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Abstract: From an industrial point of view, the use of microorganisms as a wastewater bioremediation
practice represents a sustainable and economic alternative for conventional treatments. In this work,
we investigated the starch bioremediation of paper mill wastewater (PMW) with Aspergillus oryzae.
This amylase-producing fungus was tested in submerged fermentation technology (SmF) and solid-
state fermentation (SSF) on rice hulls. The tests were conducted to assay the concentration of the
reducing sugars on paper mill wastewater. The bioremediation of starch in the wastewater was
carried out by A. oryzae, which proved capable of growing in this complex media as well as expressing
its amylase activity.

Keywords: Aspergillus oryzae; rice hull; paper mill wastewater; bioremediation; amylase; solid-state
fermentation (SSF)

1. Introduction

Climate change, together with the growing population expected over the coming
years, makes food production a crucial issue. In this context, prevention and minimization
of food waste are recognized as key actions [1]. In addition, food waste is highly polluting
as it leads to the misuse of resources and significant greenhouse gas emission levels. To
address these issues, the adoption of the biorefinery concept (circular economy approach),
particularly strengthening the agri-food waste biorefinery, is a strategic point not only
to make the cost of the process economical but also to reduce the pressure on natural
resources [2,3]. There is no explicit mention or definition of the valorization of food supply
chain waste in the Waste Framework Directive. However, the objective of using waste for
value-added production comes within the spirit of the directive [4,5].

A circular economy provides a different flow model, where no resources are wasted;
on contrary, they are considered as feedstocks. In particular, open-loop material flow
patterns bring new supplies of secondary materials into the raw material pool that can be
reclaimed by other industries [6,7]. Rice hulls are the largest by-product of rice milling in
producing countries and most of them are thrown away as a waste byproduct, which will
undoubtedly have too many negative influences on the global environment. Worldwide
production amounts to approximately 100 million tonnes per year [8]. Rice hulls, the
lignocellulosic outer coats of rice, have been only considered as combustible to recover
energy or animal bedding, because of their low nutritive value as animal feed [9]. Although
rice hulls have long been identified as a source for energy production, experiences from
large-scale rice husk firing are quite limited, because of the high quantity of ash (about
20%) [10].
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Many efforts have been made to use rice hulls as feedstock to produce fermentable
sugars, followed by ethanol fermentation, but the application on large scale is still affected
by the out-of-market costs of pretreatments and saccharification [9]. The pretreatment pro-
cess is considered the most expensive step in the valorization of lignocellulosic byproducts,
where it can contribute to about 30% of the total cost. In fact, even those experiences have
demonstrated that rice hulls can be more conveniently re-used as untreated material [11].
For example, promising research has been carried out on the use of rice hulls, as well as
other agricultural lignocellulosic waste, as inexpensive and efficient biosorbent for heavy
metals removal from contaminated wastewater [12]. From this perspective, rice hulls
have also been used as solid support for the production of various fermented products
and enzymes by solid-state fermentation (SSF) [13]. SSF is defined as the cultivation of
microorganisms on inert carriers or on insoluble substrates that can, in addition, be used as
carbon and energy source. The fermentation takes place in the absence or near absence of
free water, thus being close to the natural environment to which microorganisms, especially
fungi, are adapted [14].

SSF aims to bring the cultivated fungi or bacteria into tight contact with the insoluble
substrate and thus to achieve the highest substrate concentrations for fermentation [15].
This technology results, although so far only on a small scale, in several processing ad-
vantages of significant potential economic and ecological importance as compared with
submerged fermentation. SSF holds tremendous potential to produce enzymes, as amy-
lases, proteases, or extracellular lipases by fungal strains belonging to the genus Aspergillus.
Several experiences have been reported on the production of amylase and glucosidase by
Aspergillus niger from sugarcane bagasse, corn cobs and rice hulls using SSF [16], production
of amylase by Aspergillus oryzae on spent brewing grain as solid substrate in SSF [17].

In this work, rice hulls have been used as support for SSF of the amylase-producing
Aspergillus oryzae to verify the feasibility to add an amount of dried powder of A. oryzae
adherent on rice hulls, as an additive in starch-containing wastewater treatments from
pulp-and-paper mill [18]. Starch is presently the third most prevalent component by weight
in papermaking, only surpassed by cellulose fiber and mineral pigments. It is used as a
flocculant and retention aid, as a bonding agent, as a surface size, as a binder for coatings,
and as an adhesive in corrugated board, laminated grades, writing paper, and other prod-
ucts. The starch-containing effluents generated by the papermaking industry are usually
destined for the anaerobic digestion process or degraded by aerobes microorganisms in
fluidized bed bioreactors. In this context, simple and low-cost strategies for accelerating
starch digestion are desirable before both anaerobic and aerobic effluent treatments.

In a wider perspective, this application could represent a promising example of in-
dustrial symbiosis, where agri-food waste valorization can become the point of connection
between two different supply chains, in which one company’s waste is used as raw material
by another company.

2. Materials and Methods
2.1. Microorganism and Its Maintenance

Aspergillus oryzae DSM 1862 belongs to the collection of microorganisms of the Life
Sciences and Biotechnology Department of the University of Ferrara and was purchased
from the DSMZ (Leibniz Institute DSMZ-German Collection of Microorganisms and Cell
Cultures GmbH, Braunschweig, Germany) company. It was propagated in potato dextrose
agar medium (DIFCO, Wuerzburg, Germany), containing dextrose, 20 g/L, potato extract,
4 g/L, agar, 15 g/L added with chloramphenicol (Merck, Berlin, Germany), 50 mg/L for
72 h at 30 ◦C and stored in Petri dishes at 4 ◦C [19]. Amylase (CAS: 9000-90-2) lyophilized
powder, ≥100 units/mg protein, was purchased from Merck, Berlin, Germany.

2.2. Inoculum Preparation

The liquid medium flasks (20 mL final volume) were inoculated with fungal cultures
grown on PDA plates supplemented with chloramphenicol by aseptically transferring a
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block of mycelium and spores (5 × 5 mm2 area) of the plate culture into the flasks [20].
Three different growth media were tested: PDB medium (DIFCO, Wuerzburg, Germany)
having the same composition as the PDA but without agar; malt extract medium (DIFCO,
Wuerzburg, Germany) containing malt extract, 6 g/L, maltose, 1.8 g/L, dextrose, 6 g/L, and
yeast extract, 1.2 g/L; paper mill wastewater, supplied by a local company. The cultures
were incubated at 28 ◦C, 120 rpm for up to 96 h. All tests were carried out in triplicate for
statistical significance.

2.3. Evaluation of Enzymatic Activity

From 20 mL inoculated flasks, 1 mL of the supernatant was taken immediately after
inoculum and every 24 h until 72 h of growth. (NH4)2SO4 sodium (657 mg) was added to
each sample, once solubilized, the suspension was centrifuged (5600 RCF, 10 min). The
precipitates were immediately resuspended in 10 mL of 100 mM acetate buffer containing
0.25% of starch at pH 5. Reaction samples (1 mL) were taken starting from T0 (immediately
after adding the enzyme), after 6 h, and every 24 h up to 72 h. The same enzymatic reaction
protocol was applied to 10 mL of paper mill water instead of the solution containing starch.
All tests were carried out in triplicate for statistical significance. All the collected samples
were analyzed by the DNS assay for the quantification of reducing sugars.

2.3.1. Dinitrosalicylic Acid Method (DNS)

DNS reagent was prepared by dissolving dinitrosalicylic acid (0.2 g, 0.88 mmol),
phenol (0.04 g, 0.42 mmol), sodium thiosulfate (0.01 g, 0.04 mmol) and sodium-potassium
tartrate (4.0 g, 14.2 mmol) in 10 mL of NaOH 2% (W/V). Distilled water was added to this
solution to a final volume of 20 mL.

For determination of reducing sugars, 2 mL of DNS reagent and 500 µL of distilled
water were added to 500 µL of enzymatic reaction sample. The mixture was brought to a
boil for 5 min and left to cool at RT. The absorbance was measured at 540 nm in a Shimadzu
UV-1601 spectrophotometer.

The concentration of reducing sugars produced was calculated by comparison with
the previously constructed calibration curve.

2.3.2. Solid-State Fermentation (SSF): Substrate Preparation

Fifty mililiter Erlenmeyer flasks containing 1 g of rice hulls were autoclaved (121 ◦C
for 20 min). After cooling, the moisture content of rice hulls was brought up to 60% by the
addition of 0.6 mL of a sterile water solution of KH2PO4 2 g/L, NaCl 1 g/L, MgSO4, and
7H2O 1 g/L.

2.3.3. Solid-State Fermentation (SSF): Inoculum Preparation

Two different types of inocula were used: the first consisted of 1 mL of spore suspen-
sion (S) obtained by spraying 10 mL of sterile 0.1% Tween-80 solution on 7-day-old PDA
Petri dishes containing A. oryzae. One milliliter of spore suspension was used to inoculate
50 mL Erlenmeyer flasks containing 1 g of rice hulls. The number of spores was quantified
by carrying out serial dilutions and seeding 0.1 mL of each one on the PDA plate. Petri
dishes were incubated for 4 days at 28 ◦C and then counted to establish the starting load.

The second type of inoculum consists of the supernatant of submerged liquid fermen-
tation (SLF) and was obtained as follows: 6-day-old Petri dishes grown in PDA medium
supplemented with chloramphenicol were used to inoculate a 50 mL Erlenmeyer flask
containing 20 mL of PDB medium. After 4 days of growth, 1 mL of the medium was
directly added to the rice hulls. The count of starting colonies was made following the
same protocol used for spore suspension.

2.3.4. Solid-State Fermentation (SSF): Fermentation Conditions

For both inocula, the cultures were grown for 3, 5, 7, and 10 days. After fermentation,
each SSF was resuspended in 10 mL of previously sterilized physiological solution and left
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to stir at 100 rpm, RT for 2 h. One milliliter of suspension was then withdrawn, and the final
microbial load (expressed in CFU/mL) was quantified by carrying out serial dilutions and
seeding 0.1 mL of each one on PDA plates. Petri dishes were incubated for 4 days at 28 ◦C
and then counted to establish the final microbial load. For the fermentation that provided
the best microbial load, a subsequent drying step was carried out bringing the temperature
to 45 ◦C for 48 h. All tests were carried out in triplicate for statistical significance. The
relative standard deviation value for statistical analysis was also reported.

2.3.5. Solid-State Fermentation (SSF): Enzymatic Reaction on Paper Mill Water

After 6 days of Aspergillus oryzae growth of Petri dishes in PDA medium, a block of
mycelium and spores (5 × 5 mm2 area) of the plate culture with the fungus was used to
inoculate a 50 mL Erlenmeyer flask containing 20 mL of PDB medium. The cultures were
incubated at 28 ◦C, 120 rpm for up to 96 h. One milliliter of the supernatant was used to
inoculate 50 mL Erlenmeyer flasks containing 1 g of sterile rice hulls added with 3 mL of
a sterile water solution of KH2PO4 2 g/L, NaCl 1 g/L, and MgSO4 × 7 H2O 1 g/L. The
SSF was maintained in static conditions, at 28 ◦C for 10 days, and was then inoculated
in 100 mL of paper mill water and kept under stirring at 100 rpm, 28 ◦C for 5 days. One
milliliter of the supernatant was withdrawn and 657 mg of (NH4)2SO4 sodium was added.
Once solubilized, the suspension was centrifuged (5600 RCF, 10 min). The precipitates
were immediately resuspended in 10 mL of paper mill water. In the case of the addition of
amylase, 100 U was added to the reaction. Reaction samples were taken starting from T0,
every 24 h up to 72 h. All tests were carried out in triplicate for statistical significance. The
relative standard deviation value for statistical analysis was also reported. All the collected
samples were analyzed by the DNS assay for the quantification of reducing sugars.

3. Results and Discussion

Aspergillus oryzae was selected as α-amylase-producer fungal strain for bioremediation
pretreatment of starch from the paper mill wastewater. The wastewater used was derived
from several processes of the pulp and paper industry. Thus, its characteristics depend on
the type of process, type of wood materials, process technology involved, management
practices, internal recirculation of the effluent for recovery, and the amount of water to
be used in the specific process [21]. Mandal et al. reported the pH, TS, SS, BOD5, COD,
and color characteristics of wastewater at various pulp and paper processes [22]. In
this work, we aimed to exploit the amylase activity of A. oryzae for the pretreatment of
starch-containing wastewater. The pretreatment of the wastewater (in this case proposed
through a biotechnological process) is necessary as a preliminary step that precedes the
generally employed “fluidized bed reactors” bioremediation [23,24]. In particular, the
purpose of this work was to evaluate the feasibility of using Aspergillus oryzae to eliminate
starch from paper mill wastewater, proposing a bioremediation approach as pre-treatment
(elimination of starch) of the wastewater given its subsequent further remediation steps.
In the experimental design, the stringent operational needs—typical of the industry—
were considered. To this end, attention was given to the amylase effect of the fungus in
the wastewater, more than on the characteristics of the wastewater itself, or the fungal
growth (which is, from an industrial point of view, assumed because of the observations
of amylase activity). As mentioned, the composition of the wastewater undergoes great
fluctuations in its composition due to various variables related to the paper processing
processes. Our study, therefore, focused on the evaluation of the capacity of Aspergillus in
the elimination of starch present in the wastewater. To do this, we decided to embrace the
principles of the circular economy, using a production waste such as the rice hull, which,
in this context, represented a raw material having a solid support role for the growth of
Aspergillus, allowing us to obtain biomass through solid-state fermentation processes (SSF).
Figure 1 reports the experimental strategy for the study of the pretreatment bioremediation
feasibility by A. oryzae.
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Firstly, the amylase activity of A. oryzae was tested with a submerged liquid fermenta-
tion technology (SmF). The preliminary steps of Aspergillus growth in submerged culture
allowed us to test the effect that starch could have on the growth of the fungus and, con-
sequently, on the production of amylase, as evidence of the observed hydrolysis of the
starch supplied as a standard substrate. In a controlled context such as that of SmF, we
were able to study the effects of the presence or absence of starch. Furthermore, we tested
the system starting from a growth medium represented by the paper mill wastewater itself.
The observations obtained justified the subsequent experiments allowing us to develop the
SSF process. Therefore, solid-state fermentation (SSF) tests were conducted changing the
inoculum type. In this experimental design, the dried inoculated rice hull will act as an
additive for the bioremediation of starch in paper mill wastewater.

3.1. Preliminary Experiments: Amylase Activity Assays

The amylase activity of A. oryzae was preliminarily tested in SmF. DNS assays were
performed for the quantification of reducing sugars. The indirect estimation of the amylase
activity of A. oryzae, growth on malt medium, paper mill wastewater, and PDB, was tested
on standard starch and paper mill wastewater (with and without STD starch).

The first test aimed to assess the ability of A. oryzae of growing independently by the
presence or absence of starch in the media, testing the flexibility of this microorganism
for bioremediation purposes. Therefore, two standard-medium (malt medium and potato
dextrose broth—PDB), as well as the paper mill wastewater, were tested for the Aspergillus
growth. The exoenzymes were purified and the amylase activity was tested on known
quantities of standard starch. The results are shown in Figure 2.



Fermentation 2021, 7, 317 6 of 9

Fermentation 2021, 7, x FOR PEER REVIEW 6 of 9 
 

 

3.1. Preliminary Experiments: Amylase Activity Assays 
The amylase activity of A. oryzae was preliminarily tested in SmF. DNS assays were 

performed for the quantification of reducing sugars. The indirect estimation of the amyl-
ase activity of A. oryzae, growth on malt medium, paper mill wastewater, and PDB, was 
tested on standard starch and paper mill wastewater (with and without STD starch). 

The first test aimed to assess the ability of A. oryzae of growing independently by the 
presence or absence of starch in the media, testing the flexibility of this microorganism for 
bioremediation purposes. Therefore, two standard-medium (malt medium and potato 
dextrose broth—PDB), as well as the paper mill wastewater, were tested for the Aspergillus 
growth. The exoenzymes were purified and the amylase activity was tested on known 
quantities of standard starch. The results are shown in Figure 2. 

 
Figure 2. Effect of starch presence (paper mill wastewater and PDB) or absence (malt medium) on 
the concentration of reducing sugars. Assay of the reducing sugars after the hydrolysis of standard 
starch conducted with the purified enzymes from A. oryzae grown on PMW, PDB, and malt medium. 

In our experimental design, we decided to exploit the parameter concerning the pres-
ence of reducing sugars, resulting from the hydrolytic activity of Aspergillus against starch. 
This parameter directed our experimental choices, allowing us to deduce the growth or 
not of A. oryzae as a function of the metabolic activity we found (specifically, its amylase 
activity). The industrial needs, which have guided our work, focused our attention on the 
feasibility of starch bioremediation by Aspergillus, justifying amylase activity as a key fea-
ture of the study of the process. As reported in Figure 2, the growth of A. oryzae seems to 
be not directly dependent on the presence of starch in the growth medium. Indeed, the 
quantity of reducing sugars, derived by the amylase activity of A. oryzae growth in pres-
ence of starch, or in its absence (malt medium), are comparable. However, in paper mill 
wastewater, the concentration of reducing sugars is higher in less time. In this context, 
probably, the presence of starch and additives in the paper mill wastewater could enhance 
the metabolic pathways of the expression of amylase. Moreover, essential for this work, 
the growth of Aspergillus is not hindered by a complex growth medium such as the paper 
mill wastewater. 

Once the ability of the fungus to grow on paper mill wastewater was tested, as well 
as its production of amylase in this medium, the hydrolytic capacity of the enzymes pro-
duced by the fungus was evaluated, not on starch standards, but against the starches pre-
sent in the paper mill itself. The results are shown in Figure 3. 

0 20 40 60 80
0

1

2

3

Incubation Time (h)

Re
du

ci
ng

 S
ug

ar
s 

(g
/L

)

Malt Medium

Paper Mill Wastewater

PDB

Figure 2. Effect of starch presence (paper mill wastewater and PDB) or absence (malt medium) on
the concentration of reducing sugars. Assay of the reducing sugars after the hydrolysis of standard
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In our experimental design, we decided to exploit the parameter concerning the
presence of reducing sugars, resulting from the hydrolytic activity of Aspergillus against
starch. This parameter directed our experimental choices, allowing us to deduce the growth
or not of A. oryzae as a function of the metabolic activity we found (specifically, its amylase
activity). The industrial needs, which have guided our work, focused our attention on
the feasibility of starch bioremediation by Aspergillus, justifying amylase activity as a key
feature of the study of the process. As reported in Figure 2, the growth of A. oryzae seems
to be not directly dependent on the presence of starch in the growth medium. Indeed,
the quantity of reducing sugars, derived by the amylase activity of A. oryzae growth in
presence of starch, or in its absence (malt medium), are comparable. However, in paper
mill wastewater, the concentration of reducing sugars is higher in less time. In this context,
probably, the presence of starch and additives in the paper mill wastewater could enhance
the metabolic pathways of the expression of amylase. Moreover, essential for this work,
the growth of Aspergillus is not hindered by a complex growth medium such as the paper
mill wastewater.

Once the ability of the fungus to grow on paper mill wastewater was tested, as well as
its production of amylase in this medium, the hydrolytic capacity of the enzymes produced
by the fungus was evaluated, not on starch standards, but against the starches present in
the paper mill itself. The results are shown in Figure 3.
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As reported in Figure 3, A. oryzae has proven capable of biodegrading the starches
present in the paper mill wastewater. In just 6 h, the amount of reducing sugars found in
the medium amounted to 1.6 g/L.

3.2. Solid-State Fermentation (SSF)

The physiological and genetic properties of the microorganisms could make SSF
advantageous against SmF biotechnology [13]. Thus, we tested the SSF of A. oryzae starting
with the choice of the right inoculum strategy. Furthermore, the SSF is the best strategy of
bioremediation from an industrial point of view.
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The solid rice hull was inoculated with the supernatant of A. oryzae growth in SmF
(paper mill wastewater) compared to the inoculum of physiological solution in contact with
the fungus growth on Petri dishes. To assay the effectiveness of the respective inocula, both
suspensions, derived from SmF and Petri dishes, were collected for the CFU quantification.
The CFU/mL were, respectively, 3 × 106 and 3 × 104.

The two inocula were used in the SSF of the A. oryzae rice hull. Several incubation
times, 3 to 10 days, were tested. The results concerning the CFU/g of rice hull are shown
in Table 1.

Table 1. CFU/g of rice hull for several incubation times. Inoculum strategies tested: SmF and Petri
dishes. The results are shown as average, and the standard deviation is shown.

Days
CFU/g rice hull

SmF Petri Dishes

3 8 × 105 ± 0.03 3 × 104 ± 0.04
5 3 × 106 ± 0.05 5 × 104 ± 0.05
7 4 × 107 ± 0.04 5 × 105 ± 0.03
10 4 × 108 ± 0.03 5 × 106 ± 0.02

As reported in Table 1, the most interesting inoculation method, at 10 days, is the
inoculation from SmF. Although the SmF inoculum has fewer initial CFUs, it proved to
be the best on analysis after 10 days. This is due to the presence of active fungi in the
SmF inoculum, rather than the Petri dish inoculum. In fact, in the latter, only spores
of the fungus are present, which typically need more time for the regeneration of the
metabolically active fungus [25]. Furthermore, this is an advantage from the industrial
point of view, where the management of a liquid inoculum does not determine obstacles in
process development.

In the industrial management of the solid-state fermented product for bioremediation
purposes, its use in dry form is interesting. Although the normal moisture content of the
SSF is 80%, for the storage and use of Aspergillus on rice hulls in an industrial context
the dry form is the most advantageous in terms of process management. Therefore, we
tested the capacity of Aspergillus oryzae of producing amylase in paper mill wastewater
also after a drying step. The test involved the quantification of reducing sugars as evidence
of the amylase activity. In 6 h, 1.3 ± 0.2 g/L of reducing sugars were found as proof of
maintained amylase activity.

Finally, the SSF was tested in paper mill wastewater. The reducing sugars concentra-
tion was assessed after 72 h of treatment. The results are shown in Figure 4.

Fermentation 2021, 7, x FOR PEER REVIEW 8 of 9 
 

 

also after a drying step. The test involved the quantification of reducing sugars as evi-
dence of the amylase activity. In 6 h, 1.3 ± 0.2 g/L of reducing sugars were found as proof 
of maintained amylase activity. 

Finally, the SSF was tested in paper mill wastewater. The reducing sugars concentra-
tion was assessed after 72 h of treatment. The results are shown in Figure 4. 

 
Figure 4. Effect of A. oryzae on the starch bioremediation of paper mill wastewater (72 h of incuba-
tion). C–, untreated PMW; C+, PMW treated with amylase STD. 

In the results shown in Figure 4, the negative control refers to untreated paper mill 
wastewater. As expected, no reducing sugars were found. Indeed, in this context, the ab-
sence of A. oryzae and the following lack of amylase in the PMW suggest that no reducing 
sugars were found (except for those naturally present in the paper mill wastewater). On 
the contrary, reducing sugars were found when commercial amylase was added to the 
wastewater (as reported with positive control). This testifies that, in the PMW, starch is 
present and can be a substrate of the commercial amylase provided, validating the exper-
imental design. If A. oryzae is supplied to the wastewater, it produces amylase which al-
lows it to use the reducing sugars obtained from the hydrolysis of starch as a carbon 
source for its cellular metabolism. To evaluate this observation, the last column refers to 
the treatment of paper mill wastewater with Aspergillus and commercial amylase. The ab-
sence of reducing sugars supports that these are exploited by Aspergillus as metabolic sub-
strates. 

4. Conclusions 
Aspergillus oryzae is a fungal strain widely exploited as an amylase producer. In this 

work, we aimed to study and test this fungus for the bioremediation of starch in industrial 
paper mill wastewater. For this purpose, submerged fermentation technologies (SmF) and 
solid-state fermentation (SSF) were studied. A. oryzae was found to grow on non-conven-
tional media such as the paper mill wastewater. The SSF of A. oryzae was performed on 
rice hulls. In the bioremediation (as pretreatment) of paper mill wastewater, to remove 
starch, the fungus maintains its amylase activity and uses reducing sugars as metabolic 
substrates. This study opens new perspectives for the bioremediation of industrial efflu-
ents such as pulp-and-paper mill wastewater using A. oryzae. 

Author Contributions: Conceptualization, S.C. and E.T.; methodology, S.C.; validation, S.C., E.T. 
and R.B.; investigation, S.C, F.Z. and D.S.; writing—original draft preparation, F.Z. and E.T.; writ-
ing—review and editing, F.Z. and E.T. All authors have read and agreed to the published version 
of the manuscript. 

Funding: This research article was funded by FLAG 2019. 

Institutional Review Board Statement: Not applicable. 

C– C+

A. o
ryz

ae

A. o
ryz

ae
 + Amyla

se
0

1

2

3

Re
du

ci
ng

 S
ug

ar
s 

(g
/L

)

Figure 4. Effect of A. oryzae on the starch bioremediation of paper mill wastewater (72 h of incubation).
C–, untreated PMW; C+, PMW treated with amylase STD.
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In the results shown in Figure 4, the negative control refers to untreated paper mill
wastewater. As expected, no reducing sugars were found. Indeed, in this context, the
absence of A. oryzae and the following lack of amylase in the PMW suggest that no reducing
sugars were found (except for those naturally present in the paper mill wastewater). On
the contrary, reducing sugars were found when commercial amylase was added to the
wastewater (as reported with positive control). This testifies that, in the PMW, starch
is present and can be a substrate of the commercial amylase provided, validating the
experimental design. If A. oryzae is supplied to the wastewater, it produces amylase which
allows it to use the reducing sugars obtained from the hydrolysis of starch as a carbon
source for its cellular metabolism. To evaluate this observation, the last column refers to the
treatment of paper mill wastewater with Aspergillus and commercial amylase. The absence
of reducing sugars supports that these are exploited by Aspergillus as metabolic substrates.

4. Conclusions

Aspergillus oryzae is a fungal strain widely exploited as an amylase producer. In this
work, we aimed to study and test this fungus for the bioremediation of starch in industrial
paper mill wastewater. For this purpose, submerged fermentation technologies (SmF)
and solid-state fermentation (SSF) were studied. A. oryzae was found to grow on non-
conventional media such as the paper mill wastewater. The SSF of A. oryzae was performed
on rice hulls. In the bioremediation (as pretreatment) of paper mill wastewater, to remove
starch, the fungus maintains its amylase activity and uses reducing sugars as metabolic
substrates. This study opens new perspectives for the bioremediation of industrial effluents
such as pulp-and-paper mill wastewater using A. oryzae.
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