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INTRODUCTION 

Food dye processing industry is a very important sector 

in the Indian economy, with considerable growth in the 

last years. As a outcome, there is an boost of 

environmental contamination caused by the large amount 

of dyes involved in the food dye manufacturing process 

that are discharged in the liquid effluents. Approximately 

10-15% of the food dyes are released into the 

environment. Azo dyes, sulphur dyes are the main 

chemical class of dyes with the greatest variety of colors; 

therefore they have been extensively used by the food 

industry. These dyes are characterized by one or more 

azo group linkages (R1-N=N-R2), sulphur group 

linkages (R1-S-R2) and by aromatic structures. The 

biological effects of sulphur dyes and azo dyes after 

biotransformation have been shown to be highly toxic, 

and in some cases these compounds are more 

carcinogenic and mutagenic than the original dye stuffs. 

 

There are many successful wastewater treatments; on the 

other hand these technologies are highly expensive. 

Conventional biological treatments that have been 

applied, resulting certain drawbacks. There are some 

textile dyes are relatively resistant to microbial 

degradation. Also in anaerobic treatment, anaerobic 

microorganisms are when degrading some dyes resulting 

in production of some aromatic amines that may be toxic 

and carcinogenic. Therefore, in recent years, there have 
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ABSTRACT  

The objective of this study was to investigate the capacity of decolorization and detoxification of the food dyes 

Tartrazine, Quinoline Yellow WS, Sunset Yellow FCF, Allura Red, Ponceau 4R, Carmoisine, Erythrosine, 

Amaranth, Brown HT, Brilliant Blue FCF, Patent Blue V, Indigo Carmine, Green S, Fast Green FCF, Black PN 

and the mixture of the all dyes (MXD) by 12 types of fungi (Irpex lacteus, Aspergillus species, Penicillium 

geastrivorus, Datronia sp., Myrothecium roridum , Polyporus arcularius , Fomitopsis feei , Pleurotus ostreatus , 

Trametes versicolor , Trametes hirsuta , fomes fomentarius , Ganoderma lucidum). The dye Tartrazine, Quinoline 

Yellow WS, Sunset Yellow FCF, Allura Red, Ponceau 4R, Carmoisine, Erythrosine, Amaranthin liquid media 

decolorize totally after 5-days incubation, and the others Brown ht, brilliant blue fcf, patent blue v, indigo carmine, 

green s, fast green fcf, black pn the liquid media was 100% decolorized by penicillium geastrivorus, irpex lacteu, 

myrothecium roridum, polyporus arcularius within 8 days of incubation. initially the dye decolorization involved 

dye adsorption by the biomass followed by degradation. the acute toxicity after fungal treatment was monitored 

with the microcrustacean daphnia pulex and measured through effective Concentration 50% (EC50). Irpex lacteus, 

Aspergillus species, Penicillium geastrivorus, Datronia sp., Myrothecium roridum , Polyporus arcularius , 

Fomitopsis feei , Pleurotus ostreatus , Trametes versicolor , Trametes hirsuta , fomes fomentarius , Ganoderma 

lucidum all were reduced efficiently the toxicity of dyes Brilliant Blue FCF before the treatment were non toxic 

(EC50=> 100%) while the dye Brown HT was moderately acutely toxic (EC50=1-10%), and also Indigo carmine 

was minute acute toxic dye (EC50=10-100%). Except these three types of dyes , all dyes were acute toxic 

(EC50=<1%). Despite of MXD being constituted also by the toxic dyes, the low toxicity of the mixture is 

probably due to fact that they were in a low concentration (33.3 mg L-1). After the fungal treatment, 12 types of 

fungi efficiently reduced the toxicity of mixed dye, the 24h-EC50 value was increased from 10.93% (minor 

acutely toxic) to 40 – 52.3% (minor acutely toxic). Thus, these 12 types fungi were efficient to decolorize different 

food dyes and the mixture of them with a significant reduction of their toxicity. In addition this investigation also 

demonstrated the need of toxicological assays associated to decolorizatio experiments. 
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been intensive researches on fungal decolorization of 

textile wastewater but not studied on food dyes. The use 

of fungi can be a promising alternative to replace or 

supplement current treatments. 

 

Several fungi are capable of adsorbing pollutant 

compounds through their highly oxidative and non-

specific ligninolytic enzymes, which are also responsible 

for the decolorization and degradation of many different 

dyes. The white rot fungi, members of the 

Basidiomycetes, as Trametes versicolor, Trametes 

hirsuta, Irpex lacteus are enormously efficient for textile 

dye degradation. 

 

Studies on non-basidiomycete fungi that adsorb dyes are 

reduced; nevertheless these fungi are also very 

competent for metabolizing a wide range of compounds, 

particularly by demethylation and oxidation. Aspergillus 

species, Penicillium geastrivorus, P. ochrochloron were 

found to be successful for removing textile dyes from 

liquid media.
[1,2]

 

 

Despite of the competence of biological treatments by 

anaerobic and aerobic treatment, in some cases 

microorganisms can transform dyes into compounds 

more toxic than the original compound, consequently 

there is a need to assess the toxicity of the end product 

after the biological treatment. For this purpose some 

toxicological assays can be applied, including tests using 

microcrustacean Daphnia spp., routinely used to 

determine toxicity of chemicals for the establishment of 

environmental health standards due to their small size, 

short life cycle, high reproduction rates and their key 

ecological role in the aquatic food chains. Thus, the aims 

of the present study were to investigate the ability of 

Irpex lacteus, Aspergillus species, Penicillium 

geastrivorus, Datronia sp., Myrothecium roridum, 

Polyporus arcularius, Fomitopsis feei, Pleurotus 

ostreatus, Trametes versicolor, Trametes hirsuta, fomes 

fomentarius, Ganoderma lucidum to decolorize fifteen 

commonly use food dyes, as well as the fortitude of their 

toxicity after fungal treatment using the ecotoxicological 

assay with the microcrustacean Daphnia pulex. 

 

 
Figure 1: 12 Types of Fungi Which Are Used For the 

Food Dye Adsorption In Our Study. 

 

 

MATERIALS  

a) Chemicals  

Table 1: The dyes used in the investigation were. 

Tartrazine   
 

Brown HT   
 

Quinoline Yellow WS   
 

Brilliant Blue FCF   
 

Sunset Yellow FCF   
 

Patent Blue V   
 

Allura Red   
 

Indigo Carmine   
 

Ponceau 4R   
 

Green S   
 

Carmoisine   
 

Fast Green FCF   
 

Erythrosine   
 

Black PN   
 

Amaranth   
 

 

 

 

Solutions of these dyes were prepared by dissolving the 

dyes in distilled water then filtered through Watman 

filter paper membrane 0, 22 µm. These dyes were chosen 

based on their wide use in the food industry in India and 

throughout the world. 
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b) Microorganism  

The fungus used in this work all were previously 

isolated from sediment collected from Hoogly 

district in West Bengal State, India, an area of 

estuarine habitat of Hoogly river, under the 

influence of different sources of industrial 

contamination. The culture has been maintained on 

malt extract agar at 4°C and preserved. 

 

 

 

 

METHODS 

a) Culture conditions  
The individual fungus were inoculated into potato 

dextrose agar (PDA)containing the dyes separately in a 

final concentration of 200 mg L
-1

 and the three dyes 

mixed at a final concentration of 66.6 mg L
-1

 for each 

dye. The petri plates were incubated at 28ºC, after 

inoculation. Following incubation for 5 days 9 mycelial 

plugs (5 mm diameter) from the colony margin were 

used as inoculums, they were transferred to conical 

flasks containing 150 mL of potato dextrose broth 

(PDB). Following 2-day incubation at 28°C on a rotary 

shaker at 140 rpm, 100 mg L
-1

 of each dye was added 

and the mixture containing 33.3 mg L
-1

 of each dye was 

also added. Without fungi, control experiments were 

performed under the same conditions described above. 

 

b) Decolorization  
Aliquots of the fungal culture after 0, 2, 5, 7 and 14-day 

incubation following the addition of the dyes were 

centrifuged at 10.000 g for 10 min. Then the supernatant 

was diluted 1:10 with distilled water and were measured 

spectrophotometrically using a Shimadzu UV-1601 

(Kyoto, Japan) spectrophotometer. The color removal 

was calculated as following: 

Percentage Decolorization (%) = (Ab – Aa)/Ab X 100 

where Ab is the absorbance of the initial dye solution 

(day 0) and Aa is the absorbance at cultivation time (2, 5, 

7 and 14 days). All assays were conducted in triplicate in 

the dark and results were expressed as the mean values 

with the standard deviation calculated.
[6,15,20]

 

 

c) Ecotoxicity  

The freshwater microcrustacean Daphnia pulex was used 

for the acute toxicity determination and the methodology 

applied was based on OECD 202 protocol.
[1,29,36,37]

 D. 

pulex was cultured in mineral water in a temperature 

controlled chamber at 23 ± 1 °C, with a light intensity of 

40 µE m
−2

 s
−1

 and a 12:12 h light:dark cycle
55

. The 

daphnids were fed with the chlorophyte Ankistrodesmus 

falcatus that was cultured in MBL medium. The toxicity 

determination was conducted with the liquid media 

containing the dyes before and after the 14-day 

incubation with every fungus. The liquid media was 

filtered through Wattman filterpaper 0.22 µm and the 

supernatant was evaluated. The method applied was 

static using 20 neonates divided in two groups of 10 

individuals for concentration-test. The mineral water was 

used as dilution water for the concentration-test and as 

control. The time of exposition was 24 hours under 

constant temperature of 24°C and in the dark.
[55]

 

 

RESULTS AND DISCUSSION 

a) Decolorization  

The standard deviation of the triplicates of each dye and 

the dye mixture was calculated for the five periods of 

decolorization analyses (0, 2, 5, 7 and 14 days of 

incubation) and the deviation was not higher than 0.02% 

(data not shown). Therefore, the results were 
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reproducible for the three dyes tested and their mixture
[6, 

15, 20]
. 

 

Penicillium geastrivorus, Irpex lacteu, Myrothecium 

roridum, Polyporus arcularius decolorized completely 

(100%) Tartrazine, Quinoline Yellow WS, Sunset 

Yellow FCF, Allura Red, Ponceau 4R, Carmoisine, 

Erythrosine, Amaranthin liquid media after 5-days 

incubation (Table 2, Figure 2). The dye was absorbed by 

the biomass; nonetheless, it was showed potential to 

observe visually a reduction of the dye adsorption from 

the 3rd to the 5th day of incubation. 

 

In the presence of Brown HT, Brilliant Blue FCF, Patent 

Blue V, Indigo Carmine, Green S, Fast Green FCF, 

Black PN the liquid media was 100% decolorized by 

Penicillium geastrivorus, Irpex lacteu, Myrothecium 

roridum, Polyporus arcularius within 8 days of 

incubation (Figure 3) and it was observed the biomass 

adsorbing the blue dye. The color on the biomass was 

reduced gradually from the 5th until the 14th day of 

incubation when the biomass was completely free from 

the dye. 

 

When the fungus was cultivated in the presence of the 

mixture of the every dyes, MXD, it decolorized 100% of 

the culture supernatant after 10 days (Figure 3) when the 

biomass visually had adsorbed most of the dyes. From 

the 5th day till the 10th day of incubation there was a 

gradual reduction of the color on the biomass until 

complete disappearance. During the present experiment 

it was demonstrated the efficiency of Penicillium 

geastrivorus, Irpex lacteu, Myrothecium roridum, 

Polyporus arcularius to decolorize the different kinds of 

dyes with differences in the decolorization ability 

regarding each dye tested, which might be dependent on 

dye structure. Relatively small structural differences can 

markedly affect decolorization.
[6,15,20]

 

 

Yet the relationship between the molecular structure of 

the dyes and their decolorization by fungi is still unclear. 

The decolorization of the liquid media was confirmed by 

the disappearance of the characteristic peak of these dyes 

during the spectrophotometric experiments. In the 

meantime the dyes were adsorbed by the biomass and 

from visual observation they gradually disappeared from 

its surface. Visual observation of the biomass is an 

important aspect in dye decolorization investigation
6, 15, 

20
, since it allows the distinction of biomass adsorption 

from microbial degradation. Therefore, the reduction of 

color on the biomass observed in Figure 3 with the 

mixed dyes indicates a potential dye degradation by 

Penicillium geastrivorus, Irpex lacteu, Myrothecium 

roridum, Polyporus arcularius.
[55]

 

 

 
Figure 2: A) % of Tartrazine Dye Degradation by 12 

types of fungi, B) % of Allura Red Dye Degradation 

by 12 types of fungi, C) Visual observation of the dyes 

Tartrazine and Allura Red decolorized by Irpex 

lacteu, after 1 day (1), 3 days (2), 5 days (3)of 

incubation. 

 

 
Figure 3: A) % of Brilliant Blue Dye Degradation by 

12 types of fungi, B) % of Mixed Dye Degradation by 

12 types of fungi, C) Visual observation of the dyes 

Brilliant Blue and Mixed dye decolorized by Irpex 

lacteu, after 1 day (1), 5 days (2), 9 days (3 )of 

incubation. 

 

b) Ecotoxicity  

The effluents from food industries even after the 

treatment can remain toxic and mutagenic; nonetheless 

they are released into the environment any way. 

Consequently, the inefficiency of this process leads to 

the need of toxicological assays after effluent treatment. 

Thus, in the present investigation the toxicological tests 

were performed using daphnids since they have been 

found to be sensitive and used as important models to 

evaluate the toxicological implications that may result 

from azo dyes to the environment
1, 29, 36, 37

. The 24h-

EC50, obtained with the acute toxicity test using 

Daphnia pulex, of the liquid media before and after the 

fungal treatment with 12 types of fungi was determined 
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(Table 3). The dyes Brilliant Blue FCF before the 

treatment were nontoxic (EC50=> 100%) while the dye 

Brown HT was moderately acutely toxic (EC50=1-10%), 

and also Indigo carmine was minute acute toxic dye 

(EC50=10-100%). Except these three types of dyes, all 

dyes were acute toxic (EC50=<1%). Despite of MXD 

being constituted also by the toxic dyes, the low toxicity 

of the mixture is probably due to fact that they were in a 

low concentration (33.3 mg L-1). After the fungal 

treatment, 12 types of fungi efficiently reduced the 

toxicity of mixed dye, the 24h-EC50 value was increased 

from 10.93% (minor acutely toxic) to 40 – 52.3% (minor 

acutely toxic) (Table 3). 

 

The fungus also reduced the toxicity of the all dyes 

which were acutely toxic before fungal treatment. After 

fungal treatment they were shown minor acute toxicity 

(EC50= 10-100%). In Brilliant Blue FCF after fungal 

treatment was not increased the toxicity. 

 

 The toxicological assay using daphnids showed a 

significant reduction of toxicity after dye decolorization 

12 types of fungi, indicating that this process 

corresponds to an actual detoxification of the dyes. Even 

though the detoxification in some treatments is not 

always reduced while the decolorization takes place
55

, as 

it happened in the present study with the food dye, there 

are very few studies that have evaluated the toxicological 

level after dye or effluent treatment. Therefore, based on 

these findings, the need of this kind of evaluation has 

been confirmed.
[1,29,36,37]
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Table 2: Total time taken for 100% decolorization of dyes. 

 

 

  

 

Dyes  Irpex 

lacteu 
Aspergillus 

species 
Penicillium 

geastrivorus 
Datronia 

sp. 
Myrotheciu
m roridum 

Polyporus 
arcularius  

Fomitop
sis feei  

Pleurotus 
ostreatus  

Tramete
s hirsuta 

Fomes 
fomentarius 

Ganoder
ma 
lucidum 

Trametes 
versicolor 

Tartrazine 100% in 5 

days 

100% in 7 

days 

100% in 5 

days 

100% in 7 

days 

100% in 5 

days 

100% in 5 

days 

100% in 

8 days 

100% in 5 

days 

100% in 

5 days 

100% in 8 

days 

100% in 5 

days 

100% in 5 

days 

Quinoline  

Yellow WS 

100% in 5 

days 

100% in 7 

days 

100% in 5 

days 

100% in 7 

days 

100% in 5 

days 

100% in 5 

days 

100% in 

8 days 

100% in 5 

days 

100% in 

5 days 

100% in 8 

days 

100% in 5 

days 

100% in 5 

days 

Sunset 

Yellow FCF 

100% in 5 

days 

100% in 7 

days 

100% in 5 

days 

100% in 7 

days 

100% in 5 

days 

100% in 5 

days 

100% in 

8 days 

100% in 5 

days 

100% in 

5 days 

100% in 8 

days 

100% in 5 

days 

100% in 5 

days 

Allura Red 100% in 5 

days 

100% in 7 

days 

100% in 5 

days 

100% in 8 

days 

100% in 5 

days 

100% in 5 

days 

100% in 

8 days 

100% in 5 

days 

100% in 

5 days 

100% in 8 

days 

100% in 5 

days 

100% in 5 

days 

Ponceau 4R 100% in 5 

days 

100% in 7 

days 

100% in 5 

days 

100% in 7 

days 

100% in 5 

days 

100% in 5 

days 

100% in 

8 days 

100% in 5 

days 

100% in 

5 days 

100% in 8 

days 

100% in 5 

days 

100% in 5 

days 

Carmoisine 100% in 5 

days 

100% in 7 

days 

100% in 5 

days 

100% in 7 

days 

100% in 5 

days 

100% in 5 

days 

100% in 

8 days 

100% in 8 

days 

100% in 

5 days 

100% in 5 

days 

100% in 8 

days 

100% in 5 

days 

Erythrosine 100% in 5 

days 

100% in 7 

days 

100% in 5 

days 

100% in 8 

days 

100% in 5 

days 

100% in 5 

days 

100% in 

8 days 

100% in 5 

days 

100% in 

5 days 

100% in 8 

days 

100% in 5 

days 

100% in 5 

days 

Amaranth 100% in 5 

days 

100% in 8 

days 

100% in 5 

days 

100% in 5 

days 

100% in 8 

days 

100% in 5 

days 

100% in 

8 days 

100% in 5 

days 

100% in 

5 days 

100% in 8 

days 

100% in 5 

days 

100% in 5 

days 

Brown HT 100% in 6 

days 

100% in 8 

days 

100% in 6 

days 

100% in 8 

days 

100% in 6 

days 

100% in 6 

days 

100% in 

10 days 

100% in 6 

days 

100% in 

6 days 

100% in 10 

days 

100% in 6 

days 

100% in 6 

days 

Brilliant 

Blue FCF 

100% in 8 

days 

100% in 12 

days 

100% in 8 

days 

100% in 10 

days 

100% in 8 

days 

100% in 10 

days 

100% in 

12 days 

100% in 

10 days 

100% in 

8 days 

100% in 14 

days 

100% in 

10 days 

100% in 9 

days 

Patent Blue 

V 

100% in 8 

days 

100% in 12 

days 

100% in 8 

days 

100% in 10 

days 

100% in 8 

days 

100% in 10 

days 

100% in 

12 days 

100% in 

10 days 

100% in 

8 days 

100% in 14 

days 

100% in 

10 days 

100% in 9 

days 

Indigo 

Carmine 

100% in 7 

days 

100% in 10 

days 

100% in 8 

days 

100% in 10 

days 

100% in 8 

days 

100% in 10 

days 

100% in 

12 days 

100% in 

10 days 

100% in 

8 days 

100% in 12 

days 

100% in 8 

days 

100% in 7 

days 

Green S 100% in 7 

days 

100% in 10 

days 

100% in 7 

days 

100% in 8 

days 

100% in 7 

days 

100% in 8 

days 

100% in 

10 days 

100% in 8 

days 

100% in 

7 days 

100% in 12 

days 

100% in 8 

days 

100% in 7 

days 

Fast Green 

FCF 

100% in 7 

days 

100% in 10 

days 

100% in 7 

days 

100% in 8 

days 

100% in 7 

days 

100% in 8 

days 

100% in 

10 days 

100% in 8 

days 

100% in 

7 days 

100% in 12 

days 

100% in 8 

days 

100% in 7 

days 

Black PN 100% in 8 

days 

100% in 12 

days 

100% in 8 

days 

100% in 10 

days 

100% in 8 

days 

100% in 10 

days 

100% in 

12 days 

100% in 

10 days 

100% in 

8 days 

100% in 14 

days 

100% in 

10 days 

100% in 9 

days 

Mixed dye 100% in 10 

days 

100% in 14 

days 

100% in 10 

days 

100% in 14 

days 

100% in 10 

days 

100% in 12 

days 

100% in 

14 days 

100% in 

12 days 

100% in 

10 days 

100% in 14 

days 

100% in 

12 days 

100% in 10 

days 
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Table 3: Ecotoxicity study. 

Samples EC50 % CI 95% Classification Samples EC50 % CI 95% Classification 

Tartrazine 30.8 27.2-34.8 Minor acutely toxic Brown HT 9.5 8.6-10.4 Moderately acutely toxic 

Irpex lacteu 105 98.7-112.4 Not toxic Irpex lacteu 75.2 68.7-82.9 Minor acute toxic 

Aspergillus species 56.9 50. 3- 62.6 Minor acute toxic Aspergillus species 56.9 50. 3- 62.6 Minor acute toxic 

Penicillium geastrivorus 108.5 98.7-112.4 Not toxic Penicillium geastrivorus 68.5 68.7-82.9 Minor acute toxic 

Datronia sp. 55.1 50. 3- 62.6 Minor acute toxic Datronia sp. 55.1 50. 3- 62.6 Minor acute toxic 

Myrothecium roridum 101.7 98.7-112.4 Not toxic Myrothecium roridum 71.4 68.7-82.9 Minor acute toxic 

Polyporus arcularius  52.5 50. 3- 62.6 Minor acute toxic Polyporus arcularius  52.5 50. 3- 62.6 Minor acute toxic 

Fomitopsis feei  54.7 50. 3- 62.6 Minor acute toxic Fomitopsis feei  54.7 50. 3- 62.6 Minor acute toxic 

Pleurotus ostreatus  111.1 98.7-112.4 Not toxic Pleurotus ostreatus  78.1 68.7-82.9 Minor acute toxic 

Trametes hirsuta 108.4 98.7-112.4 Not toxic Trametes hirsuta 76.5 68.7-82.9 Minor acute toxic 

Fomes fomentarius 51.9 50. 3- 62.6 Minor acute toxic Fomes fomentarius 51.9 50. 3- 62.6 Minor acute toxic 

Ganoderma lucidum 101.6 98.7-112.4 Not toxic Ganoderma lucidum 79.3 68.7-82.9 Minor acute toxic 

Trametes versicolor 102.8 98.7-112.4 Not toxic Trametes versicolor 75.7 68.7-82.9 Minor acute toxic 

Quinoline Yellow WS 50.8 47.2-54.8 Minor acutely toxic Brilliant Blue FCF 99.4 98.7-112.4 Not toxic 

Irpex lacteu 107 98.7-112.4 Not toxic Irpex lacteu 105 98.7-112.4 Not toxic 

Aspergillus species 76.9 70. 3- 82.6 Minor acute toxic Aspergillus species 103.2 98.7-112.4 Not toxic 

Penicillium geastrivorus 110.5 98.7-112.4 Not toxic Penicillium geastrivorus 108.5 98.7-112.4 Not toxic 

Datronia sp. 76.9 70. 3- 82.6 Minor acute toxic Datronia sp. 101.3 98.7-112.4 Not toxic 

Myrothecium roridum 103.7 98.7-112.4 Not toxic Myrothecium roridum 101.7 98.7-112.4 Not toxic 

Polyporus arcularius  76.9 70. 3- 82.6 Minor acute toxic Polyporus arcularius  102.1 98.7-112.4 Not toxic 

Fomitopsis feei  76.9 70. 3- 82.6 Minor acute toxic Fomitopsis feei  99.6 98.7-112.4 Not toxic 

Pleurotus ostreatus  111.1 98.7-112.4 Not toxic Pleurotus ostreatus  107.9 98.7-112.4 Not toxic 

Trametes hirsuta 110.4 98.7-112.4 Not toxic Trametes hirsuta 108.4 98.7-112.4 Not toxic 

Fomes fomentarius 76.9 70. 3- 82.6 Minor acute toxic Fomes fomentarius 105.7 98.7-112.4 Not toxic 

Ganoderma lucidum 103.6 98.7-112.4 Not toxic Ganoderma lucidum 101.6 98.7-112.4 Not toxic 

Trametes versicolor 104.8 98.7-112.4 Not toxic Trametes versicolor 102.8 98.7-112.4 Not toxic 

Sunset Yellow FCF 0.95 <1.0 acutely toxic Patent Blue V 0.9 <1.0 acutely toxic 

Irpex lacteu 27.9 20. 3- 32.6 Minor acute toxic Irpex lacteu 26.9 20. 3- 32.6 Minor acute toxic 

Aspergillus species 29.7 20. 3- 32.6 Minor acute toxic Aspergillus species 28.7 20. 3- 32.6 Minor acute toxic 

Penicillium geastrivorus 31.9 20. 3- 32.6 Minor acute toxic Penicillium geastrivorus 30.9 20. 3- 32.6 Minor acute toxic 

Datronia sp. 27.5 20. 3- 32.6 Minor acute toxic Datronia sp. 26.5 20. 3- 32.6 Minor acute toxic 

Myrothecium roridum 28.8 20. 3- 32.6 Minor acute toxic Myrothecium roridum 27.8 20. 3- 32.6 Minor acute toxic 

Polyporus arcularius  25.0 20. 3- 32.6 Minor acute toxic Polyporus arcularius  24.9 20. 3- 32.6 Minor acute toxic 

Fomitopsis feei  24.4 20. 3- 32.6 Minor acute toxic Fomitopsis feei  23.5 20. 3- 32.6 Minor acute toxic 

Pleurotus ostreatus  26.7 20. 3- 32.6 Minor acute toxic Pleurotus ostreatus  25.6 20. 3- 32.6 Minor acute toxic 

Trametes hirsuta 28.5 20. 3- 32.6 Minor acute toxic Trametes hirsuta 27.2 20. 3- 32.6 Minor acute toxic 

Fomes fomentarius 23.0 20. 3- 32.6 Minor acute toxic Fomes fomentarius 22.9 20. 3- 32.6 Minor acute toxic 
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Ganoderma lucidum 27.7 20. 3- 32.6 Minor acute toxic Ganoderma lucidum 26.5 20. 3- 32.6 Minor acute toxic 

Trametes versicolor 26.8 20. 3- 32.6 Minor acute toxic Trametes versicolor 25.6 20. 3- 32.6 Minor acute toxic 

Allura Red 0.93 <1.0 acutely toxic Indigo Carmine 89.4 88.7-102.4 Minor acute toxic 

Irpex lacteu 17.9 10. 3- 22.6 Minor acute toxic Irpex lacteu 105.6 98.7-112.4 Not toxic 

Aspergillus species 19.7 10. 3- 22.6 Minor acute toxic Aspergillus species 101.8 98.7-112.4 Not toxic 

Penicillium geastrivorus 11.9 10. 3- 22.6 Minor acute toxic Penicillium geastrivorus 107.4 98.7-112.4 Not toxic 

Datronia sp. 17.5 10. 3- 22.6 Minor acute toxic Datronia sp. 100.1 98.7-112.4 Not toxic 

Myrothecium roridum 18.8 10. 3- 22.6 Minor acute toxic Myrothecium roridum 100.3 98.7-112.4 Not toxic 

Polyporus arcularius  15.0 10. 3- 22.6 Minor acute toxic Polyporus arcularius  101.5 98.7-112.4 Not toxic 

Fomitopsis feei  14.4 10. 3- 22.6 Minor acute toxic Fomitopsis feei  99.3 98.7-112.4 Not toxic 

Pleurotus ostreatus  16.7 10. 3- 22.6 Minor acute toxic Pleurotus ostreatus  107.6 98.7-112.4 Not toxic 

Trametes hirsuta 18.5 10. 3- 22.6 Minor acute toxic Trametes hirsuta 108.2 98.7-112.4 Not toxic 

Fomes fomentarius 13.0 10. 3- 22.6 Minor acute toxic Fomes fomentarius 105.1 98.7-112.4 Not toxic 

Ganoderma lucidum 17.7 10. 3- 22.6 Minor acute toxic Ganoderma lucidum 101.3 98.7-112.4 Not toxic 

Trametes versicolor 16.8 10. 3- 22.6 Minor acute toxic Trametes versicolor 102.4 98.7-112.4 Not toxic 

Ponceau 4R 0.93 <1.0 acutely toxic Green S 50.8 47.2-54.8 Minor acutely toxic 

Irpex lacteu 17.9 10. 3- 22.6 Minor acute toxic Irpex lacteu 107 98.7-112.4 Not toxic 

Aspergillus species 19.7 10. 3- 22.6 Minor acute toxic Aspergillus species 76.9 70. 3- 82.6 Minor acute toxic 

Penicillium geastrivorus 11.9 10. 3- 22.6 Minor acute toxic Penicillium geastrivorus 110.5 98.7-112.4 Not toxic 

Datronia sp. 17.5 10. 3- 22.6 Minor acute toxic Datronia sp. 76.9 70. 3- 82.6 Minor acute toxic 

Myrothecium roridum 18.8 10. 3- 22.6 Minor acute toxic Myrothecium roridum 103.7 98.7-112.4 Not toxic 

Polyporus arcularius  15.0 10. 3- 22.6 Minor acute toxic Polyporus arcularius  76.9 70. 3- 82.6 Minor acute toxic 

Fomitopsis feei  14.4 10. 3- 22.6 Minor acute toxic Fomitopsis feei  76.9 70. 3- 82.6 Minor acute toxic 

Pleurotus ostreatus  16.7 10. 3- 22.6 Minor acute toxic Pleurotus ostreatus  111.1 98.7-112.4 Not toxic 

Trametes hirsuta 18.5 10. 3- 22.6 Minor acute toxic Trametes hirsuta 110.4 98.7-112.4 Not toxic 

Fomes fomentarius 13.0 10. 3- 22.6 Minor acute toxic Fomes fomentarius 76.9 70. 3- 82.6 Minor acute toxic 

Ganoderma lucidum 17.7 10. 3- 22.6 Minor acute toxic Ganoderma lucidum 103.6 98.7-112.4 Not toxic 

Trametes versicolor 16.8 10. 3- 22.6 Minor acute toxic Trametes versicolor 104.8 98.7-112.4 Not toxic 

Carmoisine 0.93 <1.0 acutely toxic Fast Green FCF 0.93 <1.0 acutely toxic 

Irpex lacteu 27.9 20. 3- 32.6 Minor acute toxic Irpex lacteu 15.9 10. 3- 22.6 Minor acute toxic 

Aspergillus species 29.7 20. 3- 32.6 Minor acute toxic Aspergillus species 16.7 10. 3- 22.6 Minor acute toxic 

Penicillium geastrivorus 21.9 20. 3- 32.6 Minor acute toxic Penicillium geastrivorus 10.9 10. 3- 22.6 Minor acute toxic 

Datronia sp. 27.5 20. 3- 32.6 Minor acute toxic Datronia sp. 15.5 10. 3- 22.6 Minor acute toxic 

Myrothecium roridum 28.8 20. 3- 32.6 Minor acute toxic Myrothecium roridum 16.8 10. 3- 22.6 Minor acute toxic 

Polyporus arcularius  25.0 20. 3- 32.6 Minor acute toxic Polyporus arcularius  15.0 10. 3- 22.6 Minor acute toxic 

Fomitopsis feei  24.4 20. 3- 32.6 Minor acute toxic Fomitopsis feei  14.4 10. 3- 22.6 Minor acute toxic 

Pleurotus ostreatus  26.7 20. 3- 32.6 Minor acute toxic Pleurotus ostreatus  16.7 10. 3- 22.6 Minor acute toxic 

Trametes hirsuta 28.5 20. 3- 32.6 Minor acute toxic Trametes hirsuta 18.5 10. 3- 22.6 Minor acute toxic 
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Fomes fomentarius 23.0 20. 3- 32.6 Minor acute toxic Fomes fomentarius 13.0 10. 3- 22.6 Minor acute toxic 

Ganoderma lucidum 27.7 20. 3- 32.6 Minor acute toxic Ganoderma lucidum 17.7 10. 3- 22.6 Minor acute toxic 

Trametes versicolor 26.8 20. 3- 32.6 Minor acute toxic Trametes versicolor 16.8 10. 3- 22.6 Minor acute toxic 

Erythrosine 0.93 <1.0 acutely toxic Black PN 0.93 <1.0 acutely toxic 

Irpex lacteu 17.9 10. 3- 22.6 Minor acute toxic Irpex lacteu 11.9 10. 3- 22.6 Minor acute toxic 

Aspergillus species 19.7 10. 3- 22.6 Minor acute toxic Aspergillus species 12.7 10. 3- 22.6 Minor acute toxic 

Penicillium geastrivorus 11.9 10. 3- 22.6 Minor acute toxic Penicillium geastrivorus 10.9 10. 3- 22.6 Minor acute toxic 

Datronia sp. 17.5 10. 3- 22.6 Minor acute toxic Datronia sp. 12.5 10. 3- 22.6 Minor acute toxic 

Myrothecium roridum 18.8 10. 3- 22.6 Minor acute toxic Myrothecium roridum 13.8 10. 3- 22.6 Minor acute toxic 

Polyporus arcularius  15.0 10. 3- 22.6 Minor acute toxic Polyporus arcularius  15.0 10. 3- 22.6 Minor acute toxic 

Fomitopsis feei  14.4 10. 3- 22.6 Minor acute toxic Fomitopsis feei  12.4 10. 3- 22.6 Minor acute toxic 

Pleurotus ostreatus  16.7 10. 3- 22.6 Minor acute toxic Pleurotus ostreatus  11.7 10. 3- 22.6 Minor acute toxic 

Trametes hirsuta 18.5 10. 3- 22.6 Minor acute toxic Trametes hirsuta 14.5 10. 3- 22.6 Minor acute toxic 

Fomes fomentarius 13.0 10. 3- 22.6 Minor acute toxic Fomes fomentarius 11.0 10. 3- 22.6 Minor acute toxic 

Ganoderma lucidum 17.7 10. 3- 22.6 Minor acute toxic Ganoderma lucidum 10.7 10. 3- 22.6 Minor acute toxic 

Trametes versicolor 16.8 10. 3- 22.6 Minor acute toxic Trametes versicolor 12.8 10. 3- 22.6 Minor acute toxic 

Amaranth 0.93 <1.0 acutely toxic Mixed dye 10.93 10-20 Minor acute toxic 

Irpex lacteu 17.9 10. 3- 22.6 Minor acute toxic Irpex lacteu 47.9 40. 3-52.6 Minor acute toxic 

Aspergillus species 19.7 10. 3- 22.6 Minor acute toxic Aspergillus species 49.7 40. 3-52.6 Minor acute toxic 

Penicillium geastrivorus 11.9 10. 3- 22.6 Minor acute toxic Penicillium geastrivorus 41.9 40. 3-52.6 Minor acute toxic 

Datronia sp. 17.5 10. 3- 22.6 Minor acute toxic Datronia sp. 47.5 40. 3-52.6 Minor acute toxic 

Myrothecium roridum 18.8 10. 3- 22.6 Minor acute toxic Myrothecium roridum 48.8 40. 3-52.6 Minor acute toxic 

Polyporus arcularius  15.0 10. 3- 22.6 Minor acute toxic Polyporus arcularius  45.0 40. 3-52.6 Minor acute toxic 

Fomitopsis feei  14.4 10. 3- 22.6 Minor acute toxic Fomitopsis feei  44.4 40. 3-52.6 Minor acute toxic 

Pleurotus ostreatus  16.7 10. 3- 22.6 Minor acute toxic Pleurotus ostreatus  46.7 40. 3-52.6 Minor acute toxic 

Trametes hirsuta 18.5 10. 3- 22.6 Minor acute toxic Trametes hirsuta 48.5 40. 3-52.6 Minor acute toxic 

Fomes fomentarius 13.0 10. 3- 22.6 Minor acute toxic Fomes fomentarius 43.0 40. 3-52.6 Minor acute toxic 

Ganoderma lucidum 17.7 10. 3- 22.6 Minor acute toxic Ganoderma lucidum 47.7 40. 3-52.6 Minor acute toxic 

Trametes versicolor 16.8 10. 3- 22.6 Minor acute toxic Trametes versicolor 46.8 40. 3-52.6 Minor acute toxic 

Note: EC50 – Effective Concentration; EC50<1 – Acutely toxic; EC50= 1–10% – Moderately acutely toxic; EC50= 10–100% – Minor acutely toxic; 

EC50>100%– Not acutely toxic.CI 95% - 95 % Confidence Intervals.  
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CONCLUSION 

Evaluated 12 types of fungi were efficient to decolorize 

different kinds of dyes and the mixture of them by 

initially adsorbing them and subsequently degrading 

them, which led to the decolorization of the biomass. 

These funguses were also capable to detoxify food dyes 

and the mixture of the dyes tested. More studies 

regarding dye degradation and toxicity reduction by 

fungal treatment are necessary. Most importantly the 

results of this investigation demonstrated the great 

significance of toxicological assays associated with 

decolorization experiments. 
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