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The objective of this study was to evaluate growth of Aspergillus niger UCP 1353 isolated
from Caatinga soil of Pernambuco (PE, Brazil), evaluating his development in the carbon
(glucose and agro whey residue) and nitrogen (peptone and glutamic acid) sources to
biomass production. To qualify discoloration Orange II from the adsorption process, the
inactivated biomass of different concentrations (0.1 to 0.5g) were added to the dye for 24 h
at 150 rpm and 30° C tests in comparison with activate charcoal. The most biomass
production 94.1 g L-1 was occurred using whey, peptone and glutamic acid (15ml: 10g:
1g.L-1). The dye discoloration results showed a rate of 66% for 0.5g.L -1 of biomass
concentration in contact 8h, and the greater adsorption capacity of 2.26 mg.g-1 to 0.1g.L-1
biomass for 24h. However, the comparison with the charcoal showed greater
discolouration efficiency (100%) in contact of 8h. Thus, the experimental data for the
adsorption Orange II dye, shown that the activate carbon has a more efficient removal
compared to the fungal biomass. Despite these results, the use of fungal biomass in
wastewater treatment processes can be made possible considering the reduction of the
costs of production using agro-industrial waste.

Introduction
The environmental problems have become
increasingly frequent, reaching in some
regions to a critical situation, one of the
reasons that contributes for this to occur in the
industrial activities. Among these activities,
the textile effluents stand out because they are
strongly colored due to the presence of dyes
that do not bind to the fiber during the dyeing
process (Kunzet al., 2002; Favere et al., 2010;

Salvador et al., 2012). According to Sousa
and Zamora (2005), the fact that they use
large amounts of water associated with the
low utilization of the inputs (dyes, detergents,
gummings, softeners and others), makes the
textile industry responsible for the large
generation of waste volumes, with high
organic load and strong staining. Dyes and
pigments are compounds widely used in the
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textile, food, paper, pharmaceutical, cosmetic
and
other
industries
(Beydilli
and
Pavlostathis, 2005). Among these the azo
dyes, composing 70% of the dyes produced in
this way, having a great participation in the
contamination of aquatic effluents (Barreto et
al., 2011). These azo dyes can be transformed
or degraded by a variety of microorganisms,
including aerobic and anaerobic bacteria and
fungi (Banatet al., 1996; Chang and Kuo,
2000; Singh et al., 2014).

The objective of this study was to discolor
azo reactive dye by the physical-chemical
method of adsorption by activated carbon and
by biological adsorbent through the
biosorption technique, analyzing the effect of
carbon sources on biomass production by
Aspergillus niger and its application in
discoloration and degradation of the orange
dye azole II.

However, recent studies indicate that some
factors may influence the removal of
synthetic dyes during the activity of microbial
discoloration. They are nutritional factors
(carbon and nitrogen sources) and physical
(temperature, pH and agitation) that can affect
the degradation of azo dyes (Mielgo et al.,
2001; Singh et al., 2014).

Microorganism and maintenance media

One of the main physicochemical techniques
used in the removal of dye substances is
adsorption, a phenomenon of mass transfer of
a solute (adsorbate), present in a fluid phase,
to the porous surface of a solid phase
(adsorbent), through physical or chemical
interaction of the molecules of the solute with
the surface of the adsorbent (solid)
(Conceição and Freire, 2013).
Recently, several researches have indicated
that fungi have the ability to discolor and
remove textile dyes by biosorption (Peixoto et
al., 2013). Aspergillus niger is a haploid
filamentous fungus, found in soil, plants and
air, considered one of the most important
microorganisms used in biotechnology. Niger
species have proven efficiency in the
degradation
of
recalcitrant
effluent
compounds from various industries such as
pharmaceuticals, olive oil, breweries, among
others (Santaella et al., 2009; Deepika et al.,
2014). Also its characteristic is the use of
dyes as substrate turning them into non-toxic
compounds, or of low toxicity.

Materials and Methods

The Aspergillus niger UCP 1353, isolated
from the Caatinga soil of Pernambuco, was
kept in test tubes containing Sabouraud
culture medium (SAB) stored at 5°C. Samples
were inoculated into Petri dishes containing
the SAB medium for preparation of the preinoculum for 7 days at 28°C.
After this interval, the spores were collected,
with the aid of sterile swabs, previously
moistened with sterile water, and the number
of spores in Neubauer's chamber was
determined. Aliquots of 10mL spore
suspension containing 107 spores / mL were
used as pre-inoculum.
Determination of biomass production by
Aspergillusniger
The microorganism was inoculated in 100mL
of SAB liquid medium containing different
sources of carbon g.L-1 (glucose 20g and milk
whey, 5, 10 and 15mL) and nitrogen (peptone
10g and glutamic acid 1g), samples of
mycelium collected after 96 hours, were
washed twice with distilled and deionized ice
water and subjected to the lyophilization
process, and then kept in vacuum desiccator
until constant weight. The dry weight value
was used to establish the graph corresponding
to the amount of biomass produced in each
medium.
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Inactivation of mycelium

(1)

The mycelium obtained from the carbon and
nitrogen sources analysis process was
inactivated using 1% formaldehyde solution
(Faraco et al., 2009). After inactivation the
mycelium was kept in a water bath (100°C)
for two hours, and then filtered and washed
twice with distilled water and incubated
(50°C) for 24 hours to dry the inactivated
biomass. It was then macerated with the help
of a pistil and passed through 1mm
granulometric screens to standardize the
particle size.
Adsorption kinetics
Different amounts of the inactivated
mycelium, 0.1, 0.2, 0.3, 0.4, and 0.5g were
added in 250ml Erlenmeyer’s flasks
containing 100ml of the orange dye solution
II (0.025mM) of an initial dye concentration
of 8.8mg.L-1, and active carbon tests under
the same conditions were performed to
compare the discoloration. The pH of the
solutions was measured in potentiometer at
the beginning and at the end of the process,
with no variation remaining in the range of
5.0 for the control and all the tests performed.
The solutions were incubated in shaker
(150rpm, 28°C) in the absence of light. For
the discoloration kinetics study, 2mL aliquots
were collected and centrifuged at 9000 rpm
for 6 min at 8, 12, and 24 hour intervals, and
the control of the experiment was prepared
without the mycelium and all the experiments
performed in duplicate.
All absorbance readings were performed on
UV-Visible spectrophotometer (Spectronic
Genesis II) at wavelength of 485 nm
(Ambrósio et al., 2012).
Removal of the dye was calculated by the
following equation (Gupta et al., 2011).

Where“Abs sample” represents the value of
absorbance found after treatment and “Abs
control” the value of the absorbance found of
the reference solution.
Orange dye calibration curve II
The Table 1 shows the dilutions used to
obtain the orange dye calibration curve, the
dye volume that was used for each dilution,
starting from a volume of 2mL, and the
absorbance values. By these values the
calibration curve was obtained and the
equation of the line for the dye Orange II
(Figure 1).
For the determination of the volume to be
removed from the stock concentration of the
orange solution II for the most diluted
solution for the preparation of the calibration
curve the following calculation was
performed:
C stock x V stock = C1 x V1 (2)
Where “C” stock is the initial concentration of
the orange dye solution II (8.8 mg.L-1), the
“V” stock represents the desired volume of
the stock solution of the dye for each dilution,
“C1” the desired concentration of the dye for
each dilution and “V1” indicates the volume
of the solution (2 mL).
Using the spectrophotometer adsorption
values, the equation of the line was obtained
to calculate the concentration of the dye in the
water:
(3)
Where “y” is the absorbance value in
spectrophotometer, and “x” is concentration
of dye in water.
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Calculation of the adsorption capacity “q”
(mg.g-1)
To determine the adsorption of dye by mass
of adsorbent at any time, the equation:

Figures 4 and 5 show the dye concentration
curves and the adsorption capacity of the dye
in the solid phase for a given amount of the
biosorbent, respectively, for each time instant.
Figure 5 represents the value of the solute
concentration in the solid phase for a given
amount of biomass at a given instant.

(4)
Where the “q” is the concentration of solute
in the solid phase of adsorption capacity
(mg.g-1), the “C0” the initial concentration of
solute in the liquid phase (mg.L-1), the
“C”concentration at any given instant, the m
represents the amount of adsorbent used, the
“m” represents the amount of adsorbent used
and the “V” is the volume da solution.
By the difference between the initial solute
concentration in the liquid phase “C0” (8,
8mg.L-1) and the concentration at a given time
"C", it is possible to determine how much was
removed from the dye by the adsorbent.
Results and Discussion
Biomass Production
Figure 2 shows the amount of biomass
produced by Aspergillus niger for each
residue concentration in the medium after the
96 hour period.
Dye removal values and experimental "q" for
the bioadsorbent.
Figure 3 shows the percentage amount that
was removed from the dye azo for each test
performed at a given time point by the fungal
biomass.
Table 2 shows the values obtained for the
removal of Orange II, the reduction of the
concentration in the solution, the amount of
dye removed and dye accumulation by
amount of the biosorbent (q) for each test
performed at a given time point.

Dye removal values and experimental "q"
for adsorbent activated carbon
Figure 6 shows the removal of the orange dye
II for each of the tests performed with
activated charcoal at a given time point.
Table 3 presents the values of the
concentration of the dye in the solution, the
concentration of the dye removed, the value
of q and the removal of the color for each test
performed at each time point of the adsorbent
activated carbon.
Figure 7 shows the calibration curves for the
reactive Azo concentration for the tests
conducted over time for the activated carbon.
Figure 8 illustrates the sorption capacity of
the solute for a given amount of active carbon
in a given time. The use of different sources
of carbon for biomass production by the
isolated fungus Aspergillus niger showed that
the residue whey influenced the increase of
the biomass yield being corresponding to the
concentration (Figure 2). Values of 94.1 g.L-1
of biomass were obtained at the end of 96
hours of cultivation, being 79.3% more in
relation to glucose.
In the fermentative processes for the
production of biomass, the most important
factors are the choice of the microorganism
and the culture medium, the first in terms of
its enzymatic arsenal (metabolism) and
consequently the ability to synthesize the
target product, the second, to enable and
direct the metabolic pathways, resulting in
possible yield changes (Melo et al., 2017).
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Table.1 Calculation of the standards for calibration curve of orange dye II
Itended

SM Pipetting

Absorbance

C1 (mg.L-1)

V1 (mL)

Cstock (mg.L-1)

V stock (mL)

Abs

8.8

2

8.8

2

0.606

7.8

2

8.8

1.77

0.532

6.8

2

8.8

1.54

0.432

5.8

2

8.8

1.32

0.427

4.8

2

8.8

1.09

0.339

3.8

2

8.8

0.95

0.29

2.8

2

8.8

0.64

0.202

1.8

2

8.8

0.41

0.134

0.8

2

8.8

0.18

0.059

Table.2 Concentrations of dye in the solution and removed, q experimental and percentage of
removal for each in different time interval and biomass
T (hours)

Biomass
(g)

Dye in
solution
(mg.L-1)

Removed
dye
(mg.L-1)

q exp
(mg.g-1)

Removal
(%)

0
8
12
24
8
12
24
8
12
24
8
12
24
8
12
24

0
0.1
0.1
0.1
0.2
0.2
0.2
0.3
0.3
0.3
0.4
0.4
0.4
0.5
0.5
0.5

8.8
7.25
6.93
6.54
6.38
6.04
6.06
4.45
4.38
4.21
3.75
3.64
3.56
3.41
3.26
2.93

0
1.55
1.87
2.26
2.42
2.76
2.74
4.35
4.42
4.59
5.05
5.16
5.24
5.39
5.54
5.87

0
1.55
1.87
2.26
1.21
1.38
1.37
1.45
1.47
1.53
1.01
1.29
1.31
1.08
1.11
1.17

0.00
18.90
22.37
26.58
28.27
31.99
31.74
49.92
51.78
49.19
58.80
57.92
56.79
65.59
62.04
60.42
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Table.3 Concentrations of dye in the solution and removed, q experimental and percentage of
removal for each in different time interval and active carbon
t(hours)

Mass
(g)

Dye in solution
(mg.L-1)

0
8
12
24
8
12
24
8
12
24
8
12
24
8
12
24

0
0.1
0.1
0.1
0.2
0.2
0.2
0.3
0.3
0.3
0.4
0.4
0.4
0.5
0.5
0.5

8.8
2.49
0.99
0.00
0.74
0.00
0.00
0.34
0.00
0.00
0.35
0.00
0.00
0.00
0.00
0.00

Dye removed
(mg.L-1)
0
6.3
7.8
8.8
8.1
8.8
8.8
8.5
8.8
8.8
8.4
8.8
8.8
8.8
8.8
8.8

Fig.1 Orange dye calibration curve II
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q exp
(mg.g-1)
0
6.31
7.81
8.8
4.03
4.4
4.4
2.82
2.93
2.93
2.11
2.2
2.2
1.76
1.76
1.76

Removal
(%)
0
70.44
86.59
100.00
89.34
98.06
100.00
93.70
98.55
100.00
93.54
100.00
100.00
99.35
100.00
100.00
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Fig.2 Production of biomass in the absence and presence of agroindustrial residue
in different concentrations

Fig.3 Efficiency of removal of the orange dye II, in a determined amount of
biomass for a given time instant
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Fig.4 Concentration of dye in the solution for a given amount of biomass at a given instant

Fig.5 Value of the solute concentration in the solid phase for a given amount of
biomass at a given instant
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Fig.6 Efficiency of removal of the orange dye azo II for a determined amount of
activated carbon at a certain instant of time

Fig.7 Dye concentration in the solution for a given amount of activated carbon at a given instant
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Fig.8 Value of solute concentration in the solid phase for a determined amount of active carbon
at a given time

Fig.9 Comparison of the discoloration in relation to the control (1) by the bioadsorbent (2) and
activated charcoal (3)

Agroindustrial residues in crop media in general
should contain fermentable macronutrients
(metabolically assimilated by microorganisms),
with the proportions of carbon (energy) and
nitrogen sources being the most significant, in
addition, micronutrients and growth factors, in
general, essential for microbial development
(Meloet al., 2017). The physical-chemical
adsorption of activated carbon and biological
adsorbents through the biosorption technique in
the discoloration of the azo dye Orange II
presented in figures 3 and 6, show that the use
of biomass allowed a reduction of 66%

discoloration for the concentration of 0.5 g.L-1
of the biomass in 8h of contact but when
compared to activated carbon this demonstrated
a greater efficiency of dye removal with 99% of
discoloration at the same time of contact.
The dye removal efficiency increased with
increasing concentrations of the adsorbent used.
It is verified that for the fungal biomass figure
4, the concentration of the dye decreased in the
first 8 hours, stabilizing from that time. As for
activated charcoal in the same period this
reduced almost completely the concentration of
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the dye, reaching the total reduction at the end
of the 24 hours of experiment figure 7.
In relation to the biosorption capacity "q", and
the concentration of the solute adsorbed by the
biomass mg.g-1 at a given time (Figure 5), it was
verified that the concentration of dye in the
biosorbent fungi increased during the 24 hours
tested presenting the best result of 2.26 mg.g-1
with 0.1g of biomass, while the worst result was
for the solution of 0.5 g of biomass with better
performance in 8 hours with 1.17 mg.g-1
showing a small reduction with over time, as for
the other trials they obtained their best yields in
the time of 12 hours.
The adsorbate adsorption adsorbent (q), with
8.8 mg.g-1 dye per gram of charcoal after 24
hours, was also found to be the best adsorption
capacity of the adsorbate. Some authors
interpret that the maximum adsorption capacity
decreases because the increase in adsorbent
concentration has interference between the
binding sites (Gadd and White, 1989).
Observing Figure 9, it can be seen visually that
the activated carbon has superior capacity to
remove the color of the orange dye II in relation
to the fungal biomass. Activated charcoal is
described with an effective adsorbent for
processes for the treatment of effluent
contaminants such as reactive dyes, basic dyes
and azide dyes. However, it should be noted
that this adsorbent presents a high cost of
regeneration (Soares et al., 2014).
Although it has been demonstrated that the use
of fungic biomass as biosorbents for the orange
reactive azo dye II in effluent treatment
processes is lower than the adsorbent activated
carbon, the application of this biosorbent can be
made possible by the reduction of production
costs. Natural waste from industry and
agriculture represents alternative sources widely
available for the formulation of fermentative
media for microorganism cultivation and thus
provide a high economic potential (Aksu et al.,
2010).
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