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Article

Abstract

The adequate disposal of agricultural waste is one of the major concerns of public officials and 
a research challenge to obtain sustainable solutions to the problem. In this sense, the objective 
of this study was to evaluate the banana leaf stalk use as substrate in solid-state fermentation 
(SSF) for production of amylolytic and cellulolytic enzymes by Penicillium spp. LEMI A11 strain 
grown under different substrate concentrations, pH and temperature. Effects of different pH 
conditions (5.0 and 6.0), temperature (30 and 35 °C) and substrate concentration 70 and 90% (in 
relation to the final volume) of the fermentation were evaluated over 120 hours of fermentation. 
The results indicated that Penicillium spp. LEMI A11 was able to use the banana stalk as substrate 
under SSF. The maximum activities for amylase dextraining, amylase saccharifying and CMCase 
were 0.18; 0.13 and 04 U.g-1, respectively. The effect of environmental factors related to the 
substrate concentration was significant for saccharifying amylase and CMCase activity only. 
The interaction between the environmental factors tested was significant for the dextrinizing 
amylase activity only. It was verified enzyme activity reduction after 96 hours of fermentation for 
all enzymes. It concluded that banana stalk is an alternative carbon source to be used in SSF for 
enzyme production by of Penicillium spp. LEMI A11.
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Introduction
Brazil is the fourth largest banana 

producer country in the world (7,098,350 t/
year), with at least 200 tons/year of residues 
composed by pseudostem, leaves and stalks 
(Bastianello et al., 2009; Souza et al al., 2010). 
The banana stalks and pseudostems form the 
bulk of the waste, which implies high transport 
costs and, consequently, its accumulation in the 
environment, with potential environmental and 
phytosanitary problems (Soffner, 2001).

The lignocellulosic composition of 
banana leaf suggests that this residue is a 
promising raw material for the production of 

cellulosic pulp, making it possible to add value to 
the residue and reduce environmental impacts 
(Oliveira et al., 2007). According to Pandey et al. 
(2008), the enzymes production from biological 
conversion techniques using agroindustrial 
residues has been increasingly studied due to 
its applicability in different industrial sectors, 
especially the food and beverage, textile, paper 
and pharmaceutical industries.

The solid-state fermentation (SSF), 
which is characterized by the growth of 
microorganisms in solid substrates, in the absence 
or low free water content, has been indicated 
for the production of enzymes from agroindustrial 



425

Santos et al. (2018) / Enzyme production by soil filamentous...

Com. Sci., Bom Jesus, v.8, n.3, p.424-431, Jul./Set. 2017

residues as a substrate (Rahardjo et al., 2006). This 
is due to some advantages presented by SSF, 
as follows (Singhania et al., 2010): the enzymes 
are produced by microorganisms directly on 
substrates insoluble in water that makes easier 
their recovery; the enzymes produced in SSF are 
less susceptible to substrate inhibition problems 
and present higher stability to temperature and 
pH variations.

Filamentous fungi (Trichoderma, 
Penicillium, Aspergillus and Humicola) are 
potential enzyme producers in SSF process, 
since the solid surface culture is the fungi natural 
environment, which makes it easier to preserve 
and control the microorganisms morphological 
cycle (Hu et al., 2011).

Despite the advantages presented 
by the solid-state fermentation process on 
enzyme production, it should be emphasized 
that environmental conditions such as 
temperature, pH, water activity, oxygen level, 
nutrient concentration and products used can 
significantly affect cell growth and product 
formation (Pandey et al., 2008; Rodríguez-Zúñiga 
et al., 2011). Due to such factors, it is essential that 
the environmental parameters are adequate 
according to the physiological demands of the 
enzyme-producing biological agent and the 
substrate physical-chemical characteristics. 
Therefore, the present study had as objective to 
evaluate the banana leaf stalk use as substrate 
in solid-state fermentation (SSF) for production of 
amylolytic and cellulolytic enzymes by Penicillium 
spp. LEMI A11 strain grown under different 
substrate concentrations, pH and temperature.

Material and Methods
The banana stalks were supplied by 

CEASA – Center of Commercialization of Vitória 
Conquista, Bahia, Brazil. The samples were sent 
to the Laboratory of Enzymology and Industrial 
Microbiology of the Federal University of Bahia - 
IMS/CAT, where the material was mechanically 
processed without a specific determination of 
particle size. Subsequently, the crushed material 
was dried outdoors, distributed in plastic bags 
and stored at room temperature.

The fungal strain used was Penicillium 
spp. LEMI A11 belonging to the collection 
of microbial cultures of the Laboratory of 
Enzymology and Industrial Microbiology, Federal 
University of Bahia, Anísio Teixeira campus, in 
Vitória da Conquista, Bahia, Brazil. The fungal 
strain reactivation was performed by cultivating 
the microorganism in petri dishes containing 
potato-dextrose-agar medium (PDA HIMEDIA pH 
5.02), for 48 hours.

The experiment was set up in a 
completely randomized design, arranged in 
a factorial arrangement (three factors in two 
levels): pH (5.0 and 6.0), temperature (30 and 
35 °C) and substrate concentration (70 and 90% 
in relation to the final volume), in order to verify 
the maximum enzymatic activity of the fungal 
isolate cultivated under solid-state fermentation 
in banana stalks (Table 1).

The fermentation was performed in 125 
mL Erlenmeyer flasks containing 50 mL of minimal 
medium (1 g.L-1 of ammonium sulfate [(NH4)2SO4], 
2 g.L-1 of potassium phosphate (KH2PO4), 2.8 g.L-1 
of sodium phosphate (Na2HPO4), 0.05 g.L-1 of 

Table 1.  Complete factorial experimental planning used for statistical analyses of pH, temperature and substrate 
concentration effects on activity of amylolytic and cellulolytic enzymes.

Treatments pH Temperature
 (°C)

Substrate 
concentration (%) 

(w/v)
T1 5 30 70
T2 5 30 90
T3 5 35 70
T4 5 35 90
T5 6 30 70
T6 6 30 90
T7 6 35 70
T8 6 35 90



426

Plant Production and Crop Protection

Com. Sci., Bom Jesus, v.8, n.3, p.424-431, Jul./Set. 2017

iron (III) ammonium citrate (C6H8O7.Fe+3.H3N), 
0.002 g.L-1 of magnesium sulfate heptahydrate 
(MgSO4.7H2O), 0.01 g.L-1 of yeast extract) and 
autoclaved banana stalk residues, in order to 
obtain the final volume concentrations of 70 
and 90% (w/v). The enriched substrate pH was 
adjusted to 5 and 6 using HCl. The fungal isolate 
inoculation was performed by adding small disks 
of culture medium containing fungal mycelium, 
following the methodology described by Sena 
et al. (2006). After inoculation, the duplicate 
Erlenmeyers were incubated in chambers at 30 
and 35 °C during 4 days.

Aliquots of 1mL of each treatment were 
collected (crude enzymatic extract) every 
24 hours, mixed with 40 mL of distilled water, 
homogenized, centrifuged at 10,000 rpm for 5 
minutes and vacuum filtered using qualitative filter 
paper with a weight of 80 g/m2. The supernatants 
obtained were used as enzyme crude extract to 
determine the enzymatic activities (Nizamuddin 
et al., 2008).

For the dextrinizing amylase and 
saccharifying activity quantification, 40 μL of 
sodium acetate buffer (500 mmol.L-1, pH 6.0), 100 
μL of 0.5% starch solution (w/v), and 60 μL of the 
aliquot removed from the fermentation medium. 
The tubes containing this mixture were incubated 
at 40 °C for 30 minutes and withdrawn for 
addition of 200 μL of previously prepared iodine/
iodide solution and 200 μL of acetic acid solution 
to promote the reaction shutdown. Distilled 
water was added to the mixture to reach the 
final volume of 10 mL and then the determination 
was performed in a spectrophotometer at 540 
nm absorbance.

For saccharifying amylase quantification, 
40 μL of sodium acetate buffer (500 mmol L-1, 
pH 6.0), 100 μL of 0.5% starch solution (w/v) 
and 60 μL of the aliquot from the fermentative 
medium were used. The tubes containing this 
mixture were incubated at 40 °C for 30 minutes 
and withdrawn for addition of 800 μL of a pre-
prepared dinitrosalicylic acid solution (DNS). 
The mixture was boiled for 5 minutes and then 
9.0 mL of distilled water was added followed 

by homogenization. The enzymatic activity 
was obtained in spectrophotometer at 660 nm 
absorbance (Miller, 1959).

The proteolytic activity of CMCase was 
determined according to Siqueira et al. (2010), 
using 100 μL of carboxymethylcellulose (1%) and 
50 μL of an aliquot from the fermentative medium. 
The tubes containing this mixture were incubated 
at 50 °C for 30 minutes and withdrawn for 
addition of 300 μL of pre-prepared dinitrosalicylic 
acid solution (DNS). Then the mixture was boiled 
for 10 minutes and 1.5 mL of distilled water was 
added. The control received the same treatment, 
replacing the crude enzymatic extract by distilled 
water. The absorbance reading was performed 
in a spectrophotometer at 540 nm.

For the enzyme activity studies, a 
control reaction for each enzyme was prepared 
with same treatment, but replacing the crude 
enzymatic extract by distilled water. The enzyme 
activity unit (U.g-1) was defined according to the 
amount of enzyme capable of releasing 1 μmol 
of product (reducing sugars) per gram of sample 
(polysaccharides) under the reaction conditions, 
using as standard the glucose monomers curve 
(amylase, CMCase).

The average activity of each enzyme, at 
the end of 24 hours, over four days was submitted 
to analysis of variance (ANOVA). The effect 
of the individual factors and the interaction 
between them was evaluated from the activity 
averages of each enzyme obtained at the end 
of the fermentation process. The effect of the 
fermentation time on each enzyme activity was 
evaluated independently of the treatments. 
Significant differences (p<0.05) between the 
means were determined by the Scott Knott test, 
using Assistat (Silva & Azevedo, 2009) statistical 
software and graphics were elaborated with 
Action Estatcamp Software (Statistical Team, 
2014).

Results and Discussion
The fungal isolate Penicillium spp. LEMI 

A11 presented metabolic ability for production of 
dextrinizing amylase, saccharifying and CMCase, 
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independently of the treatments and times 
applied to the solid state fermentation, using 
banana stalk as substrate (Table 2). According 
to Siqueira et al. (2010) this residue contains 
considerable proportions of total carbohydrates 
(36.7%), beyond celluloses (52.9%), hemicelluloses 
(17.4%) and lignin (9.4%) among the chemical 

constituents and suggesting that banana stalk 
could be an alternative and promising carbon 
source to be used as substrate for fermentative 
processes. Medeiros et al. (2008) also verified 
significant results of banana stalk as substrate for 
hemicelluloses production by filamentous fungi.

Table 2. Activity (U.g-1) of dextrinizing amylase, saccharifying amylase and CMCase enzymes produced by 
Penicillium sp. LEMI A11 cultivated under solid-state fermentation containing banana stalks as carbon source.

Treatments

Dextrinizing amylase 
activity1 

Saccharifying amylase 
activity2 CMCase activity3

Fermentation time (hours) Fermentation time (hours) Fermentation time (hours)
24 48 72 96 24 48 72 96 24 48 72 96

T1 0.17 0.18 0.17 0.15 0.13 a 0.14 a 0.13 a 0.12 a 0.35 c 0.24 e 0.35 b 0.35 b
T2 0.17 0.17 0.16 0.15 0.05 b 0.05 c 0.06 d 0.06 c 0.29 d 0.34 b 0.30 d 0.29 d
T3 0.16 0.17 0.16 0.15 0.06 b 0.09 b 0.10 b 0.07 c 0.34 c 0.40 a 0.38 a 0.34 b 
T4 0.16 0.17 0.16 0.16 0,05 b 0,05 c 0,07 c 0,07 c 0,28 d 0,29 c 0,30 d 0,32 c
T5 0.16 0.16 0.16 0.16 0.06 b 0.09 b 0.08 c 0.08 b 0.38 b 0.38 a 0.36 b 0.36 a
T6 0.17 0.17 0.17 0.17 0.05 b 0.07 c 0.06 d 0.05 c 0.27 d 0.33 b 0.33 c 0.33 b
T7 0.17 0.17 0.17 0.17 0.06 b 0.09 b 0.08 c 0.06 c 0.34 a 0.39 a 0.34 b 0.32 c
T8 0.17 0.17 0.16 0.17 0.04 b 0.04 c 0.06 d 0.06 c 0.26 d 0.27 d 0.32 c 0.31 c

1No statistical difference (P > 0,05) between average values of the different treatments by Scott Knott test.  2,3Average values followed by the same letter in columns are not 
different by Scott Knott test (P > 0.05).

Significant effects of the treatments 
studied were observed for the activities of 
saccharifying amylase and CMCase enzymes at 
the end of each solid state culture time interval 
(Table 2). For dextrinizing amylase enzyme, 
no significant effect of the treatments was 
observed, indicating that the production of 
this enzyme by Penicilium spp. LEMI A11 strain 
under fermentation in banana stalks remained 
unchanged, independently of pH, temperature 
and substrate concentration values proposed 
in this study. On the other hand, it is observed 
that T1 promoted the higher average values for 
saccharifying amylase activity (p <0.05) at all 
time intervals (0.13, 0.14, 0.13 and 0.12 U.g-1, at 24, 
48, 72 and 96 hours, respectively). For CMCase 
activity, treatments promoted different effects 
(p <0.05) within each fermentation time interval 
(Table 2). T7 provided a higher CMCase activity 
mean at 24-hour fermentation interval (0.34 U.g-1), 
whereas at 48 hours of fermentation, T3, T5 and 
T7 promoted higher enzyme activity ranging from 
0.38 to 0.40 U.g-1. At 72 and 96 hours intervals, 
the treatments that allowed higher averages of 
CMCase activity (p <0.05) were, respectively, T3 
(0.30 U.g-1) and T4 (0.36 U.g-1).

The maximum activity values for amylase 
(dextrinizing and saccharifying) recorded in 
this study are considered low in comparison to 
those of Gusmão et al. (2014) that recorded 
a maximum amylase activity of 9.7 U.g-1 by 
Aspergillus spp. cultivated under SSF in coffee 
husk after 72 hours. This can be explained by the 
high lignocellulosic content present in banana 
stalk, indicating the need of easier assimilation 
material to the fermentation process to promote 
the amplified expression of amylolytic activities.

For other agroindustrial residues used as 
fermentation substrate for enzyme production, 
the need for nutritional supplementation in 
culture medium has already been reported: 
Kunamneni et al. (2005) reported maximum 
amylolytic activity of 534 U.g-1 amylase from the 
Thermomyces lanuginosus fungus culture, under 
SSF in wheat meal supplemented with starch and 
peptone. Anto et al. (2006) observed maximum 
production of amylase (271.2 U.g-1) by Aspergillus 
sp. fungus using wheat bran as substrate added 
organic nitrogen (yeast extract and peptone 
extract).

Among the enzymes evaluated in 
the present study, the most promising results 
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were verified for CMCase, whose values were 
compatible to those verified by Rodriguez-Zúñiga 
et al. (2011) who reported CMCase activity of 0.3 
U.g-1 from the fermentation of sugarcane residue 
by Aspergillus niger. The other way, Camassola & 
Dillon (2007) obtained 1 U.g-1 CMCase activity by 
Penicillium echinulatum under SSF in sugarcane 
bagasse, after five days of cultivation and Saha 
& Cotta (2014) obtained maximum amylase 
values of 7.25; 14.25; and 13.5 U.mg-1 at 24, 48, 
and 72 hours, respectively, using wheat bran as 
substrate.

The effect of the independent factors 
(pH, temperature and substrate concentration) 
was significant (p <0.05) only for saccharifying 
amylase activity and CMCase related to substrate 
concentration (Table 3). Silva et al. (2009) 
also observed a significant effect of substrate 
concentration on total cellulases production 

Table 3. Probability of the effects (P) of pH, temperature and substrate concentration and the interactions among 
them in relation to the average values for dextrinizing amylase, saccharifying amylase and CMCase enzymes 
produced within the fermentation process under solid-state fermentation containing banana stalks as carbon 
source. 

Enzymatic 
activity

pH
Temperature 

(°C)
Substrate 

(%) I1 I2 I3 I4
5 6 30 35 70 90

Dextrinizing 
amylase

0.15 a 0.16 a 0.16 a 0.16 a 0.16 a 0.16 a NS NS NS P<0.05

Saccharifying 
amylase

0.08 a 0.05 a 0.08 a 0.06 a 0.05 b 0.08 a NS NS NS NS

CmCase 0.31 a 0.32 a 0.32 a 0.32 a 0.29 b 0.35 a NS NS NS NS
NS: Non-significant; I1: Interaction between pH and temperature; I2:  Interaction between pH and substrate concentration; I3:  Interaction between temperature and substrate 
concentration; I4:  Interaction between pH, temperature and substrate concentration. Average values of each factor followed by the same letter are not different by Scott 
Knott test (P>0.05).

by Aspergillus phoenicis, using grape residue as 
substrate. In the present study, it is attributed the 
substrate concentration effect on saccharifying 
amylase and CMCase activities to the moisture 
percentage in the total mass of the substrate, 
which was higher in the 70% substrate treatment. 
According to Gervais & Molin (2003), moisture is 
the environmental factor that most affects the 
SSF process, and reduced moisture levels lead to 
lower growth in relation to the optimal and low 
substrate degree actually used. The interaction 
between the factors was significant only for 
the dextrinizing amylase activity (Table 3). The 
effect of the interaction between the factors 
on dextrinizing amylase activity suggested that, 
for its production, the synergy between pH, 
temperature and substrate concentration levels 
was important, even though each factor had no 
effect, independently, on the process.

The fermentation time was evaluated 
as a treatment-independent variable, as shown 
in Figure 1. For all the enzymes the reduction 
of the enzymatic activity was verified after 
96 hours of fermentation. However, only for 
the dextrinizing amylase activity, there was a 
significant difference (p<0.05) between the time 
intervals (Figure 1A). The reduction on enzymatic 
activity to amylase after 96 hours of SSF can be 
attributed to a possible nutrient depletion or 
accumulation of products that inhibit enzymatic 
synthesis or microbial growth (Shafique et al., 
2009). For the other enzymes evaluated in this 
study, no significant effect (p<0.05) of the time 

was recorded, although maximum activities were 
observed after 48 and 72 hours of fermentation 
(Figure 1B and C). The increase of the enzymatic 
activity after 48 hours should be related to 
the sugar consumption, generated until then, 
causing substrate depletion and reactivating 
the enzyme expression mechanism as verified by 
Whitaker (1994).

Conclusions
The banana stalk is as an interesting 

alternative substrate for fermentation process, 
to obtain the enzymes, especially CMCase, by 
the isolate Penicillium spp. LEMI A11. However, 
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Figure 1. Activity (U.g-1) of dextrinizing amylase (A), saccharifying amylase (B) and CMCase (C) enzymes as a function of time under 
solid-state fermentation independently of pH, temperature and substrate concentration. Bars with the same letter are not different 
by Scott Knott test (P > 0.05).

substrate nutritional supplementation is 
suggested in order to reach higher production 
yields of the enzymes by the fungal isolate. The 
environmental variables evaluated in this study 
(pH, temperature and substrate concentration) 
did not significantly interfere in dextrinizing 
amylase activity individually. The concentration 
of 90% of banana stalk in relation to the final 
volume of the fermented, provided higher 
saccharifying amylase and CMCase, activity 
whether compared to the 70% concentration. 
The fermentation time affected the dextrinizing 
amylase activity only, decreasing of the activity 
of this enzyme when the fermentation reached 
96 hours.
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