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Abstract: Textile industries produce a great quantity of water contamination by dyes. Such contamination is a serious
environmental problem because dyes diminish oxygen and light penetration to the water body, producing severe damages
to aquatic ecosystems and their biota, besides many dyes are toxic and carcinogenic. White rot fungi (WRF) are beneficial
organisms in bioremediation due to their powerful ligninolytic extracellular non-specific enzymes, which degrade not only wood
but also a great variety of complex toxic substances, including hydrocarbons, industrial dyes, etc. In this research, we evaluated
the decolorization effect by three decomposing wood mushrooms, Pleurotus pulmonarius, Trametes versicolor and Lentinus
crinitusin a textile effluent and methylene blue dye. For the industrial effluent at pilot scale, P. pulmonariusgave best results
with 40% decolorization after seven days. The other two fungi did not give good results in this same experiment, but T versicolor
reached 97% decolorizationin methylene blue, at 400 mg/L in laboratory scale, equally P. pulmonarius and L. crinitusproduced
similar but slightly less decolorization. Those results letus conclude that the fungal strains used here have good potential as a
tool in industrial colored water bioremediation, especially P pulmonarius and T. versicolor.
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Resumen: Las industrias textiles producen gran cantidad de aguas contaminadas con colorantes. Esto es un grave problema
medioambiental, porque los colorantes disminuyen la penetracién de oxigeno y luz a los cuerpos de agua, lo que afecta
negativamente el ecosistema y su biota, ademas muchos colorantes son bastante tdxicos, cancerigenos y teratogénicos. Los
hongos de la pudricién blanca (HPB) son organismos capaces de degradar muchas sustancias tdxicas, gracias a su poderosos
sistema de enzimas lignoliticas, que por su baja especificidad, degradan no solo la madera, sino también una gran variedad
de sustancias complejas, como hidrocarburos, colorantes industriales, etc. En esta investigacion, se evalud tres hongos
descomponedores de madera: Pleurotus pulmonarius, Trametes versicolor y Lentinus crinitus, para decolorar un efluente textil y
el colorante azul de metileno. Para el efluente industrial a escala piloto, los mejores resultados arrojaron decoloracion del 40%
en 7 dias de tratamiento con P. pulmonarius, y menores valores producidos con T. versicolory L. crinitus. ELl colorante azul de
metileno a 400 mg/L, escala de laboratorio, fue decolorado en un 97% por T. versicolor en 7 dias, para valores similares aunque
ligeramente inferiores con los hongos P. pulmonarius y L crinitusen este mismo experimento. Los anteriores resultados permiten
concluir que las cepas fungicas usadas son potencialmente Utiles en procesos de biorremediacion de aguas contaminadas con
colorantes industriales, especialmente P. pulmonarius y T. versicolor.

Palabras Claves: Decoloracién de aguas, colorantes textiles, hongos de la pudricién blanca, Pleurotus pulmonarius.

|
Introduction

The textile industry is one of the most important productive
sectors in Colombia, with more than 450 textile producers,
representing more than five percent of total national
exportations!. Although this sector is so productive, it threats
the environment seriously because it generates a lot of water
contamination, especially by using synthetic dyes, which most
of them are toxic and carcinogenic?.

There is polluted more than 7x10%g of 10.000 different
industrial dyes in a year, most of them used in fabrics dying.
Some estimations how that 10-15% of those dyes used in dying
processes are discharged to water streams?®.

When a natural water stream was set with dyes, there are
produced various negative consequences in it, like diminishing
of oxygen solubility, less light penetration, among others. All
those consequences stop aquatic photosynthesis, so there is
a direct inhibition of aquatic biota growth. Usually, the most
common values of dye concentration in industrial effluents are

around 300 mg/L, but the color in water is very notable even
at a concentration of 1 mg/L.*5.

Fordiminishing colorin water, there are various physical and
chemical methods, such as adsorption®, oxidation®, chemical
degradation, photo-catalysis, ozonation, and others’. Although
those methods offer high color removal percentages, they
have various disadvantages like their high costs, their tendency
to produces significant quantities of sludge, and some of them
generate other compounds even more toxic than dyes®®°.

One of the most attractive alternative to reduce color in
industrial effluents is the use of white rot fungi (WRF),which
are organisms capable to feed from very hard vegetal tissues
like wood, because of their powerful ligninolytic enzymes
(laccases, lignin peroxidases, manganese peroxidases, and
others), which break up the main components of wood: lignin
and cellulose,”'°. As those enzymes are substrate non-specific,
many investigators have researched WRF not only to degrade
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synthetic dyes but a great variety of complex toxic substances
like hydrocarbons®. Besides the use of such organisms for
water decolorization is said to be environmentally friendly, and
less expensive than physical and chemical methods® 2. In this
sense, many recent papers demonstrate the high efficiency of
water decolorization effected by various species of WRF on a
great variety of industrial dyes. For example, using Pleurotus
spp' % Trametes versicolor® %' and Lentinus crinitus® 41819

Methylene blue is a standard dye, mostly used by
industries like textile, paper, rubber, plastics, leather,
cosmetics, pharmaceutical and food industries®. This dye is a
toxic substance to water microbiota and humans?, equally it
is known as a teratogenic substance?. The decolorization of
methylene blue at laboratory scales have been researched
by using various physical and chemical methods?, as well
as by using few WRF?> "nevertheless there are very few
papers showing decolorization of real industrial effluents in
non-sterile conditions?, equally there are no published data
about methylene blue decolorization in non-sterile conditions
by using the specific fungi used here: Pleurotus pulmonarius,
Trametes versicolor and Lentinus crinitus.

The purpose of this paper is to present the water
decolorization obtained in a real textile colored effluent and
methylene blue, at pilot and laboratory scales respectively,
by using the WRF Pleurotus pulmonarius, Trametes versicolor
and Lentinus crinitus.

|
Materials and methods

Microorganisms and propagation

Three fungi Pleurotus pulmonarius, Trametes versicolor
and Lentinus crinitusused in the decolorization experiments
were obtained from the strain collection at the Universidad Ca-
tolica de Oriente mycology laboratory. The preserved strains
in tube cultures under mineral oil**. The cultures were transfe-
rred to Petri dishes with solid medium [G33] PDA (potato dex-
trose agar, OX0ID) in sterile conditions and incubated at 24°C
until full colonized. The cultures obtained were maintained at
4°C and used to produce mycelium using as substrate 2 kg hay
(Digitaria decumbens) blocks, with 65% humidity, in polypro-
pylene bags, under sterile conditions, with 20 days' incubation
at 24°C. The full-colonized mycelium blocks, were used to eva-
luate decolorization in the industrial colored effluent or two
concentrations of methylene blue, according to the following
experiments.

Decolorization experiment at pilot scale

This experiment was set at the water treatment plant “La
Cimarrona", Marinilla, Colombia, which receives and purifies
various industrial colored effluents, from various dyed fabrics
manufacturers. This colored industrial effluent (table 1) was
used to evaluate the decolorization by the three fungi grown in
the way into a pilot reactor, and two different liquid-mycelium
contact ways: 1) submerged entirely blocks or [G38] 2) perco-
lation of the liquid through a mycelial block (see figure 1).

Into the reactor (150-liter plastic drums ) were put 50 Li-
ters of the colored effluent and it is respective 2 kg mycelium
block, which was either submerged entirely or suspended into
a stainless still basket, 20 cm above the liquid level. For both
methods, a recirculation of liquid was set constantly using
an aquarium pump, with discharge at 80 cm height, caudal
of three L/min, passing over the mycelium basket (contact

method one), or falling directly to the mother liquid (contact
method two). This set was let at ambient temperature (17
°C average in Marinilla, Colombia), kept from rain and sun. A
control test was made using the same reactor and circulation
system, with the same effluent but without any mycelium. Ex-
periments and control were made by triplicate. Daily samples
were taken during seven days to measure decolorization. Af-
ter the seventh day, the mycelium blocks were put in a humid
shade place (60% relative humidity, 17°C), to register fruiting
occurrence during the next ten days.

Decolorization at in vitro scale

Similar mycelium grown in was used to inoculate Erlen-
meyer's containing either the industrial colored effluent or
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Figure 1. Pilot scale reactors for decolorization of industrial
colored effluent assays were 150 liters' plastic drums contai-
ning 50 liters of effluent, in two contact ways. A: effluent re-
circulated through the mycelium block suspended in a basket.
B: Totally submerged mycelium block under the water, both
had the same recirculation system.

methylene blue (Analytical, Vasna, India) at 100 or 400 mg/L
dissolved in non-sterile tap water. Every 250 ml Erlenmeyer
contained 100 ml of the colored liquid and 2 g of the mycelium.
The controls were the effluent and both methylene blue con-
centrations without mycelium. All flasks were incubated on
a rotary shaker at 120 rpm, 24°C for seven days, with experi-
ments mounted by triplicate.

Analytical part and Statistics

The decolorization data from the experiments were obtai-
ned according to the method published by (26), which quan-
tifies the reduction of the absorbance obtained from the first
liquid (without fungi treatment) to some period after fungi
treatment. A spectrophotometer (spectroquant pharo 400,
Merck) was used to record the absorbance spectra for both
the effluent and methylene blue. A wavelength was chosen
for everyone, to use it in monitoring the decolorization (figure
2). Daily absorbance measures were taken, and decolorization
percentage was calculated using the following equation:

A; — Ay
i
Here A is absorbance of the colored solution without
treatment and A, is absorbance after a period of contact with
the fungi.
All data of treatments were analyzed by variance analysis

ANOVA, along with comparisons by Tukey multiple range test,
using Statgraphics Centurion XVI 16.1.18. All graphics were

Color removal % = + 100
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Methylene blue

Colored industrial effluent

N
Chemical cH gzu/(:\ﬁs:@\mcu .. A complex dyes and salts mixture,
composition. * in water from fabrics dying
process.
pH of initial 7.5 7
solutions used for
decolorization with
mycelium.
Conductivity 5000 uS/cm
Wavelength used to A=659 nm A=554 nm
register
decolorization

Table 1. Some characteristics of methylene blue and the indust
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Figure 2. Absarbance spectra of the colored industrial effluent (A), and methylene blue (B), images are photos from the machi-

ne’s display. In Y is absorbance, X represents wavelength.
made using excel 2013.

|
Results

Decolorization of colored industrial effluent at pilot scale

After seven days, the effluent was decolorized efficiently
only when mycelium blocks were set entirely submerged, with
best values of 40,1% by Pleurotus, that is statistically different
from Trametes (5,1%), Lentinus (5,5%) and the control (2%),
(figure 3).

On the contrary, all three mushrooms set in percolation
method produced very low decolarization with all three mus-
hrooms, with average media values of 5, 5; 1,9and 5,2 % with
Pleurotus, Trametes and Lentinus respectively (fig 3). These
results are not statistically different from the control (3,4%),
evaluated with Tukey multiple range tests (P < 0,05).

Ten days after finished the decolorization experiments,
100% of Pleurotus blocks produced fruiting, while Trametes
and Lentinus did not produce fruiting.

Decolorization at in vitro scale

Better decolorization results were obtained for industrial
effluent at in vitro tests, than in pilot scale tests by all three
fungi, and once again Pleurotus showed the best values with
46%, statistically different than Trametes (19,7%), Lentinus
(16,5%) and the control (8,5%) (Figure 4).

In both methylene blue concentrations, there were outs-
tanding decolorization efficiencies, in almost all cases superior
to 80% with all three fungi species at seventh day, with statis-

tically differences to control tests. Trametesshowed the best
results than the other two fungi, in both concentrations tested,
with 95% in 100 mg/L, and 97% in 400 mg/L. (figure 5).

|
Discussion

These experiments corroborate the potential of WRF in
water bioremediation; in this case, our experiments consisted
in decolorization of a real industrial colored effluent in non-
sterile conditions, with promising results. An evaluation which
has been poorly explored!® 3%,

This colored industrial effluent was decolored up to 40.1%
only by Pleurotus, when its biomass set submerged entirely,
while in percolation the decolorization failed. Trametes
and Lentinus did not exert significant decolorization in both
contact methods. At in vitro scale the results were similar,
though slightly superior (Pleurotus: 46%; Trametes: 19,7%,
and Lentinus:16,5%), The decolorization value with Pleurotus
obtained here is slightly superior to the obtained by (24), of
40% decolorization in a real non-sterile effluent after 8 days
with Bjerkandera, and 65% in the same affluent, but sterilized.

The similar decolorization values of industrial effluent
at both scales by Pleurotus coincide with (27), who obtained
scarce different production levels of Manganese peroxidase
in 5 and 30 Liter reactors, using Nematoloma frowardii. This
led us to speculate that decolorization of industrial effluents
with Pleurotus are easily scalable. Equally (27) explains
that optimal scalability of ligninolytic enzymes production is
attained when is a sheer effect [G74] is kept as low as possible
in bigger reactors. Both scales used here had no shear effect
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Figure 5. Absorbance spectra of the colored industrial effluent (A), and methylene blue (B), images are photos from the ma-

chine’s display. In Y is absorbance, X represents wavelength.

because in pilot scale agitation was by recirculating the liquid,
and at in vitro only was used an orbital shaker.

The different decolorization values of Pleurotus from
Lentinus and Trametes may by partly because of Pleurotus
pulmonarius has the best tolerance to the specific chemical
composition of the industrial effluent used thanTrametes
and Lentinus. In that sense, (28) report high tolerance to the
toxic phenol for (22) Pleurotus species, grown in agar and in

non-sterile wheat straw soaked in that substance. Likewise
(13) found the ability of Pleurotus ostreatusto survive and do
decolorization in very high concentrations of three reactive
industrial dyes, with the laccase as the predominant enzyme,
which increased its activity as increasing dye concentration
to 2000 mg/L. On the other side, possibly some salts present
in the effluent inhibits stronger the enzymes in Trametes and
Lentinusthan in Pleurotus. This effluent comes from various
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industrial fabrics dying processes. Thus it is composed of a
very complex mixture of various unknown dyes and salts?.
In this respect, (15) found high decolorization rates with
Pleurotus, Trametes and Phanerochaete for single dyes in
salinity conditions, but they found terrible results when salt
concentration reached 20 g/L because under this condition
there is strong enzyme inhibition exerted by the high osmotic
pressure. Also (29) found in crinitus better activity of laccase
and manganese peroxidase, when the culture medium was
supplemented with Mn2+, ethanol or Cu2+, then those salts
may act as cofactars for some enzymes related to the process.
Contradictorily, (24) attribute their good decolorization results
in a real effluent by Bjerkandera to the salinity contained in
such effluent, but they do not report salt concentrations. The
papers mentioned above shows the different tolerance of the
fungi to salinity, which may explain the different decolorization
values shown here by the three fungi.

For methylene blue, which was assayed here only at in
vitro in shake flasks, there were excellent decolorization
values, ranging from 80 to 95%, with all three fungi, in both
concentrations assayed (100 and 400 mg/L). It seems more
natural for the fungi to effect decolorization when setting
with single dyes, as frequently reported by others, like (17)
who obtained 92% in 9 days with Coriolus (=Trametes) in
Everzol Turquoise Blue G:® achieved 99% in blue 19 after 15
days;*° reached 92% in Reactive Black 5 (non-sterile), 8 days
with Trametes;? 90% decolorization of reactive blue 220
in10 days using Lentinus crinitus; and™® 97% with Trametes
pubescens and Pleurotus ostreatusin reactive blue 19.
However, the novelty in our results is the demonstration of
good decolorization for methylene blue in high concentrations,
and non-sterile conditions by the WRF tested, and the same
goal is possible for real colored industrial effluents at bigger
scales, especially with Pleurotus.

Methylene blue was decolorized (95%) with significantly
best results than the industrial colored effluent 46% by
Pleurotus. Maybe these differences are due to the indigenous
bacteria in the effluent, interfering with a more optimal enzyme
expression by the fungi. This same trend was observed by (24),
who obtained 70% decolorization four diluted dyes in eight
days, while they obtained only 40% in a real effluent at non-
sterile conditions using Bjerkandera. The authors found six
million contaminating bacteria per milliliter in the effluent; then
decolorization was reduced by competition between fungi and
bacteria. Similarly, (25) reports bacterial contamination as the
main responsible factor to the high reduction in decolorization
efficiency under non-sterile conditions, after various cycles
with immobilized Trametes versicolor.

Ten days after finishing the pilot-scale experiment with the
industrial colored effluent, we observed fruiting in all Pleurotus
mycelium blocks, with the same result for submerged and
percolation blocks (100% fruited blocks in both experiments).
This result is following (11) who reported Pleurotus ostreatus
grown in sawdust and used for bioremediation of polluted
soil with 2% hydrocarbons, showing regular fruiting after four
weeks, and high contaminants reduction. This fungus like
other edible cultivated mushrooms is known by its response to
a sudden change in humidity, resulting in a flush of mushrooms
even in 20 days old inoculated substrate. In this study, the
ability to produce fruiting after seven days soaked in dyes
contaminated water by Pleurotus, confirms its high resistance
to chemical substances, and it is potential as a tool for water
bioremediation. Trametes and Lentinus did do not fructify at

all, but maybe the time for fruiting in those fungi is longer than
the studied here. For example, Trametes versicolor inoculated
in apple plants, produce fruiting after six months®.
Ontheother side, hey used here as support for the mycelium
influenced positively the excellent results obtained here for
Pleurotus in the effluent and all tree fungi in methylene blue.
That substrate like many similar gramineous plants have a high
proportion of lignin and cellulose, so they are usedtraditionally
to produce many edible mushrooms commercially*. That was
the main argument to use hay for mycelium propagation in
the present decolorization experiments. Some authors report
repeatedly superior results in decolorization processes when
using immobilized WRF compared with suspended mycelium,
especially when using organic supports*?° 2 because those
supports maintain a constant growing active mycelium,
capable of producing the ligninolytic enzymes for a prolonged
period. For example,(33) found that P. chrysosporium enhanced
its decolorization by using sunflower seed shells as support,
which influenced both the type and proportion of the produced
enzymes responsible of dye decolorization. Equally, (34) report
higher lignin peroxidase and Manganese peroxidase production
in Lentinus crinitus grown in banana shoots-leaves compared
to banana fruits-leaves, mainly because to the difference in
lignin-cellulose content in those materials. Therefore, this is
a valid argument to use lignin-cellulosic composed substrates,
as support to produce decomposing wood enzymes from
WREF, as an economically viable alternative, for different
biotechnological goals, including dyed water bioremediation.

Acknowledgements

This research was supported by Sistema de Investigacion
& Desarrollo, Universidad Catdlica de Oriente and the indus-
trial water treatment plant “La Cimarronas”. Then the authors
want to be thankful to Dagoberto Castro Restrepo and Gladys
Palacio Montoya.

|
Bibliographic references

1. RojasR. A, Medina J. F.Estudio de cooperacion entre Colom-
bia y Corea del Sur en el sector textil-confecciones.Civilizar.
2012; 12(22):143-56. URL: http://www.scielo.org.co/scielo.
php?script=sci_abstract&pid=S1657-89532012000100009&l-
ng=es&nrms=is.

2. Niebisch C. H. Knoll Malinowski A., Schadeck R., Mitchell D. A,
Kava-Cordeiro V., Paba J., “Decolorization and biodegradation
of reactive blue 220 textile dye by Lentinus crinitus extracellu-
lar extract.J Hazard Mater. 2010; 180:316-22.D0I: https://doi.
org/10.1016/j.jhazmat.2010.04.033

3. Mohammed M. A, Shitu A, lbrahim A.,, Removal of Methylene
Blue Using Low Cost Adsorbent: A Review.J. Chem. Sci.2014.
4. (1). 91-102. URL: https://www.researchgate.net/publica-
tion/267737463_Removal_of_Methylene_Blue_Using_Low_
Cost_Adsorbent_A_Review

4, Deveci T., Unyayar A.,, Mazmanci M.A.Production of Remazol Bril-
lant Blue R Decolourising Oxygenase from the Culture Filtrate of
Funalia trogii ATCC 200800. J. Mol. Catal. B: Enzyme. 2004. 30:
25-32.D0I: https://doi.org/10.1016/j.molcath.2004.03.002

5. Rodriguez S. C. Dye removal by immobilised fungi.Biotech.
Adv.2009. 27: 227-35.D0l:https://doi.org/10.1016/j.bio-
techadv.2008.12.001

6.Ma L. M, Ding Z. G, T. Gao Y., Zhou R. F., Xu W. Y., and Liu J,
Discoloration of methylene blue and wastewater from a plant by
a Fe/Cu bimetallic system.Chemosphere.2004. 55: 1207-12.DOI:
https://doi.org/10.1016/j.chemosphere.2003.12.021

7. Ghasemzadeh R., Kargar A., Lotfi M.Decolorization of Synthet-
ic Textile Dyes by Immobilized White-Rot Fungus. International




Byron Duran-Rivera, José Rodrigo Moreno-Suarez & Sergio Ivén Garcia-Ramirez.
Volumen 3 / Nimero 4

http://www.revistabionatura.com

Conference on Chemical, Ecology and Environmental Sciences.
(ICCEES). 2011. Dec.Pattaya, Thailand.

8. Akdogan H. A., Topuz M. C., Urham A. A.Studies on decol-
orization of reactive blue 19 textile dye byCoprinus plicati-
lis.d Environ Health Sci. Eng.2014. 12(49):1-7. DOl:https://doi.
org/10.1186/2052-336X-12-49

9. Srinivasan S.V,, Murthy D.V.S.Statistical optimization for de-
colorization of textile dyes using Trametes versicolor.J Haz-
ard Mater. 2009. 165: 909-14. DOl https://doi.org/10.1016/].
jhazmat.2008.10.072

10.Elisashvili V., Kachlishvili E.Physiological regulation of lac-
case and manganese peroxidase production by white-rot Ba-
sidiomycetes.J. Biotechnol. 2009. 144: 37-42. DOI: https://doi.
org/10.1016/j.jbiotec.2009.06.020

11. Stamets P. Mycelium Running. How Mushrooms Can Help Save
the World. 1st ed. New York, USA: Ten Speed Press; 2005. ISBN
978-1-58008-579-3

12.Rodriguez S. Dye removal by immobilized fungi. Biotechno-
[Adv. 2009. 27: 227-235. DOI: https://doi.org/10.1016/j.bio-
techadv.2008.12.001

13.Casieri L.,Varese G.C. Anastasi A., Prigione V., Svobodova K., Filip-
peloM.V,, Novotny C.Decolorization and Detoxication of Reactive
Industrial Dyes by Innnobilized Fungi Trametes pubescens and
Pleurotus ostreatus,” Folia Microbiol.2008. 53. (1): 44-52. DOI:
https://doi.org/10.1007/s12223-008-0006-1

14.Machado K. M. G., Matheus D. R,, Bononi V. L. R.Ligninolytic en-
zymes production and remazol brilliant blue R decolorization
by tropical brazilian basidiomycetes fungi.Braz. J. Microbi-
ol. 2005. 36: 246-252. DOI: http://dx.doi.org/10.1590/S1517-
83822005000300008

15.0ttoni C.,, Lima L., Santos C., Lima N.Effect of Different Carbon
Sources on Decolourisation of an Industrial Textile Dye Under Al-
kaline-Saline Conditions.Curr. Microbiol.2013. 67 (4): 53-58. DOI:
https://doi.org/10.1007/s00284-013-0441-3

16.Daassi D., Mechichi T., Nasri M., Rodriguez-Couto S.Decolorization
of the metal textile dye Lanaset Grey G by immobilized white-
rot fungi.J. Environ. Manage.2013. 129: 324-32. DOI: https://doi.
org/10.1016/j.jenvman.2013.07.026

17. Karapinar |, Kargi F,, McMullan G., Marchant R.Effect of envi-
ronmental conditions on biological decolorization of textile dye-
stuff by C. versicolor.Enzyme Microb. Technol. 2000. 26: 381-87.
DOLhttps://doi.org/10.1016/S0141-0229(99)00168-4

18.Miranda R.., Gomes E.., Ribeiro E., Maria K., Machado G (Mach-
ado M.)., Buarque N.Decolorization of laundry effluent by fila-
mentous fungi.Afr. J. Biotechnol. 2012. 11(18): 4216-24. http://
www.academicjournals.org/journal/AJB/article-full-text-pd-
f/0739ED431130. DOI: 10.5897/AJB10.1030

19.Moreira S. L., Matheus D. R., Gomes M.K. M.Influence of pH on the
Growth, Laccase Activity and RBBR Decolorization by Tropical
Basidiomycete. Braz. Arch. Biol. Technol.20089. 52. (5): 1075-82.
DOI: http://dx.doi.org/10.1590/S1516-89132009000500003

20.Tabbara M.A., EL Jamal M.M. A Kinetic Study of the Discoloration
of the Methylene Blue by Na2503, Comparision with NaOH. J.
Univ. Chem. Technol. Metallurgy. 2012. 47 (3):275-82  http:/
dl.uctm.edu/journal/node/j2012-3/6_jamal_275-282_final.pdf

21.Cragan J. D. Teratogen Update: Methylene Blue.Teratolo-
gy. 1999. 60: 42-48.  http://dx.doi.org/10.1002/(SICI)1096-
9926(199907)60:1<42::AID-TERA12>3.0.C0O;2-Z

22.Dey S., Maiti T. K., Bhattacharyya B. C.Production of Some Ex-
tracellular Enzymes by a Lignin Peroxidase-Producing Brown Rot
Fungus, Polyporus ostreiformis, and Its Comparative Abilities for
Lignin Degradation and Dye Decolorization.Appl. Environ. Micro-
biol. 1994. 60 (11): 4216-18. https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC201867/

23.Cardona M., Osorio J., Quintero J.Degradacién de colorantes in-
dustriales con haongos ligninoliticos. Rev Fac Ing-Univ Ant. 2009.
48: 27-37.  http://www.scielo.org.co/scielo.php?script=sci_art-
text&pid=S0120-62302009000200003&ng=es&nrm=iso&tl-
ng=es

24.0sorio Echavarria J., Vidal Benavides A. |., Quintero Diaz J. C.
Decoloracién de aguas residuales textiles utilizando el hongo

ligninolitico anamorfo R1 de Bjerkandera sp.Rev Fac Ing-Univ
Ant. 2011. 57: 85-93. URL: http://www.scielo.org.co/scielo.
php?script=sci_arttext&pid=S0120-62302011000100010&!-
ng=en&nrm=iso&tlng=es

25.Borchert M., Libra J. A.Decolorization of Reactive Dyes by the
White Rot Fungus Trametes versicolor in Sequencing Batch Re-
actors. Biotechnol. Bioeng. 2001. 75 (3): 313-21.  http://dx.doi.
0rg/10.1002/bit. 10026

26.Sukumar M., Sivasamy A., Swaminathan G. In situ biodecolor-
ization kinetics of Acid Red 66 in aqueous solutions by Trametes
versicolor. J Hazard Mater. 2009. 15 (167): 660-63. https://doi.
org/10.1016/j.jhazmat.2009.01.032

27.Nuske J., Scheibner K., Dornberger U., Ullrich R., Hofrichter M.
Large scale production of manganese-peroxidase using agaric
white-rot fungi. Enzyme Microb. Technol.2002. 30: 556-561. URL:
DOI: https://doi.org/10.1016/S0141-0229(02)00013-3

28.Upadhyay R. C., Hofrichter M. Effect of phenol on the my-
celial growth and fructification in some of basidiomycetous
fungi. J. Basic Microbiol. 1993. 33 (5): 343-47. URL: http://
onlinelibrary.wiley.com/doi/10.1002/jobm.3620330512/epd-
f?r3_referer=wol&tracking_action=preview_click&show_check-
out=1&purchase_referrer=www.google.com.co&purchase_site_
license=LICENSE_DENIED

29.Arboleda C., Mejia A.l, Franco-Molano A.E., Jimenez G.A,, Pen-
ninckx M.J. Autochthonous white rot fungi from the tropical for-
est of Colombia for dye decolourisation and ligninolytic enzymes
production. Sydowia.2008. 60: 165-80. URL: https://www.re-
searchgate.net/publication/288121975_Autochthonous_white_
rot_fungi_from_the_tropical_forest_of_Colombia_for_dye_dec-
olourisation_and_Lligninolytic_enzymes_production

30.Libra J. A, Borchert M., Banit S. Competition Strategies for the
Decolorization of a Textile-Reactive Dye with the White-Rot Fun-
gi Trametes versicolor Under Non-sterile Conditions. Biotech-
nol. Bioeng. 2002. 82 (6):736-44. URL: http://onlinelibrary.wiley.
com/doi/10.1002/bit.10623/epdf?r3_referer=wol&tracking_ac-
tion=preview_click&show_checkout=1&purchase_referrer=w-
ww.nchi.nlm.nih.gov&purchase_site_license=LICENSE_DENIED,
DOI:10.1002/bit.10623

31.Covey R. P, Larsen H. J, Fitzgerald T. J., Dilley M. A. Coriolus
versicolor infection of young apple trees in Washington state.
Plant Dis.1981. 65 (3): 280. URL: https://www.apsnet.org/publi-
cations/PlantDisease/Backlssues/Documents/1981Abstracts/
PD_65_280.htm

32.Park C., Lee B., Han E-J,, Lee J., Kim S. Decolorization of acid
black 52 by fungal immobilization. Enzyme Microb. Technol.2006.
39: 371-74.DOI: https://doi.org/10.1016/j.enzmictec.2005.11.045

33.Enayatizamir N., Tabandeh F., Rodriguez-Couto S., Yakhchali B.,
Alikhani H. A., Mohammadi L. Biodegradation pathway and de-
toxification of the diazo dye Reactive Black 5 by Phanerochaete
Chrysosporium.Bioresour Technol. 2011. 102: 10359-62.: DOI:
https://doi.org/10.1016/j.biortech.2011.08.130

34.Granda R. D. M., Mejia Amanda G., |., Jimenez T. G. A.Utilization
of plantain waste for the production of secondary metabolites by
solid substrate fermentation using the fungi Lentinus crinitus. Vi-
tae.2005. 12. (2): 13-20. URL: http://www.scielo.org.co/pdf/vitae/
v12n2/v12n2a02.pdf

Recibido: 29 september 2018
Aprobado: 10 november 2018



