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Abstract: Six Egyptian soil isolates (Aspergillus niger, Penicillium  spp., and Bacillus having symbol BG1,

BG2, BG3, and BG4 were screened for decolourization activities of the reactive and direct dyes.

Aspergillus niger and Penicillium  spp. were found to be the most efficient isolates. The maximum

degradation activities of Aspergillus niger for direct dye was under static condition at pH 4, 28 C and after°

four days incubation period but for Penicillium it was under static condition, at pH 4.5, 35 C and after°

four days incubation period. 
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INTRODUCTION

The textile industry is one of the industries that

generate a high volume of waste water; Sapari ;[23]

Ramakrishna and Viraraghavan  and Tang and [21]

Chen . Strong color of the textile waste water is the[26]

most serious problem of the textile waste effluent,

Koyuncu . The disposal of these wastes into receiving[15]

waters causes damage to the environment. Dyes may

significantly affect photosynthetic activity in aquatic

life because of reduced light penetration and may also

be toxic to some aquatic life due to the presence of

aromatics, metals, chlorides, etc, Daneshvar et al., .[7]

Synthetic dyes are extensively used in the textile

and  printing  industries,  Moreira,  et  al., ; Soares[18 ]

et al.,  and Park et al., . Azo dyes are the most[24] [19]

important group of synthetic colorants. They are the

largest class of dyes, and more than half of the

annually produced amounts of dyes (estimated for 1994

worldwide as 1 million tones) are azo dyes, Stolz, .[25]

Dye waste water from textile or dye stuff industry

is one of the most difficult to treat because dyes have

various synthetic origin and they contain complex

aromatic molecular structures, which make them more

stable and more difficult to be biodegraded, Kim et

al.,  and Abou-Okeil, .[14] [1]

The removal of dyes from the textile waste effluent

has been carried out by physical, chemical and

biological methods, such as flocculation, membrane

filtration, electrochemical techniques, ozonation,

coagulation, adsorption and fungal discoloration, Fu and

Tiraraghavan,  and Abou-Okeil et al., .[12] [1]

In recent years, a number of studies have focused

on some microorganisms which are able to biodegrade

and biosorb dyes in waste waters. A wide variety of

microorganisms capable of decolorizing a wide range

of dyes include some bacteria, fungi and algae, Fu and

Tiraraghavan  and Pazarlioglu  et al., . The use of[10 ,12] [20]

microorganisms for the removal of synthetic dyes from

industrial effluents offers considerable advantages. The

process is relatively inexpensive, it is simple method

and the running costs are low the end products of

complete mineralization are not toxic, Zheng et al., ;[31]

Forgacs et al.,  and Park et al., .[9] [19]

Biodegradation processes may be anaerobic, aerobic

or involve a combination of the two, Forgacs et al., .[9]

However, it has been observed in a number of cases

that the efficiency of aerobic treatment was inferior to

that of anaerobic decolonization process, Sapari ;[23]

Young and Yu ; Ramakrishna and Viraraghavan,[30] [21]

and Forgacs et al., . [9]

Although anaerobic reduction of azo dyes is

generally more satisfactory than aerobic degradation,

the intermediate products (carcinogenic aromatic

amines) have to be degraded by an aerobic process,

Forgacs et al.,   and  Melgoza et al., .[9] [17]

Over the past decade, many fungal strains have

been studied for their abilities to degrade a wide

variety of structurally diverse pollutants. Recently,

many studies have also demonstrated that fungi are

able to degrade dyes, Park et al., .[19]

White-rot fungi produce a wide variety of

extracelluar enzymes (laccase, lignin peroxidase, phenol

oxidase, Mn dependent peroxidase, and Mn-independent

peroxidase) that decompose the highly stable natural

compounds (lignin, hemi cellulose, cellulose, etc.),

Moreira  et  al., ;  Wesenberg  et  al.,   and[18]  [28]

Forgacs et al.,  Because of their high biodegradation[9]

capacity they are of considerable biotechnological

interest, and their application in the decolourization

process of waste waters has been extensively

investigated, Robinson et al., ; Tekere et al.,  and[22] [27]
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Pazarlioglu, et al., . Biological waste water treatment[20]

using the white rot fungus P. chrysosporium  is

effective in decolonization of textile effluent , Yang

and Yu  and Soares et al., . More recently, it has[29] [24]

been shown that not only Phanerochaete chrysosporium

but also several other fungi (e.g. Geotrichum candidum,

Trameters versicolor, Bjerkandera adusta, Penicillium

sp., Pleurotus ostreatus, Pycnoprus cinnabarinus, and

Pyricularia oryzae) are able to decolorize rather

complex azo dyes, Assadi et al., . Mean while, there  [2]

are various fungi other than white- rot fungi, such as

Aspergillus niger, which can also decolorize and / or

biosorb diverse dyes, Fu and Tiraraghavan .[10 ,11]

In fungal decolourization of dye waste water, these

fungi can be classified into two kinds according to

their life state: living cells to biodegrade and biosorb

dyes and dead cells (fungal biomass) to adsorb dyes,

Fu and Tiraraghavan .[10]

For living cells, the major mechanism is

biodegradation because they can produce the lignin

modifying enzymes, laccase, manganese peroxidase

(MnP) and lignin peroxidase (LiP) to mineralize

synthetic lignin or dyes. Fu and Tiraraghavan  and  [10]

Stolz .[25]

For dead cells, the mechanism is biosorption,

which  involves   physico-chemical   interactions,

such as adsorption, deposition, and ion-exchange,

Wesenberg et al., .[28]

In this investigation, the reactive and direct

exhausted dyebaths were treated by local microbial

isolates from Egyptian soil.

MATERIALS AND METHODS

Dyes: Reactive and direct dyes were used in this study.

Table (1) and Table (2) illustrate the names of these

dyes, along with its color index and function groups as

well as the chemical structure. The following used dyes

were commercially grade and kindly supplied by

"Alwan Masr" company.

Microorganisms Used: Six Egyptian soil isolates were

used in this investigation and provided by botany

department, Faculty of Women, Ain Shams University.

Four isolates were belong to genus Bacillus spp. and

two were fungal isolates; Aspergillus niger and

Penicillium spp. Genus Bacillus isolates were grown

and preserved on nutrient agar, however, fungal isolates

were on Sabouraud dextrose agar (SDA). Nutrient agar 

is composed of  15 g agar, 5g peptone, 3g beef extract

and one liter distilled water  however, Sabouraud

dextrose agar medium is composed of 18g agar, 10g

peptone, 40g glucose and one liter distilled water.

These media were autoclaved at atmospheric pressure

1.5 for 20 minutes, Atals .[4]

Inoculum Preparation: Spore suspensions of 2 days

and 4 days old cultures of bacteria and fungi

respectively were used to investigate their abilities to

decolorize the dyes under investigation. They were

prepared in saline solution (9 g/L), Benson .[5]

Medium Used for Decolourization Test: The

experiments were carried out in 100 ml flasks

containing 50 ml of the tested dye (0.04g/L of reactive

dye or 0.01g/L of direct dye), traces of yeast extract

and sucrose. The pH was adjusted at 7±0.2 using

2 3diluted Na CO  and Hcl solutions. Then, the flasks

were autoclaved at atmospheric pressure 1.5 for 15

min. The autoclaved flasks  were inoculated with 3 ml

of inoculum of each microorganism. They incubated for

4 days and after the end of this period 10 ml of the

dye solution was centrifuged at 5000 rpm for 15 min.

m ax then measured by spectrophotometrically at  ë  for

each dye. 

Decolourization Assay: This assay was measured in

the terms of reduction % using Spectrophotometer

(Spectronic 20 Milton Roy). The reduction percentage+ 

in dye concentration was calculated from the following

equation:

                        

0 tReduction% =   C – C  

0     C                                                      
               

Where: 

0C C : initial concentration of the dye 

t:C C  measured concentration after the end of

decolourization test 

The effect of pH, agitation, incubation time and

temperature on the decolourization of the dyes was

studied. In each experiment the optimum conditions

deduced from the previous experiments were

considered.

FT-IR Analysis: After decolourization, residual filtrate

was analyzed on FT-IR  (Nicot 6700) at central lab.,

Faculty of science , Ain Shams university.

RESULTS AND DISCUSSION

In this study two fungal isolates (Aspergillus niger,

Penicillium spp.) and four isolates belong to genus

Bacillus spp. (having symbol as BG1, BG2, BG3 and

BG4) were used in preliminary experiment to screen

the efficiency of these microorganisms for the

decolourization of the dye solution water. Two of the

tested isolates, Aspergillus niger and Penicillium  spp.

were  selected  for  further  investigation due to their
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Table 1: Reactive dye

Dye name Suncion red H-E/EL 3R

Homo bifunctionalFunction group

Reactive red 120color index

max. (nm)ë 536

Chemical

structure

Table 2: Direct dye

Dye name Isma fast red 8B

diazoFunction group

Direct red 81C.I.

max. (nm)ë 530

Chemical

structure

Table 3: Decolourization percentage of six isolates microorganism s

of residual reactive dyebath

Reduction %

M icrobial isolates -----------------------------------------------------

Reactive dye Direct dye

BG1 20 18

BG2 8.7 9.7

BG3 47.83 34.83

BG4 - -

Aspergillus niger 74.2 78.3

Penicillium spp. 77.87 67.42

Fig. 1: Photographs of decolourization of reactive dye
(A) The reactive dyebath solution
(B) The decolourization with Aspergillus niger
(C) The decolourization with Penicillium spp.

Fig. 2: Photographs  of decolourization of direct dye
(A) The reactive dyebath solution
(B)The decolourization with Aspergillus niger
(C) The decolourization with Penicillium spp.

highest decolourization activities in the term of color
reduction %. Table (3) and  Fig. (1 & 2).

Culture condition was reactive red 120 or direct
red 81 dyebath concentration 0.04 g/L static, 2 ml
suspension of each microorganism, incubation time 4
days and temperature 28ºC.

Effect of the pH on the Decolourization of Reactive
and Direct Dyebath Solution Using Aspergillus niger
and Penicillium spp.: Data represented graphically in
Fig. (3) showed the effect of initial pH on the
efficiency of microorganisms to reduce the color
intensity  of  dyebath  solution in the terms of
reduction percentage (%) of the color within the range
of pH (4-7). It was clear that, the maximum percentage
of decolourization was (93.73%) in case of reactive
dyebath solution and 96.69% of direct dyebath solution
at pH 4.5 and 4 respectively when Aspergillus niger
was used and 78.4% and 89.6% removal of color at
pH 4.5 and 4  in case of Penicillium spp. for both
reactive and direct dyebaths solution, respectively.
These results clearly support the concept that better
fungal growth usually occurs at low pH values, Assadi
and Jahangiri . [3]

Culture condition was reactive red 120, 0.04 g/L or
direct red 81, 0.01 g/L dyebath concentration 0.04 g/L
static, 2 ml suspension of each microorganism,
incubation time 4 days and temperature 28ºC.
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Fig. 3: Effect of the pH on the extent of color reduction % of the reactive and direct dyebath solution using

Aspergillus niger and Penicillium spp.

Fig. 4: The effect of the agitation on the reduction % of the reactive and direct dyebath solutions with Aspergillus

niger and Penicillium spp.

Effect of the Agitation on the Decolourization of

Reactive and Direct Dyebath Solution Using

Aspergillus niger and Penicillium  spp.: The

comparison study between the efficiency of static and

shaking conditions (100 rpm) for activities of

Aspergillus niger and Penicillium spp. on the

decolourization of the reactive and direct dyebath

solutions, is shown in Fig. (3). It is found that the

static conditions are more efficient than the shaking for

both Aspergillus niger and Penicillium spp. These

results  are  similar  to  those obtained by Daneshvar

et al., using another type of microorganism and can[7 ] 

be discussed in terms of the high rate of the agitation

decreases the fungal growth and the activities of some

biological substances such as enzymes which play an

important role in the decolourization of the dye, Faison

and Kirk  and Ge et al., .[8] [13]

Culture condition was dyes  reactive red 120 or

direct red 81 dyebath concentration 0.04 g/l for reactive

dye at pH 4.5 and 0.01 g/l for direct dye at pH 4, 3

ml suspension of each fungus, incubation time 4 days

and  at temperature 28ºC.

Effect of the Incubation Time and Temperature on

the Decolourization of Reactive and Direct Dyebath

Solutions Using Aspergillus niger and Penicillium

spp.: Data represented graphically  in Fig, (5) shows

the effect of the incubation time (1-4 day) at different
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Fig. 5: The effect of the incubation time and temperature on the color reduction % of the reactive and direct

dyebath solution with Aspergillus niger and Penicillium spp.

Fig. 6: FT-IR spectrum of direct red 81before and after biological treatment with Aspergillus niger (a) and

Penicillium spp. (b).
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Fig 7: FT-IR spectrum of reactive red 120 before and after biological treatment with Aspergillus niger (a) and

Penicillium spp. (b).

temperature (22ºC, 28 ºC and 35 ºC) on the color

reduction % of the reactive and direct dyebaths using

Aspergillus niger and Penicillium spp. fungi.  In case

of using Aspergillus niger, it was found that the

reduction of direct dyebath effluent was 86% and

82.66%  at 28ºC and 35ºC respectively through two

days and it increased in the third day. But the

maximum reduction% was recorded after 4 days of

incubation period at temperatures 28 ºC and 35 ºC for

both reactive and direct bath effluent. These results are

similar to those obtained by  Assadi and Jahangiri,[3]

and Mcmullan et al., . Also with Penicillium spp. the[16]

maximum color reduction % was after 4 days of

incubation period at temperature 35ºC for both reactive

and direct bath effluent. 

Culture condition was dyes  reactive red 120 or

direct red 81 dyebath concentration  0.04 g/l for

reactive dye at pH 4.5 and 0.01 g/l for direct dye at

pH 4, 3 ml suspension of each fungus, incubation time

4 days and  at temperature 28ºC.

FT-IR Analysis: Treatment of direct red 81 with

Aspergillus niger  gave a band at õ 3549.1 cm that-1  

2refers to NH  group  and band at õ 333.6 cm that-1  

refers to OH group. These peaks doesn’t present in

spectrum of original dye. This means that the dye

degraded by Aspergillus niger while treatment of that

dye  with  Penicillium  spp might cause adsorption,

Fig. 6. Similarly, Fu and Tiraraghavan  found that[11 ,12]

Aspergillus niger was able to remove the color Congo

red by degradation. In case of reactive red 120,

treatment  with Penicillium spp gave a band at õ

3364.9 cm that refers to free OH group and a band at-1  

2õ 3534.8 cm that refers to free NH  group that doesn’t-1  

present  in  spectrum  of  original  dye It indicates

that  reactive  red 120 degraded by Penicillium spp.

but not by Aspergillus niger which might cause

adsorption. Fig. 7.  

Several investigators e.g.  Cao et al., ; Stoz ;[6] [25]

Forgacs et al.,  and Fu and Tiraraghavan ;[9] [12]

Pazarlioglu et al.,  studied fungal decolourization of[20]

dye waste water. They stated that the fungi can be

classified into two kinds according to their life state:

living cells to biodegrade and biosorb dyes and dead

cells (fungal biomass) to adsorb dyes 

Conclusion: Generally it can be stated that, the color

removal of the reactive and direct dyebath solutions

can be achieved by treating with Aspergillus niger and

Penicillium spp. It can be stated that, Aspergillus niger
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was the most efficient fungus to cause biodegradation

of the color direct red 81 dye while Penicillium spp

was the most efficient fungus to cause biodegradation

of the color reactive red 120 dye.

REFERENCES

1. Abou-Okeil, A., 2005. Modified saw dust for dye

removal, 2  international conference of textilend

research division, NRC, Cairo, Egypt, April, 11-13

2. Assadi, M.M., K. Rostami, M. Shahvali and M.

Azin, 2001. Decolourization of textile waste water

by Phanerochaetc  chrysosporium , Desalination,

141: 331-336

3. Assadi, M.M. and M.R. Jahangiri, 2001. Textile

waste water treatment by Aspergillus niger,

Desalination, 141: 1-6

4. Atlas, R.M., 1993. Hand book of microbiological

media, CRC press Inc., U.S.A., 

5. Benson, W.J., 1994. Microbiological applications:

laboratory manual in general microbiology, Wm.C.

Bron Commications Inc., U.S.A., 1994.

6. Cao, H., I.R. Hardin and D.E. Akin, 2001.

Optimiza tion of conditions for microbial

decolourization of textile wastewater: starch as a

carbon source, AATCC Review 1: 37-42.

7. Daneshvar, N., M. Ayazloo, A.R. Khatae and M.

Pourhassan, 2007. Biological decolourization of dye

solution containing Malachite green by microalage

Cosmarium sp, Bioresource Technology, 98: 1-7

8. Faison, B.D. and T.K. Kirk, 1985. Factors involved

in the regulation of a ligninase activity in

P h a n e r o c h a e t e  c h r y s o s p o r i u m .  A p p l i e d

Environment Microbiology, 49: 299-304. 

9. Forgacs, E., T. Cserhati and G. Oros, 2004.

Removal of synthetic dyes from waste waters,

Environment International, 30: 953-971. 

10. Fu, Y. and Y. Tiraraghavan, 2001. Fungal

decolourization of dye waste waters: a review,

Bioresource Technology, 79: 251-262. 

11. Fu, Y. and Y. Tiraraghavan, 2002. Dye biosorption

sites in Aspergillus niger, Bioresource Technology,

82: 139-145 

12. Fu, Y. and Y. Tiraraghavan, 2004. Removal of

Congo red from an aqueous solution by fungus

Aspergillus niger, Advances in Environmental

Research, 7: 239-247

13. Ge, Y., L. Yan and K. Qing, 2004. Effect of

environment factors on dye decolourization by

Penicillium sordida AATCC 90872 in an aerated

reactor, Process Biochemistry, 39: 1401-1405. 

14. Kim, H.T., Y. Lee, J. Yang, B. Lee, Park, Ch. and

S. Kim, 2004. Decolourization of dye solutions by

a membrane bioreactor (MBR) using white-rot

fungi, Desalination, 168: 287-293. 

15. Koyuncu, I., 2002. Reactive dye removal in

dye/salt mixtures by nano filtration membranes
containing vinyl sulphone dyes: Effect of feed

concentration and cross flow velocity, Desalination,
143: 243-253

16. Mcmullan, G., C. Meehan, A. Conneely, N. Kiry,
T. Robinson, P. Nigam, I.M. Banat, R. Marchant

and W.F. Smyth, 2001. Microbial decolonization
and degradation of textile dyes, Applied

Microbiology Biotechnology, 56: 81-87. 
17. Melgoza, M.R., A. Cruz and G. Buitron, 2004.

Anaerobic/ aerobic treatment of colorants presents
in textile effluent, Water Science and Technology,

50: 149-155
18. Moreira, M.T., I. Mielgo, G. Feijoo and J.M.

Lema, 2000. Evaluation of different fungal strains
in the decolourisation of synthetic dyes,

Biotechnology Letters, 22: 1499-1503. 
19. Park, Ch., M. Lee, B. Lee, S.W. Kim, H.A. Chase,

J. Lee and S. Kim, 2006. Biodegradation and
biosorption for decolourization of synthetic dyes by

funaliatrogii, Journal of Biochemical Engineering,
In press, pp: 1-7. 

20. Pazarlioglu, N.K., R.O. Urek and F. Ergun, 2005.
B iodecolourization of direct blue 15 by

immobilized Phanerochaete chrysosporium , Process
Biochemistry, 40: 1923-1929. 

21. Ramakrishna, K.R. and T. Viraraghavan, 2000.
Dye removal using peat, American Dyestuff

Reporter, 5: 28-34. 
22. Robinson, T., B. Chandran and P. Nigam, 2001.

Studies on the production of enzyme by white-rot
fungi for decolourisation of textile dyes, Enzyme

and Microbial Technology, 29: 575-579. 
23. Sapari, N., 1996. Treatment and reuse of textile

waste  water  by  over land flow, Desalination,
106: 179-182. 

24. Soares, G.M., M.T. Amorim, R. Hrdina and M.C.
Ferreire, 2002. Studies on the biotransformation of

novel diazo dyes by laccase, Process Biochemistry,
37: 581-587. 

25. Stolz, A., 2001. Basic and applied aspects in the
microbial degradation of azo dyes. Applied

Microbiol Biotechnol., 56: 69-80,
26. Tang, C. and V. Chen, 2002. Nanofiltration of

textile waste water for water reuse, Desalination,
143: 11-20. 

27. Tekere, M., A.Y. Mswaka, R. Zvauya and J.S.
Read, 2001. Growth dye degradation and

ligninolytic activity studies on Zimbabwean white
rot  fungi,  Enzyme  and Microbial Technology,

28: 420-426. 
28. Wesenberg, D., I. Kyriakides and S.N. Agathos,

2003. White-rot fungi and their enzymes for the
treatment of industrial dye effluents, Biotechnology

Advances, 22: 161-187. 



J. Appl. Sci. Res., 4(6): 599-606, 2008

606

29. Yang, F.C. and J.T. Yu, 1996. Development of

bioreactor system using an immobilized white rot
fungus for decolourization, Part I:  Cell

immobilization and reported-batch decolourization
tests, Bioprocess Engineering, 15: 307-310. 

30. Young, L. and J. Yu, 1997. Ligninase- catalyzed
decolourization of synthetic dyes, Water Research

31: 1187-1193. 

31. Zheng, Z., R.E. Levin, J.L. Pinkhm and K. Shetty,

1999. Decolourization of polymeric dyes by a
novel  Penicillium  isolate, Process Biochemistry,

34: 31-37. 


