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Abstract: The high cost of cellulolytic enzymes used in the
ethanol production process has led to a growing interest
in situ production. The evaluation of the influence of
several factors in the fungus Penicillium sp. cellulase
production using pretreated sugarcane bagasse is very
interesting. Penicillium sp. cellulase production by using
filter paper as cellulosic substrate and the use of glucose,
sucrose and lactose like co-substrates was assessed. In the
experiments using filter paper as a cellulosic substrate, the
highest FPase enzyme activity obtained was 280 FPU.L-1
using sucrose as co-substrate. Subsequently, the study
of pretreated sugarcane bagasse was conducted using
Plackett-Burman experimental design with analysis of 6
factors influencing the process. The highest FPase activity
was 615.1 FPU.L-1. The factors influencing FPase and βglucosidase activity were the use of molasses and the solid
loading. The successful use of molasses as co-substrate
opens perspectives for future researches.
Keywords: cellulolytic enzymes, Penicillium sp., sugarcane
bagasse, molasses
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1 Introduction
Cellulose and hemicellulose are the major constituents
of plant biomass. These polysaccharides are converted
into fermentable sugars, primarily glucose from cellulose,
when subjected to enzymatic hydrolysis. The sugars can
be converted into a variety of chemicals with high added
value and liquid biofuels, including ethanol [1].
The use of the enzymatic pathway has several
advantages over hydrolysis processes using acid.
However, when the enzymes are added to the natural
biomass, degradation of cellulose and hemicellulose to
sugars is extremely slow due to the complex structure
of lignocellulose [2], Hence, it is necessary to perform a
pretreatment onto the raw material so the cellulose fibers
are more accessible to enzymes.
The difficulties for obtaining cellulolytic enzymes
include the relatively low growth speed of cellulaseproducing fungi, the long induction period for expression
of cellulases, the low specific activity of cellulases and
suboptimal levels of β-glucosidase [3]. Therefor, it becomes
important to study the improvement of culture medium
and technological process, the increase of cellulolytic
microorganisms productivity and the improvement of the
cellulases effectiveness.
One way to reduce the cost of cellulolytic enzymes
may be the use of less expensive substrates, such as
pretreated lignocellulosic biomass instead of purified
cellulose for cellulase production. For applications such
as ethanol production, the production of enzymes in situ is
favorable, by using a part of the pretreated lignocellulosic
substrate, in this case sugarcane bagasse (SCB), present in
the ethanol production process.
Cellulase enzymes can be produced by various
microorganisms including bacteria and fungi that can
be aerobic and anaerobic. Nowadays, filamentous fungi
are the major source of commercial enzymes. Cellulolytic
fungi species considered among the most productive and
powerful destroyers of crystalline cellulose belong to
genera Trichoderma. For that reason, they are the most
studied as cellulases producers [1]. However, other genera
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and species of fungi such as Penicillium sp., Aspergillus
sp., Cladosporium sp, Fusarium sp., Neurospora crassa
have also shown adequate levels of cellulases.
Most of the currently used commercial cellulases
mixtures originate from Trichoderma and Aspergillus
species, where T. reesei is the most exploited source of
cellulases and hemicellulases for industrial purposes.
However, cellulase systems of Penicillium strains have
shown to have potential in enhanced saccharification
of lignocelluloses in the last 10 years [4-6]. Previous
reports have investigated the effects of various carbon
sources (including glucose) on cellulase synthesis in
Penicillium species by detecting the enzyme activities
[7-9].
Frequently, simple sugars have been reported to act
as repressors of enzyme activity. However, the mixture of
substrates, including simple sugars like co-substrates,
have been evaluated for the production of crude extract
which contains the enzyme pools with cellulolytic activity.
Other factors like use of tensoactive, concentration of
substrate and pH could affect the cellulolytic enzyme
production.
In this work, the main objective is to evaluate the
influence of several factors on cellulases production by
the wild fungus Penicillium sp. isolated from sugarcane
bagasse (SCB).

2 Materials and methods
2.1 Microorganism
The wild strain Penicillium sp. LM 10 was previously
selected as cellulases producer. This microorganism,
which was isolated from sugarcane bagasse, belongs
to the collection of the Faculty of Chemical Engineering
of the Higher Polytechnic Institute (Instituto Superior
Politécnico) “Jose Antonio Echeverria” (ISPJAE) [10].
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2.1.1 Inoculum preparation
The strain was inoculated on potato dextrose agar (PDA)
slants, incubated for 7 days at 30°C and then stored at
4°C. The spores (1.5x108 sp/mL) were suspended in 5 mL
of 0.8% NaCl sterile solution and 50 μL of this suspension
was aseptically transferred to a 250 mL Erlenmeyer
flask containing 50 mL of Mandels and Weber sterilized
medium [11] with 1% (w/v) of glucose. The preculture
was cultivated for 48 h at 30°C on a rotary shaker at
150 rpm. The pellets were homogenized with a sterilized
homogenizer Polytron.

2.1.2 Cultivation conditions
A 10% (v/v) inoculum concentration from the preculture,
was then used to initiate the cellulase production. In order
to ensure aerobic conditions, the volume of the medium
was restricted to 1/5 of the total volume of each flask
because all the fermentations for cellulase production
were carried out in 500 mL Erlenmeyer flasks, containing
a total volume after inoculation of 100 mL of liquid
medium, for 120 hrs at 30°C and 150 rpm [12]. Samples
were withdrawn each 24 h and centrifuged at 25°C and
8000 x g for 15 minutes. The supernatant (crude extract)
was used in the determination of enzyme activities.
In first set of experiments, Filter paper Whatmann 1
(model substrate at 5 g.L-1) was used as a source of cellulose.
The culture medium also contained glucose, sucrose and
lactose, used as co-substrates in a concentration of 2 g.L-1
with a final volume of 100 mL of Mandels and Weber
medium [11]. The pH was adjusted to 5. After the selection of
best results of first set of experiment with model substrate,
the pretreated SCB was used like cellulosic material. The
SCB concentration and pH were adjusted for each value
according to Plackett-Burman Screening Design (PBSD)
(see table 1). The cultures were sterilized for 15 minutes

Table 1. Variables analyzed in the study and their levels.
Variables

Lower level (–)

Upper level (+)

X1

Glucose concentration, % w/v

0

1

X2

pH

4

6

X3

Molasses concentration, % w/v

0

1

X4

Surfactant Tween 80, % w/w

0

0.1

X5

Inoculum size, % w/v

5

10

X6

SCB concentration, % w/v

1

1.5
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at 121°C. Cultures which once inoculated were placed in a
Thermostated Incubator-Shaker (Sartorius).

2.4 Determination of parameters influence
on the cellulolytic enzymatic activity from
Penicillium sp. on pretreated SCB

2.2 Pretreatment of Sugarcane Bagasse

The study of the influence of six variables on cellulase
production using pretreated SCB as cellulose source by
the fungus Penicillium sp. was performed. In order to
pursue this study, a PBSD was used with 12 experiments.
Variables and levels are listed in Table 1. The experiments
were conducted in 500 mL conical flasks which were
based on 100 mL of Mandels and Weber medium [11].
PBSD was applied to evaluate the relative importance
of various components in promoting cellulase activity and
to screen the important variables affecting the cellulase
production. Furthermore, this design has been effectively
used in complex processes, product development [19] and
also to determine the influence of nutrients in culture
media [20,21], among other applications.
Response parameters analyzed were Y1 (Filter paper
activity, FPase, FPU.L-1) and Y2 (β-glucosidase, U.L-1) for
5 consecutive days. The analysis of the effects of each
independent variable was examined with the aid of the
software Statgraphic v. 4.1.

SCB was provided by a local industry (Amancio Rodríguez,
Las Tunas, Cuba). The material were air dried, depithed
and stored until needed.
A first stage of pretreatment was performed on SCB,
using sulfuric acid (H2SO4) at 1% (v/v), solid - liquid ratio
of 1-10 (g-mL) and at a temperature of 120°C for 40 minutes.
Upon cooling, the pretreated solid was separated from
the liquid by vacuum filtration, washed with distilled
water and dried at 35°C for 48 h. Dry pretreated SCB
obtained from the previous step was submitted to another
pretreatment using NaOH at 7% (m/v), solid-liquid ratio
of 1-7 (g-mL). A temperature of 140°C was applied for 60
minutes. The solid was separated by filtration, washed
and dried under the conditions mentioned above.

2.3 Analytical methods
2.3.1 Delimitation of SCB composition
Composition of SCB was delimited as analytical methods
for biomass, according to the National Renewable Energy
Laboratory [13].
Chemical composition of SCB consisted of glucan
(40.41 ± 0.2%), xylan (24.83 ± 0.6%), lignin (18.9 ± 0.2%),
extractives (5.6 ± 0.1%) and ashes (2.3 ± 0.1%) on dry basis.
2.3.2 Enzymatic activities
Filter paper activity was delimited according to Ghose [14]
and reducing sugars were measured by the DNS method
according to Miller [15], using glucose as standard.
Endoglucanase activity was measured at pH 4.8
according to Mandels et al., [16] using, carboxymethyl
cellulose as substrate. β-Glucosidase activity was
measured using salicin as the substrate [17].
2.3.3 Protein content
Protein content was measured by the Lowry et al., Method
[18] using bovine serum albumin (BSA) as the protein
standard (Biorad, Hercules, CA). All the experiments and
analytical determinations were performed in duplicate
(average results are shown).

3 Results and Discussion
3.1 Analysis of composition of two-step pretreatment of SCB
The selection of the two-step pretreatment is based
on the biorefinery concept. It refers to the integration
and diversification of processing plants where biomass
feedstocks are converted into a variety of valuable products
(fuels, high value chemicals, etc.) with a zero waste
approach. This concept was used in the present study
which purpose is to obtain in the first step of pretreatment
an hydrolyzed liquor with a good characteristic for
fermentation. The second step using NaOH was carried
out with the objective of partial separation of lignin
and increasing the digestibility of pretreated solid. This
procedure is in accordance with previous works of the
group [22, 23].
The composition of the SCB after the second step of
pretreatment was (% w/w) glucan 50%, xylan 9.6% and
lignin 25.1%. These values correspond to 37%, 7.1% and
15.7%, respectively, in relation to the initial SCB (g/100g of
SCB). The solid recovery after the two steps pre-treatment
was 74%.



3.2 Cellulolytic enzymatic activity of crude
extract from Penicillium sp. with different
co-substrates on Whatman 1 filter paper as
cellulose substrate
Firstly, the filter paper Whatman 1 (model substrate) was
used as a source of cellulose and glucose, sucrose and
lactose were used as co-substrates. In all cases, when
the simple sugars were used, a higher value of enzyme
activities FPase (FPU.L-1) were obtained as compared to
the control experiment (no co-substrate contained), as
shown in Figure 1.
The highest FPase enzymatic activity was obtained
using sucrose as co-substrate, with 297 FPU.L-1 at 24 hours.
These results are superior to those reported by Steiner
et al., [24] with a strain of Penicillium purpurogenum in
Mandels and Weber medium, obtained 220 FPU.L-1.
The use of glucose as a co-substrate also resulted in
an increase in the FPase enzymatic activity for Penicillium
sp. 223.1 FPU.L-1 which is consistent with that reported by
Sun et al., [7] that they obtained 110 U.L-1 using a strain of
Penicillium decumbens.
An enzymatic activity FPase of 170 FPU.L-1 of
Penicillium sp. was detected on the first day using lactose
as a co-substrate, which had the lowest score as compared
with those with glucose and sucrose. Contrary to these
results, lactose is a good inducer of cellulolytic activity on
Trichoderma reesei [25].
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In control experiments (without co-substrate) with
Penicillium sp. enzymatic activity was detected from the 1st
to the 7th day. The highest values detected were 0.5 FPU.L-1
on the first and fourth day. These results were low as
compared to those obtained by the media containing
co-substrate, demonstrating, in this case, the benefits
of using simple sugars like co-substrates for increased
enzyme activities. Given these differences, soluble
saccharides as co-substrate of cellulase synthesis might
vary among fungal organisms. It´s likely that cellulase
induction was coupled with consumption of the sugar.
After the completion of these studies in which FPase
activity of the extract crude obtained from Penicillium
sp. on the filter paper was determined, we proceeded to
use pretreated SCB as cellulosic material, due to its high
availability, low cost and the fact that it is one of main raw
material used for ethanol production.

3.3 Influence of various parameters on
the cellulolytic enzymatic activity from
Penicillium sp. on pretreated SCB
In different culture conditions, additives such as vitamins,
other nitrogen sources and surfactants that might induce
more favorable results have been used. Thereof, the
possibility of analyzing other factors that so far have
not been considered, such as substrate concentration,
co-substrates and pH must be added.

Figure 1. FPase activity of Penicillium sp. using glucose, sucrose and lactose like co-substrates.
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The molasses have a high content of sucrose (~40%
dry mass) and glucose and fructose (approximately 16
and 14% dry mass, respectively). This product is derived
from sugar production process and is located in the same
industrial plant where bagasse is generated, so it is a good
strategy to use these two raw materials as substrates for
cellulolytic enzyme production, which will be used in
the process of ethanol production from bagasse. For that
reason, in the following experiments the molasses is going
to be used instead of sucrose.
The influence of six factors in cellulase production by
Penicillium sp, was studied using PBSD. Table 2 shows the
results of higher enzymatic activities.
As can be observed, FPase was detected on the first
day of fermentation. Once Penicillium sp. was isolated
from SCB, this aspect could contribute to the rapid FPase
expression. The maximum value of FPase activity was
obtained on the first day, which coincides with the study
where filter paper was used as a substrate. The obtained
value was 615.1 FPU.L-1, noting that all enzymatic activities
were higher than those obtained in the study with filter
paper as substrate. It is significant that the obtained FPase
activity is similar to that reported by Kovacs [26], (400-600
FPU.L-1) However, in that report, a mutant of Trichoderma
atroviride is used. Also, this results is higher than the
obtained by Jørgensen and Olsson. These authors report
0.59 FPU/mL at 165 h [27].

The enzyme activity detection from the first day of
fermentation may include a basal level of constitutive
cellulase. This may be secreted and could degrade
cellulose in soluble oligosaccharides, thereby allowing
these saccharides to enter cells and be converted to an
inducer that triggers the induction [28]. Sun et al., [7]
demonstrated that basal cellulase was composed of
different cellulases based on zymogram analysis following
polyacrylamide gel electrophoresis.
A small amount of cellulase hydrolyzes cellulose to
soluble oligosaccharides or to the inducer if cellulose
exists near the mycelia. Thus, cellulase expressed at
the basal level is believed to help fungi recognize the
existence of cellulose. Sun et al., [7] demonstrated that
P. decumbens (wild strain 114-2) was grown on glucose,
it produces basal levels of CMCase, cellobiohydralase,
FPase and β-glucosidase.
The greatest activity of β-glucosidase enzyme was
detected on the fifth day of fermentation with 309.4 U.L-1
in experiment 11, although in this experiment, enzymatic
activity was also reached on the third and fourth days with
241 U.L-1 and 273.4 U.L-1, respectively.
The CMCase activity was detected in the third day
only, in the experiment 7. The value was 13 U.L-1 (data not
shown).

Table 2. Maximum FPase and β-Glucosidase enzymatic activities from Penicillium sp.
Exp

Factors

Responses

X1

X2

X3

X4

X5

X6

FPA
(FPU.L-1)/t (days)

β-G
(U.L-1)/t (days)

1

+

+

-

-

-

+

108.2/1st

10.1/5th

2

+

-

-

+

+

-

23.4/5th

n.d

3

-

+

+

+

-

-

428.5/1st

n.d

4

+

-

+

+

-

+

n.d

160.3/5th

5

-

+

-

-

+

+

n.d

43.0/5th

6

-

-

+

-

+

-

204.5/1st

61.2/5th

7

+

+

+

-

-

-

615.1/1st

n.d

8

-

-

-

+

-

+

n.d

10.7/5th

9

+

+

-

+

+

-

52.1/1st

n.d

10

+

-

+

-

+

+

101.23/1st

140.0/5th

11

-

+

+

+

+

+

13.8/3nd

309.4/5th

12

-

-

-

-

-

-

n.d

n.d

n.d: Not Detected



3.3.1 Statistical analysis of the results of enzymatic
activity
The statistical analysis of the results was performed
following the PBSD. The analysis was performed at 95%
confidence. For FPase activity, an R2 = 0.8397 was obtained,
which is adequate when performing the screening of
variables. Figure 2 shows the Pareto chart for FPase with
the independent variables that were significant on the
first day of fermentation.
As it can be observed, the presence of molasses in
the medium was a significant variable, constituting a
prominent result. The addition of molasses (X3) in the
culture favors the enzyme production, specifically FPase
(see equation 1). On the contrary, Goldbeck et al., [29]
used molasses in the optimization of enzymes production
by A. strictum and the enzyme concentration diminish
when molasses concentration increase. In that report,
the concentration of total reducing sugars in the molasses
used was 20% (w/v) and in this work the concentration
was 14% (w/v). It is possible that the lower concentration
of free reducing sugars in the molasses used in this work,
contributed the positive results obtained. Although, Ling
et al., [30] used as inducer a molasses alcohol stillage
substance consisting of a mixture of glucose, fructose and
xylose and it was a novel inductor on Trichoderma reesei.
The molasses is a byproduct of sugar production, and its
content in substances originally found in the juice, such
as probiotics, proteins, minerals, among others, can affect
positively the fermentative process diminishing the lag
phase. Molasses, also have been used like substrate for
cellulases production demonstrating a great suitability
for its obtention. Moreover, since it is a byproduct, it has
a lower cost which favors the process from the economic
perspective [31].
FPA, FPU.L-1= 126.95+19.15X1+75.99X2
+100.26X3-44.55X4-65.01X5-89.74X6
(1)

Figure 2. Pareto chart of FPase in PBSD on first day of fermentation.
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SCB concentration (X6), also had a great influence, as
shown in figure 2. In this case, it is promising to use the
lower level (1% w/v) (see equation 1). This result agrees
with that reported by Lee et al., [32], which detected a
decrease of 50% of FPase activity when using higher SCB
concentrations (0.75 kg and 1.0 kg) with respect to that
obtained using (0.5 kg) with Aspergillus niger USM AI 1.
Karmakar and Ray [33] found the same behavior, using
SCB with Rhizopus oryzae. When SCB concentration
increases, the lignin does the same (lignin pretreated
content of bagasse is high ~ 25 %) and higher adsorption of
the enzymes in the lignin occurs. This process has shown
that adsorption is unspecific and does not depend on the
presence of a Cellulose Binding Domain (CBM) [27]. For
lignocellulosic biomass, the pretreatment was essential
to permit this interaction and promote enzyme activity.
The enzyme-substrate interaction is fundamentally
dependent on the accessibility of the enzyme to substrate.
The pretreated SCB structure is surrounded with lignin
and hemicellulose and their accessibility becomes limited
[24,34]. It may also be due to the result of hindrance to
the oxygen transfer because of the high amount of solid
substrate.
Although the pH of the medium (X2) not resulted
significative (but p-value=0.0763), according to equation 1
the upper level of this variable (pH = 6) promotes detection
of higher levels of enzyme activity. It also highlights that
pH optimization in the production of enzymes depends
upon the type of cellulosic substrate used, which might
be due to the lignin content of the substrate, so this is a
variable that should be analyzed whenever using different
types of pretreatment to the lignocellulosic substrate used
[33].
The variables of glucose concentration (X1), use of
surfactant (X4) and inoculum size (X5) was not significant.
Nevertheless, according to equation 1, using the lower
level of concentration of inoculum (5% (w / v)) has better

90

L. Mesa, et al.

results for FPase production. The presence of high loads
of fungal biomass can reduce enzyme production. This
behavior is advantageous for the economic benefits it
produces. These results agree with those reported by
Karmakar and Ray [33].
On the second day, FPase was only detected in
experiment 7 with a value of 205 FPU.L-1. On the third
day of fermentation, β-glucosidase activity is detected in
the experiments 3 and 11 with a value of 30 and 241 U.L-1,
respectively. These results are indicatives that from the 3rd
day of fermentation, the microorganism starts to produce
other enzymes, in this case β-glucosidase, although in
lesser extent in comparison to FPase. Also, experiment 11
shows FPase with a value of 12 FPU.L-1. On the fourth day,
β-glucosidase activities are detected in the experiments
3, 6 and 11, corresponding to 91.2, 54.2 and 271.4 U.L-1,
respectively.
On the fifth day, some experiments show β-glucosidase
activity (Experiments 1, 4, 5, 6, 8, 10 and 11). Moreover,
the three complex cellulolytic enzymatic activities are
detected. β-glucosidase is the highest enzymatic activity
detected (300 U.L-1) in experiment 11. It is a suitable
result, because it is the enzyme that is last expressed in
the mechanism of action of cellulases, releasing glucose
molecules from cellobiose and other oligomers resulting
of the actions of the other enzymes of the cellulolytic
enzyme complex. In experiment 2, FPase activity was
detected with 23.4 FPU.L-1, the lowest in the whole study.
It should be noted that on the 5th day, β-endoglucanase
activity was also detected in experiments 7 and 11, with
levels of 12 U.L-1and 1.5 U.L-1, respectively.
Table 3 shows the analysis of variance (ANOVA) for
β-glucosidase activity at 5th day because at this time the
higher enzymatic activity was expressed.
When analyzing the influence of the studied factors
in both response parameters in the rest of the days, a
change in the correlation of the variable X6 (Concentration

of pretreated sugarcane bagasse) is observed (see eq. 2).
The higher value of β-glucosidase is obtained almost at
the end of fermentation (5th day), when the fungus had
consumed the sugars (co-substrates) in the medium and
then it starts to express the induced cellulolytic enzymes;
in this moment the presence of cellulose (pretreated sugar
cane bagasse) plays an essential role in the expression of
enzymes. Several works reported the influence of cellulose
like inductor of cellulolytic enzymes [29, 35].
Furthermore, the use of molasses in the fermentation
resulted significant. The maximum enzyme activities were
obtained when the molasses is added to culture medium.
The presence of the sugarcane molasses may benefit the
growth of fungus and induce the expression of enzymes.
In the case of β-glucosidase activity, it has been
observed that, even though it is not significant, it is more
convenient to use the minimum glucose level, since
its presence in the medium may decrease the activity,
because the enzyme is repressed by this, its hydrolysis
product [36].
β- glucosidase, U. L-1= 60.42-8.73X1- 1.56X2+49.78X3+18.
03X4+30.28X5+50.25X6			
(2)
It has been reported the superiority of Penicillium
species in terms of its cellulose hydrolytic capacity with
respect to the genera Trichoderma, due to its high levels
of β-glucosidase activity [1], which is evidenced by the
results obtained in this preliminary work. Nevertheless,
according to Maeda et al., [37], a wild microorganism
capable of producing an optimal enzyme composition
needed for degradation of lignocellulosic biomass has not
yet encountered. In this report, the values of β-glucosidase
are higher than the ones reported by Goldbeck et al., [29]
using Acremonium strictum. These authors obtained the
maximum activity 13.21 U.L-1, which confirms that the
genre Penicillium has a great potential for cellulolytic
enzyme production. In other side, Penicillium brasilianum

Table 3. ANOVA for β-glucosidase activity at 5th day (α=0.05).
Factors

Mean square

F-ratio

p-value

Glucose concentration, (w/v) (X1)

915.25

0.21

0.6629

pH (X2)

29.45

0.01

0.9370

Molasses concentration, %(w/v) (X3)

29740.6

6.96

0.0460*

Surfactant Tween 80, % (w/w) (X4)

3902.41

0.91

0.3830

Inoculum size, % (w/v) (X5)

11005.0

2.58

0.1694

SCB concentration, % (w/v) (X6)

30260.6

7.08

0.0448*

R

0.7803

2



produced higher levels of β-glucosidase (3.5 U/mL) in 165
h, that would be due to used culture condition [27].
Figure 3 shows the effect of the variables FPase and
β-glucosidase on the 1st and the 5th day, respectively, at
which time its activities were the highest. The variable
solid loading in the medium for detection of β-glucosidase
had an opposite behavior to detecting FPase on the first
day of fermentation, mainly due to the nature of the
β-glucosidase, which is not a cellulase itself, as it does not
act on the cellulose chains, but it is necessary for its full
cleavage since it acts on cellobiose chains.
The use of surfactant such as Tween 80 for the case
of FPase determined on the first day was not useful,
possibly due to the availability of simple sugars added as
co-substrates. However, from the third day in the detection
of β-glucosidase activity, the use of Tween 80 began to act
positively in the fermentation system, even this variable
was not significant for both responses.

3.4 Analysis of protein content
The enzyme production by the Penicillium sp. during
growth on pretreated SCB was determined by measuring
the protein concentration and a number of enzyme
activities (FPAse, CMCase and β-glucosidase) throughout
the cultivations.
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Table 4 shows the protein content of crude extract
from experiments of PBSD during 120 hours. On the first
day, the experiment 11 was a protein content of 2.09 mg/
mL corresponding to higher value of all experiments in
this day. On the fifth day, the high value of protein content
is the experiment 4 (2.86 mg/mL). The protein content in
the above mentioned experiments do not correspond to
the maximum FPAse and β-glucosidase activities which
is indicative of the expression of other enzymes with
Penicillum sp. under studied conditions.
The lowest values of protein content relate to the
experiments 5 and 12 (< 0.35 mg/mL). These experiments
have the minumin level of specific activities of FPAse and
β-glucosidase.
In this work, only three enzymatic activities were
measured, and the fungus growing on pretreated SCB can
produce different activities. The xylan content of used
pretreated solid is 9.6%, thus it is possible that xylanase
and hemicellulase activity was expressed. Jorgensen
et al., (2005) [38] using three species of Penicillium
growth on Solka Floc acquire activities of xylanase and
mannanase. Moreover, it is possible to obtain individual
enzymes of celulases that its quantification can not be
done with traditional enzymatic assays. The substrates
used in enzymatic assays are not always specific for just
one class of enzyme and simultaneously the specificity of
the enzymes might be broad.

Figure 3. Influence of variables on FPase and β-glucosidase activities in first and fifth day, respectively.
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Table 4. Protein content of each experiment of PBSD.
Exp.

Protein content, mg/mL
24 h

48 h

72 h

96 h

120 h

1

1.06

0.77

0.88

0.81

0.89

2

0.72

0.76

1.23

1.29

1.64

3

0.75

0.74

0.78

0.9

0.81

4

1.17

2.79

3.14

2.93

2.86

5

0.24

0.18

0.25

0.35

0.22

6

0.82

0.71

1.1

1.07

0.97

7

1.58

1.87

2.79

2.46

2

8

0.55

0.48

0.78

0.6

0.54

9

0.43

0.84

2.24

2

0.79

10

1.23

0.46

1.04

1.4

1.61

11

2.09

1.25

1.89

1.67

1.78

12

0.16

0.17

0.18

0.28

0.24

an enzymatic cocktail in order to complete the synergistic
cellulolytic action required to perform the enzymatic
hydrolysis of pretreated materials.
These results show a path to follow for future research
on the subject. Various experimental approaches should
be implemented to improve the composition of the culture
medium for the production of cellulolytic enzyme complex
from this wild strain of Penicillium sp. that belong to
natural flora of sugarcane bagasse.
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The analysis of protein content and the specific
activities (FPAse, CMCase, and β-glucosidase) revealed
that it could occur adsorption onto lignin. Nevertheless,
the fact that the highest enzyme titres were obtained on
pretreated SCB and that SCB is a much cheaper feedstock
than pure celulose implies that SCB could profitably be
used for the enzyme production in a bioethanol plant with
an on-site enzyme production.

4 Conclusions
From the analysis of results it could be concluded that the
use of molasses, in the studied range, had a significant
positive influence on enzymatic activity (FPase and
β-glucosidase). It is corroborate with the fact that the
experiments without molasses had a lowest values of
protein and specific activities of enzymes. Adding molasse
in low concentration helps to express cellulolytic complex
and other enzymes that are not measured in this work.
The pretreated SCB concentration like source of
cellulose, had an opposite behavior for each enzymatic
activity, so it will be necessary to reach a condition that
allows for highest expression of all enzymes that integrate
cellulolytic enzyme complex.
According to the results, the maximum activities
of each enzyme are obtained at different times and the
influence of the variables is also different for each one.
Future studies must optimize one of these enzymatic
activities and the others enzymes may be supplemented to
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