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Abstract: The textile industry demonstrates a polluting potential from the planting of cotton to the release of 

wastewater. The presence of dyes in water bodies decreases the passage of sun rays and directly affects 

the photosynthetic organisms and the ecosystem. Fungi have potential in the treatment of wastewater 

containing dyes with complex organic structures due to enzymes that they produce. This study evaluated the 

HIGHLIGHTS 
 

 The semibatch reactor is presented as a new arrangement for fungal bioreactors; 

 The removal of dye was accompanied by the removal of organic matter in terms of chemical 

oxygen demand (COD); 

 The fungi showed high affinity with the polyurethane foam, distributing itself throughout the foam 

and not restricted only to the surface layer of the support medium; 

 The fungal community remains dominant through bacterial contamination. 
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use of Phanerochaete chrisosporium in the treatment of synthetic effluent from textile industry containing 

indigo carmine (20 mg/L). The fungus was immobilized in a semibatch reactor. Glucose was the cosubstrate 

employed in the experiment and it was used in the system at 1g/L at the beginning of the process and 0.5 g 

/L after 24 hours of reaction. Average dye removal was 84±10% and chemical oxygen demand removal was 

79±14%. For nitrogen compounds, the removal efficiencies were 87±11%, 81±11% and 91±9% for ammonia, 

nitrite and nitrate, respectively. The pH of the medium remained in the acidic range (2.57 to 5.00) throughout 

the process, with the lowest values recorded in the effluent of each cycle, justified by the release of organic 

acids from fungi metabolism. There was contamination of the medium by bacteria (710,000 CFU/mL), but the 

colonies count showed a predominance of fungi (1,365,000 CFU/mL). With the use of the semibatch system 

after reading of glucose it was observed that the efficiency of dye removal evolved from 72±17% to 84±10%, 

producing a final effluent with 3.35±1.99 mg/L of indigo, which proves that treatment configuration analyzed 

is satisfactory for dye removal. 

Keywords: glucose; indigo carmine; mycoremediation; Phanerochaete chrysosporium; semibatch.  
 

 

INTRODUCTION 

Maintaining the quality of natural water bodies is a great environmental challenge. A high number of 

potentially toxic and dangerous substances are generated as a result of the intensive industrialization 

process, being present in inadequately disposed wastewater, which causes contamination and negative 

impact on the environment [1]. 

The textile industry contributes to water pollution. During the textile processes large amounts of liquid 

effluents rich in synthetic dyes and with high concentrations of surfactants and additives are generated. These 

effluents have complex molecules and high concentrations of total solids, most of which are dissolved solids 

[2,3]. 

The contamination of water bodies by textile effluents largely affects the aquatic environment. Textile 

effluents change the absorption of light and the ideal oxygen circulation on water bodies, which causes a 

negative impact on photosynthetic processes and other physiological processes of plants, diatoms and 

algae[4]. This scenario requires the correct management of water resources, with the treatment of liquid 

effluents and their adequate disposal. 

Several techniques are employed for the treatment of textile effluents. Physicochemical methods are 

often the most used such as chemical coagulation and/or flotation processes for the removal of particulate 

solids [2]. Activated carbon can be used for the removal of dissolved organic matter and color. While these 

operations are highly efficient, they are also very costly [5]. 

Biological processes are an alternative to the methods usually employed in wastewater treatment and 

can provide not only the degradation of recalcitrant organic compounds, such as dyes, but also be more 

efficient and economically viable. The application of filamentous fungi in the bioremediation of dyes has been 

widely studied [6,7,8]. These organisms can be used in the biological degradation of different water pollutants, 

such as dyes. Filamentous fungi are abundantly present in the environment and can adapt their metabolism 
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to diferente carbon and nitrogen sources [9]. Among white fungi, Phanerochaete chrysosporium has a 

prominent place due to the production of ligninolytic enzymes and their rapid growth [10] . 

The control of operational parameters such as pH, aeration, temperature, reactor configurations, addition 

of primary carbon sources, macronutrients and micronutrients are crucial for the stability and efficiency of a 

bioreactor. The discoloration process becomes more efficient in the presence of a readily assimilable organic 

carbon source, which improves discoloration efficiency due to the formation of highly reactive compounds by 

the addition of glucose [11]. Glucose as a cosubstrate can improve the dye assimilation by microorganisms, 

which increasing decolorization [12,13]. Glucose can also be an efficient and better carbon source for 

discolorization than other sources [14]. 

The presence of a carbon source of easy assimilation in the cultivation medium is important for the 

biodegradation process, as this influences the microbial metabolism providing energy for metabolic activities. 

The cosubstrate acts as a cometabolite during the enzymatic action, inducing synthesis or enzymatic activity, 

which occurs during the secondary metabolism for the degradation of the pollutant [15-18]. 

The objective of this research was to evaluate the impact of semibatch feeding on reactor with 

immobilized Phanerochaete chrysosporium biomass for the removal of indigo carmine. Glucose was the 

cosubstrate used and it was kept in the cultivation medium over the operating cycles to promote better dye 

removal efficiency. 

MATERIAL AND METHODS 

Microorganism culture and spore production 

The cultivation of Phanerochaete chrysosporium was performed using a growth medium with the 

following composition (g/L): yeast extract (2.0), glucose (20.0), K2HPO4 (20.0), KH2PO4 (0.6), MgSO4 (0.5) 

and peptone (2.0). The medium was deposited in sterilized Petri dishes (previously autoclaved at 121°C for 

20 minutes), and then the microorganisms were inoculated in them, as described by [19]. 

The Petri dishes were kept in a microbiological oven at 28 oC for one week. After the sporulation period, 

the spores grown were removed with isotonic saline solution and Tween 80 (v/v) using a Drigalski spatula. 

The fungus was used in the form of a suspension with a concentration of 2x106 spores/mL. 

The Phanerochaete chrysosporium used in this study was obtained from the LATAM microbial collection 

from the Federal Institute of Education, Science and Technology of Ceará (IFCE) and is registered in the 

National System of Management of Genetic Heritage and Associated Traditional Knowledge (Sisgen) with 

the code A40355A. 

Immobilization of Phanerochaete chrysosporium in support and starting of the reactor 

Polyurethane foam (15g) was used as a support material for the immobilization procedures. The foam 

was cut in cubes of 1 cm of edges. The foams were washed with distilled water and sterilized at 121°C for 

20 minutes. Later, the support medium was placed in polyethylene mesh, then placed in a Duran flask (5L) 

containing the growth medium with the composition showed in table 1 and described in [19]. 

Table 1. Composition of the growth medium for the Phanerochaete chrysosporium. 

     Components Concentration (g/L) 

  Glucose 5,00 
 NaNO3 0,25 

          MgSO4.7H2O 1,00 
     CaCl2.H2O 0,04 
     (NH4)2SO4 0,50 

 KH2PO4 2,00 
 H2MoO4 0,02 
MnSO4 0,02 

    Fe2(SO4)3 0,02 
        ZnSO4.7H2O 0,01 

 

The spore suspension (1,7x109
 spore/mL) was introduced into the reactor and, to prevent contamination 

during this introduction, a Bunsen burner was used. The system remained without aeration during the first 24 

hours in order to facilitate the fixation of the spores to the support material. After this period, aeration was 

introduced to the biological reactor by micro air compressors. 
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Operation of the semibatch biological reactor 

The reactor was operated in semibatch with 48 hour operating cycles, using a reaction volume of 4 L. At 

the beginning of the operational cycle (RT0) 1 g/L of glucose was added to the system, after 24 h of operation 

a sample of 20 mL (IRT) was taken from the reactor and 0.5 g/L of cosubstrate (glucose) was added to it. 

The reactor was fed each cycle with synthetic effluent consisting of indigo carmine dye (20 mg/L), 10 mL of 

micro nutrient solution and the medium with the following composition (g/L): KH2PO4 (0.2); MgSO4 .7H2O 

(0.5); CaCl.H2O (0.1); (NH4)2SO4 (0.2). 

Reactor monitoring 

The reactor monitoring was performed by operating cycles of 48 hours with a total of 12 cycles. Three 

samples were taken from the reactor for analytical monitoring at each cycle. The samples taken from the 

affluent and effluent of the reactor were standardized according to their respective reaction times as follows: 

RT0 (affluent to the biological reactor in reactional time 0); IRT (after 24 hours of operation of the reactor) and 

FRT (effluent to the biological reactor in reactional time of 48 hours). At the end of the study, 36 samples 

were analyzed and all the analyses were performed in duplicates. 

To monitor the biological treatment, physicochemical analysis of pH, ammonia, nitrate, nitrite, organic 

carbonaceous material, dye and glucose were conducted. These analyzes followed the procedures described 

in [20], except nitrate, dye and glucose. Nitrate analyses were performed according to [21]. The dye 

concentration was estimated using a spectrophotometer with absorbance reading (λ: 610 nm), according to 

the method described by [22]. Glucose was determined according to the procedure for the determination of 

reducing sugars using 3,5- Dinitrosalicylic Acid (DNS). Glucose concentration was measured by constructing 

a standard curve obtained from standard glucose solution (1 g/L). 

Samples were taken from the support medium at the end of the reactor operation. These samples 

contained adhered fungal biomass, which were prepared and submitted to growth in petri dishes, by culture-

based method (the colony forming unit - CFU), in order to confirm the presence of the initially inoculated 

fungal species and identify the possible presence of another fungal species by contamination, using standard 

serial dilution spread plate method on PDA medium [20], as performed by [19]. 

Analysis of dye removal by UV-Vis spectrophotometry 

Observation of spectrophotometric behavior of absorption bands was made on all samples of the study 

at the reactor startup (RT0), after 24 hours of operation before (IRT) and at the end of the reaction cycle 

(FRT). This procedure was performed with the filtered samples to estimate the efficiency of the reactor, with 

scans in a UV-Vis spectrophotometer, at wavelengths of 200 to 800 nm. 

Dye adsorption test in the biofilm 

A foam cube containing immobilized fungal biomass was removed from the reactor and transferred to 

na Erlenmeyer containing saline solution and glass beads. After this process, the cube was subjected to 

vigorous stirring to separate the biomass from the medium. The medium was centrifuged at 3500 rpm for 15 

min and the supernatant was separated from the biomass. Ethanol was used as solvent for the removal of 

the adsorbed dye in the biomass. 10 mL of ethanol was transferred along with the biomass to glass tubes 

and remaining in contact for 10 min. After this time, another 5 mL of ethanol was added into sample, followed 

by homogenization and spectrophotometric measurement at 610 nm [19]. 

Saturation test on support material 

The Polyurethane foam cubes (5 g), with 1 cm of edge were previously washed and dried at 

approximately 50°C for 120 minutes. The cubes were introduced in a 4 L glass bottle. After these procedures, 

0.05 g/L of indigo carmine dye was added to a glass bottle with culture medium. The maximum capacity of 

the polyurethane foam to adsorb the dye was monitored for 48 h from a known concentration, as the 

procedures described in [19]. 

Scanning Electron Microscopy 

Scanning electron microscopy (SEM) was used on polyurethane foams removed from the reactor at the 

end of the experiment. The foams were previously prepared with the addition of carbon tape and then packed 

in a vacuum desiccator. The foams were subjected to the metallization process after 5 days and were gold 
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plated in Quorum Q150T ES metallizer. After five days of metallization, the scans were carried out in 

equipment Quanta-FEG FEI (20000 kv) scanning electron microscope. 

RESULTS 

The characterization of the affluent and the aliquots removed from the reactor at study reaction times 

RT0 and IRT and the final effluent (FRT) for the 12 cycles of operation (6 weeks) are shown in Table 2. 

Table 2. Monitoring data from the semibatch biologic reactor (SBR) with fungi over the operating cycles. 

VARIABLE RT0 (mg/L) IRT (mg/L) FRT (mg/L) REMOVAL EFFICIENCY (48) (%) 

Dye 20.30 ± 0,36 5.77 ± 3.50 3.35 ± 1.99 84±10 

pH 5.00 ± 0.05 2.63 ± 0.37 2.57 ± 0.36 ND* 

COD 1035 ± 21 292 ± 128 218 ± 140 79±14 

Ammonia 59.44 ± 8.22 NM** 7.73 ± 6.80 87±11 

Nitrite 3.18 ± 0.76 NM 0.55 ± 0.36 81±11 

Nitrate 5.67 ± 0.69 NM 0.50 ± 0.50 91 ± 9 

ND* No data / NM** Not Monitored 

The semibatch reactor used was efficient in the removal of indigo carmine dye in all operating cycles. 

The average concentration of the dye was 20±0.36 mg/L at the start of treatment and the average 

concentration decreased to 5.77±3.73 mg/L after 24 hours of reaction. After 48 h the average dye removal 

was 3.35±1.99 mg/L. The overall dye removal efficiency after 24 hours of operation was 72±17% and 84±10 

% after 48 hours, at the end of cycles (Figure 1). It was observed that the best removal efficiency occurred 

during the first 24 hours of operation (72±17%). 

 (a) 

 (b) 
Figure 1. The overall dye removal the operating cycles: (a) Dye concentration in RT0, IRT and FRT; (b) Dye removal 
efficiency IRT and FRT. 
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Calculating the mass balance, the indigo dye mass input to the reactor was 892 mg. The dye 

concentration removed after the treatment was 145 mg. Therefore, the total mass retained in the reactor was 

746 mg. 

Saturation test was used to obtain the maximum adsorption capacity of the polyurethane foam, which 

was 3.15 mg of dye per gram. The total mass removed from the dye by adsorption in the culture medium was 

47.34 mg. 

The biofilm mass adhered by mass of polyurethane foam inside the reactor was 3.64 grams per gram at 

the end of the experiment. This biomass had the ability to adsorb 0.65 mg of dye per gram, according to the 

adsorption test described in item 2.7. Thus, all the biomass fixed on the support medium adsorbed 2.37 mg 

mass of dye. 

The adsorption of dye to the mycelium represented only 0.27%. The polyurethane foam adsorbed 5.31% 

of the dye mass. The biological system was responsible for the removal of 696 mg of dye mass, which is 

78%of the indigo dye mass affluent to the reactor. 

Cycles 5 and 7 showed residual dye concentration of 13.17 mg/L and 8.37 mg/L respectively in the first 

24 hours of treatment. These results did not follow the higher dye removal efficiency in the first 24 hours 

observed in the other cycles. 

None of the operating cycles showed increased dye concentration in the final effluent when compared 

to the dye concentration at the beginning of the cycle. This resulted in a clarified effluent (Figure 2), verified 

by the scanning of the affluent and the effluent (Figure 3), which revealed the reduction of the 

spectrophotometric bands in the length referring to the chromophore group (λ: 610 nm). 

 

  

 
Figure 2. Flasks with affluent and effluent samples: at the end of the treatment (2a) and along the treatment (RT0, IRT 

and FRT ) in the bioreactor (2b). 

 

   
 

Figure 3. Scanning of the affluent RT0, IRT and effluent Cycle 6 (FRT). 

            RT0                  IRT               FRT 

(2a) (2b) 
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The scanning (Figure 3) also showed that, particularly in relation to the structure of the benzene ring (λ: 

233 nm), there was a decrease in the spectral band, indicating that this compound ruptured its structure. 

Although the benzene ring presented greater stability, due to the persistence of the carbon-carbon bonds 

and the symmetry of the aromatic ring [23], this would have occurred due to the biodegradation process. 

A spectral band (200-250 nm) appeared between the treatments IRT and FRT, parallel to the decrease 

of the spectral band related to the indigo chromophore. This behavior showed a formation of byproducts from 

the degradation of the dye, such as sulfonic acid, which presents the main UV-visible range at 245 nm [24] 

Despite the formation of byproducts from the disruption of the dye molecule and of the organic acids 

produced by the fungi by glucose consumption as a carbon source, there was removal of dissolved 

carbonaceous organic matter, which is measured in COD (Figure 4). 

 
Figure 4. COD decay in the filtered samples over the operating cycles. 

COD removal followed the dye removal in the medium (table 3). This indicates that not only the 

chromophore group was removed but also possibly other components of the molecular structure of índigo 

carmine and other substances generated by fungal metabolismo [25]. 

Table 3. Dye and COD removal over the biological treatament. 

Cycles 
Dye (mg.L-) COD (mg.L-) Efficiency (%) 

RT0 IRT FRT RT0 IRT FRT Dye COD 

1 20.24 1.43 0.47 1030 515 164 97.70 84.10 

2 19.93 2.24 2.06 1022 266 10 89.64 99.00 

3 20.12 7.80 6.22 1025 369 389 69.09 62.00 

4 20.12 6.56 5.53 1033 186 403 72.53 61.00 

5 20.24 13.17 4.83 1020 204 449 76.12 56.00 

6 20.26 0.00 0.00 1023 501 92 100 91.00 

7 20.24 8.38 4.76 1047 209 115 76.47 89.00 

8 20.12 5.46 1.37 1014 243 193 93.18 81.00 

9 20.45 5.92 3.23 1017 173 71 84.19 93.00 

10 20.91 6.61 3.76 1050 137 284 82.02 73.00 

11 20.57 5.51 3.69 1080 291 248 82.07 77.00 

12 20.43 6.18 4.26 1065 408 203 79.14 80.94 

 

The average COD removal efficiency was 73 ± 13% in the first 24 hours of treatment and 79±14% for 

the final effluent. The average concentration of COD was 1033±19 mg / L and 281±129 mg / L after 24 hours 

of operation. The final effluent had 220±147 mg/L of COD in the filtered samples. 
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Glucose consumption was also reflected in COD values. The added glucose was consumed almost 

completely throughout the operating cycles. When performing the theoretical calculation, COD attributed by 

glucose presented the mean concentration in RT0 of 937.7±202 mg CODglucose/L. After 24 hours of 

operation, in IRT, the concentration decreased to 88±288 COD glucose/L. The glucose was totally consumed 

in cycles 4, 5, 8 and 9. 

The concentration of COD glucose declined to 41.6±51 mg/L at 48 hours of reaction time (FRT), resulting 

in a mean COD removal percentage of 91±28% in the first 24 hours and 92±9% for the last 24 hours of the 

operating cycle. In this condition, by-products from fungal metabolism and dye degradation were the major 

contributors of the final COD concentration. 

The average COD removal efficiency achieved in the present study (79±14%) was higher than that found 

in some studies on the use of fungi in dye removal, as shown in Table 4, approaching the percentages of 

removal of others, but it is necessary to evaluate the conditions of each research. 

Table 4. COD removal efficiency in research with fungi used in the removal of textile dyes. 

Authors Substrate Fungi 
Time 

(days) 

COD 
Efficiency 

(%) 

Present study Indigo carmim dye 
Phanerochaete 
chrysosporium 

2 79 

[26] Textile Effluent - Reactive Orange 16 Ganoderma sp. 10 61.6 

[27] Real textile wastewater Penicillium glabrum 3 69.8 

[28] Industrial textile effluent (ITE) - Índigo jean Chaetomium globosum 5 88.4 

[29] Textile Effluent –Acid Red 357 
Trametes villosa SCS-
10 

11 74 

 

This study also presented higher percentages of COD removal compared to other similar researches, 

such as cycle 6 (91%), cycle 7 (89%) and cycle 9 (93%), showing the efficiency of the proposed treatment. 

The pH values in the reactor remained in the acidic range during all the operational cycles. White-rot 

fungi, such as Phanerochaete chrysosporium employ phenol oxidase group enzymes such as lignin 

peroxidase (LiP), manganese peroxidase (MnP) and laccases in the discoloration process [30]. The lignolytic 

enzymes exhibit maximum activity at low pH, thus the acidity conditions in the medium lead to the best dye 

removal results. It is observed that for most fungi the ideal pH for discoloration is in the acidic range[31]. 

The pH of the affluent was 5.0±0.05. After 24 hours of reaction there was a decrease of pH, which 

reached around 2.63, with maximum of 3.1 in cycle 6 and minimum of 1.84 in cycle 1. However, in the 

subsequente 24 hours, there was little change in pH, with the final effluent of the cycles presenting an average 

value of 2.57±0.36, with a maximum of 3.33 and a minimum of 1.9, for cycles 5 and 1, respectively. 

The system was efficient in removing nitrogen with good percentages of ammonia, nitrogen and nitrate 

removal in all cycles of operation. 

The average ammoniacal nitrogen removal efficiency in the system was 87±11%, with a maximum of 

97% (cycle 10) and a minimum of 60% (cycle 12). The average nitrate removal efficiency was 91±9%, with a 

maximum of 100%, in cycles 4 and 10, and mean removal efficiency of 81±11%, with a maximum of 96% 

(cycle 11) and minimum of 62% (cycle 4) for nitrogen. 

According to the Brazilian Legislation [32,33] the maximum permissible concentration for total amoniacal 

nitrogen is 20 mg / L, regardless of the type of pollutant source. The concentration of ammoniacal nitrogen 

in the final effluent of this experiment remained below this limit, with an average value of 7.73 ± 6.8 mg/L. 

The participation of fungi was predominant throughout the treatment process. At the end of the reactor 

operation, the fungal population was almost double that of bacterial, with 1,365,000 CFU/ml. Another fact 

that endorsed the effective participation of the fungi was that the bacteria could contribute to the increase of 

the nitrate concentration in the medium when nitrification was carried out[34]. However, this did not occur in 

the present study, with nitrate removal of 91%, attributed to the dissimilatory activity of nitrate carried out by 

fungi. 

The population of bacteria in the reactor apparently was not able to inhibit the enzymatic activity of the 

fungi. Scanning electron microscopy (SEM) images (Figure 5) confirmed that the fungal community occupied 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4
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all the spaces of the polyurethane foam (A), so that its growth was not restricted only to the surface of the 

support material, indicating that the polyurethane foam has been shown to be a good carrier with excellent 

surface area for biofilm fixation. 
 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

Figure 5. Scanning Electron Microscopy (SEM) showing the grown, immobilization and adhesion of microorganisms in 
the polyurethane foam (a/b/c) and the presence of structures of coccis and bacilli (c).  

SEM images allowed observing the formation of septate hyphae, characteristic of filamentous growth (b) 

in relation to the bacterial community in the reactor with structures of cocci and bacilli (c), as well as the form 

of adhesion of the microorganisms in the support material (d). 

DISCUSSIONS 

The semibatch reactor used was efficient in the removal of indigo carmine dye in all operating cycles. 

Almost 100% of the dye was removed at the first operation cycle, which can be explained by the adsorption 

process of the dye in the biomass and / or in the support medium. 

Dye adsorption usually occurs in the initial periods of operation. This can be explained as by the reactor 

startup the support material has its available surface are quickly occluded by the dye. The mycelium also 

adsorbs the dye and dye adsorption occurs parallel to the dye biosorption by fungi [34,35]. 

After the initial cycles the dye removal presented values with small variations. From cycle 4 to cycle 12 

the mean dye removal efficiency was 83 ± 8%. The main route of removal was by biosorption, since the foam 

saturation occurs at the first reaction cycle and a portion of dye adsorbed to the fungal biofilm was small 

(0.27%). Many studies have reported the fungal ability to remove dyes by biosorption,[36] reported 74% of 

Remazol Brilliant Blue R removal by Aspergillus sp. 605 occurred via biosorption, [37] achieved 91.35% 
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removal of Congo red by Penicillium janthinellun, and achieved 60% removal by biosorption using Aspergillus 

niger [38]. 

The biosorption is considered the first step of the mycoremediation. Thus, the color removal depends 

both on the enzymatic production and on the biomassa yield, where the high biomass production contributes 

to the biosorption of the dyes [36]. 

The influence of adsorption on dye removal at the beginning of reactor operation was reported by [39] 

when studying the removal efficiency of Remazol Red dye in a continuous upflow reactor inoculated with a 

microbial consortium of bacteria (Brevibacillus laterosporus) and yeast (Brevibacillus laterosporus). They 

used different immobilization matrices (polyvinyl alcohol, stainless steel sponge, polyurethane foam and 

calcium alginate) in their study. The authors reported that during the first cycles the cells immobilized on 

polyurethane foam showed 96% of dye removal and only after the first cycles did the microbial communities 

remove dye by the production of extracellular enzymes necessary for the biodegradation. 

Kurade and coauthors [39] also carried out a test containing only the dye and support material without 

addition of the microorganisms to reactional medium to observe the influence of the abiotic processes in the 

removal of the pollutant. According to this test, the polyurethane foam showed 5% discoloration in 16 hours, 

indicating the saturation of the support material. The authors concluded that the biodegradation process was 

superior to the adsorption removal in the polyurethane foam, with the adsorption having the greatest impact 

only in the initial phase of the reactor operation due to the larger pore size of the foam, which facilitates mass 

transfer. 

Biodegradation process can occur in parallel to the biosorption and not only after it. The microbial action 

should not be disregarded in the pollutant removal during the reactor initial cycles. The microbial 

biodegradation is mediated by the release of extracellular enzymes that break down chemical bonds with 

formation of smaller molecules that can be assimilated by the fungi. Thus, the dye is used as a carbon source 

by the microorganism [40], which is the explanation for good removal values of the indigo carmine obtained 

throughout this study. 

Cycles 5 and 7 showed residual dye concentration. The possible explanation for these removal values 

is the fungi used the nutrients available in the medium, which induced the enzymatic production that was 

used in the metabolization of the substrate or residual dye. There was an increase in removal efficiency from 

35 for 76% in cycle 5 and from 59 to 76% in cycle 7 after 48 hours of the reactor operation. Such behavior 

was also reported by de Miranda [41] using the Curvularia lunata URM 6179 in the treatment of textile effluent 

for removal of indigo in static aerobic bioreactor. The authors obtained a constant dye removal of 58% from 

the first to the sixth day of treatment, which reached 96% after the tenth day of treatment. 

Residual dye concentration may also be related to toxicity. According to Pizato [42] the increase in toxicity 

after treatment may be related to several factors, among them the formation of byproducts of fungal 

metabolism, partial degradation of the dye and consequently the formation of intermediate compounds and 

the decrease of pH of the medium. A production of mutagenic compounds was observed from the 

biodegradation of the dye by Phaneroachete chrysosporium URM 6181 [41]. 

None of the operating cycles showed increased dye concentration in the final effluent. Isatin and isatin 

sulfonic acid are the main intermediates formed by the degradation of the indigo dye. Isatin is produced by 

the rupture of the double bond between carbons of the dye. Isatin is rapidly converted to isatin sulfonic acid 

by addition of water and the formation of the double bond between carbon and oxygen through oxidative 

process [24,43]. 

COD removal followed the dye removal in the médium, the simultaneous removal of COD and dye in 

medium containing glucose was also reported by Senthilkumar and coauthors [44] evaluated the potential for 

discoloration of Starch Black 10B (1g) by Phanerochaete chrysosporium, achieving 97% dye removal in 

seven days, when 0.5 g/L of glucose was added to the reactional medium. The good results were attributed 

to the addition of glucose in the medium, which was essential for the degradation of the dye molecules. 

Glucose is a primary source of carbon that contributed in dye removal by reacting with enzymes to form 

metabolites that aided in the discoloration of the dye. This process favored the increase of biomass in the 

reactor. However, glucose must be present in the medium in adequate concentrations. The excess of glucose 

in the medium would inhibit the consumption of the indigo carmine, which has a more complex structure [44], 

but this was not observed in this study. 

The aid of glucose in dye discoloration could be observed after 24 hours reaction time. COD values upon 

completion of 48 hours of operation indicate that the presence of glucose was beneficial to the treatment. 

COD removal in cycles 3 (64%), 4 (82%), 5 (80%) and 10 (87%) after 24 hours of reaction were higher 

than those recorded in the 48 hours of reaction in other cycles. It was observed that in these cycles the 
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concentration of dye after 24 hours of treatment was lower than the average values obtained for the final 

effluent (FRT), which was 5.77±3.5 mg/L. Indigo dye concentrations in these cycles after 48 hours of reaction 

were 7.8 mg/L (cycle 3), 6.5 mg/L (cycle 4), 13.17 mg/L (cycle 5) and 6.6 mg/L (cycle 10). 

The fungus did not consume all the organic matter in the form of dye present in the medium. This can 

be explained by the addition of glucose after the first 24h of reaction. Thus, there was a greater supply of 

carbon sources and dye / glucose ratio (6.0:0.58). The use of the dye was inhibited because the glucose was 

favorably assimilated, which may have reflected in the removal of COD in these cycles. In this condition, the 

fungi possibly chose to consume the glucose that is a source of carbon of easy assimilation over the dye. 

The fungal ability of Trametes villosa SCS-10 for dye discoloration using wastewater with different dye 

concentrations (350-500 mg/ and over 500mg/L) for two different dyes (Acid Red 357 and Acid Orange 142) 

and three conditions of nutrient supplementation under submerged fermentation conditions with a 10 day 

reaction time was evaluated [29]. A COD removal efficiency decrease was observed when the medium was 

rich in glucose (1%) and malt extract (2%) showing a COD removal efficiency of less than 45%, regardless 

of the dye concentration in the medium. The largest COD removal (74±3.1%), was registered with the reduced 

supplementation medium (0.5% glucose and 1% malt extract). 

Glucose presence after 48 hours of operation was observed, although in a small concentration, with na 

average of 0.039 mg/L. Thus, both dye and glucose consumptions were inhibited. This may suggest that the 

biodegradation process may be associated with the production of toxic compounds[45]. 

The reduction of dye removal efficiency in the biological system can be attributed to the recalcitrance of 

compounds from the rupture reactions of its molecule that occurred after the first 24 hours of operation. 

Possibly, with the rupture of the chromophore group, the benzene group was released from the dye molecule, 

which, due to its recalcitrance, would not have been totally biodegraded. Thus, the accumulation of 

byproducts generated from the degradation of the dye, such as benzene, would have contributed to the 

increase of COD, particularly in the cycles that presented lower removal efficiency as in cycles 3, 4 and 5. 

The pH values in the reactor remained in the acidic range during all the operational cycles. This was 

good for the fungi metabolism, as the ideal pH range from 4.0 to 6.0 for the performance of the enzymes 

involved in the biodegradation process [46]. It has been reported that the process of dye biodegradation 

depends mainly on the enzymes produced by fungi, such as lignin peroxidase (LiP), manganese peroxidase 

(MnP) and laccase, which comprises an enzymatic oxidative-lignolytic system [47,48]. 

The final effluent of the cycles presented an average pH of 2.57±0.36. The decay of the pH values 

occurred in parallel with the dye removal, both in the 24 hours of reaction (IRT) and at the end of the 48 hours 

reaction (FRT) operation cycles. The maintenance of pH values in the acidic range during the reaction time 

is related to the presence of organic acids of low molecular weight, due to the degradation of the molecule of 

the dye and the presence of glucose in the medium. Moreover, this condition also favors the process of 

adsorption of the dye [49,50] , another route of removal of the pollutant from the medium. 

Adsorption of the dye to the biofilm and the support material is influenced by the pH of the medium. This 

variable may affect the surface charge of the adsorbent, because when the pH assumes values within the 

acid range more protons will be available on the adsorbent surfaces. This condition favors electrostatic 

attraction between dye anions and positively adsorbent charged sites. At high pH values (pH> 7), the carmine 

indigo is deprotonated and the electrostatic repulsion forces may adversely affect the adsorption. The 

opposite occurs with low pH medium in which the dye is protonated and interacts with the adsorbent negative 

charge groups [51,52]. 

The system was efficient in removing nitrogen, Due to the readjustment of glucose in the intermediate 

reaction time (IRT) there was greater availability of this cosubstrate in the medium. This would have 

contributed to the greater removal of ammoniacal nitrogen, since the ammonium ions, stored inside the fungal 

cell, react with glucose to form glucosamine. In this process, there is release of H+ out of the cell [53], which 

also contributed to the decrease of the pH of the medium. 

The presence of a primary source of carbon, such glucose, is very importante for removal of nitrogen, 

since this exerts influence on the process of NH4 removal by fungi. Liu and coauthors [54] was observed 

ammonium + removal by Paecilomyces variotii with varied parameters such as temperature, pH, carbon 

sources and C/N ratio in batch aerated reactors. The best condition for ammonium removal was at the 

presence of glucose (C/N 10 – 40) and pH ranging from acid to neutral (4 to 7), at a temperature of 25° to 

37°C. 

Although ammoniacal nitrogen was readily used by fungi in the present study, its presence did not inhibit 

the use of nitrate and nitrite. They were simultaneously removed in the reactor. Thus, the use of 
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Phanerochaete chrysosporium immobilized in a reactor operated in semibatch with addition of glucose was 

also promising in the removal of this nutrient from the medium. 

Maintenance of aseptic conditions was not a goal in the study, since it did not correspond to field 

conditions. The combination of fungi and bacteria is feasible for the removal of complex substances from an 

effluent, since pure cultures have limited capacity to metabolize organic compounds and require sterile 

conditions. Thus, the coexistence of fungi and bacteria in the medium suggests interactions that may be 

important to improve biological degradation [55]. 

Polyurethane foam is considered a good support medium as it does not require chemical reagents to 

prepare the surface of the material to facilitate adhesion of the microorganisms. It is a material that presents 

a porosity of 73 ± 1%. This characteristic favors the diffusion of oxygen and nutrients to the fungal cells, 

optimizing the enzymatic and biomass production [56]. 

SEM images allowed observing the formation of septate hyphae. Inside the fungal hyphae there are 

extracellular enzymes which initiate the degradation of dye, first by adsorption onto the surface and second 

by the breaking of chemical bonds in dye molecules [57].  

The use of polyurethane foam as support medium to fungal biofilm still reduces the bioreactor starting 

time, since its characteristics favor the fast adhesion of the microorganisms to its surface [58]. In addition, 

the polyurethane provides resistance to the fungal community by protecting it from environmental stresses, 

such as the presence of toxic molecules [45], improving the biosorption of the dye by the fungi. 

CONCLUSIONS 

The bioreactor with Phanerochaete chrsosporyum operated in semibatch had a good performance in the 

removal of dye (85%), organic matter (74%), ammonia (85%), nitrite (83%) and nitrate (81%). 

However, the mineralization of the dye was not complete, since the scan indicated the formation of 

byproducts, possibly isatin sulfonic acid, by band at 245 nm. Since byproducts can be toxic to 

microorganisms, some of them may have caused an inhibition of dye consumption within 24 hours after 

glucose addition. Glucose addition was pertinent to the maintenance of dye removal in the medium, since 

the removals followed until the last hours of reaction, according to the final results, achieving an average dye 

removal efficiency of 72±17% after 24 hours and 84±10% within 48 hours. 

The reactor was contaminated by bacteria, forming a microbial consortium in which the fungal community 

predominated indicating the effective participation of fungi in the process of dye biodegradation. 

The fungi adhered well to the polyurethane foam and colonized all the support material, not being 

restricted to the surface layer, which resulted in high concentration of fungi in the reactor. 

The operation of the semibatch reactor allowed to increase the efficiency of dye removal from 72%±17% 

to 84%±10% and produced a final effluent with 3.35±1.99 mg/L of indigo carmine. In addition, the 

microorganisms had glucose for a longer time, which favored the removal of ammoniacal nitrogen to levels 

acceptable by the brazilian legislation. 
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