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Introduction

The textile industry has flourished 
along with the rapid increase in 
modernization and urbanization of 
industries in terms of yearly production. 
Azo and anthraquinone dyes are major 
organic (synthetic) textile dyes that are 
commonly used and often preferred 
in the textile industry because they 
are more stable, easier to produce, and 
have a wider variety of colors than 
natural dyes. However, discharge or 
waste disposal of these dyes into the 
environment poses a significant threat 
due to their poor degradability. These 
dyes are also reported to be toxic and 

Background. Discharge of textile dyes into the environment poses a significant threat. 
They are poorly biodegradable and toxic due to their complex composition and aromatic 
structures. In the search for alternatives to physical and chemical treatments, biodegradation 
of synthetic dyes by various microbes is emerging as an effective and promising approach. 
Objectives. The decolorization of synthetic dyes by yeast co-cultures and consortia from 
leaves and fruit peels was assessed at a 50 µg/mL dye concentration.
Methods. Yeasts isolates from leaves and fruit peels were screened for potential decolorization 
of synthetic dyes at 25–50 µg/mL. Decolorization parameters were optimized for 
synergistic properties and development of yeast co-cultures and consortium. Possible 
decolorization reactions were initially assessed by cell immobilization, sodium dodecyl 
sulfate polyacrylamide gel electrophoresis (SDS-PAGE), and Fourier transform infrared 
spectroscopy (FTIR) analysis. 
Results. A total of 16 organisms were isolated from rose, mango, and pineapple leaves and 
pineapple fruit peels. Only 4 organisms showed high decolorization of four synthetic dyes: Direct 
Pink B, Disperse Yellow 5G, Direct Fast Orange S, and Reactive Turquoise Blue G. The optimum 
condition for best decolorizers of selected dyes at 50 µg/mL were Candida guilliermondii (Y011) 
for Direct Pink B at pH 9, 37oC; C. dubliniensis (Y014) for Disperse Yellow 5G at pH 4, 25oC; C. 
guilliermondii (Y004) for Direct Fast Orange S at pH 7, 25oC, and C. famata (Y003) for Reactive 
Turquoise Blue G at pH 4, 35oC. None of the 4 yeast isolates showed any antagonistic activity 
when subjected to the lawn-spotting method for the formation of co-cultures and consortium. 
The best co-cultures obtained 61% decolorization of Direct Pink B, 65% decolorization of 
Disperse Yellow 5G, 41% decolorization of Direct Fast Orange S, and 50-51% decolorization 
of Reactive Turquoise Blue G. Immobilized yeast cells were active in decolorizing the dyes and 
SDS-PAGE analysis confirmed the presence of an extracellular protein. The results of FTIR also 
showed changes in the functional group of Direct Pink B, but minimal changes in the functional 
groups of Reactive Turquoise Blue G, indicating a different decolorization pathway. 
Conclusions. Yeasts in co-cultures and consortia can decolorize toxic synthetic dyes through 
different decolorization pathways such as enzyme degradation and bioaccumulation. This 
technique may have a use in the treatment of wastewater systems.
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carcinogenic due to their complex 
chemical composition and aromatic 
structures.1 When these colored effluents 
enter the human system, they may 
inhibit biological activity and can even 
cause illnesses such as nausea, skin 
ulceration, and dermatitis.2 Therefore, 
treatments for dye-containing effluents 
are needed. There are several chemical 
and physical methods that are used 

for the removal of dyes in waste water 
systems such as adsorption, oxidation, 
and electrochemical methods. However, 
these processes lead to high-energy 
costs, sludge production, and formation 
of toxic by-products.3 

Microorganisms are now being tapped 
as potential agents for the decolorization 
and degradation of dyes because 
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of their environmentally friendly 
process and cost-effective treatment 
capability. Studies have reported 
the capability of microorganisms to 
decolorize a wide range of dyes. In the 
course of the biological treatment of 
industrial effluents, a diverse microbial 
community is also often noted. Different 
microorganisms living in the same 
environment may have variations in 
their physiological attributes, wherein 
they may either compliment or inhibit 
one another. Microbial strains that 
are complimentary can lead to a 
more efficient biodegradation due to 
their synergistic interactions.4 In the 
Philippines and elsewhere, however, 
few studies have been conducted to 
date to elaborate on the effectiveness of 
microbial consortia to decolorize and 
detoxify hazardous synthetic dyes.

Thus, this study provides new insights on 
pollution management in textile plants. 
It focuses on the use of solitary and 
combinations of yeast isolates from leaves 
and fruit peels as potential decolorizers of 
the synthetic dyes Direct Pink B, Direct 
Fast Orange S, Disperse Yellow 5G, and 
Reactive Turquoise Blue G. 

Methods

Culture Media and Dyes
Sabouraud dextrose agar (SDA) and 
Saboraud dextrose broth (SDB) used 
for the isolation and maintenance of 
yeasts was purchased from Belman 
Laboratories (Philippines). 

Textile dyes Direct Pink B, Direct 
Fast Orange S, Disperse Yellow 5G, 
and Reactive Turquoise Blue G were 
obtained from L.G. Atkimson Import-
Export, Inc., (Quezon City, Philippines). 
Unfortunately, no information was 
available on either the exact composition 
or purity of these specific dyes.

Dye Solution in  
Decolorization Studies
The decolorization medium was plain 

distilled water, to which the dyes were 
added to arrive at aqueous dye solutions. 
This solution and the media for yeasts 
were autoclaved at 1210C, 15 pound-
force per square inch for 20 minutes. 

Isolation and Identification of  
Top Decolorizer Yeasts 
Source substrata of yeasts such as 
fresh leaves of rose, pineapple and 
mango, and pineapple fruit peels 
were collected from market waste. 
These substrates, even in the form 
of wastes, may be a good source 
of microorganisms. These samples 
were cut into appropriate sizes, 
washed three times in sterile distilled 
water, and then imprinted (upper 
surface of leaf pieces) onto plated 
SDA for 1 minute. Isolation plates 
were incubated for 24-48 hours 
at room temperature. Resulting 
yeast colonies were confirmed by 
microscopic examination in wet-
mount preparations. Confirmed yeast 
cells were re-streaked onto new SDA 
for purification and eventual isolation 
into pure axenic culture in SDA slants 
maintained in a refrigerated condition.

Only the four yeast isolates (one 
for each of the four dyes) with the 
highest decolorization percentages 
were identified using the analytical 
profile index (API) system 20 C Aux 
(BioMérieux, Marcy l'Etoile, France). 
Each isolate was grown by streaking on 
SDA for 24 hours and one colony was 
inoculated in normal saline solution. 

Cell suspension (1 mL) from the 
normal saline solution was transferred 
to API C medium and 200 µL from 
the latter was then seeded to each 
cupule in the identification kit. All 
identification kits were read after 48 
and 72 hours of incubation at room 
temperature. Binomial identifications 
of chosen isolates were provided in 
the API database. In addition, the 
general colonial characteristics and 
cell morphology of these isolates were 
studied based on growth in SDA plates.  

Screening of Yeasts for  
Growth Tolerance to and 
Decolorization of Dye
Growth tolerance. All yeast isolates 
(16) were initially screened for growth 
tolerance by streaking in distilled 
water agar (1.5% agar) with 25 µg/
mL of the selected dyes Direct Pink 
B, Direct Fast Orange S, Dispersed 
Yellow 5G, and Reactive Turquoise 
Blue G. Presence or absence of growth 
was recorded after 24-hour incubation 
of culture plates at room temperature. 
Isolates with positive growth in 
triplicate plates for each of the four dyes 
under study were screened below for 
decolorization and used in subsequent 
experiments; those with no growth were 
excluded.

Decolorization
Included isolates were screened in 50 
µg/mL aqueous solutions of the dyes. 
Cell suspensions enriched for 24 hours 
in SDB under agitation condition were 
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as for the initial decolorization assay. 
Ultraviolet-visible spectrophotometry 
for optical density readings of processed 
samples in 96-well microtiter plates 
was performed on days 1, 3, 5, and 
7.  Decolorization percentages were 
calculated as described above. 

Assay for Synergistic and Antagonistic 
Interactions 
This assay was done prior to tests 
for decolorization and degradation 
of the dyes by the yeasts, singly or in 
combinations (dual and in consortia of 
all four top isolates). The “lawn-spotting” 
assay by Long and Azam was adapted 
with modification because not all the 
yeasts could be homogenized completely 
in cell suspension in normal saline 
solution.5 SDA plates were used for all 
possible dual combinations (“antagonist” 
and “antagonized”, and roles in reverse). 
The “antagonized” sample (0.1 g biomass 
in 10 mL normal saline solution) was 
swabbed on the agar medium, and the 
“antagonist” sample (1.0 g in 10 mL 
normal saline solution), spotted on 
the lawn of the “antagonized” sample. 
Presence or absence of zone of inhibition 
was noted after 24 hours incubation 
of assay plates at room temperature. 
Absence of zone of inhibition indicated 
possible synergistic interaction, and its 
presence, antagonism.

Decolorization of Dyes by Yeasts, 
Singly, and in Combinations
Isolates which did not exhibit any 
antagonistic interactions to one 
another in dual combinations were 
subjected again to decolorization assay. 
The top four individual isolates, co-
cultures, and consortium were used. 
The co-cultures were composed of 
two decolorizers for each dye, while 
the yeast consortia contained all the 
four isolates together in one medium. 
The isolates were pre-enriched 
individually in flasks containing SDB. 
The flasks were placed in a rotary 
shaker (150 rpm) for 24 hours at room 
temperature. After incubation, the 

cells were harvested at 7000 rpm for 
30 minutes and washed twice with 
distilled water. For single isolates, the 
organism was standardized to 0.1 g 
biomass and then inoculated in the 
distilled water containing 50 µg/mL 
of the selected dye. For co-cultures 
and consortia, the isolates were also 
standardized to 0.1 g biomass and then 
inoculated as well in dye solution. The 
vials containing the dye solutions were 
placed again in a rotary shaker (150 
rpm) at room temperature for one 
week. Control vials with dye solutions 
were not seeded. Decolorizations were 
monitored on days 1, 3, 5, and 7. 

Decolorization with  
Immobilized Yeasts  
The method used in the present study 
was adapted from a study by Tan et 
al.6  Calcium alginate was used for the 
entrapment of yeast cells. Individual 
isolates were pre-enriched in separate 
flasks containing SDB under agitation 
condition (150 rpm) for 24 hours. Cell 
suspensions were centrifuged at 7000 
rpm for 30 minutes. Pellets of biomass 
were washed twice with distilled water 
and 0.1 g of each per yeast isolate was 
used. The cell suspension was mixed 
with an equal volume of calcium 
alginate solution. The mixture was 
dropped by means of a syringe into 
a calcium chloride solution to form 
the beads. The beads were washed 
with sterile normal saline solution 
and then placed in vials containing 
30 mL of aqueous dye solutions. All 
vials were incubated with agitation 
(150 rpm, Gerhadt Laboshake) at 
room temperature and 1.5-mL aliquot 
samples were monitored likewise with 
readings on the 1st, 3rd, 5th, and 7th 
day of incubation. For control tests, 
another batch of beads was prepared, 
but without the cell suspension.

Partial Characterization of 
Extracellular Enzymes 
The extracellular enzymes of each top 
decolorizer were assessed through 

centrifuged at 7000 rpm. Pellets of 
biomass were washed two times with 
distilled water and 0.1 g of each per 
yeast isolate was added in test vials with 
30 mL aqueous dye solution. Control 
vials with dye solutions were not seeded. 
All vials were incubated with agitation 
(150 rpm, Gerhadt Laboshake) at 
room temperature and 1.5 mL aliquot 
samples were taken after 7 days. Cell 
biomass was removed from all samples 
by centrifugation at 7000 rpm for 30 
minutes and the supernate in test vials 
and dye solution in control vials were 
pipetted to corresponding wells in a 
96-well microtiter plate for ultraviolet-
visible spectrophotometry at different 
wavelengths of 343, 376, 399, and 400 
nm, respectively, for Disperse Yellow 
5G, Direct Pink B, Reactive Turquoise 
Blue G, and Direct Fast Orange S. 
Decolorization percentages after 7 days 
were computed as follows: 

Percent (%) decolorization = Initial 
optical density (OD)(0h)– Final OD(t) x 100

Initial OD(0h) 

where, initial OD(0h) and Final OD(t) 
are absorbance readings at 0 and 48 
hours of incubation, respectively.

Optimization of Assays for 
Decolorization by the Best 
Decolorizers
Only the top four decolorizer yeast 
isolates in the assay above were re-
assayed for optimum decolorization, 
each tried with only the specific dye it 
decolorized most in the decolorization 
assay described above. Triplicate sets 
of test and control vials were prepared 
for each yeast. First-set vials were 
for optimization of pH (4, 7, and 9) 
at room temperature, the 2nd set 
for optimization of temperature (25, 
37, and 450C), and the 3rd set for 
optimization of dye concentration 
(50, 100, and 150 µg/mL), likewise in 
aqueous solution. Aliquot samples from 
test and control vials were processed 
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dye solutions were also processed and 
analyzed to determine if there were 
changes in the functional groups of the 
dyes before and after yeast treatment.

Statistical Analyses
The mean values in the screening 
of isolates, optimization of different 
parameters, and degradation of dyes 
using free cells and immobilized cells 
were subjected to analysis of variance 
(ANOVA) at a 0.5% significance level, 
as well as post hoc Tukey’s range 
(HSD) test for decolorization using 
the software PAST 13.0 and Statistical 
Analysis System (SAS).

Results

Yeast Isolation and Identification
Yeasts are unicellular fungi that can 
thrive in different environments. In 
the present study, a total of 16 isolates 
(Y001-Y016) were obtained from the 
leaves and fruit peel samples as shown 
in Figure 1. Eleven (11) isolates came 
from rose, pineapple, and mango leaves, 
while 6 came from pineapple fruit 
peels. The number of isolates is low 
considering the fact that the leaf area is 
an essential plant part that determines 
light interception, transpiration, 
productivity, and photosynthesis. 
Photosynthesis is strongly associated 
with chlorophyll content and total 
sugar concentration.7 In addition, 
pineapple wastes such as peels and 
leaves are also rich in sugar and other 
carbohydrates and these may be factors 
in good microbial growth. Although 
yeasts may also be present in leaves, it 
has been reported that perennial trees 
such as mango trees have low orchard 
efficiency and the overall content may 
be influenced by the seasons. When 
the leaves were picked for processing, 
the samples were almost dried up and 
this may have contributed to the low 
number of isolated yeasts from mango 
leaf samples.

Yeasts that were actively decolorizing 

the selected dyes were identified 
by API C Aux 20. Based on the 
biochemical test results, all isolates 
used in the study belong to the genus 
Candida and the best decolorizer for 
Direct Pink B and Direct Fast Orange 
S was identified as C. guilliermondii 
(Y004 and Y011), the best decolorizer 
for Disperse Yellow 5G was C. 
dubliniensis (Y014), and the best 
decolorizer for Reactive Turquoise 
Blue G was C. famata (Y003). All four 
isolates showed similar morphological 
characteristics, which were spherical 
and unicellular in smooth, compact, 
and creamy white colonies.

Screening of Isolates for Dye 
Decolorization
Yeasts were screened for the ability 
to thrive in synthetic dyes and to 
eliminate those that cannot tolerate 
even the lowest concentration of dyes. 
Results showed that for Direct Pink 
B, C. guilliermondii (Y011) obtained 
the highest decolorization rate of 
57.61% after 7 days (p=0.013) while 
C. guilliermondii (Y004) achieved 
a decolorization rate of 39.22% for 
Direct Fast Orange S (p=0.003). On 
the other hand, C. dubliniensis (Y014) 
had a 53.21% decolorization rate 
(p=0.0009) for Disperse Yellow 5G 
and C. famata (Y003) had a rate of 
62.31% for Reactive Turquoise Blue G 
(p=0.002), as shown in Figure 1.

Yeast cultures possess a number of 
benefits in the application of dye 
decolorization as they grow faster 
than molds. This is an advantage 
in industrial settings where fast 
treatment of the wastewater system 
is environmentally and economically 
important. Moreover, yeasts have 
different mechanisms of decolorization 
as they can accumulate dyes or 
degrade them through biocatalytic 
activities, or a combination of both. 
A number of studies have been 
conducted to investigate the potential 
of yeast as a decolorizing agent.8-10 

electrophoresis using the Novex® Bolt 
Mini Gel Tank. Individual isolates were 
placed again in separate vials containing 
30 mL of aqueous dye solutions. 
The vials were incubated at agitated 
conditions (150 rpm) for 7 days. A 
1.5-mL aliquot from the decolorization 
media used was collected and 
centrifuged at 7000 rpm for 30 minutes. 
A 1-µL sample from the supernatant 
was taken and mixed with 2.5 µL of 4X 
Bolt® LDS Sample Buffer, 1 µL of 10X 
Bolt® Reducing Agent, and 5.5 µL of 
deionized water. The provided cassette 
was removed from the pouch and placed 
in the well. The well was washed with 1X 
running buffer twice and was filled with 
1X running buffer again. Meanwhile, 
the chamber containing the gel tank was 
filled with buffer just above the electrode. 
The sample was loaded on the gel. The 
machine was run at 80 V for 40 minutes. 
The gel was de-stained after being in 
buffer for 24 hours and the bands were 
analyzed by obtaining the approximate 
molecular weights of the protein. 

Analysis of Changes in the 
Functional Groups of Dyes
Fourier Transform Infrared 
Spectroscopy (Shimadzu IR Prestige 21) 
was used to determine changes in the 
components of the selected dyes after 
being treated by individual yeast isolates. 
Aqueous dye solutions containing 
50 µg/mL of dyes were treated with 
individual yeast isolates for 7 days. 
A 1.5-mL aliquot was sampled from 
the treated solutions and centrifuged 
at 7000 rpm for 30 minutes. The 
supernatant of the centrifuged solution 
was placed in a tube and freeze dried 
(GoldSim International). The freeze-
dried samples were then placed in a 
desiccator overnight prior to Fourier 
Transform Infrared (FTIR) analysis. The 
samples were then mixed with dried 
potassium bromide powder and then 
processed to form a disc. The formed 
discs were placed inside the FTIR 
instrument (Shimadzu IR Prestige-21) 
and then analyzed. Untreated aqueous 
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Some studies have examined whether 
microorganisms can use dye as their 
sole carbon source. It has also been 
reported that yeast cannot grow 
without the presence of a carbon or 
energy source. However, the results 
obtained from the screening assays in 
the present study proved that yeasts 
can thrive in the presence of dyes 
even without the addition of glucose 
or another easily metabolized carbon 
source since their metabolic activities 
may change and adapt to another 
source of carbon in the screening 
medium.

Optimization of Decolorization 
Activity
The culture conditions were 
optimized to determine the best 
parameters for the decolorization 
of dyes or degradation condition of 
the isolates, as summarized in Table 
1. First, incubation temperature 
was an important parameter as 
it contributes to the growth of 
microorganisms, enzyme production, 
and rate of dye decolorization by the 
microorganisms. Direct Pink B dye 
with C. guilliermondii (Y011) had 
high decolorization at 370C, Disperse 

Yellow 5G with C. dubliniensis 
showed the highest decolorization at 
250C, Direct Fast Orange S showed 
highest decolorization at 250C and for 
Reactive Turquoise Blue G, the highest 
decolorization of dye was obtained  
at 450C. 

Second, varying dye concentrations 
have an effect on the activity of 
a microorganism to decolorize 
and degrade them. All isolates in 
the present study yielded better 
decolorization at 50 µg/mL compared 
to higher dye concentrations. This 
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Figure 1 — Screening of yeast isolates to different dyes.  (A) Direct Pink B, (B) Disperse Yellow 5G, (C) Direct Fast Orange S,  
(D) Reactive Turquoise Blue G. Blank spaces indicate that the corresponding isolate did not grow on agar with 25 µg/mL of dye 

and was not included on the seconding screening at 50 µg/mL of dye. (Note: * signifies that data was statistically significant)
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result was similar to the findings in a 
study by Mahmoud, which reported a 
reduction in the dye removal capability 
of isolates with an increase in dye 
concentration.11 This may be further 
explained by the fact that the sorption 
sites were already saturated and could 
not take any more dyes. In addition, 
increasing dye concentrations 
decreased specific growth rates.12 A 
study by Phugare et al. also indicated 
that higher dye concentrations 
decreased decolorization efficiency due 
to the toxicity of dye to the organism.13

Another essential parameter was 
pH, since dye accumulation and 
dye absorption was dependent on 
it. The experiments were carried out 
at 50 µg/mL since the optimization 
assay yielded better results at this 
concentration. Results indicated good 
decolorization activity for Direct Pink 
B at pH 9, Direct Fast Orange S at pH 
7, Reactive Turquoise Blue G at pH 
4, and Disperse Yellow 5G at pH 4. 
Most of the decolorization activities 
of yeast isolates were better at a lower 
pH, except for Direct Pink B. Yeast 
isolates tend to favor lower pH since 
the positive charges of the biomass 
create an attraction between its surface 
and the anionic nature of the dye.12 
In the reaction between yeast isolates 
and the dyes, when pH increases, the 
electrostatic attraction between the 
biomass and the dye decreases. This 
is because at lower pH, decolorization 
becomes more favorable since the 
biomass becomes positively charged, 
giving way to the adsorption of the 
negatively-charged dye. Negative 
charges are observed on the functional 
groups attached on the heterocyclic 
group of the compound. Direct dyes 
are organic compounds that have 
functional groups of hydroxyl, sulfino, 
and amino, dispersed dyes are organic 
dyes that have functional groups of 
nitro and cyano, while reactive dyes 
are also organic compounds that have 
chloro and amino groups.

Antagonistic-Synergistic Interactions 
and Decolorization Assay
No clearing zone was observed among 
the four isolates, with greater activity 
on selected dyes. This may be a result 
of synergistic interactions with the 
yeast isolates. Most consortium studies 
focused only on bacterial consortium 
or fungal-bacterial consortium and this 
is the first study to subject yeast strains 
into a co-culture or a consortium for 
dye decolorization. Investigating the 
potential interactions within a co-
culture or a consortium was important 
even if the organisms came from the 
same genus. The biocatalytic activity of 
a single organism varies in the presence 
of other organisms and the activity of 
a co-culture or consortium is different 
compared to an individual one.

Decolorization of Dyes by Yeasts, 
Singly, and in Combinations    
The decolorization ability of the 
pure isolates was tested, as well as 
that of the developed co-culture and 
consortium. Although single strains 
are known to decolorize dyes, there is 
still a considerable advantage in using a 
combination of isolates. Single cultures 
may only use one or two processes 
to achieve an efficient decolorization 
result. However, the use of two or 
more organisms in the developed co-
cultures and consortium may help to 
attack the dyes at different positions 
and may even produce different 
metabolites that could help achieve 

chemical decomposition of dyes, 
provided that they are not antagonistic 
to one another. The benefits of using 
different organisms in one system in 
decolorization studies have already 
been elucidated. However, most of 
these studies have focused on bacterial 
consortium or mixed bacterial 
consortium.14 This is the first study to 
attempt to combine different Candida 
species in a single system. 

For Direct Pink B, the highest 
decolorizer was the co-culture 
of C. guilliermondii (Y011)–C. 
famata (Y003) and C. guilliermondii 
(Y011)–C. guillermondii (Y004), with 
a total of 61% color reduction after 
7 days and 60% decolorization with 
the combination of C. guilliermondii 
(Y011) and C. dubliniensis (Y014). 
Meanwhile, the consortium achieved a 
total of 47.3% decolorization, but only 
39% with the individual isolate of C. 
guilliermondii (Y011) (Figure 2A and 
Figure 3A-B).

For Disperse Yellow 5G, regardless of 
the combination of isolates, all samples 
achieved more than 50% decolorization 
after 7 days. The combination of C. 
dubliniensis (Y014)–C. guilliermondii 
(Y004) achieved 65% decolorization 
of this dye, while C. dubliniensis 
(Y014)–C. famata (Y003) achieved 
63% decolorization. The consortium 
exhibited 61% decolorization 
compared to 57% with the individual 
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Dyes
Optimum Conditions  

for Each Parameter

50 µg/mL, 37oC, pH 9

50 µg/mL, 25oC, pH 4

50 µg/mL, 25oC, pH 7

50 µg/mL, 45oC, pH 4

Direct Pink B

Disperse Yellow 5G

Direct Fast Orange S

Reactive Turquoise

C. guilliermondii Y011

C. dublienensis Y014

C. guilliermondii Y011 

C. famata Y003

Organisms

Table 1 — Optimum Conditions (Temperature, pH, 
               Top Yeast Decolorizers 
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C. dubliniensis (Y014). The lowest 
decolorization achieved from this 
dye was the co-culture C. dubliniensis 
(Y014)–C. guilliermondii (Y011) with 
55% decolorization after one week 
(Figure 2B and Figure 3C-D).

As for Direct Fast Orange, the 
highest decolorization was achieved 
with C. guilliermondiii (Y004)–C. 
guilliermondii (Y014), with a total 
of 41% decolorization after one 
week compared to 39% from C. 
guilliermondii (Y004)–C. guilliermondiii 
(Y011). Meanwhile, C. guilliermondii 

(Y004)–C. famata (Y003) showed 31% 
decolorization on this dye compared 
to 25% from C. guilliermondii (Y004) 
alone. The lowest decolorization rate 
was from the consortium, with only 
12% decolorization after the 7-day 
incubation time (Figure 2C and Figure 
3E-F).

For Reactive Turquoise Blue G, the best 
decolorization rate was achieved from 
the co-culture of C. famata (Y003)–C. 
dubliniensis (Y014) and C. famata 
(Y003)–C. guilliermondii (Y004), with 
a total of 51% and 50% decolorization 

after 7 days of incubation, respectively. 
The individual isolate and the 
consortium showed a total of 47% 
and 46% decolorization, respectively, 
while the lowest rate was 41% from 
the co-culture C. famata (Y003)–C. 
guilliermondii (Y011) (Figure 2D and 
Figure 3G-H).

The best decolorization rate came from 
the co-culture setup compared to the 
consortium or the individual isolates. 
According to Hesselman et al., some 
cells do not yield good physiological 
behaviors in experimental setups, but 

Figure 2 — Decolorization of dyes by individual, co-cultures, and consortium for (A) Direct Pink B, (B) Disperse Yellow 5G,  
(C) Direct Fast Orange S, (D) Reactive Turquoise Blue G.
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the incorporation of another culture 
may lead to more successful results in 
vivo.15 In addition, some cell cultures 
may exhibit cooperative relationships, 
as seen in the present results. While it 
may seem intuitive that a consortium 
would yield better results compared to 
fewer cell populations, cell interactions 
involving more than three populations 
may lead to unpredictable and unstable 
levels. It has been suggested by Goers 
et al. that it is best to avoid using a 
large number of populations, as most 
of the time this is not advantageous.16 
The mixture of different Candida 
species in one system may have led to 
the production of various metabolites 
inhibiting the other species present in 
the consortium setup.

Decolorization Assay using 
Immobilized Cells
Microorganisms used in 
bioremediation may not persist for a 
long time in the area being treated as 
they can be washed out in the process. 
Immobilization of microorganisms 
has been proposed to solve this 
problem as this technique makes the 
decolorizer more efficient and increases 
its potential enzymatic activities.17 
As shown in Figure 4, individual 
isolates are still active in decolorizing 
dyes even in an immobilized state. 
The distribution of decolorization 
among the dyes was statistically 
different (p=0.0001). However, the best 
results were achieved from Reactive 
Turquoise Blue G with a total of 25% 
decolorization, with significantly 
different results from Direct Pink 
B, Direct Fast Orange, and Disperse 
Yellow 5G (p-value >0.05). The results 
achieved were low compared to those 
of free yeast cells, but decolorization 
was still recorded, indicating that there 
was something that the yeast cells 
were capable of producing or excreting 
to degrade the dyes present in their 
environment, even if the yeast cells 
were immobilized, such as extracellular 
enzyme secretion.17,18 In addition, there 

could be another pathway that the 
yeast cells performed when they 
were not immobilized. On the other 
hand, no carbon source was present 
in the solution, which plays an 
important role in the growth of yeasts 

and decolorization activity. This may 
indicate that yeasts may remain active 
despite the absence of a carbon source 
and perform decolorization activities 
in different pathways apart from 
extracellular enzyme secretion.

Figure 3 — Decolorization of dyes by yeast co-cultures  
Direct Pink B Treated with C. guilliermondii Y011 and C. famata Y003 at Day 
1 (A) and at Day 7 (B);  Disperse Yellow 5G treated with C. dubliniensis Y014 

and C. guilliermondii Y004 at Day 1 (C)  and at Day 7 (D); Direct Fast Orange 
S treated with C. guilliermondii  Y004 and C. dubliniensis Y014 at Day 1 (E)  

and at Day 7 (F); Reactive Turquoise Blue G treated with C. famata Y003 and C. 
guilliermondii Y004 at Day 1 (G) and at  Day 7 (H).
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Proposed Mechanism of Dye 
Decolorization
Decolorization of dyes can be achieved 
through adsorption, absorption, or 
both. Adsorption is defined as the 
accumulation of toxicants through 
the cells of living or dead cells. The 
capacity of yeasts to remove dyes can 
be in the manner of biosorption, in 
which dyes adhere in a non-specific 
manner to cell peripheries and then 
eventually into the cell.19 It is generally 
based on the interactions made by 
the functional groups present on 
a cell surface through electrostatic 
interactions, ion exchange or ion 

chelation. Different mechanisms of 
dye decolorization have been reported 
depending on the organisms used in 
different experiments. In bacteria, 
mineralization is the main mechanism 
of dye decolorization, but aerobic and 
anaerobic decolorization, followed 
by utilization of carbon and nitrogen 
in the degraded products as nutrient 
sources has also been reported.18 Fungi 
have also been reported to decolorize 
dyes by biosorption as the major 
mechanism, while biodegradation 
is also a possibility because of the 
extracellular enzymes it releases. 
Some studies have reported that both 

biosorption and biodegradation are 
performed by some fungi as part 
of the mechanism of action for dye 
degradation; utilization of degraded 
products of carbon and nitrogen 
as nutrient sources has also been 
reported, but mineralization remains 
unexplored as a fungal mechanism of 
dye degradation.18 There have been 
few reports of dye degradation by 
yeasts and only the mechanisms of 
bioaccumulation, biosorption and 
biodegradation using enzymes in 
dye degradation have been reported 
by Rana et al.18 Enzymatic system 
degradation of dye using Issatchenkia 
occidentals, Saccharomyces cerevisiae, 
Galactomyces geotrichum, Candida 
krusei, and bioaccumulation using 
Candida tropicalis have been reported 
for yeast dye degradation.20,21,11      

The dye components of Reactive 
Turquoise Blue G were found to 
be attached to the yeast cell wall 
and some were adsorbed into the 
cytoplasm, resulting in colored 
cells of C. famata Y003 under the 
microscope (Figure 5). Results from 
decolorization using immobilized cells 
showed no intracellular adsorption, 
but the observed decolorization of 
dye indicated that the mechanism of 
action of C. famata Y003 may be both 
biosorption and release of extracellular 
enzymes in dye decolorization. The 
behavior of yeasts in the present 
study may be further explained 
as a process through which yeast 
cells adsorb metallic ions and other 
pollutants, such as textile dyes, as the 
chemical makeup of the microbial 
cells consists of different molecular 
structures or biomolecules that play 
a role in their metabolic activity 
and dictate their ability to perform 
functions in order to reduce the 
sudden change in their environment 
and enable them to adapt to it. Yeasts 
typically have chitin, β-glucan, and 
mannoproteins on their cell walls. 
There are several chemical groups 

Figure 4 — Immobilized individual yeast decolorizers on their respective dyes

Figure 5 — Cells of (A) Candida guilliermondii Y011 and (B) Candida famata 
Y003 after being treated with synthetic dyes

a b
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in the biomass that could attract 
and seize charged pollutants such as 
acetamide groups of chitin, amine, 
amide, sulfohydryl, as well as carboxyl 
groups in proteins, and hydroxyls 
in polysaccharide. These functional 
groups are signaling molecules that 
eventually attach on the differently 
charged polysaccharides and proteins 
present on the extracellular side of the 
cell wall or signal the opening of an 
ion-gated channel in which dyes may 
be sequestered by cell surface sorption 
followed by intracellular accumulation 
and possibly by degradation using 
intracellular enzymes.22 FTIR analysis 
(Figures 6 and 7) also showed that 
there was no change in the structural 
components of Reactive Turquoise 
Blue G and Direct Fast Orange S 
before and after treatment of certain 
yeast organisms corresponding to 
the optimum decolorization of dye. 
Comparing the results of the FTIR 
analysis and the image of the yeast 
cells under microscope (Figure 5) 
showed that there was no extracellular 
degradation of dye, but instead the dye 
was intracellularly accumulated and 
degraded.      

In addition, for Direct Pink B, the 
cells of C. guilliermondii (Y011) 
appeared colorless (Figure 5A) 
under the microscope, suggesting 
that there are other ways the yeast 
cells decolorize dyes aside from 
biosorption. The microscopic view 
showed that no adsorption happened 
between the yeast cells and Direct 
Pink B dye, and no adsorption 
was shown on the decolorization 
results using immobilized cells, but 
the decolorization of the dye still 
proceeded. As FTIR analyses have 
shown (Figures 6 and 7), there are 
some changes in the functional groups 
of the dye structure. This may indicate 
that aside from the capacity of yeasts 
to act as an adsorbent, they may also 
have other factors such as extracellular 
release of enzymes that could be 

responsible for the decolorization 
of dyes. Most fungal strains used 
for decolorization studies have been 
known to produce and secrete different 
extracellular enzymes like laccases, 
manganese peroxidases, lignin 
peroxidases, tyrosinase, azoreductases 
and dichlorophenolindophenol 
reductases.23 Comparative analysis 
of the FTIR results and the yeast cell 
image under microscope showed that 
the functional group of Direct Pink 
B was changed after treatment with 
C. guilliermondii (Y011), while the 
image under the microscope showed 
that there was no visible intracellular 
accumulation. These results indicate 
that the C. guilliermondii (Y011) 
mechanism of action in treating 
toxic dyes was not intracellular 
biosorption or intracellular 
degradation, but degradation with the 
help of an enzyme that was released 
extracellularly by the yeast cells in 
its environment, since there was no 
observed biosorption in the tests using 
immobilized and free yeast cells in dye 
decolorization.

Partial Characterization of Enzymes 
Involved in Decolorization
Enzymes may be involved in the 
decolorization of synthetic dyes 
because of their highly specific and 
reactive characteristics to the target 
molecules.24 There have been reports 
of the specific enzymes produced by 
microorganisms for synthetic dye 
decolorization or toxicity reduction 
like laccases produced by Schyzohyllum 
commune, Pseudomonas putida; 
lignin peroxidases and manganese 
peroxidases produced by Schyzohyllum 
commune and azoreductases produced 
by Bacillus latrosporus and Xenophilus 
azovorans.25-29 Most of the studies 
of synthetic dye decolorization 
or detoxification have focused on 
bacteria and fungi because of their 
high diversity and ease of producing 
extracellular enzymes; yeast are rarely 
used in bioremediation studies and 

extracellular enzyme production for 
decolorization. Partial characterization 
of enzymes was done through the 
assessment of molecular weight based 
on the results obtained on sodium 
dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE). The 
molecular weight was compared with 
other available published studies 
(Table 2). 

Isolate C. guilliermondii (Y011) 
exhibited 4 different enzymes that are 
possibly involved in the decolorization 
of Direct Pink B. These enzymes are 
peroxiredoxin-like, cytochrome c 
peroxidase-like, and two unknown 
proteins. Meanwhile, the other three 
top decolorizers, C. guilliermondii 
(Y004), C. dubliniensis (Y014), and 
C. famata (Y003) showed only 2 
bands each. C. guilliermondii (Y004) 
and C. dubliniensis (Y014) may have 
involved peroxiredoxin-like and 
another unknown enzyme in the 
decolorization activity of Direct Fast 
Orange S and Disperse Yellow 5G. 
Isolate C. famata (Y003) may have 
used the activities of a peroxiredoxin-
like and cytochrome-c peroxidase-like 
enzyme in the decolorization process 
of Reactive Turquoise Blue G.

Peroxidases have been widely involved 
in the treatment of synthetic dyes and 
other xenobiotic compounds. They can 
participate in oxygenated reactions in 
a large number of different substrates. 
They can catalyze oxidative reactions 
through the presence of hydrogen 
peroxides.30 Lignin peroxidases and 
manganese peroxidases have been 
widely regarded in their capacity to 
decolorize synthetic dyes. However, 
little is known of the involvement of 
cytochrome-c peroxidase. 

Peroxiredoxins are known to be 
present in yeasts, in which they can 
both act as a peroxidase and as a 
molecular chaperone.29,31 The former 
is present in low molecular weight 
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Figure 6 — FTIR Analysis of (A) Direct Pink B before treatment and (B) Direct Pink B after treatment with an observable 
change in the functional groups; (C) Reactive Turquoise Blue G before treatment and (D) Reactive Turquoise Blue G after 

treatment showing no change in the functional group.
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Figure 7 — FTIR Analysis of (A) Disperse Yellow 5G before treatment and (B) Disperse Yellow 5G after treatment with  
an observable change in the functional group; (C) Direct Fast Orange S before treatment and (D) Direct Fast Orange S  

after treatment showing no change.
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complexes, while the latter forms in 
high molecular weight complexes. 
As reactive oxygen species can be 
formed through aerobic and stressful 
conditions, these proteins may help to 
protect cells from oxidative stress and 
other damage.29 With all yeast isolates 
being exposed to aerobic conditions 
and producing a 126.45 kDa complex, 
it could be concluded that these 
enzymes help yeast cells survive when 
subjected to synthetic dyes. However, 
there have been no further studies 
of the capacity of peroxiredoxins to 
decolorize dyes.

Meanwhile, two unknown possible 
enzymes have been produced by C. 
guilliermondii (Y011), C. guilliermondii 
(Y004), and C. dubliniensis (Y014). 
It is difficult to identify the possible 
enzyme involved since there are no 
published studies of these two proteins 
and no study focusing on the possible 
enzyme decolorization of dyes using 
yeasts, especially in the genus Candida.

Synthetic organic dyes such as azo and 
anthraquinone dyes have been known 
to be generally toxic, carcinogenic, 
and mutagenic. The results of the 
present study showed that dyes were 
transformed to a lesser toxic form, 
except for Disperse Yellow 5G, after 
being treated aerobically by different 
yeast co-cultures and consortium. 

Conclusions

The top four yeast isolates obtained 
from rose, mango and pineapple 
leaves and pineapple fruit peels have 
the ability to decolorize synthetic 
textile dyes such as Direct Pink 
B, Direct Fast Orange S, Disperse 
Yellow 5G, and Reactive Turquoise 
Blue G. Optimized conditions of 
dye decolorization were assessed at 
a 50 µg/mL dye concentration at pH 
4, 7, and 9, with varying incubation 
temperatures of 25 to 45oC. The four 
individual isolates did not exhibit 

any antagonistic interactions and the 
best decolorization using co-cultures 
and consortium were determined to 
be 41 to 65% decolorization. FTIR 
results also revealed that there were 
changes in the functional groups for 
Direct Pink B and minimal changes 
for Reactive Turquoise Blue G, which 
might have been decolorized through 
extracellular activities. Immobilization 
of yeast cells confirmed that 
decolorization of Direct Pink B 
was due to the help of extracellular 
enzymes and accompanied by the 
result of SDS-PAGE analysis, which 
showed the possible molecular weight 
of the secreted enzyme. Immobilized 
cells that were not able to decolorize 
the dyes were assumed to degrade 
the dyes through biosorption and 
internal degradation, which was also 
supported by the microscopic analysis 
of the yeast cells. This suggests that 
yeasts can be used as potential agents 
of bioremediation, especially in the 
treatment of effluents with synthetic 
dyes. Due to the threat of physical and 
chemical treatments to human and 
animal health, the use of a biological 
approach is a promising safer 
alternative. 
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