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food and industrialized goods, as well as petroleum 
derivatives (Selosse et al., 2004). These abilities result 
from the fact that these organisms produce several 
degradative enzymes, which are secreted into the 
environment. Due to its absorptive mode of nutrition, a 
large amount of powerful hydrolytic enzymes are 
synthesized, and thus, various fungi species are used for 
the production of industrially-important hydrolases (Alves 
et al., 2002).  

The food, feed, agriculture, paper, leather, and textile 
industries are well-suited for enzyme technology because 
products, as well as raw materials, consist of 
biomolecules, which can be produced, degraded, or 
modified by enzymatic processes (Mussato et al., 2007). 
The detergent and starch industries consume the 
greatest amounts of enzymes (Abrahão Neto, 2007).  

The industrial importance of hydrolases exceeds that of 
other classes of enzymes. Hydrolytic enzymes can be 
produced by different species, either in liquid or solid 
media (Jecu, 2000). These degrading proteins can act on 
various substrates, depending on its industrial 
application. Cellulases, proteases, glucoamylases, 
xylanases, pectinases, hemicellulases, lipases, and 
amylases are the hydrolytic enzymes most applied in 
industrial processes (Silva et al., 2005a). 

Fungal extracellular enzymes may be produced in 
liquid or solid media. The use of solid media permits a 
fast screening of large populations of fungi, allowing the 
detection of specific enzymes (Alves et al., 2002). 

Considering the enormous microbiological potential of 
the Amazon Region and the growing applicability of 
fungal hydrolytic enzymes, the screening of Amazon 
appears to be an interesting approach to finding novel 
hydrolase producers. Hence, the aim of this study was to 
select Amazon fungi for the production of five industrially-
important hydrolytic enzymes: cellulase, protease, 
pectinase, xylanase and amylase using solid media 
assays, as well as to access the enzymatic activity of 
most promising isolates. 
 
 
MATERIALS AND METHODS 
 
Amazon fungi  
 
Endophytic and phytopathogenic isolates belonging to the Graduate 
Program in Biotechnology and Natural Resources from UEA were 
used in this investigation. Endophytic fungi isolated from the 
tucumã palm (Astrocaryum aculeatum), spiked pepper (Piper 
aduncum), uxi (Endopleura uchi), and manioc (Manihot esculenta) 
were investigated. Phytopathogenic isolates were obtained from 
aloe vera (Aloe vera) and peach palm (Bactris gasipaes). Wood-
degrading fungi were kindly provided by Professor Ademir Castro e 
Silva of UEA. The coded isolates and the information relating to 
their origin are in Table 1.    
 
 
Fungi maintenance  
 
Stock cultures of the isolates were maintained on PDA (potato 
dextrose  agar) dishes at  4°C. To  maintain the cells’ viability,  fungi 

 
 
 
 

Table 1. Identification code for Amazon fungi evaluated 
for hydrolytic enzymes production and their respective 
origin. 
 

Strain Code Typea Host Tissue

UEA_018 PT Aloe vera leaf 
UEA_025 PT Aloe vera leaf 
UEA_033 PT Bactris gasipaes fruit 
UEA_042 EP Astrocaryum aculeatum seed 
UEA_064 EP Pipper aduncum root 
UEA_076 EP Endopleura uchi fruit 
UEA_094 WD Amazon wood stems 
UEA_097 WD Amazon wood stems 
UEA_099 WD Amazon wood stems 
UEA_102 WD Amazon wood stems 
UEA_105 WD Amazon wood stems 
UEA_107 EP Manihot esculenta stems 
UEA_108 FT Aloe vera leaf 
UEA_116 WD Amazon wood stems 
UEA_121 WD Amazon wood stems 
UEA_122 WD Amazon wood stems 
UEA_123 WD Amazon wood stems 
UEA_128 WD Amazon wood stems 
UEA_129 WD Amazon wood stems 
UEA_130 WD Amazon wood stems 
UEA_131 EP Manihot. esculenta stems 
UEA_140 WD Amazon wood stems 
UEA_143 WD Amazon wood stems 
UEA_155 EP Pipper aduncum stems 
UEA_165 EP Pipper aduncum stems 
UEA_166 EP Pipper aduncum leaf 
UEA_204 WD Amazon wood stems 
UEA_206 WD Amazon wood stems 
UEA_207 WD Amazon wood stems 
UEA_208 WD Amazon wood stems 
UEA_212 WD Amazon wood stems 
UEA_214 WD Amazon wood stems 
UEA_219 WD Amazon wood stems 
UEA_220 WD Amazon wood stems 
UEA_221 WD Amazon wood stems 
UEA_229 WD Amazon wood stems 
UEA_233 WD Amazon wood stems 
UEA_235 WD Amazon wood stems 
UEA_237 WD Amazon wood stems 
UEA_239 WD Amazon wood stems 

 
aEP = Endophytic; PT = Phytopathogenic; WD = Wood-
degrading. 

 
 
 
were periodically transferred to new PDA dishes, incubated at 30°C 
for 5-7 days and stored at 4°C, being used as required. 
 
 
Inoculum 
 
The  inoculum was prepared in PDA dishes, from the stock  culture, 



 
 
 
 
being incubated at 30°C for five to seven days. The Petri dishes 
containing specific substrates for the enzyme assays were 
inoculated with a disc of around 7.0 mm diameter from the PDA 
medium culture.   
 
 
Solid media composition 
 
For assessing the cellulase production of Amazon fungi, the solid 
media was prepared with 1.8% (v/w) agar, 1.0 % (v/w) 
carboxymethylcellulose, and 0.1 M sodium acetate buffer solution 
pH 5.0. For protease assay a solid media containing 1.8% (v/w) 
agar, 1.0 % (v/w) gelatin, 1.0 % (v/w) skin milk, and 0.1 M citrate-
phosphate buffer solution pH 5.0 was prepared. For identifying 
pectinase-producing-fungi the solid media was prepared with 1.8% 
(v/w) agar, 1.0 % (v/w) citric pectin, and 0.1 M sodium acetate 
buffer solution pH 5.0. Amylase production was verified using a 
solid media containing 1.8% (v/w) agar, 1.0 % (v/w) corn starch, 
and 0.1 M citrate-phosphate buffer solution pH 5.0 (Teixeira, 1994). 
Xylanase activity was evaluated on a solid media prepared with 
1.8% (v/w) agar, 1.0 % (v/w) birch wood xylan, and 0.1 M sodium 
acetate buffer solution pH 6.0 (adapted from Silva et al., 2005b). 
After autoclaving at 121°C for 15 min, the culture media was cooled 
to approximately 60°C and transferred to Petri dishes for rapid 
cooling.  
 
 
Solid media enzymatic assays 
 
The Petri dishes containing the specific substrates were inoculated 
with the Amazon isolates. The dishes were incubated at 30°C for 5-
10 days and periodically observed for the evaluation of fungal 
growth. Before the isolate colonizes one-third of the Petri dish, the 
presence of a translucent halo around the fungi, which confirms the 
hydrolytic activity, was verified. A control dish was also prepared 
where there was no fungal inoculation. All assays were carried out 
in triplicate. 
 
 
Halo detection on solid media 
 
The halo formation around the fungi indicates the production of 
hydrolytic enzymes. Protease production could be directly 
identified, through the presence of a translucent halo in the solid 
media. For detecting the halo to confirm the production of cellulase, 
pectinase, amylase, and xylanase, a revealing solution was used, 
according to the methodology described by Teixeira (1994). In 
order to verify the halo related with the pectinase production, a 5.0 
M hydrochloric acid (HCl) solution was used. For amylase halo 
detection, a 0.1 M iodide solution was employed, and to verify 
cellulase and xylanase activities, a 0.1% (v/w) Congo red solution 
was used.       
 
 
Amylase activity assay 
 
For amylolytic activity detection, two fungi isolates that presented 
positive results for amylase production were cultivated in liquid 
media containing potato (200 g/L) and sucrose (20 g/L). PDA 
fragments (6 x 6 mm) containing fungi mycelia were inoculated on 
liquid media and kept at 30°C, 150 rpm, during 7 days. Aliquots 
were withdrawn from the culture broth in 24 h intervals and used for 
the enzymatic activity assay. Amylolytic activity was accessed 
through the methodology described by Miller (1959), using maltose 
as the standard. One unit of enzymatic activity was defined as the 
amount of enzyme capable to release one mol of maltose per 
minute. 

 Mendes et al.          743 
 
 
 
RESULTS AND DISCUSSION 
 

Growth of Amazon fungi on solid media containing 
the specific substrates 
 
In general, the Amazon isolates presented sufficient 
growth on the five specific substrates used on the 
composition of solid medium, reaching the edge of the 
Petri dish. Phytopathogenic fungi have shown the fastest 
growth, while wood-degrading isolates took longer to 
reach one-third of the plate. The mycelium of 
phytopathogenic fungi reached the desired distance (7.5 
cm) from the center of the Petri dish after 5 days of 
culture, while wood-degrading isolates took twice this 
time. The ability of Amazon fungi to grow on different 
carbon sources indicates that these isolates are a 
versatile microorganism, which suggests that they are 
capable of producing the investigated hydrolytic 
enzymes.      
 
 

Hydrolytic enzymes production 
 
The results for the qualitative assays performed on solid 
media for the production of hydrolytic enzymes by 
Amazon fungi are presented in Table 2. The 40 fungal 
isolates were submitted to the hydrolytic tests to verify 
the production of cellulase, protease, pectinase, amylase 
and xylanase. Of these, 16 fungi demonstrated cellulase 
activity, 13 produced protease, 13 are capable of 
producing pectic enzymes, 27 presented amylase 
activity, and 16 were shown to be xylanase producers. 
The percentual distribution of the hydrolytic enzyme 
production among the 40 tested Amazon fungi is 
presented in Figure 1. 

It can be observed in Figure 1 that of the 40 Amazon 
fungi evaluated in this work, 32% presented amylolytic 
activity. Of these, isolates UEA_018, UEA_025, 
UEA_097, UEA_099, UEA_105, UEA_107, UEA_130, 
UEA_131, UEA_155, UEA_208, UEA_214, UEA_221, 
UEA_235, and UEA_239 presented larger halos, which 
suggest that these fungi may have higher amylase 
activity than the other isolates (Alves et al., 2002). 
Amylase (EC 3.2.1.1) are extracellular endo-enzymes 
that randomly catalyze the hydrolysis of internal α-1,4-
glucosidic linkages in starch and related glucans. This 
enzyme is widely used in various industrial processes, 
including the production of isomerized sugar and biofuel 
from starch, bakery applications, textiles and paper 
industries, pharmaceuticals, and detergents (Tamamura 
et al., 2014; Sahnoun et al., 2015). Therefore, seeking 
new sources of this hydrolytic enzyme has appeared as 
an interesting research approach.  

Regarding the xylanase production, 19% of the 
Amazon isolates showed positive results. UEA_033, 
UEA_042, UEA_130, UEA_204, and UEA_206 formed 
larger halos in the solid media, indicating higher xylano-
lyitc activity of these isolates. Xylanases (EC3.2.1.8)
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Table 2. Production of hydrolytic enzymes by Amazon fungia. 
 

Isolate Cellulase Protease Pectinase Amylase Xylanase 

UEA_018 + + + + + 
UEA_025 + + + + + 
UEA_033 - - - + + 
UEA_042 + + - - + 
UEA_064 - - - - - 
UEA_076 - - - - - 
UEA_094 - - - + - 
UEA_097 - - - + - 
UEA_099 - + - + + 
UEA_102 - - + + - 
UEA_105 - + - + + 
UEA_107 - - - + + 
UEA_108 - - - + - 
UEA_116 - - - - + 
UEA_121 + - - + - 
UEA_122 + - - - - 
UEA_123 + - - + - 
UEA_128 + - + - - 
UEA_129 + + + + + 
UEA_130 - + + + + 
UEA_131 + + + + + 
UEA_140 + - - + + 
UEA_143 - - - - - 
UEA_155 - - + + - 
UEA_165 + - + - - 
UEA_166 - - - - - 
UEA_204 + - - + + 
UEA_206 + + - + + 
UEA_207 - - - - - 
UEA_208 - - - + - 
UEA_212 - + + - - 
UEA_214 - - - + - 
UEA_219 - - - - - 
UEA_220 - - + + - 
UEA_221 - - - + - 
UEA_229 + + - + + 
UEA_233 + - - + + 
UEA_235 - - - + - 
UEA_237 - + + - - 
UEA_239 + + + + - 

 
aPositive tests indicate halo formation. 

 
 
 
act on -1,4 linkages of xylan, the most abundant 
constituent of hemicellulose (Collins et al., 2005). A great 
variety of microorganisms have been reported as 
xylanolytic enzymes producers, among which fungi are 
the most interesting ones (Silva and Carmona, 2008). 
Applications of xylanases with or without concomitant use 
of cellulase include the bioconversion of lignocelluloses 

to sugar, ethanol and other useful substances, 
clarification of juices and wines, cellulose pulp production 
for paper industry, extraction of coffee and vegetable oil, 
and nutritional value improvement of silage and green 
feed (Collins et al., 2005).  

Fungi isolated from Amazon forest have been 
assessed for xylanase production. Medeiros et al. (2003) 



 
 
 
 

 
F
fr

 
 
 

isol
Am
deg
pro
cory
long
euc
(Me

C
the 
sou
UEA
UEA
whe
Cel
enz
cell
and
201

T
ind
Asp
oth
ofte
wel
em
use
enz
jea
stra
Am
to 
Am
pro

P
to 1
hig

igure 1. Perce
rom Amazon reg

lated and e
mazon forest 
grading enzy
oducing stra
rylophilum, 
gibrachiatum
calyptus kraf
edeiros et al.,
Cellulase dete
 Amazon fu

urce of this e
A_128, UEA
A_206, UEA_
en compared
llulase repre
zymes with 
lulolytic subs
d converting t
10).  
The most imp
ustrial proc
pergillus, Pen
er enzymes 

en used on c
ll as on oil 
ploys cellulas

ed for animal 
zymes for re
ns (Silva, 20
ain of Tricho

mazon rainfore
hydrolyze p

mazon strain 
oduction, whe
Proteolytic and
15% of the a
her   protease

entual distributi
gion according t

evaluated 10
for their c

ymes. The a
ains of -x

Aspergillus 
. These strain
ft pulps and 
 2007). 
ection assays
ngi assessed
enzyme. Of t
A_129, UEA_
_229, and UE
d to the othe
sents a com
different sp

strates, hydro
them into glu

portant source
cesses inclu
nicillium and T
capable to d

clarification o
and fruit ex

ses for improv
feed, and th

emoving the 
08). Delabon

oderma harz
est for the on-
pretreated s
showed outs
n compared t
d pectolytic a

assessed isola
e  activity  we

on of fungal is
to its hydrolytic 

0 fungal spe
capacity to p
uthors found

xylanase we
niger and

ns were used
showed pro

s demonstra
d can be co
these, UEA_
_131, UEA_1
EA_239 provid
er cellulase p
mplex mixtur
pecificities, w
olyzing glyco
cose (Castro 

e of microbia
udes the f
Trichoderma. 
degrade plan
of fruit juices 
xtraction. The
ving the diges
e textile indu
excess of in

na et al. (201
zianum, isola
-site producti

sugar cane 
tanding resu
to Trichoderm
activity was ve
ates. Larger 

ere  verified  fo

solates obtaine
activity. 

ecies from t
produce xyla

d that the be
ere Penicilliu
 Trichoderm

d in bleaching
omising resu

te that 19% 
onsidered as
042, UEA_12
165, UEA_20
ded larger ha
producing-fun
re of hydroly
which act ov
osidic linkage
and Pereira 

al cellulases 
fungal gene
Cellulases a

nts cell wall a
and wines, 

e feed indus
stibility of plan

ustry uses the
ndigo dye fro
12) used a n
ated from t
on of cellulas
bagasse. T

lts on cellula
ma reesei.  
erified within
halos indicat
or  the  isolate

 

d 

the 
an-
est 
um 
ma 

g of 
ults 

of 
s a 
22, 
04, 
los 

ngi. 
ytic 
ver 
es, 
Jr, 

for 
era 
and 
are 
as 

stry 
nts 
ese 
om 
ew 
the 
ses 
The 
ase 

up 
ing 
es  

 
 
 
UEA_
UEA_
peptid
which
blood
applic
textile
indus
the p
are a
antibi
and y
indus
prote
strain
(2006
perfo
Amaz
prote

Am
UEA_
forme
activi
respo
molec
middl
(Yada
enzym
indus
clarifi
pectin
pharm
Trujill
pectin
sales
fruit j
funga
et al
pectin
optim
bioch
an es
comp

As 
and U
vera, 
fungu
isolat
five h
most 
On t
UEA_
produ
halo 
assay

Am
isolat

_018, UEA_0
_212, UEA_2
de linkages, 
h is a commo
d coagulation
cations, espe
e industries 
stry proteases
partial degrad
also used on
iotics and an
yeast have be
strial applicat
ase producti

n, which pres
6) isolated 5
rmed a scr
zon Candida 
olytic activity 

mong the p
_018, UEA_0
ed larger ha
ty of these 

onsible for th
cule that occ
le lamella and
av et al., 200
mes have a
stry, especia
ication (Pedro
nases inclu
maceutical, p
lo et al., 201
nases accoun

s (Jayani et a
juice industri
al sources, es
., 2008). Th
nase produc

mum conditio
hemical chara
ssential resea
petitive indust

shown in Ta
UEA_025, ph
as well as th

us, and the 
ted from man
hydrolytic as
versatile am

he other ha
_143, UEA_1
uce the teste
formed by th
ys can be see

mong the five
tes UEA_09

025, UEA_1
237, and UE
a process na

on mechanism
n. Proteinase
ecially on foo

(Ladeira et
s are used fo
ation of kerat
 pharmaceut

nalgesics. (Ab
een reported 
tions. Ito et 
on of a Bea
sented stabil
50 yeasts fr
reening for 

intermedia s
and did not p

pectinase pr
025, UEA_102
alos, suggest

isolates. Pe
he degradati

curs as struct
d the primary

09; Pedrolli an
a wide range
ally in fruit
olli et al., 20

ude wine 
paper, feed a

1). It has be
nt for 25% of
al., 2005). Pe
es and wine
specially from
erefore, the 

cing microorg
ons for its
acterization o
arch field for 
trial processe
able 2, the A
hytopathogen
he isolate UE

isolate UE
nioc, present

ssays. These
mong the inve
and, the isola
166, UEA_20
ed hydrolytic 
he isolate UE
en in Figure 2
e hydrolytic e
94, UEA_09

Mendes e

29, UEA_13
EA_239. Pro
amed proteol
m involved at 
s have differ
od, leather, d
t al., 2010)
or removing t
tin and elasti
tical formulat
brahão Neto, 
as protease
al. (2007) e

auveria bassi
ity at 60°C. 
om Amazon
protease pr

strain exhibite
present patho
roducers, A
2, UEA_128 a
ting the high
ctinase are 
ion of pectin
tural polysacc
y walls of you
nd Carmona, 
e of applica
t juice ext

008). Other a
making, oi
nd textile fiel

een reported 
f the global f
ectic enzyme
 making ofte

m Aspergillus 
isolation of 

ganisms, the
s productio

of these prote
the develop

s (Marchi et a
Amazon isola
ic fungi isola

EA_129, a wo
EA_131, end
ted positive 
 fungi show

estigated Ama
ates UEA_06
07, and UEA

enzymes (T
EA_239 in fo
2. 
enzymes tes
7, UEA_108

et al.          745

30, UEA_131
oteases brea
ytic cleavage
digestion and
rent industria
detergent and
. On leathe
he fur and fo
n. Peptidases
ions, such a
2007). Fung
producers fo

evaluated the
iana Brazilian
Neves et a

 Region and
roduction. An
ed the highe

ogenesis.  
mazon fung
and UEA_130
her hydrolyti
the enzymes

n, a complex
charide in the
ung plant cell

2010). Pecti
tions in food
traction, and
applications o
l extraction
lds (Martínez
that microbia
food enzyme
s used in the

en come from
niger (Pedrol
new efficien

e selection o
n, and the
eins represen
ment of more
al., 2006). 
ates UEA_018
ated from aloe
ood-degrading
ophytic fung
results for a
ed to be the
azon isolates
64, UEA_076
A_219 do no
Table 2). The
our enzymati

ted here, the
8, UEA_208

5 

, 
k 

e, 
d 
al 
d 

er 
or 
s 
s 
gi 
or 
e 
n 
l. 
d 
n 

er 

gi 
0 
c 
s 
x 
e 
s 
c 
d 
d 
of 
n, 
z-
al 
s 
e 
m 
li 

nt 
of 
e 

nt 
e 

8 
e 
g 
gi 
ll 
e 
s. 
6 

ot 
e 
c 

e 
8,



746          Afr. J. Microbiol. Res. 
 
 
 

 
 
Figure 2. Hydrolytic activity of Amazon fungi UEA_239. Presence of the halo indicating the production of (a) protease, (b) 
amylase, (c) pectinase and (d) cellulase. 

 
 
 

 
 
Figure 3. Amylolytic activity of Amazon fungi UEA_018 () and 
UEA_025 () during liquid media culture on potato starch broth.  

 
 
 
UEA_214, UEA_221, and UEA_235 showed only 
amylolytic activity. The isolate UEA_116 presented only 
xylanase activity and the fungus UEA_122 produced only 
cellulase. These Amazon isolates demonstrate a 
hydrolytic specificity, which can be very interesting for 
industrial applications, since its extracellular enzymes 
would act specifically over the desired substrate. It is 
worth mentioning that the amylase producing isolates 
UEA_097, UEA_208, UEA_214, UEA_221, and 
UEA_235 presented higher enzymatic activities, which 
suggest that these Amazon fungi are potential candidates 
for use as amylase sources. The same can be observed 
for the cellulase-producing isolate UEA_122, which 
presented high enzymatic activity.       

The Amazon fungi assessed in this work for cellulase, 
protease, pectinase, amylase, and xylanase activities 
were previously tested for lipase production (Zanotto et 
al., 2009). The isolates that presented the higher hydro-
lytic activities in the present study did not present lipase 

synthetic activity in the former work. However, these 
isolates presented positive results in degrading 
tributyrine, indicating the presence of lipases and/or 
esterases with hydrolytic activity.       
 
 
Amylase activity  
 
Since most of the tested fungi (31.8%) presented 
amylolytic activity, the isolates UEA_018 and UEA_025, 
phytopathogenic fungi from aloe vera, which presented 
the most intense starch degrading halos, suggesting a 
prominent amylase production, were selected for 
amylase activity detection. The results for the quantitative 
assay performed on liquid media containing potato starch 
are presented in Figure 3. 

It can be noticed in Figure 3 that UEA_018 presented 
the highest amylolytic activity after two days of cultivation 
(33.1 U/mL). After that, the enzymatic activity dropped and 
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reached a minimum value within eight days of growth. 
The same behavior was observed for isolate UEA_025, 
which presented a higher value of amylolytic activity (50.5 
U/mL in one day of growth). The lowering of amylase pro-
duction was observed probably due to the consumption 
of potato starch (inductive carbon source used for 
amylase production).  

According to Hashemi et al. (2015), the microbial 
production of -amylase is greatly influenced by the 
components of the culture medium, especially the carbon 
and nitrogen sources. Saleem and Ebrahim (2014) 
verified the maximum production of Rhizopus stolonifer 
amylase after six days of incubation on starch and a 
decreased enzymatic production with further incubation, 
as observed in this study. Chimata et al. (2010) reported 
that Aspergillus MK07 produced most amylase after 5 
days of incubation on wheat bran. Both studies were 
carried out at 30°C culture, the same temperature used 
here, and therefore, suggesting that the Amazon fungi 
have a faster amylase production, a very interesting 
characteristic for industrial enzyme production. 
 
 
Conclusion 
 
With this study it was possible to demonstrate the great 
potential of the Amazon fungi as hydrolytic enzymes 
suppliers for a large range of industrial applications. Most 
of the tested isolates produced amylase and the most 
promising amylolytic producer showed rapid enzyme 
production in liquid media. Further investigations are 
necessary in order to establish optimum parameters for 
the production of these enzymes in a larger scale. 
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