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Decolorization of Azo Dyes by Aspergillus sojae B-10
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Biodegradation of azo dyes such as Amaranth, Sudan III and Congo-Red by Aspergillus sojae
B-10 was demonstrated using Aspergillus sojae B-10. Aspergillus sojae B-10 showed the greatest
decolorization ability when it was cultivated in a nitrogen-limited medium containing, azo dyes(10
mg/l), 2.0% glucose, 0.06% sodium nitrate, 0.1% KH,PQ,, 0.5% MgS0,4:7H,0 at pH 5.0 and 37°C
for 5 days. Under optimal conditions, Amaranth started being decolorized within 24 hr and was
almost complete after decolorization of 4 days incubation. Sudan III was completely decolorized
after a cultivation of 5 days. However, Congo-Red was not completely decolorized until 5 days

of cultivation.

Dyes are released into the environment in industrial
wastewater from two major sources, mainly the textile
and the dyestuff industries (17, 10). Compared to other
common industrial chemicals, the amount of dyes ente-
ring the environment can be toxic or carcinogenic subs-
tances (1,9). In addition, dyes are considered to be a
pollution problem because of their potential to cause
environmental color change. Among the dyes causing
pollution problems, azo dyes are the largest class of dyes
with the greatest variety of color (2, 8).

A necessary criterion for the use of azo dyes is that

they must be highly stable in light and during washing.

They must also be resistant to microbial attacks (10).
Therefore, they are not readily degradable and are typi-
cally not removed from water by the conventional waste-
water treatment systemn.

Although a certain proportion of azo dyes is elimina-
ted from waste streams by adsorption to sludge, they
are not typically degraded under aerobic (8,11,13) or
anaerobic conditions. Azo dyes are generally considered
to be nondegradable under aerobic conditions. Specially
Basidomycetes sp. can be expected to be effective in
degrading these dyes (3,4, 6,12, 15).

Recent results in a number of investigations have
shown that the ability to degrade such a large array
of chemical compounds as the azo dyes is due to the
lignin degrading system of Basidomycetes sp., which oc-
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curs in response to nutrient limiting conditions (5, 7).

In part, the lignin-degrading system consists of a num-
ber of peroxidases that are excreted by the fungus under
these conditions of nutrient limitation (5, 7). These pero-
xidases are commonly called as ligninases (18) or lignin
peroxidases (19) which have the ability to catalyze the
depolymerization of lignin as well as the initial oxidation
of a wide variety of other compounds.

The potential biodegradation of azo dyes by some
fungal strains, however, demonstrates that it is possible
to use carefully adjusted conditions in the culture for
the selection of bacteria that decolorize azo dyes. This
study investigated the biodegradation of a set of azo
dyes through direct involvement of some fungi.

MATERIALS AND METHODS

Microorganisms and Medium

Strains of Aspergillus used are listed in Table 1. Aspe-
rgillus sojae B-10 and Aspergillus sojae 4253 were ob-
tained from OK Bok Food Co. in Pusan. Korea, Aspergil-
lus awamorii B-5 and Aspergillus inui A-13 were availa-
ble in our laboratory. They were stored on an agar slant
medium at 10C. Before the experiment, spores were
precultured on an agar slant medium in a test tube at
37C for 7 to 10 days.

The liquid medium used for this experiment contained
20 g of glucose, 2 g of NaNO3, 1 g of KH,PO4 and
5 g of MgSO4*7H,0 in 1i of deionized water(pH 5.0).
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Decolorization of Azo Dyes

500 ml Erlenmyer flasks were used to decolorize the
azo dyes such as Amaranth, Sudan Il and Congo-Red.
100 mg of Amaranth and Congo-Red were dissolved
in 1 ml and prepared to give a final concentration of
10 mg/! of each dye. Sudan lll was dissolved as 1 g
in 100 ml of ethyl alcohol and was prepared to give
a final concentration of 10 mg/l.

The spore suspension was prepared by adding a 10
m! of the liquid medium to the agar slant in a test and
shaking it for 30 sec. The cultivation was started by
inoculating a spore suspension into a 500 m! Erlenmyer
flask with spore suspension. The resulting initial spore
concentration in the medium was 1X10° spores/.

500 m! Erlenmyer flasks containing 100 ml of each
dye medium were shaken at 220 rpm on a rotary shaker
with an eccentricity of 2.0 cm for 5 days. The fermenta-
tion temperature was 36C. A 3 [ jar fermentor (Marubi-
shi Co.) was used in this experiment. The aeration rate
was controlled at 1.0 vwm. 2% of the inoculum, which
was grown for 42 hr at 36C in a 500 ml/ Erlenmyer
flask (the seed medium was 100 ml), was used for fer-
mentation in a jar fermentor.

Assay of Decolorized Dyes

Aspergillus sojae B-10 was allowed to grow for 6 days
as described under the experimental conditions. On the
day 6, one of the dyes was added to each culture at
concentration of 10 mg/l. Dye decolorization was deter-
mined spectrophotometically by monitoring the absorba-
nce for 5 days.

After incubation with Aspergillus sojae B-10, some
of the dye was absorbed by fungal mycelia. In an attempt
to solubilize any absorbed dye, the mycelial mat was
homogenized in 10 m! of methanol in a Potter-Elvehjem
tissue homogenizer. The homogenate was centrifuged
at 5000Xg for 10 min, and the mycelial pellet was
suspended in an additional 5 mi of methanol, then rece-
ntrifuged. The two resulting supernatants were combined.

The absorbance of the supernatant was then determi-
ned. The wavelengths, in nanometers, used for the deco-
lorization and absorbance ratio of Amaranth, Sudan Il
and Congo-Red were Aszo/Aggz. Asoo/ A35} and Az;gs/ A351,
respectively. Decolorization(%) was quantified by measu-
ring optical density(OD) at the characteristic wavelength
of each dye.

RESULTS AND DISCUSSION

Spectrum of Three Azo Dyes

Fungal degradation, as well as fungal transformation,
reduced the intensity of azo dyes in solution, whereby
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Fig. 1. Chemical structures of azo dyes.
Amaranth(A), Sudan 1B} and Congo-Red(C).
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Fig. 2. Spectra of azo dyes.
Amaranth(A), Sudan 1Ii(B) and Congo-Red(C). Spectra of
the dyes in basal media, pH 50 were measured with a
spectrophotometer (Shimadzu UV-160A).
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it was necessary to measure the soluble dye absorbance
at various wavelengths. The chemical structure and visi-
ble spectrum of each of the three azo dyes used in
this study are shown in Figs.1 and 2, respectively. The
absorbance measured at two wavelengths for dye deco-
lorization decreased significantly, whereas the absorba-
nce ratios (A/A) remained constant. During dye decolori-
zations, the pH was changed to be 4.3% 0.1 in nitrogen
limited cultures. To ensure that decolorization was not
simply a result of pH change, the effect of pH on the
visible absorption was assayed between pH 3.5 and 5.0.
The spectra of Amaranth and Sadan [l were unaffected
in this pH range. Decolorization of Congo-Red in culture
was monitored at wavelengths of Asges1 as a matter
of convenience, since only a small change in culture
pH was observed in the experiment. A small increase
of only 04 pH unit was observed when dyes were incu-
bated in nitrogen limited cultures.

Therefore, the conclusion was made that decoloriza-
tion was not be due to pH change.

Screening of Fungi for Decolorization of Azo
Dyes

Some fungi have been reported to decolorize mela-
noidine (14, 16, 20), azo dyes (5,12) and heterocyclic
dyes {12). This experiment was carried out to investigate
the ability of the tested fungi for biodegrdation of specific
set of target dyes through direct involvement of the fungi.

Azo dye decolorization by all 7 strains was investigated
on a basal medium containing 2.0% glucose, 0.5% so-
dium nitrate, 0.2% potasium diphosphate and 0.1% ma-
gnesium sulfate. Samples were taken for 10 days. The
level of decolorization of Amaranth, Sudan Il and Co-
ngo-Red was observed between 5 and 10 days after
inoculation. The highest levels of azo dyes decolorization
are shown in Table 1.

Table 1. Decolorization of azo dyes by fungi grown on
basal media at 37°C for 7 to 10 days.

Decolorization yield(%)

Fungal strains
Amaranth Sudan Il Congo-Red

Aspergillus oryzae IFO 4758 42 40 41
Aspergillus oryzae IFO 6623 58 56 56
Aspergillus Sojae B-10 86 83 82
Aspergillus sojae 4233 40 41 62
Aspergillus awamori B-5 63 65 40
Aspergillus inui A-13 12 13 10
Phanerochaete chrysosporium 32 30 27
ATCC 4725
Phanerochaete chrysosporium 28 23 25

ATCC 345441
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Aspergillus sojae B-10 produced the most mycelia
than other tested strains and decolorization of Amaranth,
Sudan lII and Congo-Red was 86%, 83% and 82%, res-
pectively. Thus, Aspergillus sojae B-10 was selected to
decolorized for further investigation.

Effect of Carbon Sources

Various sugars and sugar alcohols were examined to
determine the most suitable carbon sources for decolori-
zation of three azo dyes. To investigate these, defined
media were prepared replacing glucose with a variety
of carbon sources. Table 2 shows the results of dyes
decolored with various carbon sources. Of the carbon
sources tested, 2% maltose, xylose, arabinose, sorbitol,
and mannitol supported little or poorly decolorization.
Glucose supported the highest levels of azo dyes decolo-
rization in the defined media. Decolorization of Amara-
nth, Sudan Ili and Congo-Red was 94.3%, 90.8%, and
91%, respectively. Glucose was found to be the most
suitable substrate for dye decolorization. To confirm the
effect of glucose concentration on azo dye decoloriza-
tion, Aspergillus sojae B-10 was grown in different media
ranging from 1.0% to 4.0% glucose (Table 3). The hi-
ghest level of decolorization of azo dyes was observed

Table 2. Effect of various carbon sources on the decolo-
rization of azo dyes by of Aspergillus sojae B-10.

Decolorization yield{%)

Carbon sources

Amaranth  Sudan Il Congo-Red
Glucose 943 918 910
Fructose 864 840 830
Galactose 823 837 80.0
Maltose 70.3 70.1 67.0
Sucrose 714 70.8 781
XKylose 51,1 50.4 503
Arabinose 540 50.0 504
Sorbitol 50.3 50.6 481
Mannitol 501 487 47.7

*2% of each carbon source was contained in the basal medium.

Table 3. Effect of glucose concentration on azo dye
decolorization by Aspergillus sojae B-10.

Decolorization vield(%)

Glucose(%)
Amaranth Sudan Il Congo-Red
10 90.8 90.2 88.6
20 92.0 92.6 914
30 887 86.2 858
4.0 773 781 780
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in the medium containing 2.0% glucose, but little differe-
nces in the level of decolorization were observed in me-
dia containing 1.0%, 3.0% and 4.0% glucose.

Effect of Nitrogen Sources

Various organic or inorganic nitrogen sources, were
investigated to determine the most suitable nitrogen sou-
rce for decolorization. Table 4 shows the effect of various
nitrogen sources on decolorization by Aspergillus sojae
B-10. Organic nitrogen sources were not found to be
effective for decolorization and only sodium nitrate
among nitrogen sources can decolorize markedly azo
dyes than others. Aspergillus sojae B-10 enhanced azo
dyes decolorizing ability in the presence of an additional
nitrogen source, most noticeably sodim nitrate (Table
5). Generally, decolorization of azo dyes was higher
when the nitrogen sources were present in addition
to sodium nitrate and ammonium tartarate (5, 7). When
sodium nitrate was only added to the basal medium
without other nitrogen sources, decolorization of dyes
occurred after 24 hr. Over 85 to 95% of the initial color
of all the azo dyes disappeared within 4 days in the

Table 4. Effect of nitrogen-sources on decolorization
of azo dye by Aspergillus sojae B-10.

Decolorization(%)

Nitrogen sources

Amaranth  Sudan [l Congo-Red
Peptone 485 436 485
Malt extract 462 440 40.3
Yeast extract 450 430 391
Ammonium tartarate 880 87.3 850
Sodium nitrate 923 926 90.2
Ammonium nitrate 86.3 864 820
Ammonium sulfate 74.0 731 70.1

Table 5. Effect of various sodium nitrate concentration
on azo dye decolorization by Aspergillus sojae B-
10.

Decolorization{%)
Sodium nitrite(%)
Amaranth Sudan I Congo-Red
002 923 925 90.0
0.04 940 937 905
0.06 972 97.0 930
0.08 946 931 90.3
0.1 90.1 89.8 86.2
02 86.3 850 80.7
04 820 804 80.1
0.6 76.3 733 728
08 684 669 670
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liquid medium containing inorganic nitrogen. To confirm
these results, Aspergillus sojae B-10 was grown in a
basal medium containing the concentrations of 0.02%,
0.04%, 0.06%, 008%, 0.2%, 0.4%, 0.6% and 0.8% so-
dium nitrate. The results shown in Table 5 demonstrate
that a nitrogen limited culture grown on 0.06% sodium
nitrate was most active for decolorization. The rate of
decolorization by nitrogen sufficient culture was slower
than that by nitrogen limited culture grown on 0.8%
sodium nitrate.

Complete loss of color in culture fluids did not occur
for any dyes even after 6 days of incubation while 95%
of colorless dye in the culture broth under nitrogen limi-
ted conditions was lost within 4 days (4, 5). Decoloriza-
tion experiments were carried out in culture medium
containing different concentration of nitrogen sources,
0.04% to 0.8%. It was observed that 0.06% nitrogen
was optimal for decolorization of azo dyes. Some of
the dyes appeared to be absorbed to the mycelium, while
almost of the dye decolorization from the nitrogen limi-
ted cultures occurred within 4 days.

Azo dyes could not be completely extracted from the
fungal mycelia in nitrogen limited cultures, even after
repeated treatment with solvents. At the end of these
extensive extractions, the mycelia remained light brown
or pink in color after all extraction attempts.

These phenomena were imagined that Aspergillus so-
jae B-10 released a small amount of enzymes for deco-
lorization in case of cultivation of nitrogen limited culture
condition. Bumpus and Brock {4) and Cripps et al. (5)
reported that crystal violet was decolorized by lignolytic
enzymes released from Phanerochaete chrysosporium
which was incubated under nitrogen limited condition.

Time Courses of the Typical Decolorization by
Aspergillus sojae B-10.

A typical time course for azo dyes decolorization was
shown under optimal culture conditions as established
by experiment.

In these experiments, 800 ml of culture medium in
a 3 | fermentor was used for decolorization of three

Table 6. Time course for azo dye decolorization by cul-
tures of Aspergillus sojae B-10.

Decolorization(%)

Time course(days)

Amaranth Sudan Il Congo-Red
1 202 186 184
2 38.6 363 36.0
3 749 720 714
4 92.0 904 882
5 978 974 930
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azo dyes. Three optimum conditions for decolorization
by Aspergillus sojae B-10 were observed at pH 5.0,
37C and 5 days of incubation in a culture medium
containing 2.0% glucouse, 0.06% sodium nitrate, 0.1%
potasium pyrophosphate and 0.5% magnesium sulfate.
Loss of colors of three azo dyes occurred within 24
hr after incubation. Amaranth was decolorized easier
than Sudan IlI and Congo-Red. Decolorization of Ama-
ranth began within 24 hr and was almost completely
decolorized within incubation of 4 days (Table 6). Sudan
Il was completely decolorized after 5 days cultivation.
Nevertheless, Congo-Red was not completely decolori-
zed until 5 days of cultivation, but it was completely
decolorized after 8 days of cultivation (data not-shown).
This experiment indicated that degradation and adsorp-
tion fo dyes on fungal mycelia were the important me-
chanism for the removal of azo dyes from a cultivation
of Aspergillus sojae B-10.

Further research on the decolorization of azo dyes
is required to take practical advantage of treatment of
azo dye wastewater by using fungal mycelia.

REFERENCES

1. Anliker, R. 1979, Ecotoxicol Environ. 3: 59,

2. Brown, D, Hitz HR. and L. Schafer. 1981. Chemosphere
10: 215

3. Bumpus, J.A. and S.D. Aust. 1983, Bio Essays. 6: 166.

4. Bumpus, J.A. and B.J. Brock. 1988. Appl. Environ. Mic-
robial. 54: 1142,

5. Cripps, C. John, A.B. and D.A. Steven. 1990. Appl. Envi-
ron. Microbiol. 56: 1114.

6. Glenn, J.K. and M.H. Gold. 1983. Appl. Environ. Micro-
bial. 45: 1741.

DECOLORIZATION OF AZO DYES 219

7. Jdeffries, T.W., Choi, S. and T.K. Kirk. 1981, Appl. Envi-
ron. Microbiol. 42: 290.

8. Johnson, R.F., Zenhausern A. and H. Zollinger. 1978.
Azo dyes. p. 868-910. In Mark HF., Mcketta J.J., Othmer
dr, DF. and Standen A. (ed), Kirk-othmer Encyclopedia
of Chemical Technology, 2nd ed, vol. 2, John Wiley &
Sons, Inc, New York.

9. Leisinger, T. and W. Brunner. 1986. Poorly degradable
substance, p.497, In Rehm S.H. and Reed G.(ed), Biotech-
nology, a comprehensive treaties in eight volumes, Micro-
bial degradation, VCH Verlagsgesellschaft, Weinheim, Fe-
deral Republic of Germany.

10. Meyer, U. 1981. FEMS/Symp. 12; 371.

11. Michaels, G.B. and D.L. Lewis. 1985. Environ. Toxicol.
Chem. 4: 45.

12. Michaels, G.B. and D.L. Lewis. 1986. Environ. Toxicol.
Chem. 5: 161.

13. Mou, D.G,, Kim, K.L., Chou, L.C. and H.P. Shen. 1990.
Wastewater. p. 403.

14. Ohmomo, S., Ito, N., Watanabe, Y., Kanneko, Y., To-
zawa, Y., and K. Ueda. 1985. Agri. Biol. Chem. 49(9):
2551.

15. Palit, M.W. Hadar Y. and H. Chet. 1985. Appl. Microbiol.
Biotechnol. 21: 394.

16. Ryu, B.H., Kim, H.S., HA, M.S. Jeung, J.S., Bin, J.H.,
Lee, Y.S. and Chung, S.J. 1989. J. Kor. Soc. Food Nutr,
18: 47.

17. Schonbron, W. 1986. Biotechnology, Edited by Rehm,
H. J. and Reed, G, Vol 8. p. 496. VCH Weinheim.
18. Tien, M. and T.K. Kirk. 1984. Proc. Natl. Acad. Sci. USA.

81: 2280.

19. Tien, M. and T.K. Kirk. 1988. Methods in Enzymol. 161:
238.

20. Watanabe, Y., Ito, N,, and Y. Kanneko. 1982. Agri. Biol.
Chem. 46(6): 1623.

(Accepted 12 October, 1992)



