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Os fungos são a principal fonte natural de celulases, sendo eles o objeto de estudos 

que visam a descoberta de linhagens mais eficientes na produção destas enzimas. 

No entanto, embora o ambiente amazônico seja uma das maiores fontes de 

biodiversidade do planeta, os fungos oriundos deste ambiente ainda não tiveram seu 

potencial biotecnológico verdadeiramente avaliados, sobretudo no que diz respeito 

a produção de enzimas de interesse comercial. Desta forma, neste artigo 

apresentamos uma revisão da literatura acerca dos fungos isolados do ambiente 

amazônico que foram relatados como produtores de celulase, sendo observado que 

são poucos os estudos de prospecção com fungos deste bioma e 

consequentemente um número reduzido de espécies foram relatadas como 

produtoras de celulases. Mesmo com poucos estudos, ficou claro que há um enorme 

potencial biotecnológico ainda inexplorado, pois algumas das linhagens mostraram 

capacidade de produção de celulases semelhantes aos microrganismos já utilizados 

comercialmente. 
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 Fungi are one of the main 

natural sources of cellulases, and the discovery of new fungi strains with more effective 

application in cellulase production is the main goal of many scientific studies. Since 

the Amazon environment is one of the greatest resources of biodiversity on Earth, fungi 

from this environment might present great potential for cellulase production. However, 

their biotechnological potential has not been truly studied, especially as related to the 

production of enzymes with high commercial interest. Therefore, in the present paper, 

we present a literature review of all the fungi strains from the Amazon environment 

that have already been reported in the literature as cellulase producers. It is possible 

to note that only a few prospective studies have been carried out, and as 

consequence, few fungi strains were related to cellulase producers. Despite the 

scarce number of strains reported with such potential, some of the strains studied 

showed excellent results, like those being applied commercially. These observations 

led to the conclusion that a huge biotechnological potential is hidden inside the 

Amazon forest and if new prospective studies were carried out, new potentials would 

be discovered. 
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Since the 1990s, cellulases have 

been responsible for more than 20% of 

the world enzyme market. They are 

used as a food additive for animal feed, 

increasing the digestibility of ruminants 

(cattle, goats, etc.) and in the pulp and 

paper industry, the textile sector (during 

many production steps), detergents 

(mainly in those applied to treat cotton 

fibers), and in beverage production, 

promoting the clarification of fruit juices 

and wines (DEKA et al., 2011; KUHAD et 

al., 2011). However, many current 

studies are aimed at the use of 

cellulases in second-generation 

ethanol production through the 

hydrolysis of lignocellulosic biomass. 

These studies are supported by 

the growing demand for renewable 

fuels, especially bioethanol. This is 

supported by US Department of Energy 

projection in 2012 that predicted 30% of 

petroleum-based fuels for combustion 

engines will be replaced by fuels 

derived from biomass by the year of 

2025 (LIMAYEM & RICKE, 2012). Even if 

this projection does not materialize, the 

demand for biofuels will certainly be 

greater than the current demand. This 

can lead to an increase in the 

cultivated area, whether with corn or 

sugarcane which are the two main raw 

materials for the global production of 

ethanol (LIMA et al., 2015). 

To increase bioethanol 

production without increasing the 

planted area, the prospect of cellulase-

producing microorganisms is one of the 

possible strategies to obtain better 

enzymes for the hydrolysis of 

lignocellulosic materials. This would 

contribute to the feasibility of cellulosic 

ethanol production, which is one of the 

most promising technologies under 

development (BASTOS, 2007). 

Cellulose is the most abundant 

polymer in the biosphere and the main 

constituent of lignocellulosic biomass, 

corresponding to one-third to one-half 

of plant tissue (SUN & CHENG, 2002; 

SÁNCHEZ & CARDONA, 2008). In 

addition, cellulose has gained greater 

attention, mainly due to its 

homogeneity. Since it is composed only 

of glucose units, it is more susceptible to 

the development of methodologies for 

its use in bioethanol production on an 

industrial scale (LYND et al., 2002). 

To carry out enzymatic cellulose 

hydrolysis, the cellulases act 

synergistically because they are 

comprised of an enzyme complex with 

different roles for each type of enzyme: 

endo-1,4-β-D-glucanases internally 

hydrolyze the cellulosic chain in a 

random way decreasing its degree of 

polymerization; exo-1,4-β-D-glucanases 

hydrolyze the cellulosic chain from its 

ends, releasing cellobioses; and 1,4-β-

D-glucosidases promote the hydrolysis 

of cellobiose into glucose, and they 

can also perform cleavage of 

glycosidic units from cello-

oligosaccharides (OLSSON & HAHN-

HÄGERDAL, 1996; OGEDA & PETRI, 

2010). 

The aim of this work was to review 

all of the articles and other reports of 

Amazonian fungi strains as cellulase 

producers that have been published 

and are available on the main search 

platforms.  

 

For this review, a search was 

performed on the following platforms: 

Portal Periódicos, Google Scholar, 

ScienceDirect, Springer, Wiley Online 

Library, and SciELO. The search 

involved all of the articles and other 

reports whose studies were aimed at 

prospecting for Amazonian 
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microorganisms capable of producing 

cellulases, with no publication year 

restriction. The studies with a few strains 

or a single strain were also included in 

this search. 

The keywords for the search in the 

different platforms were as follows: 

“Amazonian fungi cellulases”, “Amazon 

cellulases”, “fungos amazônicos 

produtores de celulases” e “cellulases 

de fungo amazônico”. All of the articles 

from scientific journals, book chapters, 

and theses published in English or 

Portuguese languages were included in 

this work. Congress communications 

were not considered in the present 

report, and patents were not found in 

previous searches.  

 

There is a wide range of 

microorganisms capable of producing 

cellulases. They have been reported by 

many studies in the literature. Although 

bacteria are the main producers 

reported, the Bacteria Genome 

Database (CAZy) showed that 38% of 

them contain at least one enzyme of 

the cellulase complex, filamentous 

fungi have also been studied and 

reported as great cellulase producers 

(JUTURU & WU, 2014). 

Filamentous fungi are also applied 

in many other biotechnological 

processes because of their 

physiological, enzymological, and 

biochemical properties that allow them 

to grow on solid substrates. These 

substrates are bio-converted into a 

large number of products, and they are 

also responsible for increasing the 

hydrolysis capacity of microorganisms 

because they are a great source of 

nutrients (SOCCOL et al., 1994). 

The main fungal genera 

described in the literature (Table 1) as 

cellulase producers are Trichoderma, 

Aspergillus, Penicillium, and Fusarium. 

These are mostly cultivated in solid-

state culture medium because this type 

of culture medium favors a greater 

production of this enzyme complex 

(SUKUMARAN et al., 2009; DELABONA et 

al., 2012a; DHILLON et al., 2012; SAJITH 

et al., 2014; BELMONT-MONTEFUSCO et 

al., 2020).  

 
Table 1. Example of fungi genera reported in the literature as cellulase producers.  

Strain Reference 

Aspergillus terreus UniMAP AA-6 Gunny et al. (2015) 

Aspergillus flavus BS1 Sajith et al. (2014) 

Acremonium cellulolyticus FAO (1997) 

Trichoderma asperellum RCK2011  Raghuwanshi et al. (2014) 

Aspergillus oryzae NRRL 3484 El-Ghonemy et al. (2014) 

Aspergillus fumigatus FAO (1997) 

Melanoporia sp. CCT 7736  De Oliveira et al. (2016)  

Trichoderma harzianum P49P11 Delabona et al. (2012a) 

Trichoderma viride QM 9414 Lan et al. (2013) 

The filamentous fungus 

Trichoderma reesei RUT C30 has already 

been reported to have the greatest 

potential for the production of 

cellulases. However, an industrial-scale 

cellulose hydrolysis system with this 

strain, that would be economically 

viable if compared to current 

bioethanol production technologies, 

has not yet been developed (MEKALA 
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et al., 2008; SUKUMARAN et al., 2009). 

This strain usually produces two 

cellobiohydrolases (CHB I and CHB II) 

and two endoglucanases (EG1 and 

EG2) in an approximate ratio of 6:2:1:1. 

Together, these add up to 90% of the 

cellulase cocktail. However, all of the β-

glycosidases secreted by this fungus 

reach less than 1%, requiring the use of 

genetic engineering techniques to 

increase their production (MARGEOT et 

al., 2009). In addition to the low β-

glycosidases production, the T. reesei 

RUT C30 strain is inhibited by the side-

products generated during the 

cellulose hydrolysis process (DELABONA 

et al., 2012a). 

Even though numerous studies 

have been reported in the literature, 

there is no report of a fungal strain that 

is economically competitive for 

application in bioethanol production. 

Therefore, it is necessary to continue 

prospecting for new fungal strains 

capable of producing cellulases so that 

a viable strain can be found and make 

this process more advantageous. Thus, 

the discovery of new strains of 

microorganisms isolated from 

environments that are rich in 

decomposing biomass might be the 

answer to this problem. The Amazon 

forest is a great example of such an 

environment. 

 

The Amazon biome occupies 

almost half of the Brazilian territory and 

is considered the largest place of 

biodiversity on the planet, 

corresponding to about 20% of all 

existing biodiversity, whether plants, 

animals, or microorganisms (THIEME et 

al., 2007). The Amazon Forest soil is very 

rich in decomposing organic biomass 

due to the great amount of leaves and 

other parts of trees that regularly fall on 

the soil. Also, the high humidity of the 

region allows the decomposing 

biomass to be a substrate with great 

potential for the growth of a great 

diversity of fungi strains (ALVIRA et al., 

2010). Despite the great fungal 

biodiversity in the Amazon 

environment, the number of studies 

aimed at the prospection and selection 

of fungi strains with biotechnological 

potential is very small, and these few 

studies point to the existence of strains 

with great potential in the production of 

cellulases, as we will see below. 

One of the first prospecting studies 

of Amazonian fungi was described by 

CARVALHO et al. (1992). In this study, 

the fungi strains were isolated from 

decaying wood piles in the city of 

Manaus-AM, Brazil. They were 

identified, and their production of 

lignocellulolytic enzymes was 

evaluated, with greater attention to 

cellulases. Tissue filter paper, 

carboxymethylcellulose, and p-

nitrophenyl-b-D-glycopyranoside were 

used as substrates to respectively 

measure FPAse, endo-glucanase, and 

b-glycosidase activities). Among the 

eight species reported, seven 

produced one or more type of 

cellulases (Table 2). The species 

Trichoderma pseudokoningii and 

Gliocladium virens were the only two 

strains that presented all cellulase types 

at the same time, and the former was 

applied in further studies (CARVALHO et 

al., 1992; FURLANETO & PIZZIRANI-

KLEINER, 1992; NADALINI et al., 1999). 

A second prospecting study has 

also brought to light fungi strains with 

great potential for producing cellulase. 

It was performed by DELABONA et al. 

(2012b). This study describes the 

isolation, screening, and selection of 

fungi species capable of degrading 

Amazon Forest biomass. In addition, 

they analyzed the cellulolytic enzyme 
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complex produced by the Aspergillus 

fumigatus P40M2 strain cultivated using 

different agro-industrial residues (wheat 

bran, sugarcane bagasse, soybean 

bran, and orange peel) as solid-state 

fermentation substrates (SSF). The 

activities achieved were 160.1 IU g-1 for 

CMCase, 5.0 FPU g-1 for FPase, and 

105.82 IU g-1 for β-glucosidase. The 

characterization studies of the enzyme 

extract obtained showed that CMCase 

activity was higher at 65 °C and pH 3.0-

3.5, indicating that A. fumigatus P40M2 

produces a thermophilic and acidic 

endoglucanase. 

The same research group 

mentioned above reported more fungi 

strains with great potential, such as 

Trichoderma harzianum P49P11, 

Aspergillus niger P47C3, Aspergillus 

oryzae P6B2, A. oryzae P27C3, and A. 

oryzae P40B3 (DELABONA et al., 2012a; 

DELABONA et al., 2012b; PIROTA et al., 

2013a; DELABONA et al., 2013c; PIROTA 

et al., 2013b; PIROTA et al., 2014a). 

Among these strains, T. harzianum 

P49P11 has been the most studied due 

to its large production of cellulases, with 

similar potential to the T. reesei RUT C30 

strain. In many studies, it is considered to 

be the best strain for cellulase 

production. In further studies, the T. 

harzianum P49P11 strain had its 

performance in cellulase producion 

improved by genetic engineering 

(DELABONA et al., 2012a; DELABONA et 

al., 2017; DELABONA et al., 2020). 

Another T. harzianum strain 

isolated from the Amazon Forest was 

reported by SOUZA et al. (2018a). In this 

study, T. harzianum 422 was applied to 

produce good cellulase activity 

against sugarcane bagasse that was 

previously treated hydrothermally and 

with a ball mill. Therefore, this fungal 

species, even different strains, has good 

potential for use in cellulase production 

and consequently in bioethanol 

production from lignocellulosic 

biomass. 

Other prospecting studies were 

carried out by HARGREAVES (2008) (15 

cellulase producing strains), SOUZA et 

al. (2008) (10 cellulase producing 

strains), LIMA et al. (2015) (12 cellulase 

producing strains), ARAÚJO et al. (2019) 

(16 cellulase producing strains), and 

TEIXEIRA et al. (2021) (42 cellulase 

producing strains). The prospecting 

reported by ARAÚJO et al. (2019) can 

be not only assigned to Amazon 

environment fungi but also to 

endophytic and epiphytic fungi, 

because the strains were isolated from 

cocoa cultivated in the state of 

Amazonas. Furthermore, the 

prospecting study reported by TEIXEIRA 

et al. (2021) involved fungi isolated from 

pineapple crown residues. This 

demonstrated that the potential of 

Amazonian fungi is not restricted to 

those isolated from soil or decaying 

organic matter but also from Amazon 

plants and fruits. In addition, the need 

for further studies of Amazonian fungi is 

almost mandatory because there is 

such great biodiversity and a large 

territorial expanse to explore. 

The Amazon territorial expanse is 

not restricted to Brazil because it 

extends into to neighboring countries in 

South America. One example is the 

study carried out by VEGA et al. (2012) 

that evaluated fungi strains isolated 

from the soil of the Amazon rainforest in 

Peru for their potential as cellulase 

producers. Fifty different morphological 

colonies were selected by using the 

compensation plate assay with CMC as 

substrate, and eleven of these also 

showed cellulase production in liquid 

media at alkaline pH values. At the end, 

Aspergillus sp. LM-HP32, Penicillium sp. 

LM-HP33, and Penicillium sp. LM-HP37 

were selected as the best cellulase 
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producers, with high specific yields (>30 

g L-1 h-1). 

Other studies that were 

performed with only one Amazonian 

environment strain have also showed 

the great potential of this biome. For 

example, the study reported by PIROTA 

et al. (2016) evaluated the effects of 

solid-state fermentation (SSF) conditions 

in cellulase production by a new strain 

of Aspergillus oryzae P27C3. Their work 

was performed in a laboratory-scale 

bioreactor equipped with an 

automated system in line. It achieved 

the best production from FPase (0.40 IU 

g-1), endoglucanase (IU 123.64 g-1), 

and β-glucosidase (18.32 IU g-1) at 28 

°C using a 70% moisture substrate. 

PIMENTEL et al. (2014) studied a 

Penicillium citrinum strain that was 

isolated from agro-industrial residues in 

the Amazon region, Presidente 

Figueiredo-AM. They observed its 

potential as a producer of cellulolytic 

enzymes (endoglucanases and 

exoglucanases). Using the same strain, 

SOUZA et al. (2014) purified and 

characterized an endoglucanase and 

showed the possibility of using this 

Penicillium citrinum strain to produce a 

commercial cellulase. 

As evidenced so far, the potential 

of fungi from the Amazon environment 

in cellulase production is enormous, but 

it has been under-reported due to the 

low number of studies. A large part of 

the existing studies can be seen in Table 

2. 

 

Table 2. Prospecting studies of cellulase production by Amazonian fungi. 

Strain Source (matrix and place) Enzyme Reference 

Cladosporium cladosporioides Cocoa seed, Pará state CMCase Araújo et al. (2019) 

Talaromyces macrosporus Cocoa seed, Pará state CMCase Araújo et al. (2019) 

Fomitopsis subtropica Cocoa seed, Pará state CMCase Araújo et al. (2019) 

Aspergillus versicolor Cocoa seed, Pará state CMCase Araújo et al. (2019) 

Penicilliun rubidurum Cocoa seed, Pará state CMCase Araújo et al. (2019) 

Talaromyces radicus Cocoa seed, Pará state CMCase Araújo et al. (2019) 

Daldinia eschscholtzii Cocoa seed, Pará state CMCase Araújo et al. (2019) 

Diaporthe pseudomangiferae Cocoa seed, Pará state CMCase Araújo et al. (2019) 

Penicillium pimiteouiense Cocoa seed, Pará state CMCase Araújo et al. (2019) 

Diaporthe phaseolorum Cocoa seed, Pará state CMCase Araújo et al. (2019) 

Neonothopanus nambi Cocoa seed, Pará state CMCase Araújo et al. (2019) 

Diaporthe tectonae Cocoa seed, Pará state CMCase Araújo et al. (2019) 

Aspergillus parasiticus Cocoa seed, Pará state CMCase Araújo et al. (2019) 

Marasmius cladophyllus Cocoa seed, Pará state CMCase Araújo et al. (2019) 

Diaporthe lithocarpus Cocoa seed, Pará state CMCase Araújo et al. (2019) 

Phyllosticta capitalensis Cocoa seed, Pará state CMCase Araújo et al. (2019) 

Trichoderma sp. T676 Amazon Forest soil FPAse Buzato et al. (2012) 

Candida amazonensis sp. Rotten wood, Roraima - Cadete et al. (2011) 

Trichoderma 

Pseudokoningii 
Decaying wood, Amazonas 

FPAse, b-

glicosidase, 

endo-glucanase 

Carvalho et al. (1992) 

Furlaneto & Pizzirani-

Kleiner (1992) 

Nadalini et al. (1999) 

Silva et al. (1999) 

Gliocladium virens Decaying wood, Amazonas 

FPAse, b-

glicosidase, 

endo-glucanase 

Carvalho et al. (1992)  

Mucor sp. Decaying wood, Amazonas 
FPAse, b-

glicosidase 
Carvalho et al. (1992)  
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Trichoderma harzianum Decaying wood, Amazonas FPAse Carvalho et al. (1992)  

Penicillium citrinum Decaying wood, Amazonas FPAse Carvalho et al. (1992)  

Fusarium oxysporum Decaying wood, Amazonas 

FPAse, b-

glicosidase, 

endo-glucanase 

Carvalho et al. (1992)  

Aspergillus flavus Decaying wood, Amazonas 
FPAse, b-

glicosidase 
Carvalho et al. (1992)  

Thermoascus aurantiacus 

CBMAI 756 

Decaying hemicellulosic 

material, Amazonas 
b-glicosidase 

Carvalho et al. (2006) 

Carvalho et al. (2010) 

Trichoderma harzianum P49P11 
Soil and decomposed wood 

samples, Pará 

FPAse, b-

glicosidase 

Delabona et al. (2012a)  

Delabona et al. (2013a),  

Delabona et al. (2013b),  

Delabona et al. (2016),  

Delabona et al. (2017),  

Delabona et al. (2020),  

Florencio et al. (2015),  

Gelain et al. (2015),  

Gelain et al. (2020a), 

Gelain et al. (2020b), 

Gelain et al. (2021a), 

Gelain et al. (2021b) 

Aspergillus fumigatus P40M2 
Soil and decomposed wood 

samples, Pará 

FPAse, b-

glicosidase 

(Delabona 2012b), 

Delabona (2013c) 

Aspergillus niger P47C3 
Soil and decomposed wood 

samples, Pará 

FPAse, b-

glicosidase 

Delabona (2013c), 

Pirota et al. (2015), 

Tonelotto et al. (2014) 

Aspergillus versicolor 
Lignocellulosic material from 

biorefinery, Amazonas 
b-glicosidase Oliveira et al. (2018) 

Penicillium citrinum - Endoglucanase 
Souza et al. (2014), 

Pimentel et al. (2014) 

Penicillium sp. LMI01 
Lignocellulosic material from 

biorefinery, Amazonas 

CMCase, b-

glicosidase 
Santa-rosa et al. (2018) 

Trichoderma harzianum 422 Air sample from Amazon Forest 
FPAse, b-

glicosidase 
Souza et al. (2018a) 

Trichoderma atroviride 676 Amazon Forest soil FPAse, CMCase 
Grigorevski-Lima et al. 

(2013) 

Aspergillus oryzae P6B2 
Soil and decomposed wood 

samples, Pará 

FPAse, 

endoglucanase, 

b-glicosidase, 

Maehara et al. (2018),  

Pirota et al. (2014a),  

Pirota et al. (2014b) 

Pirota et al. (2015) 

Aspergillus oryzae P27C3A 
Soil and decomposed wood 

samples, Pará 

FPAse, 

endoglucanase, 

b-glicosidase, 

Pirota et al. (2014a), 

Pirota et al. (2014b) 

Pirota et al. (2016) 

Aspergillus oryzae P40B3 
Soil and decomposed wood 

samples, Pará 

FPAse, 

endoglucanase, 

b-glicosidase, 

Pirota et al. (2015) 

Aspergillus fumigatus LMB-35Aa Soil sample, Huanuco-Peru 
CMCase, b-

glicosidase, 
Paul et al. (2017) 

Scopulariopsis sp. - FPAse, CMCase Pinos et al. (2019) 

Trichoderma CMIAT 054  
INPA-culture collection, 

Amazonas 
FPAse Sousa et al. (2018b) 

Trichoderma CMIAT 041 
INPA-culture collection, 

Amazonas 
FPAse Sousa et al. (2018b) 

Trametes sp. 11E4 
Basidiomycetes from Campina 

Reservation- INPA, Amazonas 
CMCase Sousa et al. (2008) 

Ganoderma sp. 2A2 
Basidiomycetes from Campina 

Reservation- INPA, Amazonas 
CMCase Sousa et al. (2008) 

Pycnoporus sanguineus 12B 
Basidiomycetes from Campina 

Reservation- INPA, Amazonas 
CMCase Sousa et al. (2008) 

Stereum sp. 6D2 
Basidiomycetes from Campina 

Reservation- INPA, Amazonas 
CMCase Sousa et al. (2008) 
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Stereaceae 22B 
Basidiomycetes from Campina 

Reservation- INPA, Amazonas 
CMCase Sousa et al. (2008) 

Daedalea sp. 1A 
Basidiomycetes from Campina 

Reservation- INPA, Amazonas 
CMCase Sousa et al. (2008) 

Pleurotus sp. 1C4 
Basidiomycetes from Campina 

Reservation- INPA, Amazonas 
CMCase Sousa et al. (2008) 

Daedalea sp. 4E6 
Basidiomycetes from Campina 

Reservation- INPA, Amazonas 
CMCase Sousa et al. (2008) 

Cantharellus guyanensis 4Bl 
Basidiomycetes from Campina 

Reservation- INPA, Amazonas 
CMCase Sousa et al. (2008) 

Ganoderma applanatum 15B2 
Basidiomycetes from Campina 

Reservation- INPA, Amazonas 
CMCase Sousa et al. (2008) 

Trichoderma asperellum SB -2 
Pineapple crown residue, 

Tocantins 

FPAse, CMCase, 

b-glicosidase 
Teixeira et al. (2021) 

Trichoderma asperellum SB -11 
Pineapple crown residue, 

Tocantins 

FPAse, CMCase, 

b-glicosidase 
Teixeira et al. (2021) 

Trichoderma asperellum CMC-7 
Pineapple crown residue, 

Tocantins 

FPAse, CMCase, 

b-glicosidase 
Teixeira et al. (2021) 

Trichoderma asperellum PEC-2 
Pineapple crown residue, 

Tocantins 

FPAse, CMCase, 

b-glicosidase 
Teixeira et al. (2021) 

Trichoderma asperellum PEC-6 
Pineapple crown residue, 

Tocantins 

FPAse, CMCase, 

b-glicosidase 
Teixeira et al. (2021) 

Trichoderma asperellum PEC-17 
Pineapple crown residue, 

Tocantins 

FPAse, CMCase, 

b-glicosidase 
Teixeira et al. (2021) 

Aspergillus niger 
Pineapple crown residue, 

Tocantins 

FPAse, CMCase, 

b-glicosidase 
Teixeira et al. (2021) 

Pleorotus ostreatus 
Pineapple crown residue, 

Tocantins 

FPAse, CMCase, 

b-glicosidase 
Teixeira et al. (2021) 

Penicillium sp. LM-HP06 Macuya Forest, Pucallpa-Peru CMCase, FPAse Vega et al. (2012) 

Penicillium sp. LM-HP14 Macuya Forest, Pucallpa-Peru CMCase, FPAse Vega et al. (2012) 

Penicillium sp. LM-HP19 Macuya Forest, Pucallpa-Peru CMCase, FPAse Vega et al. (2012) 

Penicillium sp. LM-HP21 Macuya Forest, Pucallpa-Peru CMCase, FPAse Vega et al. (2012) 

Aspergillus sp. LM-HP29 Macuya Forest, Pucallpa-Peru CMCase, FPAse Vega et al. (2012) 

Aspergillus sp. LM-HP32 Macuya Forest, Pucallpa-Peru CMCase, FPAse Vega et al. (2012) 

Penicillium sp. LM-HP33 Macuya Forest, Pucallpa-Peru CMCase, FPAse Vega et al. (2012) 

Aspergillus sp. LM-HP34 Macuya Forest, Pucallpa-Peru CMCase, FPAse Vega et al. (2012) 

Penicillium sp. LM-HP37 Macuya Forest, Pucallpa-Peru CMCase, FPAse Vega et al. (2012) 

Penicillium sp. LM-HP43 Macuya Forest, Pucallpa-Peru CMCase, FPAse Vega et al. (2012) 

Aspergillus sp. LM-HP44 Macuya Forest, Pucallpa-Peru CMCase, FPAse Vega et al. (2012) 

Colletotrichum graminícola Amazon Forest soil b-glicosidase Zimbardi et al. (2013) 

Penicilium citrionigrum 

Coleção de Fungos da 

Amazônia – CFAM, FIOCRUZ 

Amazônia 

CMCase Lima et al. (2015) 

Aspergillus niger 

Coleção de Fungos da 

Amazônia – CFAM, FIOCRUZ 

Amazônia 

CMCase Lima et al. (2015) 

Penicilium rugullosum 

Coleção de Fungos da 

Amazônia – CFAM, FIOCRUZ 

Amazônia 

CMCase Lima et al. (2015) 

Penicilium sp. 

Coleção de Fungos da 

Amazônia – CFAM, FIOCRUZ 

Amazônia 

CMCase Lima et al. (2015) 

Coniochaeta lignaria Soil from Tapajós Forest, Pará 
FPAse, CMCase, 

b-glicosidase 
Hargreaves (2008) 

https://doi.org/10.5281/zenodo.7072361


 

Scientia Amazonia, v. 11, n. 1, CB14-CB27, 2022 

Revista on-line http://www.scientia-amazonia.org 
https://doi.org/10.5281/zenodo.7072361 - ISSN:2238.1910 

Ciências Biológicas 
 

CB22 
 

 

Looking into the studies presented 

in Table 2, it is possible to observe that 

only 44 studies were aimed at 

evaluating cellulase production by 

Amazonian environment fungi, resulting 

in 76 strains being assigned with such 

potential. Despite this small number, it 

was possible to note that even a 

pathogenic fungus strain isolated from 

the Amazon environment can be a 

good cellulase producer. The 

Colletotrichum graminicola, whose 

genus is known as phytopathogen, was 

isolated from Amazon soil, and it 

produced good b-glucosidase activity 

using different lignocellulosic substrates 

(wheat bran, sugarcane bagasse, 

peanut husks, rice straw and corn 

straw) (ZIMBARDI et al., 2013).  

Finally, the study reported by 

TOYAMA et al. (2018) describes the 

discovery of a -glucosidase through a 

metagenomic analysis of the water 

from Poraquê Lake. This discovery 

shows that there is still a lot to be 

learned about the Amazonian 

microbiota and its biotechnological 

potential as cellulase producers. 

 

In this review, it was possible to note 

that little is known about the 

biotechnological potential of fungi 

strains from the Amazon environment, 

especially their potential in regard to 

the production of cellulase, with only 44 

studies reported in the literature. 

However, among these few studies, it is 

evidenced that there is great potential 

because some fungi strains, such as T. 

harzianum P49P11 and T. harzianum 

422, have been found to have potential 

as high as those shown by 

microorganisms that are already being 

used to produce cellulase on a 

commercial scale, and these are 

considered to be the most promising 

strains for application in bio-ethanol 

production. New studies, whether for 

prospecting or even for the 

improvement of the already known 

strains, can also help to preserve the 

Amazonian microbiota and its 

sustainable exploration, which is so 

important for the whole World. 

 

Acknowledgements 

The authors thank to Conselho 

Nacional de Desenvolvimento 

Científico e Tecnológico (CNPq) for 

financial support (Project nº 

406759/2018-9) and also to 

Universidade Federal do Sul e Sudeste 

do Pará (Unifesspa) for structure 

support. 

 

Este artigo é inédito e não está 

sendo considerado para qualquer 

outra publicação. O(s) autor(es) e 

revisores não relataram qualquer 

conflito de interesse durante a sua 

avaliação. Logo, a revista Scientia 

Amazonia detém os direitos autorais, 

tem a aprovação e a permissão dos 

autores para divulgação, deste artigo, 

por meio eletrônico. 

 

ALVIRA, P., TOMÁS-PEJÓ, E., BALLESTEROS, 
M., NEGRO, M. J. Pretreatment technologies for 

an efficient bioethanol production process 

based on enzymatic hydrolysis: A review. 
Bioresource Technology, v. 101, p. 4851-

4861, 2010. [CrossRef] [PubMed] 

ARAÚJO, J. A., FERREIRA, N. R., SILVA, S. H. 

M., OLIVEIRA, G., MONTEIRO, R. C., ALVES, Y. 
F. M., LOPES, A. S. Filamentous fungi diversity 

in the natural fermentation of Amazonian cocoa 

beans and the microbial enzyme activities. 
Annals of Microbiology, v. 68, p. 975-987, 

2019. [CrossRef]  

BASTOS, V. D. Etanol, alcoolquímica e 

biorrefinarias. BNDES Setorial, v. 25, p. 5-38, 

2007. [Link] 

https://doi.org/10.5281/zenodo.7072361
https://doi.org/10.1016/j.biortech.2009.11.093
https://pubmed.ncbi.nlm.nih.gov/20042329/
https://doi.org/10.1007/s13213-019-01488-1
http://web.bndes.gov.br/bib/jspui/handle/1408/2527


 

Scientia Amazonia, v. 11, n. 1, CB14-CB27, 2022 

Revista on-line http://www.scientia-amazonia.org 
https://doi.org/10.5281/zenodo.7072361 - ISSN:2238.1910 

Ciências Biológicas 
 

CB23 
 

BELMONT-MONTEFUSCO, E. L., NACIF-
MARÇAL, L., ASSUNÇÃO, E. N., HAMADA, N., 

NUNES-SILVA, C. G. Cultivable cellulolytic fungi 
isolated from the gut of Amazonian aquatic 

insects. Acta Amazonica, v. 50, p. 346-354, 

2020. [Crossref] 

BUZATO, J. B., MARQUES, T. A., CELLIGOI, M. 

A. P. C. Cellulase production by a new Amazon 
rainforest isolate: Trichoderma sp. T676. New 

Biotechonology, v. 29S, p. S90, 2012. 

[CrossRef]  

CADETE, R. M., MELO, M. A., LOPES, M. R., 

PEREIRA, G. M. D., ZILLI, J. E., VITAL, M. J. S., 
GOMES, F. C. O., LACHANCE, M.-A., ROSA, C. 

A. Candida amazonensis sp. nov., an 
ascomycetous yeast isolated from rotting wood 

in Amazonian Forest, Brazil. International 

Journal of Systematic and Evolutionary 
Microbiology, v. 62, p. 1438-1440, 2012. 

[CrossRef] [PubMed] 

CARVALHO, S. M. S., TEIXEIRA, M. F. S., 

ESPOSITO, E., MACHUCA, A., FERRAZ, A., 

DURÁN, N. Amazonian lignocellulosic materials-
I: Fungal screening for decayed Laurel and 

Cedar trees. Applied Biochemistry and 
Biotechnology, v. 37, p. 33-41, 1992. 

[CrossRef]  

CARVALHO, A. F. A., GONÇALVES, A. Z., SILVA, 
R., GOMES, E. A specific short dextrin-

hydrolyzing extracellular glucosidase from the 
thermophilic fungus Thermoascus aurantiacus 

179-5. Journal of Microbiology, v. 44, p. 

276-283, 2006. [Link] 

CARVALHO, A. F. A., BOSCOLO, M., SILVA, R., 

FERREIRA, H., GOMES, E. Purification and 
characterization of the b-glucosidase produced 

by thermophilic fungus Thermoascus 
aurantiacus CBMAI 756. Journal of 

Microbiology, v. 48, p. 452-459, 2010. 

[CrossRef] [PubMed]  

DEKA, D., BHARGAVI, P., SHARMA, A., GOYAL, 

D., JAWED, M., GOYAL, A. Enhancement of 
cellulase activity from a new strain of Bacillus 
subtilis by medium optimization and analysis 
with various cellulosic substrates. Enzyme 

research, v. 2011, p. 1-8, 2011. [CrossRef] 

[PubMed] 

DELABONA, P. S., FARINAS, C. S., SILVA, M. R., 

AZZONI, S. F., PRADELLA, J. G. C. Use of a new 
Trichoderma harzianum strain isolated from the 

Amazon rainforest with pretreated sugar cane 
bagasse for on-site cellulase production. 

Bioresource Technology, v. 107, p. 517-521, 

2012a. [CrossRef] 

DELABONA, P. S., PIROTA, R. D. P. B., CODIMA, 

C. A., TREMACOLDI, C. R., RODRIGUES, A., 
FARINAS, C. S. Using Amazon forest fungi and 

agricultural residues as a strategy to produce 
cellulolytic enzymes. Biomass & Bioenergy, 

v. 37, p. 243-250, 2012b. [CrossRef]  

DELABONA, P. S., COTA, J., HOFFMAM, Z. B., 
PAIXAO, D. A. A., FARINAS, C. S., CAIRO, J. P. 

L. F., LIMA, D. J., SQUINA, F. M., RULLER, R., 
PRADELLA, J. G. C. Understanding the 

cellulolytic system of Trichoderma harzianum 
P49P11 and enhancing saccharification of 

pretreated sugarcane bagasse by 

supplementation with pectinase and α-L-
arabinofuranosidase. Bioresource 

Technology, v. 131, p. 500-507, 2013a. 

[CrossRef] [PubMed] 

DELABONA, P. S., FARINAS, C. S., LIMA, D. J. 

S., PRADELLA, J. G. C. Experimental mixture 
design as a tool to enhance glycosyl hydrolases 

production by a new Trichoderma harzianum 
P49P11 strain cultivated under controlled 

bioreactor submerged fermentation. 

Bioresource Technology, v. 132, p. 401-405, 

2013b. [CrossRef] [PubMed]  

DELABONA, P. S., PIROTA, R. D. P. B., CODIMA, 
C. A., TREMACOLDI, C. R., RODRIGUES, A., 

FARINAS, C. S. Effect of initial moisture content 
on two Amazon rainforest Aspergillus strains 

cultivated on agro-industrial residues: Biomass-

degrading enzymes production and 
characterization. Industrial Crops and 

Products, v. 42, p. 236-242, 2013c. [CrossRef]  

DELABONA, P. S, LIMA, D. J., ROBL, D., 

RABELO, S. C., FARINAS, C. S., PRADELLA, J. G. 

C. Enhanced cellulase production by 
Trichoderma harzianum by cultivation on 

glycerol followed by induction on cellulosic 
substrates. Journal of Industrial 

Microbiology & Biotechnology, v. 43, p. 

617-626, 2016. [CrossRef] [PubMed] 

DELABONA, P. S, RODRIGUES, G. N., ZUBIETA, 

M. P., RAMONI, J., CODIMA, C. A., LIMA, D. J., 
FARINAS, C. S., PRADELLA, J. G. C., SEIBOTH, 

B. The relation between xyr1 overexpression in 
Trichoderma harzianum and sugarcane bagasse 

https://doi.org/10.5281/zenodo.7072361
https://doi.org/10.1590/1809-4392202000902
https://doi.org/10.1016/j.nbt.2012.08.252
https://doi.org/10.1099/ijs.0.036715-0
https://pubmed.ncbi.nlm.nih.gov/21856981/
https://doi.org/10.1007/BF02788855
http://www.msk.or.kr/inc/download_FIDX.asp?FTYPE=5&FIDX=2385
https://doi.org/10.1007/s12275-010-9319-2
https://pubmed.ncbi.nlm.nih.gov/20799086/
https://doi.org/10.4061/2011/151656
http://www.ncbi.nlm.nih.gov/pubmed/21637325/
https://doi.org/10.1016/j.biortech.2011.12.048
https://doi.org/10.1016/j.biombioe.2011.12.006
https://doi.org/10.1016/j.biortech.2012.12.105
https://pubmed.ncbi.nlm.nih.gov/23391738/
https://doi.org/10.1016/j.biortech.2012.11.087
https://pubmed.ncbi.nlm.nih.gov/23265822/
https://doi.org/10.1016/j.indcrop.2012.05.035
https://doi.org/10.1007/s10295-016-1744-8
https://pubmed.ncbi.nlm.nih.gov/26883662/


 

Scientia Amazonia, v. 11, n. 1, CB14-CB27, 2022 

Revista on-line http://www.scientia-amazonia.org 
https://doi.org/10.5281/zenodo.7072361 - ISSN:2238.1910 

Ciências Biológicas 
 

CB24 
 

saccharification performance. Journal of 
Biotechnology, v. 246, p.24-31, 2017. 

[CrossRef] [PubMed] 

DELABONA, P. S., CODIMA, C. A., RAMONI, J., 

ZUBIETA, M. P., ARAÚJO, B. M., FARINAS, C. S., 

PRADELLA, J. G. C., SEIBOTH, B. The impact of 
putative methyltransferase overexpression on 

the Trichoderma harzianum cellulolytic system 
for biomass conversion. Bioresource 

Technology, v. 313, p. 123616, 2020. 

[CrossRef] [PubMed] 

DE OLIVEIRA, S. L. R., MACIEL, T. C., SANCHO, 

S. O., RODRIGUES, S. Solid-state production of 
cellulase by Melanoporia sp. CCT 7736: a new 

strain isolated from coconut shell (Cocos 
nucifera L.). Bioresources and 

Bioprocesses, v. 3, p. 1-11, 2016. [CrossRef]  

DHILLON, G.S., KAUR, S., BRAR, S.K., VERMA, 
M. Potential of apple pomace as a solid 

substrate for fungal cellulase and hemicellulase 
bioproduction through solid-state fermentation. 

Industrial Crops and Products, v. 38, p. 6-

13, 2012. [CrossRef]  

EL-GHONEMY, D.H., ALI, T.H., EL-BONDKLY, 

A.M., MOHARAM, M.E., TALKHAN, F.N. 
Improvement of Aspergillus oryzae NRRL 3484 

by mutagenesis and optimization of culture 

conditions in solid-state fermentation for the 
hyper-production of extracellular cellulase. 

Antonie van Leeuwenhoek, v. 106, p. 853-

864, 2014. [CrossRef] [PubMed] 

FAO - Food and Agriculture Organization. 
Renewable biological systems for 

alternative sustainable energy 

production. Series title: FAO Agricultural 

Services Bulletins 1997. 

FLORENCIO, C., CUNHA, F. M., BADINO, A. C., 
FARINAS, C. S. Validation of a Novel Sequential 

Cultivation Method for the Production of 

Enzymatic Cocktails from Trichoderma Strains. 
Applied Biochemistry And Biotechnology, 

v. 175, p. 1389-1402, 2015. [CrossRef] 

[PubMed]  

FURLANETO, M. C., PIZZIRANI-KLEINER, A. A. 
Intraspecific hybridization of Trichoderma 
pseudokoningii by anastomosis and by 

protoplast fusion. Fems Microbiology 
Letters, v. 90, p. 191-195, 1992. [CrossRef] 

[PubMed] 

GELAIN, L., PRADELLA, J. G. C., COSTA, A. C. 
Mathematical modeling of enzyme production 

using Trichoderma harzianum P49P11 and 
sugarcane bagasse as carbon source. 

Bioresource Technology, v. 198, p. 101-107, 

2015. [CrossRef] [PubMed]  

GELAIN, L., VAN DER WIELEN, L., VAN GULIK, 

W. M., PRADELLA, J. G. C., COSTA, A. C. 
Mathematical modelling for the optimization of 

cellulase production using glycerol for cell 

growth and cellulose as the inducer substrate. 
Chemical Engineering Science: X, v. 8, p. 

100085, 2020a. [CrossRef]  

GELAIN, L., PABST, M., PRADELLA, JOSÉ G. C., 

COSTA, ALINE C., VAN DER WIELEN, L., VAN 
GULIK, W. M. Analysis of the proteins secreted 

by Trichoderma harzianum P49P11 under 

carbon-limited conditions. Journal of 
Proteomics, v. 227, p. 103922, 2020b. 

[CrossRef] [PubMed] 

GELAIN, L., PRADELLA, J. G. C., COSTA, A. C., 

VAN DER WIELEN, L., VAN GULIK, W. M. A 

possible influence of extracellular 
polysaccharide on the analysis of intracellular 

metabolites from Trichoderma harzianum 
grown under carbon-limited conditions. Fungal 

Biology, v. 125, p. 368-377, 2021a. [CrossRef]  

GELAIN, L., KINGMA, E., PRADELLA, J. G. C., 
COSTA, A. C., VAN DER WIELEN, L., VAN 

GULIK, W. M. Continuous production of 
enzymes under carbon-limited conditions by 

Trichoderma harzianum P49P11. Fungal 

Biology, v. 125, p. 177-183, 2021b. [CrossRef]  

GRIGOREVSKI-LIMA, A. L., OLIVEIRA, M. M. Q., 

NASCIMENTO, R. P., BON, E. P. S., COELHO, R. 
R. R. Production and Partial Characterization of 

Cellulases and Xylanases from Trichoderma 
atroviride 676 Using Lignocellulosic Residual 

Biomass. Applied Biochemistry and 

Biotechnology, v. 169, p. 1373-1385, 2013. 

[CrossRef] [PubMed]  

GUNNY, A. A. N., ARBAIN, D., JAMAL, P., 
GUMBA, R. E. Improvement of halophilic 

cellulase production from locally isolated fungal 
strain. Saudi Journal of Biological 

Sciences, v. 22, p. 476-483, 2015. [CrossRef] 

[PubMed] 

HARGREAVES, P. I. Bioprospecção de novas 

celulases de fungos provenientes da Floresta 
amazônica e otimização de sua produção sobre 

https://doi.org/10.5281/zenodo.7072361
https://doi.org/10.1016/j.jbiotec.2017.02.002
https://pubmed.ncbi.nlm.nih.gov/28192217/
https://doi.org/10.1016/j.biortech.2020.123616
https://pubmed.ncbi.nlm.nih.gov/32563792/
https://doi.org/10.1186/s40643-016-0086-8
https://doi.org/10.1016/j.indcrop.2011.12.036
https://doi.org/10.1007/s10482-014-0255-8
https://pubmed.ncbi.nlm.nih.gov/25119245/
https://doi.org/10.1007/s12010-014-1357-5
https://pubmed.ncbi.nlm.nih.gov/25399068/
https://doi.org/10.1016/0378-1097(92)90627-Z
https://pubmed.ncbi.nlm.nih.gov/1537549/
https://doi.org/10.1016/j.biortech.2015.08.148
https://pubmed.ncbi.nlm.nih.gov/26378961/
https://doi.org/10.1016/j.cesx.2020.100085
https://doi.org/10.1016/j.jprot.2020.103922
https://pubmed.ncbi.nlm.nih.gov/32736135/
https://doi.org/10.1016/j.funbio.2020.12.002
https://doi.org/10.1016/j.funbio.2020.10.008
https://doi.org/10.1007/s12010-012-0053-6
https://pubmed.ncbi.nlm.nih.gov/23306885/
https://doi.org/10.1016/j.sjbs.2014.11.021
https://pubmed.ncbi.nlm.nih.gov/26150755/


 

Scientia Amazonia, v. 11, n. 1, CB14-CB27, 2022 

Revista on-line http://www.scientia-amazonia.org 
https://doi.org/10.5281/zenodo.7072361 - ISSN:2238.1910 

Ciências Biológicas 
 

CB25 
 

celulignina de bagaço de cana. Dissertação de 
Mestrado, Universidade Federal do Rio de 

Janeiro, 2008. [Link] 

JUTURU, V., WU, J.C. Microbial cellulases: 

engineering, production and applications. 

Renewable and Sustainable Energy 

Reviews, v. 33, p. 188-203, 2014. [CrossRef] 

KUHAD, R. C., GUPTA, R., SINGH, A. Microbial 
cellulases and their industrial applications. 

Enzyme Research, v. 2011, p. 1-10, 2011. 

[CrossRef] [PubMed] 

LAN, T. Q., WEI, D., YANG, S. T., LIU, X. 

Enhanced cellulase production by Trichoderma 
viride in a rotating fibrous bed bioreactor. 

Bioresource Technology, v. 133, p. 175-182, 

2013. [CrossRef] [PubMed] 

LIMA, M.A., GOMEZ, L.D., STEELE-KING, C.G., 

SIMISTER, R., BERNARDINELLI, O.D., 
CARVALHO, M.A., REZENDE, C.A., LABATE, 

C.A., DE AZEVEDO, E.R., MCQUEEN-MASON, 
S.J., POLIKARPOV, I. Evaluating the 

composition and processing potential of novel 

sources of brazilian biomass for sustainable 
biorenewables production, Gikonyo, B., eds., 

Apple Academic Press: Waretown, 2015, 

cap. 1. [CrossRef] [PubMed] 

LIMAYEM, A., RICKE, S. C. Lignocellulosic 

biomass for bioethanol production: current 
perspectives, potential issues and future 

prospects. Progress in Energy and 
Combustion Science, v. 38, p. 449-467, 

2012. [CrossRef]  

LYND, L. R., WEIMER, P. J., ZYL, W. H. V., 

PRETORIUS, I. S. Microbial cellulose utilization: 

Fundamentals and biotechnology. 
Microbiology and Molecular Biology 

Reviews, v. 66, p. 506-577, 2002. [CrossRef] 

[PubMed] 

MAEHARA, L., PEREIRA, S. C., SILVA, A. J., 

FARINAS, C. S. One-pot strategy for on-site 
enzyme production, biomass hydrolysis, and 

ethanol production using the whole solid-state 
fermentation medium of mixed filamentous 

fungi. Biotechnology Progress, v. 34, p. 671-

680, 2018. [CrossRef] [PubMed] 

MARGEOT, A., HAHN, H. B., EDLUND, M., 

SLADE, R., MONOT, F. New improvements for 
lignocellulosic ethanol. Current Opinion 

Biotechnology, v. 30, p. 372-380, 2009. 

[CrossRef] [PubMed] 

MEKALA, N.K., SINGHANIA, R.R., SUKUMARAN, 
R.K., PANDEY, A. Cellulase production under 

solid-state fermentation by Trichoderma reesei 
RUT C30: Statistical optimization of process 
parameters. Applied Biochemistry and 

Biotechnology, v. 151, p. 122-131, 2008. 

[CrossRef] [PubMed] 

NADALINI, M. F. C., PIZZIRANI-KLEINER, A. A., 

CARMONA, E. C. Cellulolytic activity of wild type 
and mutant Trichoderma pseudokoningii. 
Journal of Basic Microbiology, v. 39, p. 351-

356, 1999. [CrossRef]  

OGEDA, T. L., PETRI, D. F. S. Hidrólise 
Enzimática de Biomassa. Química Nova, v. 33, 

p. 1549-1558, 2010. [CrossRef] 

OLIVEIRA, J. B., NUNES-SILVA, C. G., SANTA-
ROSA, P. S. Determinação das Características 

Físico-químicas da Atividade β-glucosidase 
presente no Complexo Enzimático de 

Aspergillus versicolor. Scientia Amazonia, S1, 

p. 94-103, 2018. [Link] 

OLSSON, L., HAHN-HÄGERDAL, B. 

Fermentation of lignocellulosic hydrolyzates for 
ethanol production. Enzyme and Microbial 

Technology, v. 18, p. 312-331, 1996. 

[CrossRef] 

PAUL, S., ZHANG, A., LUDEÑA, Y., VILLENA, G. 

K., YU, F., SHERMAN, D. H., GUTIÉRREZ-
CORREA, M. Insights from the genome of a high 

alkaline cellulase producing Aspergillus 
fumigatus strain obtained from Peruvian 

Amazon rainforest. Journal of Biotechnology 

2017, v. 251, p. 53-58, 2017. [CrossRef] 

[PubMed] 

PIMENTEL, P. R., SOUZA, A., NASCIMENTO, A. 
R., ANDRADE, E., ASTOLFI-FILHO, S., NUNES-

SILVA, C. Endo and exoglucanases produced by 

Penicillium citrinum isolated from Amazon. BMC 
Proceedings, v. 8, P179, 2014. [CrossRef] 

[PubMed]  

PINOS, C. A. S., CARRILLO, M. R., GARRIGA, L. 

M., LONDOÑO-LARREA, P., MONTOYA, J. V., 
SUÁREZ, E. G. Obtention of Cellulases in 

Ecuador to Reduce Enzyme Costs in Sugar Cane 

Bagasse Hydrolysis. Revista Centro Azúcar, 

v. 46, p. 18-28, 2019. [Link] 

https://doi.org/10.5281/zenodo.7072361
http://tpqb.eq.ufrj.br/download/bioprospeccao-de-novas-celulases-de-fungos-filamentosos.pdf
https://doi.org/10.1016/j.rser.2014.01.077
https://doi.org/10.4061/2011/280696
https://pubmed.ncbi.nlm.nih.gov/21912738/
https://doi.org/10.1016/j.biortech.2013.01.088
https://pubmed.ncbi.nlm.nih.gov/23428816/
https://doi.org/10.1186/1754-6834-7-10
https://pubmed.ncbi.nlm.nih.gov/24438499/
https://doi.org/10.1016/j.pecs.2012.03.002
https://doi.org/10.1128/mmbr.66.3.506-577.2002
https://pubmed.ncbi.nlm.nih.gov/12209002/
https://doi.org/10.1002/btpr.2619
https://pubmed.ncbi.nlm.nih.gov/29388389/
https://doi.org/10.1016/j.copbio.2009.05.009
https://pubmed.ncbi.nlm.nih.gov/19502048/
https://doi.org/10.1007/s12010-008-8156-9
https://pubmed.ncbi.nlm.nih.gov/18975142/
https://doi.org/10.1002/(SICI)1521-4028(199912)39:5/6%3c351::AID-JOBM351%3e3.0.CO;2-W
http://dx.doi.org/10.1590/S0100-40422010000700023
http://scientia-amazonia.org/wp-content/uploads/2018/05/s1-94-103-2018.pdf
https://doi.org/10.1016/0141-0229(95)00157-3
https://doi.org/10.1016/j.jbiotec.2017.04.010
https://pubmed.ncbi.nlm.nih.gov/28412514/
https://doi.org/10.1186/1753-6561-8-S4-P179
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4210825/
http://scielo.sld.cu/pdf/caz/v46n1/2223-4861-caz-46-01-18.pdf


 

Scientia Amazonia, v. 11, n. 1, CB14-CB27, 2022 

Revista on-line http://www.scientia-amazonia.org 
https://doi.org/10.5281/zenodo.7072361 - ISSN:2238.1910 

Ciências Biológicas 
 

CB26 
 

PIROTA, R. D. P. B., DELABONA, P. S., 
FARINAS, C. S. Enzymatic hydrolysis of 

sugarcane bagasse using enzyme extract and 
whole solid-state fermentation medium of two 

newly isolated strains of Aspergillus Oryzae. 

Chemical Engineering Transactions, v. 38, 

p. 259-264, 2014a. [CrossRef]  

PIROTA, R. D. P. B., DELABONA, P. S., 
FARINAS, C. S. Simplification of the biomass to 

ethanol conversion process by using the whole 

medium of filamentous fungi cultivated under 
solid-state fermentation. BioEnergy 

Research, v. 7, p. 744-752, 2014b. [CrossRef]  

PIROTA, R. D. P. B., TONELOTTO, M., 

DELABONA, P. S., TREMACOLDI, C. R., 
FARINAS, C. S. Caracterização de fungos 

isolados da região Amazônica quanto ao 

potencial para produção das enzimas envolvidas 
na conversão da biomassa vegetal. Ciência 

Rural, v. 45, p. 1606-1612, 2015. [CrossRef]  

PIROTA, R. D. P. B., TONELOTTO, M., 

DELABONA, P. S., FONSECA, R. F., PAIXAO, D. 

A. A., BALEEIRO, F. C. F., BERTUCCI NETO, V., 
FARINAS, C. S. Bioprocess Developments for 

Cellulase Production by Aspergillus oryzae 
Cultivated Under Solid-State Fermentation. 

Brazilian Journal of Chemical Engineering, 

v. 33, p. 21-31, 2016. [CrossRef]  

RAGHUWANSHI, S., DESWAL, D., KARP, M., 

KUHAD, R.C. Bioprocessing of enhanced 
cellulase production from a mutant of 

Trichoderma asperellum RCK2011 and its 
application in hydrolysis of cellulose. Fuel, v. 

124, p. 183-189, 2014. [CrossRef]  

SAJITH, S., SREEDEVI, S., PRIJI, P., UNNI, K.N., 
BENJAMIN, S. Production and partial 

purification of cellulase from a novel fungus, 
Aspergillus flavus BS1. Annals of 

Microbiology, v. 64, p. 763-771, 2014. 

[CrossRef]  

SÁNCHEZ, O. J., CARDONA, C. A. Trends in 

biotechnological production of fuel ethanol from 
different feedstocks. Bioresource 

Technology, v. 99, p. 5270-5295, 2008. 

[CrossRef] [PubMed] 

SANTA-ROSA, P. S., SOUZA, A. L., ROQUE, R. 

A., ANDRADE, E. V., ASTOLFI-FILHO, S., MOTA, 
A. J., NUNES-SILVA, C. G. Production of 

thermostable β-glucosidase and CMCase by 
Penicillium sp. LMI01 isolated from the Amazon 

region. Electronic Journal of 
Biotechnology, v. 31, p. 84-92, 2018. 

[CrossRef]  

SILVA, I. F., PIZZIRANI-KLEINER, A. A. 

Caracterização genética por RAPD de 

recombinantes em Trichoderma 
pseudokoningii. Summa Phytopathologica, 

v. 25, p. 233, 1999.  

SOCCOL, C. R., MARIN, B., RAIMBAULT, M., 

LEBEAULT, J. M. Breeding and growth of 

Rhizopus in raw cassava by solid state 
fermentation. Applied Microbiology 

Biotechnology, v. 41, p. 330-336, 1994. 

[CrossRef] 

SOUSA, K. A., FAHEINA JUNIOR, G. S., 
AZEVEDO, D. C. S., PINTO, G. A. S. 

Optimization of Cellulase Production by 

Trichoderma Strains Using Crude Glycerol as a 
Primary Carbon Source with a 24 Full Factorial 

Design. Waste and Biomass Valorization, v. 

9, p. 357-367, 2018. [CrossRef]  

SOUZA, H. Q., OLIVEIRA, L. A., ANDRADE, J. S. 

Seleção de Basidiomycetes da Amazônia para 
produção de enzimas de interesse 

biotecnológico. Ciência e Tecnologia de 

Alimentos, v. 28, p. 116-124, 2008. [CrossRef] 

SOUZA, A., PIMENTEL, P. S. S. R., ANDRADE, 

E., ASTOLFI-FILHO, S., NUNES-SILVA, C. 
Purification of endoglucanase produced by 

Penicillium citrinum isolated from Amazon. BMC 
Proceedings, v. 8, P221, 2014. [CrossRef] 

[PubMed] 

SOUZA, M. F., SILVA, A. S., BON, E. P. S. A 

novel Thichoderma harzianum strain from the 

Amazon Forest with high cellulolytic capacity. 
Biocatalysis and Agricultural 

Biotechnology, v. 14, p. 183-188, 2018. 

[CrossRef] 

SUKUMARAM, R.K., SINGHANIA, R.R., 

MATHEW, G.M., PANDEY, A. Cellulase 
production using biomass feed stock and its 

application in lignocellulose saccharification for 
bio-ethanol production. Renewable Energy, 

v. 34, p. 421-424, 2009. [CrossRef] 

SUN, Y., CHENG, J. Hydrolysis of lignocellulosic 

materials for ethanol production: a review. 

Bioresource Technology, v. 83, p. 1-11, 

2002. [CrossRef] [PubMed] 

https://doi.org/10.5281/zenodo.7072361
https://doi.org/10.3303/CET1438044
https://doi.org/10.1007/s12155-013-9406-4
https://doi.org/10.1590/0103-8478cr20141241
http://dx.doi.org/10.1590/0104-6632.20160331s00003520
https://doi.org/10.1016/j.fuel.2014.01.107
https://doi.org/10.1007/s13213-013-0711-0
https://doi.org/10.1016/j.biortech.2007.11.013
https://pubmed.ncbi.nlm.nih.gov/18158236/
https://doi.org/10.1016/j.ejbt.2017.11.005
https://doi.org/10.1007/BF00221228
https://doi.org/10.1007/s12649-016-9806-8
http://dx.doi.org/10.1590/S0101-20612008000500019
https://doi.org/10.1186/1753-6561-8-S4-P221
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4210788/
https://doi.org/10.1016/j.bcab.2018.03.008
https://doi.org/10.1016/j.renene.2008.05.008
https://doi.org/10.1016/S0960-8524(01)00212-7
https://pubmed.ncbi.nlm.nih.gov/12058826/


 

Scientia Amazonia, v. 11, n. 1, CB14-CB27, 2022 

Revista on-line http://www.scientia-amazonia.org 
https://doi.org/10.5281/zenodo.7072361 - ISSN:2238.1910 

Ciências Biológicas 
 

CB27 
 

TEIXEIRA, W. F. A., BATISTA, R. D., SANTOS, 
C. C. A., JÚNIOR, A. C. F., TERRASAN, C. R. F., 

SANTANA, M. W. P. R., SIQUEIRA, F. G., 
PAULA-ELIAS, F. C., ALMEIDA, A. F. Minimal 

Enzymes Cocktail Development by Filamentous 

Fungi Consortia in Solid-State Cultivation and 
Valorization of Pineapple Crown Waste by 

Enzymatic Saccharification. Waste and 
Biomass Valorization, v. 12, p. 2521-2539, 

2021. [CrossRef]  

THIEME, M., LEHNER, B., ABELL, R., 
HAMILTON, S. K., KELLNDORFER, J., POWELL, 

G., RIVEROS, J. C. Freshwater conservation 
planning in datapoor areas: an example from a 

remote Amazonian basin (Madre de Dios River, 
Peru and Bolivia). Biology Conservation, v. 

135, p. 484-501, 2007. [CrossRef]  

TONELOTTO, M., PIROTA, R. D. P. B., 
DELABONA, P. S., BARROS, G., GOLUBEV, A. 

M., POLIKARPOV, I., FARINAS, C.S. Isolation 
and characterization of a b-galactosidase from 

a new Amazon forest strain of as a potential 

accessory enzyme for biomass conversion. 
Biocatalysis and Biotransformation, v. 32, 

p. 13-22, 2014. [CrossRef]  

TOYAMA, D., MORAIS, M. A. B., RAMOS, F. C., 
ZANPHORLIN, L. M., TONOLI, C. C.C., BALULA, 

A. F., MIRANDA, F. P., ALMEIDA, V. M., 
MARANA, S. R., RULLER, R., MURAKAMI, M. T., 

HENRIQUE-SILVA, F. A novel β-glucosidase 

isolated from the microbial metagenome of 
Lake Poraquê (Amazon, Brazil). BBA - 
Proteins and Proteomics, v. 1866, p. 569-

579, 2018. [CrossRef] [PubMed] 

VEGA, K., VILLENA, G. K., SARMIENTO, V. H., 

LUDEÑA, Y., VERA, N., GUTIÉRREZ-CORREA, 
M. Production of Alkaline Cellulase by Fungi 

Isolated from an Undisturbed Rain Forest of 
Peru. Biotechnology Research 

International, v. 2012, p. 1-7, 2012. 

[CrossRef] [PubMed] 

ZIMBARDI, A. L. R. L., SEHN, C., MELEIRO, L. 

P., SOUZA, F. H. M., MASUI, D. C., NOZAWA, M. 
S. F., GUIMARÃES, L. H. S., JORGE, J. A., 

FURRIEL, R. P. M. Optimization of β-
Glucosidase, β-Xylosidase and Xylanase 

Production by Colletotrichum graminicola under 

Solid-State Fermentation and Application in Raw 
Sugarcane Trash Saccharification. 

International Journal of Molecular 
Sciences, v. 14, p. 2875-2902, 2013. 

[CrossRef] [PubMed]

 

https://doi.org/10.5281/zenodo.7072361
https://doi.org/10.1007/s12649-020-01199-8
https://doi.org/10.1016/j.biocon.2006.10.054
https://doi.org/10.3109/10242422.2013.801018
https://doi.org/10.1016/j.bbapap.2018.02.001
https://pubmed.ncbi.nlm.nih.gov/29454992/
https://doi.org/10.1155/2012/934325
https://pubmed.ncbi.nlm.nih.gov/23213539/
https://doi.org/10.3390/ijms14022875
https://pubmed.ncbi.nlm.nih.gov/23364611/

