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ABSTRACT 
 
Malachite green (MG) degradation by Saccharomyces cerevisiae, Candida albicans and their consortium 
isolated from textile effluent, were investigated under aerobic condition using 20 mg of the dye in 250 ml, 500 
ml and 750 ml of mineral salt medium for a periods of 12 days. Biodegradation activities were monitored using 
UV Spectrophotometer at 617 nm wavelength. The results shows 48%, 68% and 70% degradation by 
Saccharomyces cerevisiae for 250 ml, 500 ml and 750 ml dilutions respectively at the end of 12 days, while 
48%, 65% and 68% degradation by Candida albicans were observed for 250 ml, 500 ml and 750 ml dilutions 
respectively at the end of 12 days.  52%, 70% and 77% degradation by their consortium for 250 ml, 500 ml and 
750 ml dilutions respectively at the end of 12 days were also observed. The results of this study revealed the 
ability of Saccharomyces cerevisiae, Candida albicans and their consortium for the treatment of effluent 
containing malachite green dye. 
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1. INTRODUCTION 
 
Malachite green (dimethylamino 4 alpha-
phenylbenzylidene-4-cyclohexadiene 2,5 
ylidenedimethyl ammonium, MG) whose common 
name is aniline green, is a toxic colored chemical 
primarily used as a dye, having an affinity to the 
substrate to which it is being applied. When diluted, it 
can be used as a topical antiseptic to treat parasites, 

fungal infections and bacterial infections in fish and 
fish eggs; it is also used as a bacteriological stain. The 
compound is not related to the mineral malachite, the 
name just comes from the similarity of color [1]. The 
majority of natural dyes are from plant sources–roots, 
berries, bark, leaves, wood, fungi and lichens. 
Synthetic dyes quickly replaced the traditional natural 
dyes, they cost less, they offered a vast range of new 
colors and they imparted better properties to the dyed 
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materials, dyes are now classified according to how 
they are used in the dyeing process [2]. Basic dyes are 
water-soluble cationic dyes that are mainly applied to 
acrylic fibers, but find some use for wool and silk. 
Usually acetic acid is added to the dye bath to help the 
uptake of the dye onto the fiber. Basic dyes are also 
used in the coloration of paper [3].  
 
Environmental pollution due to anthropogenic factors 
has been a serious global problem since the dawn of 
the industrial revolution. Industrial wastes, some of 
which are highly toxic are daily discharged into the 
environment [4,5]. Dyes in water bodies result to 
rapid depletion of dissolved oxygen due to its high 
BOD values, as dye effluent with high levels of BOD 
and COD values are highly toxic to biological life. 
The high alkalinity and traces of chromium which is 
employed in these dyes adversely affect aquatic life 
and also interfere with the biological treatment 
processes. Therefore, care must be taken with its use, 
as it is a respiratory poison, teratogen and carcinogen 
that accumulate in tissues, more toxic at lower pH, 
phytotoxic and inactivated by light [6]. 
 
Indeed, the presence of dye as little as 10 to 20 mg/L 
in water is visible and affects water transparency, 
which may have an impact on photosynthesis in 
aquatic plants and causes a part of aesthetic 
deterioration. Chemical decolonization of the colored 
compounds always leads to serious problems, not only 
due to their color, but because many dyes and their 
breakdown products may be toxic and mutagenic to 
living organisms. Therefore from an environmental 
standpoint, there is concern about the fate of 
malachite green and its reduced form, leucomalachite 
green, in aquatic and terrestrial ecosystems, since they 
occur as contaminants and are potential to human 
health hazards [7]. 
 
Biological degradation, the chemical dissolution of 
materials by microorganism or by other biological 
means, seems to be promising, given that the process 
is environmentally friendly to chemical 
decomposition. The term biodegradation is often used 
in relation to ecology, waste management, 
biomedicine and the natural environment 
(bioremediation) and is now commonly associated 
with environmentally friendly products that are 
capable of decomposing back into natural elements. 
Organic materials can be degraded aerobically with 
oxygen or anaerobically, without oxygen [8]. 
 
Fungi are well known organisms with high potential 
for degradation of different pollutants, using different 
metabolic pathways. It is well documented that the 
effectiveness of degradation depends on the dye 

structure, concentration, adaptation of 
microorganisms, their activity and biomass 
concentration. The well-known fungi strains highly 
capable of colour removing are as follows: 
Pseudozyma rugulosa, Candida krusi, Rhodotorulla 
sp., Phanerochaete chrysosporium, Funaliatrogi, 
Coriolus versicolor and Cyathus species [7], which 
can decolorize effluents as well. Studies on the 
biodegradation of malachite green have focused 
primarily on the decolourization of these dyes via 
reduction reactions. Although malachite green and the 
leuco-metabolites of malachite green are toxic, this 
research therefore provides initial steps for malachite 
green biodegradation, with further detoxification by 
different microflora present in the environment. This 
investigation was aimed at isolation and 
characterization of yeasts with ability to utilize 
malachite green as sole source of carbon. 
 

2. MATERIALS AND METHODS 
 
2.1 Samples Collection and Preservation 
 
Malachite green dye was collected from the 
Department of Microbiology, Federal University of 
Technology, Minna, Niger State, Nigeria. The dye 
was of commercial grade and the specifications are 
presented in Table 1 below. The organisms that were 
used for biodegradation activities were isolated from 
textile effluent collected from Funtua Textile 
Industry, Katsina State, Nigeria. 
 

Table 1. Malachite green dye specifications 
 

CAS number 
Molecular formula 
Molecular weight 
Absorbance 

2437-29-8                                   
C��H��N�O�� 
927.02 
617nm 

Source: Deng et al. [9]. 
 

2.2 Isolation of Organisms 
 
Serial dilution of effluent sample was made using 
sterile normal saline as the diluent. Aliquots (0.1 ml) 
of the dilution sample was aseptically transferred onto 
freshly prepared Sabouraud dextrose agar using pour 
plate method and incubated at 25ºC for 48 hours. The 
colonies were counted and expressed as colonies 
forming units per ml (cfu/ml). The colonies were sub-
cultured repeatedly on Sabouraud dextrose agar to get 
a pure culture and was later stored in an agar slants in 
their pure forms for further characterization and 
biodegradation experiment. 
 

The pure cultures of yeast isolates were identified on 
the basis of their cultural, morphological, colony 
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shape, mycelium formation Gram staining, germ tube 
test, nitrate reduction test, carbohydrate fermentation 
test and physiological characteristics in accordance 
with methods described by Cruickshank et al. [10] 
and with reference to Holt [11] 
 

2.3 Standardization of Inoculum for 
Degradation of Malachite Green Dye 

 
Cells from the stock were inoculated into 20 ml 
nutrient broth (oxoid) contained in 100 ml Erlenmeyer 
flask. It was incubated at 25ºC for 24 hours [12].  
 
2.4 Preparation of Decolorizing Medium 
 
The decolorizing medium (M9 synthetic medium) was 
prepared using 1 litre of distilled water according to 
Deng et al. [9] with little modification. It is composed 
of KH2PO4 0.5g L-1, NaCl 0.5g L-1, CaCl2.6H2O 1.0g 
L-1, NaB4O7.H2O 0.2g L-1, MnCl2.H2O 0.1g L-1, 
ZnSO4.7H2O 0.1g L-1, CuSO4.5H2O 0.1g L-1, 
NH4Cl3.0g L-1, MgSO4 0.3g L-1, (NH4)2 SO4 1.0g L-1, 
NaHCO3 0.2g L-1, 20 mg of malachite green dye was 
added to 250 ml, 500 ml and 750 ml of the M9 
synthetic medium respectively. The pH was adjusted 
7.0 with 0.1N HCl and 0.1N NaOH using OHAUS 
STATER, model 300 pH meter. The medium 
containing malachite green dye was autoclaved at 
121ºC for 15 minutes. 
  
2.5 Sterilization of Decolorizing Medium 
 
After the preparation of the mineral salt medium in 
which malachite green dye was added and the pH 
adjusted to neutral, the medium was sterilized by 
autoclaving at 121ºC for fifteen (15) minutes. It was 
allowed to stay until ambient temperature was 
achieved before inoculating with test organisms. 
 

2.6 Decolorization of Dye by Yeasts Cells 
 
20 ml of decolorizing medium containing malachite 
green dye in 50 ml Erlenmeyer flask was inoculated 
with 2 ml of standardized inoculum that was 
incubated for 24 hours. All experiments were 
performed in duplicates. The flasks were plugged with 
sterilized cotton wool and incubated at 25ºC, an 
aerobic condition was provided by shaking the flask 
as described by Ren et al. [13] throughout the duration 
of the experiment. Initial absorbance of malachite 
green dye was taken at 617 nm using UV-VIS 
spectrophotometer (UV-VIS spectrophotometer 
Model 752) after centrifugation at 1200 rpm for 
fifteen (15) minutes. The experiment lasted for twelve 
(12) days and absorbance was taken at three (3) days 
interval alongside the control. In order to monitor 

decolorization activities, the percentage 
decolorization was calculated from the following 
equation according to Saranja et al. [14] as shown 
below:  
 

% �������������� =
�� − ��

��
× 100 

 
Where Ao and At represents initial and final dye 
concentrations in mg/L respectively. 
 

3. RESULTS AND DISCUSSION 
 
Fig. 1 shows the percentage degradation of 20 mg of 
MG in 250 ml dilutions. At the end of twelve days, 
48.81% degradation by Saccharomyces cerevisiae, 
48.34% degradation by Candida albicans and 52.70% 
degradation by their consortium were recorded 
respectively. 
 

At the end of twelve days, the percentage degradation 
of 20 mg of MG in 500 ml dilutions as shown in Fig. 
2 is 68.77% by Saccharomyces cerevisiae, 65.14% by 
Candida albicans and 70.44% by their consortium 
were recorded respectively. 
 
Percentage degradation of 20 mg of MG in 750 ml 
dilutions is shown in Fig. 3, at the end of twelve days, 
70.82% degradation by Saccharomyces cerevisiae, 
68.89% degradation by Candida albicans and 77.41% 
degradation by their consortium respectively. 
 

The consortium was observed to have the highest 
percentage decolorization of 52%, 70% and 77% at 
250ml, 500ml and 750ml dilutions respectively at the 
end of 12 days. These could be due to synergistic 
relationship between the microorganisms [15].  
 

The time effect on decolorization rate was significant, 
as degradation activities considerably increases with 
increase in time, thus showing the color removal 
efficiency of Saccharomyces cerevisiae, Candida 
albicans and their consortium as a function of time. 
This is in agreement with the work of Parshetti et al. 
[16] on biodegradation of malachite green by Kocuria 
rosea MTCC 1532, according to them 50 mg l-1MG  
was completely decolorized under aerobic culture  
condition within 5 hours, whereas under anaerobic 
culture condition, only 80% was decolorize within 
three (3) hours.  
 
The result shows high potential of Saccharomyces 
cerevisiae, Candida albicans and their consortium to 
decolorize MG dye in conjunction with dye 
concentrations and time, this is in agreement with the 
work of Youssef et al. [17] who studied the  
decolorization of malachite green by Acremonium 



kiliense, according to them 95.4% MG
decolorized within 72 hours when the concentration 
of the dye was 5 mg  L-1 but  decolorization  was  only  
35.48%  when the  dye  concentration  was  doubled.  
They have attributed this trend to be due to inhibition 
of fungal growth at high dye concentration.
 

Fig. 1. Percentage degradation of 20
Candida albicans and

Fig. 2. Percentage degradation of 20
Candida 
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, according to them 95.4% MG was 
he concentration 

but  decolorization  was  only  
centration  was  doubled.  

They have attributed this trend to be due to inhibition 
concentration. 

Indeed several studies [18,19] attributed 
decolorization to biodegradation when the major 
visible light absorbance peaks of the dye disappeared, 
these decolorization is most probably due to 
biodegradation of dye in which aromatic ring of dye 
are taken as sole carbon and energy source [20].

 

Percentage degradation of 20 mg of MG in 250 ml dilutions by Saccharomyces cerevisiae, 
Candida albicans and their consortium 

 

Percentage degradation of 20 mg of MG in 500 ml dilutions by Saccharomyces cerevisiae, 
Candida albicans and their consortium 
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biodegradation of dye in which aromatic ring of dye 
sole carbon and energy source [20]. 

 
Saccharomyces cerevisiae,  

 
Saccharomyces cerevisiae,  



Fig. 3. Percentage degradation of 20
Candida albicans

 

4. CONCLUSION 
 
From the result obtained, it can be concluded that 
Saccharomyces cerevisiae, Candida albicans
their consortium isolated from textile effluent have 
the ability to degrade malachite green dye under 
aerobic condition. 
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