Cottony 

I 2.3.3 Green Opaque Circular Velvety 

I 2.3.4 White Dry Irregular Cottony 

I 2.3.5 White Moist Regular Cottony 

I 3.2.1 Black Opaque Circular Cottony 

I 3.2.2 White/Lilac Moist Irregular Cottony 

I 3.2.3 White Dry Circular Cottony 

I 4.3.1 Green Moist Regular Cottony 

I 4.3.2 White Moist Circular Cottony 

I 4.4.1 White /Green Dry Circular Cottony 

I 4.4.3 White /pink Moist Circular Cottony 
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obtained by Benassi and Almeida [14], where they isolated forty-eight filament-
ous fungi from different samples collected from the areas of conserved ferru-
ginous rupestrian field; a degraded ferruginous rock field; and a quartzitic rock 
field, in addition to two fractions of cassava in an advanced stage o deterioration, 
all within the perimeter of the UFVJM. Among the microorganisms, 52% had a 
cottony texture; 14.6% were powdery; 12.5% were granular; 8.3% were butyrous 
and velvety, whereas 4.2% had a suede texture. There is a predominance of fungi 
with similar morphological characteristics in both studies. However, even 
though they were obtained from areas in close proximity, the microorganisms 
were completely different. This fact emphasized the importance of prospecting 
process so that microorganisms with possible biotechnological and industrial 
potentials can be isolated. 

In the work performed by Inforsato and Sette [15], the importance of seeking 
remote environments in search of more resistant microorganisms and often 
never-before-studied species is underscored. The authors explored the fungal 
diversity in regions that have extreme environments, such as marine sediments 
from Antarctica, and obtained nineteen filamentous fungi with different charac-
teristics. This result is similar to that found in the present study. 

It is known that microorganisms from extreme regions, as well as those found 
in the soil or in materials undergoing biodegradation, are of great commercial 
interest because they can produce amylases with greater stability at high temper-
atures and extreme pH. These characteristics are fundamental for the applica-
tions of these enzymes and justify the need for research in these locations [2] 
[15] [16]. In addition, prospecting furnishes new fungus strains with high amy-
lolytic production, which is of great biotechnological interest, as well as revealing 
the microbial diversity of the region [17]. 

On the other hand, Santos et al. [18] isolated fifty-two fungi with characteris-
tics similar to one another when analyzing Restinga de Guaibim in Bahia to eva-
luate the biotechnological potential of the region. These fungi were of the Peni-
cillium genus. However, only 26.92% of the isolates were characterized as strong 
producers of amylases. Thus, microorganisms of the same genus and even with 
the same morphological characteristics (same species) can present different me-
tabolisms because they come from different microenvironments and regions, 
and a great genetic variability can exist among them. 

According to Pasin et al. [7], possible metabolic differences observed in the 
same genus and species of fungi can be explained by the fact that each fungus 
was obtained from a different location, so they presented a natural genetic varia-
tion. Therefore, this result reinforces the need to prospect and develop research 
to become familiar with the microorganisms of each region, as well as to com-
pare their metabolisms and obtain interesting metabolites from the biotechno-
logical and industrial point of view. It should also be noted that the plant com-
munities found in the place where the work by Santos et al. [18] was performed 
are made up of species from ecosystems such as the Atlantic Forest, Tabuleiros 

https://doi.org/10.4236/jbm.2020.811014


I. C. S. Amorim et al. 
 

 

DOI: 10.4236/jbm.2020.811014 158 Journal of Biosciences and Medicines 
 

and Caatinga, as well as that observed in the present study. 
A study by Almeida [19] proved that the prospecting environment directly in-

fluences the diversity and quantity of isolated microorganisms. The action of 
fungi on the mass of residues and the identification of these microorganisms in 
terms of genus and species can generate important information to improve the 
degradation system of Urban Solid Waste (USW) in landfills. At the end of the 
study by Almeida [19], a total of eighty-one filamentous fungi with different 
characteristics were obtained after collections performed at 12 different points of 
a land provided by the Universidade Federal de Campina Grande (UFCG) in the 
state of Paraíba. 

Finally, the quantity and diversity of isolated microorganisms are influenced 
by several factors, such as the sample collected, the amount of sample, the time 
of year, and the climate, among other factors [20]. The data obtained in this 
work is essential to reveal the microbial diversity of the caatinga region in which 
they were collected, in addition to bringing to light new amylases with characte-
ristics of commercial interest, given the possibility of being highly stable under 
adverse conditions. 

3.2. Growth Temperature Analysis of Filamentous Fungi Isolated 
from Caatinga 

Observing the relationship of fungal growth temperature allows us to differen-
tiate the growth and survival states of the organisms because temperature is a 
crucial factor in their development [21]. Each microorganism has a temperature 
below which it is unable to grow. This is called the minimum temperature. Each 
microorganism also has a maximum temperature, where the death of the micro-
organism occurs. Between these two temperatures, there is the optimum tem-
perature for growth, which is closer to the maximum temperature than the mini-
mum [22] [23] [24] [25]. 

Among the fourteen isolated fungi, all the microorganisms grew when sub-
jected to 30˚C, whereas only two microorganisms, I 3.2.3 and I 4.3.2, did not 
grow at 35˚C. The organisms that obtained the highest growth rate at 30˚C were 
identified as I 1.2.1 and I 2.2.3, both with 0.156 cm∙h−1, and a small increase in 
the growth rate (0.160 and 0.171 cm∙h−1) occurred at 35˚C (Figure 2). 

Only four organisms grew at 40 ˚ C, and the growth rates of fungi I 1.2.1 and I 
2.2.3 were 0.114 and 0.113 cm∙h−1, respectively, followed by isolates I 2.3.3, with 
a rate of 0.010 cm∙h−1, and I 4.4.1 with a rate of 0.006 cm∙h−1. Growth was ob-
served at 45˚C for only one isolate, I 2.3.3, which grew at 0.007 cm∙h−1. At 50˚C, 
no fungus grew (Figure 2). 

Pelczar et al. [26] divided the organisms into three classes according to the 
ideal growth temperature: psychrophils, mesophiles and thermophiles. Psyc-
hrophilic organisms preferentially grow in the range of 15˚C to 20˚C, and can 
develop at lower temperatures, whereas mesophiles, a group that involves most 
microorganisms, are those that grow best at temperatures between 25˚C and 
40˚C. Some of these micoorganisms can grow at higher temperatures, so they are  
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Figure 2. Growth rate of filamentous fungi in solid BDA culture medium at different 
temperatures. 

 
called thermotolerant. There are also those species that develop only at elevated 
temperatures (40˚C to 85˚C), where the range of greatest growth is 50˚C to 
60˚C, and they are called thermophiles. 

Thus, it can be inferred that the filamentous fungi isolated from this work are 
mesophilic organisms, which have growing temperatures of 30˚C and 35˚C, are 
preferential for development. In addition, the results obtained can be linked to 
the environment of origin of these microorganisms. 

According to Pasin et al. [27], the temperature, humidity and atmosphere of 
the environment of origin of the fungi are the main determinants for their de-
velopment. Pasin et al. [2] isolated twenty filamentous fungi from a specific rural 
area in the state of Bahia, Brazil and observed that all the fungi developed at 30 
ºC, results similar to those obtained in this study, where the preferred tempera-
ture for the growth of all fourteen microorganisms was this same temperature. 

However, Izidoro and Knob [28] observed that the best growth temperature of 
the fungus Aspergillus niger was at 25˚C, with a decrease in the growth rate from 
30˚C, a result that differs from that observed in the present study. Other studies 
have shown that the optimum temperature range for growth was between 25˚C 
and 30˚C. Some isolates grew well in the range of 30˚C to 37˚C, and only a few 
species were able to tolerate temperatures equal to or greater than 40˚C [29]. 

3.3. Screening of Amylase-Producing Filamentous Fungi 

Four fungi were selected that exhibited the highest growth rate at 30˚C in the 
BDA solid culture medium, these being identified as I 1.2.1, I 2.2.3, I 3.2.1 and I 
4.4.1. This BDA culture medium contains starch, which, according to Orlandelli 
et al. [4], is a carbon source that induces the production of amylase. Therefore, 
because the microorganisms grew, it can be concluded that there was an induc-
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tion of the amylolytic enzyme that catalyzed the cleavage of this polysaccharide 
into smaller sugars for its metabolism. 

These four filamentous fungi were grown in submerged CP for seven days at 
30˚C, with starch as a carbon source for the production and quantification of 
amylolytic activity. Most of the fungal amylases described are produced by me-
sophilic organisms, whose growth temperatures vary from 25˚C to 37˚C [30]. 

Normally, submerged fermentation is the most widely used for the production 
of enzymes. The medium is composed of more than 95% water. In addition, it 
has several advantages, such as an ease of growth of filamentous fungi, better 
control in the culture pattern, ease of recovery of extracellular enzymes and greater 
homogeneity of the medium [4]. 

According to Pelczar et al. [26], the time for cultivation of a fungus influences 
enzyme production directly and expressively. If incubated for a short period of 
time, the enzymatic activity might be much lower than the maximum activity be-
cause it will be in the vegetative phase. Likewise, incubation for prolonged periods 
can deplete nutrients and cause a decrease in production and enzyme activity. 

As a result, the fungi that produced amylases with the highest activities were 
identified as I 1.2.1 and I 4.4.1, whose enzymatic activities were 0.560 and 0.414 
U∙mL−1, respectively, followed by the microorganisms I 2.2.3 and I 3.2.1, whose 
activities were 0.363 and 0.225 U∙mL−1, respectively. These results corroborate 
those observed by Silva [31], who isolated nineteen filamentous fungi and per-
formed the screening of amylases by cultivating five of these fungi in a sub-
merged medium with starch as the sole carbon source. 

In the work by Luz et al. [32], ten samples were collected in mining regions, 
and 36 different microorganisms were obtained, of which 53% of the isolates ex-
hibited amylolytic activity, a result different from that observed in the present 
study. However, it is important to note that the amylolytic activity observed so 
far could be optimized because it is influenced by the source of carbon, nitrogen 
and minerals used in the culture media, as well as the condition of aeration and 
incubation time [33]. 

Finally, the production of amylases by filamentous fungi varies according to 
the genus and the species involved [34]. Many species of Aspergillus, Fusarium, 
Lipomycetes, Mucor, Penicillium, Rhizopus and Rhizomu express genes for α- 
amylase and glucoamylases [35]. However, most studies on fungi that produce 
α-amylases are limited to some mesophilic species [14]. Therefore, prospecting 
studies for microorganisms with a potential for industrial application have an 
important role in the economic scenario because the production of enzymes of 
microbial origin is one of the main sectors of current industrial biotechnology, 
and amylases occupy the second place in the world market for industrially ap-
plied microbial enzymes, second only to proteases [36]. 

4. Conclusion 

Bioprospecting is a viable alternative that allows one to discover the organisms 
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of a certain region, enabling the knowledge of the existing species and their re-
spective biotechnological potentials. Investments in research that promote the 
exploration of soils can bring scientific advances of extreme importance to eco-
nomic and ecological areas because it is a complex environment with enormous 
biodiversity. The prospecting of fungal species from the caatinga can furnish 
important information regarding biodiversity and soil quality, in addition to dis-
covering new species that make up this rich Brazilian biome. Thus, fourteen fi-
lamentous mesophilic fungi from four different soil samples, were isolated. They 
had different morphological characteristics, and some were different from spe-
cies already known. In addition, four of these isolated fungi proved to be good 
producers of enzymes in the amylolytic system, being identified as I 1.2.1, I 2.2.3, 
I 3.2.1 and I 4.4.1. These results can represent a discovery of new microorgan-
isms with great biotechnological and industrial potential. 
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