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ABSTRACT 
Aspergillus niger ES-5 isolated from Egyptian soil was chosen for its 
high decolorizing performance (90-98.8%) of 4 Isolan dyes (metal 
reactive azo group). The decolorization profile was highly dependent 
on the presence or absence of co-substrates needed for glucose oxidase 
(GOD) production. The extracellular fluid (ECF), autoclaved mycelia 
and mycelia grown in dye solution with no supplements showed a 
sharp drop in decolorization (0-7.3%) confirming the biological 
involvement of growth-linked enzymatic system. 

The metal content of Isolan dyes was analyzed by Energy Dispersive 
X-ray Spectroscopy (EDS), Cr, Cu, Zn and S were found in cultures, 
and were below the detection limit after 72 hr incubation. A range of 
8-50% decrease in decolorization was obtained when gamma 
radiation (up to 8 KGy) was used in combination with fungal pellets. 
A. niger ES-5 showed over 80% decolorization for a mixture of the 4 
dyes, while decolorization of real textile effluent showed 75%. All 
previous data suggest a metabolically mediated dye decolorization 
mechanism for live A. niger ES-5 and points to its potential use in dye 
decolorization of real textile effluent. 
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INTRODUCTION 
 

Synthetic dyes in dye effluents pose a serious problem from the environmental and health 
standpoints due to their recalcitrant nature. Their chemical structure based primarily on 
substituted aromatic and heterocyclic groups such as aromatic amines are suspected 
carcinogenic or genotoxic compounds(1). While the color of dyes represent another 
problem as it affects the aesthetic merit, transparency and gas solubility of lakes and 
rivers if they are not removed, causing an increase in biochemical oxygen demand (BOD) 
(2). 

Improper disposal of textile dyes comprise a major environmental problem, which leads 
to disturbances in the ecosystem(3). Despite the danger of all recalcitrant dye groups, 



metal-containing dyes are considered the most dangerous(4). Dissolved metals escaping 
into the environment pose a serious health hazard because they accumulate in living 
tissues throughout the food chain, reaching humans in the end. Therefore, there is a 
crucial need to remove metals before they enter the ecosystem (5).  

Fungal biomass has the ability to decolorize a wide variety of dyes successfully through a 
number of mechanisms. The most commonly studied fungi in degradation of dyes are the 
white-rot fungi, which have been studied extensively in relation to dye diversity, culture 
conditions and mechanism of decolorization, while non-ligninolytic fungi metabolizing 
dyes are minimally studied in terms of decolorizing ability(2). Aspergillus niger was 
rarely reported in the context of dye decolorization. Aspergillus sojae B-10 was able to 
decolorize Amaranth, Sudan III and Congo red in 5 days, the mechanism of dye 
decolorization was not reported(6). Adsorption in 2-24 hrs was reported as the mode for 
decolorization by Myrothecum verrucaria, Myrothecum sp., Neurospora crassa and 
Candida sp., while Pycnoporus cinnabarinus and Trichoderma sp. achieved 90 and 85%, 
respectively in 3 days by extracellular oxidases and ligninolytic enzymes for unknown 
dye concentrations(2). Aspergillus niger was reported for decolorization of molasses waste 
water in 3 days, GOD enzyme was suspected to be involved(7). Fungal biomass walls are 
composed of macromolecules which contain carboxyl, amino, sulphates, and hydroxyl 
groups which act as metal sorption sites(5), and they are able to produce an array of 
enzymes to enable them to grow under a variety of conditions. 

This work aims to study the potential of a local Egyptian isolate, Aspergillus niger ES-5, 
to decolorize four of the isolan dyes, and to identify the mode of decolorization through 
induction of some enzymatic pathways which are assumed to be involved. Gamma 
radiation was used as a physical treatment in combination with biological treatment. 
Metal assessment was conducted for each dye before and after decolorization. The 
isolate’s decolorizing capability was tested on a mixture of the four dyes and in the 
presence of real textile effluent. 

 

MATERIAL AND METHODS 

 
Dyes 
Isolan dyes (yellow, navy, grey, red) were chosen for their extensive use and were 
obtained from an Egyptian company for textile dyeing and printing located in the 
industrial sector, 40 Km outside Cairo, Egypt. The structure is unavailable in the public 
database. The maximum absorption for each dye was obtained by UV-visible 
spectrophotometry for the pure dyes; samples were scanned from 200-700 nm using a 
Schimadzu UV 2100 spectrophotometer. The absorbance maximum was 601.8 nm for 
Isolan red and 546.2 nm for Isolan yellow, 580.2 nm for Isolan navy and 464.6 nm for 
Isolan grey. 

 

Microorganism and Culture conditions 



 Aspergillus niger ES-5 was isolated from soil around Eucalyptus tree in Abassia district, 
Cairo-Egypt, this isolate was chosen from previous screening of 24 Egyptian fungal 
isolates for its ability to decolorize the 4 tested dyes. The cultures were purified by re-
streaking on potato dextrose agar (PDA) at 4oC. The purified isolates were examined 
microscopically to check their purity. Screening of fungal decolorizing ability was done 
in both dye containing potato dextrose broth and PDA plates.  

 GOD induction was performed using modified Basal Salt Media (BSM), the media 
contained 3% glucose; 0.3 Peptone; 0.05% sodium nitrite; 0.001% Potassium dihydrogen 
phosphate. pH of the media was initially adjusted to 5.5 using 0.1 M HCl; 3.5% (oven 
sterilized) calcium carbonate was added to maintain the culture pH throughout 
experiment. Usually, BSM contains 8% glucose, a series of experimental studies on the 
minimum glucose concentration needed to achieve the same level of decolorization 
proved 3% was sufficient to obtain both decolorization and GOD production. The fungal 
pellets were inoculated directly into the dye media with no prior adaptation to the dye 
media. Cultures were incubated at 30oC and 150 rpm for 3 days for BSM. 

 

Decolorization under Co-metabolic conditions for GOD production 
 

Modified BSM was chosen as dye decolorizing media. Dyes were added to cultures on 
the day of inoculation, dye concentration was 20 mg/l. The working volume was 20 ml in 
100 ml flasks. GOD was assayed according to Lu et al., (8). The cultures were inoculated 
with 4 mm fungal plug cut with a sterile cork porer from the periphery of a 7- day old 
colony grown on PDA and incubated at 30oC in the dark for 24, 48 , 72 hr at 150 rpm.  

For determination of extracellular enzymatic decolorization, control cultures (no dye) 
were filtered under aseptic conditions and the filtrate (extracellular fluid; ECF) was used 
to decolorize each dye separately; incubation was performed under the same previously 
mentioned conditions. For dead pellets, culture media with the dyes were inoculated with 
autoclaved pellets and left to incubate at the same culture conditions. Desorption 
experiment was conducted according to Miranda et al.,(9). The dye decolorizing ability of 
the local strain was calculated by the following equation:- 

 

100x
DI

DFDI −  

 

DI is the initial dye absorption on the day of inoculation, DF is the final dye absorption 
after 3 days of incubation, absorption was performed at each dye’s respective absorption 
maxima. Spectrophotometric assays for enzymes or decolorization were performed using 
a Schimadzu UV 2100 spectrophotometer. 

For co-metabolic conditions for GOD production, media components were removed one 
by one and decolorization was monitored under the same culture conditions (Table 1).  



Fungal growth was measured after 72 hrs, samples were filtered on pre-weighed filter 
paper and dried at 50oC overnight. 
 
 
 
Table( 1): Represents different media components used in the co-metabolic experiment 

Media Glucose CaCO3 *N KH2PO4 
I + + + + 
II - + + + 
III - - + + 
IV + - + + 
V + - - - 
VI + + - + 
VII + - - + 
VIII - - - - 

+ denotes for the presence of the component, *N represents the total organic (peptone) and 
inorganic (NaNO3) nitrogen added to the media. 
 
 

 

 

 

Energy Dispersive X-ray Spectroscopy (EDS)  
Metal analysis was performed using EDS system model Oxford ISIS with SiLi detector 
attached to scanning electron microscope model JEOL-5400 for metal detection for dyes 
before decolorization and in dry mycelia and ECF after 72 hr of decolorization. The 
samples were dried at 50oC overnight, then ground to obtain it in a powder form.  This 
experiment was performed at the central lab at NCRRT. 

 

Irradiation process  
Irradiation doses used for decolorization of Isolan yellow and red were 2, 4, 6 and 8 KGy. 
Dyes were added to media for GOD induction without the addition of CaCO3. Irradiation 
was performed in the Indian cobalt source at the National Center for Radiation Research 
& Technology (NCRRT) for physical treatment combined with biological treatment. A 
50 ml sample of the liquid culture was subjected to gamma radiation at a dose rate of 1.89 
Gy/sec. Non-irradiated dye media flask inoculated with the fungi under study were taken 
as control for the dyes tested in this experiment.  

 

Decolorization of mixture of dyes 
For simulation of decolorization of textile effluent, a mixture of equal concentration (5 
mg/l) of each dye was tested. The same culture conditions were applied using modified 
BSM, with a set of control containing the dye mixture (in water) inoculated with fungal 



plugs. The percentage of dye decolorization, increase in fungal biomass and GOD 
production were monitored for both sets after 72 hours of incubation. 

 

Decolorization of real textile wastewater effluent 

To test the decolorization ability of the strain under study, real textile effluent was used in 
the decolorization experiment. The effluent was obtained from a textile factory in the 
industrial sector, 40 Km outside Cairo-Egypt and stored at 4oC until used. The treatments 
included the addition of modified BSM and pH adjustment to 5.5 using 1N HCl, 
originally the pH was 10, the effluent obtained at the end of a dyeing process using the 
orange, yellow and red colored dyes, the effluent had an olive green color and showed a 
peak at 414 nm when scanned with UV-visible spectrophotometer. Sterilization was 
performed by autoclaving. The decolorization, GOD and dry weight for each treatment 
were obtained after 72 hr at 30oC and 150 rpm. 

 

RESULTS AND DISCUSSION 
 

To understand the potential of a microorganism in dye decolorization, it’s important to 
study its mode of decolorization. Out of 24 different local isolates, Aspergillus niger ES-
5 was chosen for its high decolorizing ability in liquid cultures and solid plates (data not 
shown). Locally isolated strains sometimes exhibit greatest decolorizing ability than 
commercial strains (10). The decolorization of the 4 dyes was tested under GOD 
conditions.  GOD enzyme was positively assayed in this strain (1.09 U/ml/mg) only 
under GOD inductive conditions. Agitation was used because it was reported to be 
essential for achieving high decolorization rates(11).  While in some dye decolorizing 
experiments fungal adaptation is required, the strain under study was directly used in 
media containing dyes without the need for prior adaptation.  

The cultures were operated under co-metabolic conditions for GOD production, which is 
the enzyme suspected to be primarily involved in the decolorization process for this 
fungus. The media components were removed one by one to test their contribution to the 
decolorizing process, a total of 8 co-metabolic conditions were used as illustrated in 
Table(1). The results shown in Fig.(1) sustain the need for glucose and calcium carbonate 
as essential co-substrates in the fungal decolorization process for all the dyes, except for 
Isolan grey in medium VI where the absence of nitrogen source increased the 
decolorization, while for the other 3 dyes, organic and inorganic nitrogen sources show a 
crucial presence to achieve high decolorization. 
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 Fig( 1): Decolorization of dyes by Aspergillus niger ES-5 using different media components 
after 72 hours for the four dyes. Media symbols are represented in Table (1). 
 

The role of calcium carbonate in BSM for Aspergillus niger is one of controversy, it is 
assumed that it is used for both GOD induction, fungal growth and maintenance of pH 
throughout the duration of the experiment(12). It was noticed that the presence of calcium 
carbonate interfered in the decolorization process because of instant adsorption of the dye 
to calcium carbonate particles, producing a clear supernatant and a colored precipitate on 
the day of inoculation, giving false indication to the involvement of the fungal isolate. 
The GOD and mycelial biomass were studied in medium I and IV as they represent the 
highest levels of decolorization for all the dyes  under the 8 studied co-metabolic 
conditions (results not shown), GOD and mycelial biomass decreased for all the tested 
dyes.  

This proved the involvement of calcium carbonate in GOD induction and growth, but 
since the aim of this work is to enhance decolorization, it was therefore chosen to exclude 
calcium carbonate from the decolorizing media in subsequent experiments because of its 
visual contribution to the decolorization. The pH was not affected by the removal of 
calcium carbonate during the 72 hr experiment due to the production of gluconic acid as 
an end product of glucose by GOD (12). The absence of calcium carbonate from the 
medium causes a shift in the metabolic pathway of A. niger, it was reported by Liu et al., 
(13) that calcium carbonate is accompanied by a metabolic shift from the glycolytic 
pathway to direct oxidation of glucose by GOD. It is evident that the decolorization 
profile is highly dependent on the glucose present in the media; glucose is considered a 
potent inducer for GOD induction(14), this suggests the involvement of metabolic 
enzymes in the decolorization process and confirms the involvement of GOD in the 
process, if not as a directly involved enzyme in the decolorization process, at least as a 
co-metabolic enzyme.  

 



Desorption of the 72 hr decolorizing fungi caused minimal release of dyes to the medium, 
this is a sign for either biotransformation or extracellular enzymatic degradation and an 
exclusion of the adsorption of dyes to the mycelial wall as the major mechanism of dye 
removal by this fungus (Figure 2).  
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Fig( 2 ):Decolorization of the four tested dyes by Aspergillus niger ES-5 through In vitro 
decoloriztion using ECF  and adsorption  by autoclaving  to obtain dead pellets, and 
desorption of the dye in sterile water for 72 hrs. I.Y(Isolan Yellow),I.N(Isolan 
Navy),I.R(Isolan Red),I.G(Isolan Grey). 
 
As a confirmation, ECF of a 72 hr A. niger culture grown under typical GOD conditions 
was added to each dye, the mixture contained ECF and dye dissolved in phosphate buffer 
(pH 5.5), the decolorization percentages ranged from 0 to 7%, which is considered very 
low compared to those obtained using live fungal plugs. This is a confirmation of the 
transfer of the dyes internally into the cells, Blanquez et al., (4) assumed in their work that 
this is an indication of breaking the metal complex bond, then release of the components 
to the external media. Biotransformation is a highly plausible mode of enzymatic 
decolorization by A. niger ES-5 since the majority of GOD enzyme is located on the 
inner side of the mycelia (periplasmic). The localization of GOD has been the subject of 
debate, the bulk being in the cell wall(15), intracellular GOD comprises 3 times the 
extracellular GOD produced by A. niger ES-5 (data not shown), therefore, it is assumed 
that the dyes are decolorized enzymatically through biotransformation in the interior side 
of the fungal cell wall. 

 Besides gluconic acid, hydrogen peroxide is the other end product for metabolizing 
glucose by GOD. Watanabe et al., (16) suggested the involvement of GOD in melanoidin 
decolorization through the active oxygen species (O2

-, H2O2) produced by the reaction of 
the enzyme with glucose. The maximum level of GOD production by Aspergillus niger 
coincides with the highest decolorization levels of dyes; this also confirms the 
involvement of intracellular GOD in the decolorization process. Hydrogen peroxide was 
reported to be responsible for the decolorization of some dyes by laccase producing fungi 
(17), therefore, it is our assumption that the majority of dyes are decolorized via 



intracellular GOD, while hydrogen peroxide plays a minor role in the decolorization 
process. 

The metal contents of isolan dyes were tested by Energy Dispersive X-ray Spectroscopy 
(EDS) using SiLi detector, the dyes were found to contain Cr, Cu, Zn and S, with Cr 
being the highest metal. The metal content was below the detection limit in the dried 
mycelia after 72 hr incubation (Table 3).  

 

Table(2) Concentration (%) of sulfur, chromium, copper and zinc for each dye 
before (Initial) and after 72 hr (Final) incubation for A.niger ES-5 mycelia using 
EDS. 
 

 I.Y Initial I.Y Final I.N Initial I.N Final I.R 
Initial 

I.R Final I.G Initial I.G Final 

S 6.8 Nd 6.63 Nd 17.5 Nd 4.37 Nd 
Cr 9.49 Nd 4.97 Nd 8.92 Nd 8.12 Nd 
Cu 1.07 Nd 0.58 Nd 1.11 Nd 1.51 Nd 
Zn* - - - - 0.96 Nd 0.82 Nd 

 
 
Isolan yellow (I.Y), Isolan navy (I.N), Isolan red (I.R), Isolan grey (I.G). 
N.d indicates not detected value under the same analysis conditions. 
* Zn was not present in I.Y and I.N and denoted (-). 
 

It is assumed that the process of decolorization and metal removal involves initial 
adsorption followed by enzymatic breakdown; this hypothesis is also sustained by the 
work of Blanquez et al.,(4) who stated that the biodegradation of textile metal dyes were 
attained via biotransformation by the white-rot strain Trametes versicolor. 

Physical techniques are sometimes effective but require more energy than biological 
processes(18). Gamma irradiation was used as a physical method of treatment combined 
with biological treatment for decolorization, the two tested dyes were Isolan yellow and 
Isolan red only because their levels of decolorization were very high, the combined 
treatment were conducted as a trial to obtain absolute decolorization, but the results 
showed no evident change for Isolan red while Isolan yellow decreased almost 50% 
indicating a reverse effect which might be caused by dye polymerization (Figure 3).  
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Fig(3): The effect of gamma radiation on dye decolorization of I.R and I.Y in BSM –CaCO3 

The 4 dyes were mixed in equal ratios with media components, with and without 
supplements (Figure 4). GOD and dry weight were analyzed, the need for media 
components was essential also for decolorization to proceed as same as for individual 
dyes, although the decolorization dropped from above 90% for each dye to 80% for the 
mixture, but this result indicates the ability of this fungus to decolorize a mixtures of dyes 
as a simulation to real textile effluent. 
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Fig(4): Decolorization (%) of mixture of the 4 dyes, the GOD activity (U/ml/mg dry wt) and 
mycelial dry weight (gm) of Aspergillus niger ES-5. 

 

The GOD activity and mycelial dry weight dropped markedly when no supplements were 
used (Figure 4). This is an indication that for a mixture of dyes, the fungi is facing a 
combined hazard than it is for single dyes; therefore, it is recommended that an 



adaptation process might be useful to upgrade the tolerance and efficiency of this strain to 
mixtures of dyes. Real textile effluent was used to study the potential use of A. niger ES-
5, a further drop to 75% was observed in decolorization.  pH adjustment and glucose 
addition proved very essential to enhance the decolorization process, GOD production 
and the mycelial biomass were highly affected by lack of supplements, high pH or both 
(Figure 5). 
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Fig(5): Real textile wastewater with the addition of modified BSM* and (1) pH adjusted to 

5.5, (2) with no media and pH adjusted to 5.5, (3) with modified BSM and no pH 

adjustment, (4) with no media or pH adjustment. 

 

CONCLUSION 

 
A. niger ES-5 proved to be suitable for the degradation of metal azo dyes, presenting the 
highest percentages of decolorization with the aid of glucose as an inducer for GOD. The 
localization of GOD intracellularly and absence of metals after cultivation time allowed 
the proposition of dye biotransformation by this fungus. Also O2

- and H2O2, which are the 
end products of GOD activity on glucose, provide an extra mode for decolorization. The 
results obtained point to the advantages of using this fungus for its potential as a 
dye/metal removal system. Although physical techniques are sometimes effective, the use 
of gamma irradiation was not effective as a combined method for dye removal. While a 
mixture of dyes were decolorized at a rate which was slightly less than that obtained for 
individual dyes and real textile effluent was decolorized at a further lower rate, yet the 
fungus tolerated the presence of more than one dye and the presence of textile effluent 
components, these results indicate usage of this fungus in real textile effluent treatment 
with great efficiency. The disappearance of the dye/metal from the ECF and its lack of 
appearance on the mycelial wall offer a great advantage of decreasing the dye/metal 
volume, preventing the leakage of both in the sewer system. 



The relationship of the chemical structure of dyes and the decolorization by fungi still 
requires more elaboration; nevertheless, the biotransformation hypothesis and co-
metabolic induction of GOD are the only available explanations for the decolorization 
process by this fungus. 
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