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A B S T R A C T

Isolation, identification, and characterization of newly isolated yeast, Diutina rugosa capable of decolorizing
indigo dye were investigated in this study. Molecular and phylogenetic analyses of 23S rRNA sequence data
indicated that the yeast belonged to the new genus, Diutina. The optimization of physicochemical parameters
such as pH of the solution (2–8), initial dye concentration (10–60 mg L−1), adsorbent mass (0.1–2 g), and
temperature (10–50 °C) was studied to scale- up the conditions of dye removal. Furthermore, complete deco-
lorization (99.97%) of indigo dye (10 mg L−1) was achieved at pH 2, temperature 30 °C and 2.0 g cell biomass
within 5 days. Degradation was monitored through UV–vis spectrophotometric, FTIR, and GCMS analyses. The
results of FTIR analysis obtained revealed the loss and shifts in spectra peaks of the experimental in comparison
with the biological control. Possible degradation pathway was proposed using the intermediate metabolites; 1, 2-
dihydro-3H-indol-3-one and cyclopentanone obtained through GCMS analysis. The enzyme analyses revealed
significant inductions and major roles played by NADH-DCIP reductase and lignin peroxidase in the asymmetric
cleavage, initial reduction and deamination of indigo dye. The equilibrium experimental data were fitted to
Langmuir, Freundlich and Temkin adsorption isotherms with high adjusted coefficient of determination values;
adjR2 = 0.907, adjR2 = 0.867, and adjR2 = 0.965 respectively. However, the Langmuir and Temkin adsorption
isotherms affirmed the monolayer and heterogeneous biosorption characteristics of Diutina rugosa. Temkin ad-
sorption isotherm model (R2 = 0.971) represented the best fit of experimental data than other isotherm models.

1. Introduction

Indigo is an organic dye with a characteristic blue colour belonging
to the vat-indigoids class of dyes. Most indigo dye produced nowadays
are of synthetic origin although some are still been produced naturally
from plants. Indigo is mostly applied to cellulosic fibers (cotton) after
reduction to leuco form in an alkaline dye bath [1]. Indigo dye is largely
used over the world in the production of denim [2] and as a colorant for
cloth dyeing (“adire”/“gara”) in West Africa [3]. It is used extensively

by textile industries and small scale textile dyers. A sizeable amount of
the dyestuffs is released during textile manufacturing processes. The
textile industry releases dye contaminated in proportional to the utili-
zation of large quantity of water. Indigo dye, of all vat dyes, is largely
soluble in solvents of organic origin. This makes indigo quite re-
calcitrant and difficult to mineralize on the application of most bio-
treatment techniques. The presence of dyes or their degraded metabo-
lites poses a grave environmental threat [4]. Malfunctioning and
damage organs and organ systems could arise as a result of human

http://dx.doi.org/10.1016/j.jece.2017.08.050
Received 11 July 2017; Received in revised form 20 August 2017; Accepted 24 August 2017

⁎ Corresponding author at: Department of Science Laboratory Technology, Federal Polytechnic P.M.B 50 Ilaro, Ogun State, Nigeria.
E-mail addresses: paul.bankole@federalpolyilaro.edu.ng, pbank54@yahoo.co.uk (P.O. Bankole).

Abbreviations: UV–vis, ultra violet visible spectrophotometer; FTIR, fourier transform infrared spectroscopy; GCMS, gas chromatography mass spectrometry; R, correlation coefficient;
R2, coefficient of determination; AdjR2, adjusted coefficient of determination; S.E.M, standard error of means; qe, amount of dye adsorbed (mg g−1); bT, the adsorbent at the equilibrium;
qt, amount adsorbed by the adsorbent at any time (mg g−1); Ce, concentration of the indigo dye at the equilibrium (mg L−1); Co, initial concentration of the indigo dye (mg L−1); qmax,
maximum amount adsorbed (mg g−1); t, contact time (min); n, the order of adsorption with respect to the effective concentration of the adsorption active sites present on the surface of
the adsorbent; R, the universal gas constant (8.314 J K−1 mol−1); T, the absolute temperature at 298 (K); bT, Temkin isotherm constant; At, Temkin isotherm equilibrium binding
constant (L g−1); KF, the Freundlich equilibrium constant (mg g−1 (mg L−1) −1/n); nF, the Freundlich exponent (dimensionless); KL, Langmuir isotherm constant (L mg−1); B, heat
sorption constant (J mol−1); Qo, maximum monolayer coverage capacity (mg g−1); DR, Diutina rugosa

Journal of Environmental Chemical Engineering 5 (2017) 4639–4648

Available online 02 September 2017
2213-3437/ © 2017 Elsevier Ltd. All rights reserved.

MARK

http://www.sciencedirect.com/science/journal/22133437
http://www.elsevier.com/locate/jece
http://dx.doi.org/10.1016/j.jece.2017.08.050
http://dx.doi.org/10.1016/j.jece.2017.08.050
mailto:paul.bankole@federalpolyilaro.edu.ng
mailto:pbank54@yahoo.co.uk
http://dx.doi.org/10.1016/j.jece.2017.08.050
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jece.2017.08.050&domain=pdf


exposure to textile dyes disposed indiscriminately to the environment
[5]. Optimal circulation of oxygen and light absorption in an aquatic
environment is distorted by textile dyes contamination. This in turn,
drastically affect photosynthetic and other physiological processes of
plants, diatoms, and algae. Chemical coagulants and flocculants
alongside activated sludge process are mostly employed for complete
mineralization and treatment of water insoluble vat dyes [6]. Installa-
tion, maintenance and economic sustenance of advanced chemical and
physical dye biotreatment processes have proven to be costly and re-
latively expensive. Hence, the development of much cheaper and eco-
friendly biological processes [7]. Mycodecolorization has been found
very effective and efficient [8]. Meanwhile, few research reports are
available on the efficiency of fungi in the degradation of indigo dye [9].
Fungi hyphae and cells exhibit tenacity on exposure to dye [10] with
the ability to degrade a vast number of organic pollutants, vat dyes
inclusive [11]. Fungi dissipate non-specific and non-stereoselective
oxidative enzymes such as lignin peroxidase (LiP), manganese perox-
idase (MnP) and laccase [12]. Biodegradation of wide range of organic
pollutants is made possible by the non-specific nature of fungal enzyme
systems [13]. Fungal unique carbon and nitrogen metabolism system
ensure their survival in virtually all habitats [14]. Interestingly, re-
searchers are drifting towards using isolates from sites contaminated
with dyes for biotreatment because of their adaptation to survive harsh
conditions. Recently, the use of yeast biomass in dye bioremediation
processes have witnessed tremendous preference by most researchers.
Yeasts are relatively economic and cheaply produced source of biomass
for bioremediation due to their ability to proliferate at low pH medium,
extreme temperature and high concentration of pollutants [15]. Some
yeasts have been found quite effective in treating high strength organic
wastewaters and highly colored substances such as VAT dyes [16].

Yeast genera such as Issatchenkia, Debaryomyces, Pseudozyma,
Kluyveromyces, Schizosaccharomyces, and Saccharomyces have been ex-
tensively studied for dye degradation potentials [17]. Specifically,
Jadhav and Govindwar [18] reported 95.5% degradation efficiency of
malachite green mediated through secretion of NADH-DCIP reductase
and MG reductase enzymes by Saccharomyces cerevisiae in plain distilled
water. Goodness of fit was recorded when equilibrium data obtained
from the degradation of basic violet 3 by Candida tropicalis were sub-
jected to Langmuir adsorption isotherm [19]. Aksu and Donmez [20]
reported biosorption capacities of nine different yeast isolates on re-
mazol blue under ambient laboratory conditions. The yeasts; Kluyver-
omyces marxianus IMB3, Rhodotorula sp. and Rhodotorula rubra has been
found to be very proficient in the decolorization and degradation of
different textile dyes through adsorption [21–23]. Furthermore, the dye
decolorization efficiency of baker’s yeast, Saccharomyces cerevisiae has
equally been reported [4]. However, there is the paucity of information
on the biodegradation potential by the yeast of the new genus, Diutina.
In this light, this research is in furtherance of our work at discovering
vat dyes biodegradation efficiency of newly isolated yeast species,
Diutina rugosa from dye wastewater polluted soil. Scaling up of physi-
cochemical parameters (pH, temperature, dye concentration, biomass)
and adsorption isotherms (Langmuir, Freundlich and Temkin) in indigo
dye degradation by Diutina rugosa were also studied.

2. Materials and methods

2.1. Properties of indigo dye

Indigo dye (C.I: Vat Blue I) used is of high analytical grade (98%
purity) with molecular formula C12H8O2N2 and chemical structure
(Fig. 1). The dye was chosen amongst other vat dyes because of its
widespread and extensive use by textile industries and local textile
dyers throughout the world.

2.2. Chemicals and dyestuff used

Yeast extract agar and broth, potato dextrose broth (PDB) and other
chemicals were obtained from Kiri Industries, Ahmedabad, Gujarat,
India. Aniline-2-sulfonic acid and Riboflavine-2-sulfonic acid were
purchased from Kemira Chemicals, Bradford, United Kingdom. Tartaric
acid, Chloranil, Dimethylformamide (DMF), 2, 6-dichlorophenol in-
dophenol (DCIP), nicotinamide adenine dinucleotide (di-sodium salt),
veratryl alcohol and others were bought from Sigma-Aldrich, USA. The
dyes, vat yellow 4, vat violet 1, vat blue 3, vat green 1 and indigo dye
were purchased from DyStar Company, Germany. Other chemicals are
of high laboratory, purity and analytical grade.

2.3. Dye wastewater polluted soil collection

The highly colored waste water polluted soil was collected from
Itoku (7°48′09.62″N; 4°28′06.63″E), Abeokuta, Ogun State, Nigeria in
an airtight plastic can and tightly stoppered. Filter paper was used in
removing large suspended particles upon soil suspension in sterile
distilled water and maintained at pH 7.0. It was later stored at a tem-
perature (4 °C) for further experimental processes to prevent con-
tamination by non-indigenous microbes.

2.4. 23S rRNA sequencing and documentation

Sequencing of isolated yeast’s 23S rRNA gene was achieved at
Laragen Incorporated, 10601 Virginia Avenue, Culver City, CA.
Sequence search/comparison and alignment procedures were achieved
using Basic Local Alignment Sequence (BLASTn) and CLUSTALW
pairwise-multiple alignment program tools available on National
Centre for Biotechnology Information (NCBI) server and Molecular
Evolutionary Genetics Analysis (MEGA) 7 software respectively. The
sequence was refined manually and an Accession Number; KR262715
was assigned upon submission to the NCBI using the BankIt Tool [24].

2.5. Isolation and identification of yeast

Diutina rugosa stock culture was maintained on yeast extract agar
isolated previously from indigo dye waste water contaminated soil in
Itoku, Abeokuta, Ogun State, Nigeria. The sampling location is known
worldwide for extensive use of indigo dye in making tie and dye cloths
(‘Adire’). The stock culture and yeast biomass were maintained at 4 °C
and 28 °C respectively on yeast extract broth containing maltose 8%
(w/v), peptone, yeast extract agar 2% (w/v) and microbiological agar
4% (w/v). The collection of the yeast’s cells were done after cen-
trifugation at 10000 rpm for 10 min. The yeast’s pure DNA genome was
isolated through modified Cetyl Trimethyl Ammonium Bromide (CTAB)
protocol. The D1/D2 domains of the larger subunits of the yeast’s gene
were used in amplifying the Internal transcribed spacer (ITS) region of
the 23S rRNA sequence. The sequence data obtained thereafter were
compared with previously documented ones available on NCBI data-
base using blastn tool. The yeast was identified as Diutina rugosa based
on nucleotide sequence homology, documented and accorded a strain
code LAG on the NCBI library. The inference was done using the
neighbor-joining tree method [25] of the phylogenetic analyses

Fig. 1. Chemical structure of indigo dye. (For interpretation of the references to colour in
this figure legend, the reader is referred to the web version of this article.)
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involving 26 nucleotide sequences with a total of 5242 positions. Mo-
lecular Evolutionary Genetics Analysis (MEGA version 7 software) [26]
was used in computing the tree scale, branch lengths and evolutionary
distances after proper editing and deletion of all ambiguous positions
from each sequence pair.

2.6. Physicochemical parameters variation during decolorization

Overall, the decolorization studies were carried out under anoxic
static conditions at pH 7, ambient temperature (30 °C), indigo dye
concentration (10 mg L−1) and yeast biomass (2 g) cells. Decolorization
experiments were carried out within 5 days (λmax = 680 nm).

2.6.1. Decolorization efficiency of Diutina rugosa on different vat dyes
Five different types of vat dyes (vat yellow 4, vat violet 1, vat blue 3,

vat green 1 and indigo) were used to study the decolorization profi-
ciency of Diutina rugosa at ambient temperature (∼30 °C). The deco-
lorization experimental set up involved Erlenmeyer flasks (in tripli-
cates) with each containing yeast extract broth, 2.0 g biomass of Diutina
rugosa cells supplemented with 10 mg L−1 dye concentration each of all
the dyes. An aliquot (2 mL) from the set up earlier withdrawn was
centrifuged at 10000 rpm for 10 min in order to separate yeast’s bio-
mass cell. The absorbance of the supernatant was measured at 680 nm
for indigo dye, 580 nm for vat yellow 4, 450 nm for vat blue 3, 620 nm
for vat green 1 and 650 nm for vat violet 1. The changes in absorbance
(λmax of the dyes) was monitored (in triplicates) with UV/Vis spectro-
photometer (Hitachi U-2800; Japan) daily for 5 days. Decolorization
(%) was determined as follows:

=
−

×Decolarization (%) Absorbance (initial) Absorbance (final)
Absorbance (initial)

100

2.6.2. Effect of pH and temperature variations on the decolorization of
indigo dye

Erlenmeyer flasks containing yeast extract medium and dye
(10 mg L−1) were kept at different temperatures 0, 10, 20, 30, 40 and
50 °C and pH 2, 3, 5, 6 and 7 adjusted with diluted H2SO4 and KOH for
5 days in non-shaking anoxic condition, with their abiotic controls of
flasks containing dye only.

2.6.3. Effect of variations in cell biomass of Diutina rugosa on the
decolorization of indigo dye

Immobilized cell mass (0.1, 0.2, 0.5, 1 and 2 g) were used to study
the effect of Diutina rugosa on the decolorization of indigo dye
(10 mg L−1) at room temperature (30 ± 2 °C)

2.6.4. Effect of initial concentrations on decolorization of indigo dye by
Diutina rugosa

Six different indigo dye concentrations 10, 20, 30, 40, 50, and
60 mg L−1 (in triplicates) was used in scaling up the effect of initial dye
concentrations. Proportionally, Erlenmeyer flasks containing different
concentrations of the dye and yeast extract broth with no yeast biomass
was used as biological controls.

2.7. Enzyme extraction and activities during decolorization

The raw biomass collected on the yeast extract medium {maltose
8% (w/v), peptone, yeast extract agar 2% (w/v) and microbiological
agar 4% (w/v)} were used for the enzyme bioassay. The enzyme source
(5 mL) contained 0.1 mL of enzyme solution homogenized through
sonication by giving five strokes each of 10 s, at 1.5 min intervals, at 60
amp, and at 4 °C., 60 μM DCIP, 30 mM NADH in 60 mM potassium
phosphate buffer (pH 7.4). Lignin peroxidase (LiP) activity was de-
termined through oxidative conversion of veratryl alcohol to vera-
trylaldehyde by H2O2. The relative increase in absorbance (at 310 nm)
due to the oxidation of veratryl alcohol to veratrylaldehyde was then

monitored [27]. The composition of the reaction mixture (4 mL) in-
cludes; 0.5 mL veratryl alcohol (10 mM), 3.0 mL citrate buffer (pH 2.0)
and 0.5 mL enzyme. Within 5 min, the reaction mixture initiation was
effected through the supply of 100 μL of 0.8 mM H2O2 with bovine-
serum albumin (as standard) being used in the determination of protein
according to Lowry et al. [28]. Relative changes in absorbance (uni-
t min−1 mg of protein−1) was used in expressing the average rates of a
unit of enzyme activity (in triplicates).

Phenol red (10) was used in the determination of Manganese per-
oxidase (MnP) activity. The reaction mixture (1 mL in total) is com-
posed of 25 mM lactate, 0.1 mM MnSO4, 1 mgmL−1 of bovine serum
albumin (Sigma), 0.1 mg of phenol red (Merck) mL−1, and 0.5 mL of
culture filtrate in 20 mM sodium succinate buffer (pH 4.5). The addi-
tion to a final concentration of 0.1 mM of hydrogen peroxide was used
in initiating the reaction mixture. It was thereafter stopped with the
addition of 50 mL of 10% NaOH after 2 min and A610 was then mea-
sured. The absence of manganese ions (Mn2+) through the non-supply
of Manganese tetraoxosulphate VI solution was used as phenol red
oxidation control experiments. The evaluation of manganese peroxidase
activity was done through subtraction of phenol red (10) values ob-
tained in the presence and absence of manganese ions respectively. The
activity was later expressed as the increase in A610 per minute per
milliliter.

The reaction mixture containing 2, 2′-Azino-bis (3-ethylbenzothia-
zoline-6-sulfonic acid (ABTS) (12%) in 0.1 M acetate buffer (pH 4.9)
was used in determining laccase activity of Diutina rugosa. The oxidized
reaction mixture was later measured at 420 nm [29].

Salokhe and Govindwar [30] method was used with slight mod-
ifications in the determination of NADH-DCIP reductase activity. The
coefficient (extinction of 19 mM−1 cm−1) was used in evaluating the
reduction in DCIP. Relative changes in absorbance (unit min−1 mg of
protein−1) was used in expressing the average rates of a unit of enzyme
activity (in triplicates). Lowry et al. [28] method were employed in
protein determination with bovine serum albumin (standard).

2.8. Metabolites analyses

Decolorization of the indigo dye was determined by UV–visible
spectrophotometric analysis (Hitachi U-2800; Japan) using crude ex-
tract, Fourier Transform Infrared Spectroscopy (FTIR) and Gas
Chromatography-Mass Spectroscopy (GCMS). The yeasts biomass were
removed after dye decolorization by filtration followed by centrifuga-
tion at 10000 rpm for 10 min in order to extract the metabolites. The
metabolites were synthesized from the obtained supernatant with an
equal volume of ethyl acetate; dried over anhydrous Na2SO4, dissolved
in a small quantity of HPLC grade methanol and used for further ana-
lytical studies like FTIR and GCMS analyses.

2.8.1. FTIR analysis
The samples were prepared using spectroscopic pure KBr (93:7

ratio), pellets were fixed in the sample holder and analyzed [31]. The
analysis was carried out using Shimadzu 8400 S FTIR spectrometer
(Shimadzu Corporation, Japan) in mid infra-red region of
400–4000 cm−1 with 16 scan speed.

2.8.2. GCMS analysis
The temperature programming mode with a Restek column (non-

polar; XTI-5, 0.25 mm id, 60 m long) with ionization voltage 70 eV was
used for Gas chromatography analysis. The column temperature was
linearly raised from 80 °C for 2 min to 280 °C at 10 °C per minute and
maintained further for 7 min. While the GCMS interface temperature
290 °C, that of injection port was kept at 280 °C. Helium gas with a flow
rate of 1.0 mL min−1 was used as carrier gas. Shimadzu QP 2010 GCMS
Engine (Shimadzu Corporation, Japan) was used following the earlier
procedure reported by Patil and Jadhav [32]. Comparison of retention
time, mass spectra obtainable in the GCMS solution software and
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fragmentation pattern were used in identifying the metabolites.

2.9. Adsorption isotherm studies

Biosorption efficiency of the yeast isolate at different aqueous
equilibrium concentrations of the indigo dye was tested using different
adsorption isotherm studies. The experimental set up involved the ad-
dition of 2.0 g biomass of the adsorbent (Diutina rugosa cells) differently
with varying concentrations (0, 10, 20, 30, 40, 50 and 60 mg L−1) of
the adsorbate (indigo dye) in a static condition for 5 days. Upon
withdrawal of 2 mL aliquot from the reaction medium, centrifugation at
10000 rpm for 10 min was done. From the homogeneous medium, 2 mL
aliquot was withdrawn and centrifuged at 10000 rpm for 10 min.
Thereafter, the UV–visible spectrophotometer was used in determining
the amount of dye left from the supernatant obtained. The equilibrium
value ‘qe’ in (mg g−1), of the amount of indigo dye adsorbed, was
equally determined thus:

=
−

×q C C
N

Ve
i e

(1)

where (qe) is the mass (mg) of the indigo dye adsorbed per amount (g)
dry Diutina rugosa cells; (V) is the total reaction volume (L), and (N) is
the mass of dry Diutina rugosa cells (g). All physicochemical parameters
were analyzed according to standard methods for the examination of
water and wastewater [33]. Ci and Ce (mg L−1) are the initial and
equilibrium/residual concentrations of indigo dye solutions. The per-
centage of decolorization (% D) of indigo dye by Diutina rugosa is de-
fined as:

=
−

×D C C
C

% 100i e

e (2)

where Ci and Ce are the initial and the equilibrium dye concentrations
(mg L−1) respectively. Adsorption experiments were done in triplicates
to avoid random error.

2.9.1. Langmuir adsorption isotherm
The isotherm studies were carried out to quantitatively determine

the formation of a homogeneous indigo dye monolayer on the biomass
cell surface of Diutina rugosa till no further adsorption takes place.
Langmuir isotherm was used to experimentally describe the equilibrium
distribution between the indigo dye and yeast’s biomass cell. The iso-
therm is to further validate the monolayer adsorption of indigo dye
molecules onto different active sites of the yeast biomass. The model
assumes uniform energies of indigo dye adsorption onto the surface of
yeast biomass with no relative transmigration of indigo dye in the plane
of the yeast cells. Based the aforementioned experimental facts, the
model was represented by the equation below:

= +

q Q Q K C
1 1 1

e O O L e (3)

Where: Ce = the equilibrium concentration of indigo dye (mg L−1),
qe = the amount of indigo dye adsorbed per gram of the yeast cells at
equilibrium (mg g−1), Qo = maximum monolayer coverage capacity
(mg g−1), KL = Langmuir isotherm constant (L mg−1). Qmax and KL

values were extrapolated from the intercept and slope of the Langmuir
plot of 1/Ce versus 1/qe [34].

2.9.2. The Freundlich adsorption isotherm
This model was employed to experimentally and quantitatively

determine the heterogeneous adsorption process of indigo dye by
Diutina rugosa cells. The model was used to further confirm the pro-
portional increase in yeast biomass with increasing dye concentration
in the interaction medium [35]. The model equation is expressed as
follows:

qe = KFCe
1/n (4a)

Where ‘Ce’ is the amount of indigo dye left in the supernatant after the
interaction with Diutina rugosa cells (mg L−1), qe is the equilibrium of
adsorption (mg g−1); KF is the Freundlich constant (mg g−1) (L mg−1)
1/n. Eq. (4a) could be linearized through logarithms:

= +Logq
n

LogC LogK1
e F (4b)

2.9.3. The Temkin adsorption isotherm
This model is to explicitly describe the interactions between the

Diutina rugosa cells and the indigo dye. While ignoring extremely low
and very high concentration, the model was used to experimentally
quantify the vital role played by temperature (heat) of the adsorption
interaction medium between the indigo dye and yeast biomass. The
model is derived by plotting the quantity of the dye sorbed qe (mg g−1)
as implied in Eq. (5) against ln Ce and the constants (At and bT) were
determined from the slope and intercept [36]. The model is described as
follows:

qe = B In At + B In Ce (5)

where

=B RT
bT

bT = Temkin isotherm constant, R = Universal gas
constant = 8.314 J mol−1 K−1, At = Temkin isotherm equilibrium
binding constant (L g−1), T = Temperature at 298 K, B = heat sorption
constant (J mol−1), Ce is concentration of the indigo dye in solution at
equilibrium (mg L−1)

3. Results and discussion

3.1. Molecular identification of Diutina rugosa

Accession number; KR262715.1 was assigned upon due submission
of the 23S rRNA molecular sequence data (D1/D2 region) at the
National Centre for Biotechnology Information (NCBI) database.
Furthermore, comparative analyses of the data done with previous
submission in NCBI database revealed, Diutina rugosa has 100% max-
imum homology with those of Diutina rugosa (KY107668.1), Candida
rugosa strain CBS 613 (KT336717.1), Candida rugosa strain ATCC 10571
(GU144663.1), Candida rugosa strain 8 (EF375701.1) and Candida ru-
gosa (AB437389.1). The phylogenetic tree further revealed that Diutina
rugosa (KR262715) has closest homological identity with Diutina rugosa
(KY107668.1) which are all part of the clade including Candida rugosa
strain CBS 613 (KT336717.1), Candida rugosa strain ATCC 10571
(GU144663.1), Candida rugosa strain 8 (EF375701.1) and Candida ru-
gosa (AB437389.1) with a major outgroup, Diutina catenulata
(KY107665.1) (Fig. 2).

3.2. Variations in physicochemical parameters

3.2.1. Decolorization of different vat dyes by Diutina rugosa
When subjected to the same condition (10 mg L−1, 30 °C), indigo

dye amongst other VAT dyes showed high susceptibility to decolor-
ization by Diutina rugosa in a pre-screening experiment. The results
revealed decolorization (99, 91, 90, 79 and 66%) for indigo, vat green
1, vat brown 3, vat yellow 1 and vat violet 4 respectively (Fig. 3). This,
however, ignited our interest to further study the effect of Diutina rugosa
on indigo dye.

3.2.2. Decolorization at different pH
Relative decrease in decolorization efficiency was observed from

acidic pH 2 to alkaline pH 8 (Fig. 4a). Although in this present study,
decolorization was observed at pH 4, 5, and 6 but optimum decolor-
ization (99.97 and 97.85%) was however observed at pH 2 and 3
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respectively. This was however in agreement with previous works re-
ported by Pajot et al. [37] and Tian et al. [38]. Biosorption is highly
favored at lower pH owing to strong electrostatic forces existing be-
tween charged dye molecules and the yeast cell [39]. This further
suggested that in acidic medium, protonation of functional groups on
yeast biomass surface is greatly and optimally enhanced [40]. Deco-
lorization of dyes is largely due to the electrostatic interactions between
the negatively charged indigo dye anions and positively charged Duitina
rugosa cells. Iscen et al. [41] reported of adsorption depletion owing to
electrostatic repulsion brought about by increases in the negatively
charged sites on the biomass surface as a result of attendant increase in
pH.

3.2.3. Decolorization at varying temperatures
While significant decolorization were recorded at lower tempera-

tures (10 and 20 °C), optimum decolorization (99.95%) of indigo dye
was observed at almost ambient temperature (30 °C) (Fig. 4b). Deco-
lorization by biosorption is actively aided through increasing tem-
perature of the reaction medium of the yeast biomass and indigo dye
[39]. Our study characteristically showed that mycoremoval of colour
usually decreases with attendant increase in temperature indication

Fig. 2. Evolutionary relationships 23S rRNA sequence of Diutina rugosa. The numbers at the nodes indicate the levels of bootstrap support based on maximum-composite likelihood
method.

Fig. 3. Decolorization efficiency of Diutina rugosa on different vat dyes.
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that the process was exclusively exothermic. Decreasing decolorization
efficiency of indigo dye by Duitina rugosa recorded at high temperatures
(40 and 50 °C) (Fig. 4b). was evidently due to the destruction of the
yeast biomass surface [42]. Active sites on the cell surface of most fungi
works optimally during decolorization of different dyestuffs at tem-
peratures ranging from 25 to 37 °C [24]. It equally suggested possible
denaturation of extracellular enzymes of the yeast.

3.2.4. Decolorization at varying yeast cell biomass
Microbial decolorization of dyestuff is enhanced with optimum

proliferation of cells which in turn favors’ enzyme production [43].
Based on the aforementioned, we decided to study the effect of different
yeast biomass cells (0.1, 0.2, 0.5, 1.0, and 2.0 g) on decolorization ef-
ficiency. It was however observed in the study, that higher biomasses
(of 1 and 2 g) ensured proliferation of sufficient cells which resulted in
maximum decolorization of indigo dye by (95.76 and 99.87%) re-
spectively (Fig. 4c). Chen and Ting [44] have reported the advantages
of using 1 g or more biomass. This benefit is attributed to production of

more cells capable of secreting extracellular enzymes necessary for
biodegradation [45]. This trend can be predicated to larger surface area
and availability of more sorption sites [46].

3.2.5. Decolorization at varying dye concentrations
Decreasing decolorization efficiency (99.1, 96.54, 91.44, 89.67,

85.76 and 82.44%) was directly proportional with increasing con-
centration of indigo dye (10, 20, 30, 40, 50 and 60 mg L−1) (Fig. 4d).
This suggests that, at higher dye concentrations adsorption is negatively
affected [47]. Lower dye concentration of indigo dye propels and favors
mass transfer resistance between solid and aqueous surfaces [48]. Dye
decolorization capacity of yeast is greatly depleted with increasing dye

Fig. 4. Effect of (a) pH (b) temperature (°C) (c) cell biomass (g) (d) initial dye concentration (mg L−1) on decolorization of indigo dye by Diutina rugosa. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of this article.)

Table 1
Enzyme activities (laccase, NADH-DCIP reductase, manganese peroxidase and lignin
peroxidase) of Diutina rugosa cells at 0 h (control) and after 96 h of exposure to indigo
dye.

Enzymes Control Experimental (after decolorization)

Laccasea 0.35 ± 0.002 0.22 ± 0.065**

NADH-DCIP reductaseb 6.87 ± 0.11 8.79 ± 0.07***

Manganese peroxidasea 0.019 ± 0.010 0.025 ± 0.004**

Lignin peroxidasea 0.075 ± 0.002 0.095 ± 0.002**

Values are mean of three experiments± SEM. Significantly different from control cells at
∗∗p < 0.01; and ∗∗∗p < 0.001 by one-way ANOVA with Tukey-kramer comparison test.

a Units min−1 ml−1.
b μg DCIP reduced min−1 mg−1 cells.

Fig. 5. UV/Vis spectra of indigo dye before and after treatment with Diutina rugosa. (For
interpretation of the references to colour in this figure legend, the reader is referred to the
web version of this article.)
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concentration due to surface saturation action on the yeast surface.
Iscen et al. [41] reported similar decolorization results when RR239
concentration was raised above 250 mg L−1. Furthermore, the results of
this study were in concordance with diminishing percentage decolor-
ization of Acid Red 18 and Reactive Black 5 respectively by Schizo-
phyllum commune [49].

3.3. Enzyme analysis

Significant inductions of NADH-DCIP reductase and LiP reductase

enzymes was observed in the decolorization set up (control with no
indigo dye) and experimental (with the indigo dye+DR) (Table 1). This
suggested that the specificity of the enzymes through reductive and
oxidative systems deployed in the biodegradation of indigo dye [50]. In
the present study, this would be the first report on the induction of
lignin peroxidase (LiP) and NADH-DCIP reductase in Diutina rugosa in
relation to the biodegradation of indigo dye. LiP induction affirms the
presence of lignin component typical of yeast cells [51]. After deco-
lorization, significant high induction of NADH-DCIP reductase
(8.79 ± 0.07) and LiP (0.095 ± 0.002) enzymes respectively

Fig. 6. FTIR spectra of (a) untreated indigo dye (b) degraded product of indigo dye by Diutina rugosa. (For interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article.)
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(Table 1). The vital role played by NADH-DCIP reductase enzymes in
the breakdown of asymmetric ring and eventual reduction of the indigo
dye cannot be over emphasized (Fig. 7) [52]. On the contrary, there
were low inductions of laccase and manganese peroxidase after deco-
lorization. The results obtained were however not in agreement with
related work done by Jadhav and Govindwar [18].

3.4. Metabolites analyses

3.4.1. UV/Vis and FTIR analyses
Diutina rugosa cells provides an economical and environmental

friendly alternative to the removal of indigo dye. D. rugosa showed
complete decolorization of indigo dye within 5 days at room tempera-
ture under static condition and with no addition of organic and in-
organic supplements. There was relative disappearance (at day 5) of the
peak observed at 480 nm (control-day 0) in the UV/Vis absorbance
spectra of indigo dye (Fig. 5). The relative reduction and disappearance
of the peaks at day 5 suggested the reduction of the dye components
thus decolorization. The drastic decrease in absorption peak at day 5
(Fig. 5) of the spectrum showed decolorization in concordance with the
visual observation of the Erlenmeyer flasks. The results of FTIR analysis
revealed the reduction of the spectra peaks in control from 10 at day 0
to 7 at day 5 (Fig. 6a and 6b). The loss of peak at 1508.38 cm−1 in-
dicates the absence of the asymmetric bond due to the action of NADH-
DCIP reductase. The OeH stretching characterized by the peak at
2908.82 cm−1 witnessed deformation with the formation of a new peak
at 2362.88 cm−1 (Fig. 6b). The loss of peaks and the formation of new
peaks at 1217.12, 736.83, and 648.10 cm−1 suggested deformation of
benzene ring (Table 2). The peak 424.35 cm−1 reappearing (Fig. 6b)

indicates the conversion of aliphatic amines to cyclopentanone. The
results suggested that functional groups on the Diutina rugosa cell sur-
face might have affected the biosorption process [53].

3.4.2. GCMS analyses
The GCMS analyses results (Table 3) revealed the formation of two

major intermediate products with molecular weight of 133 and
87 g mol−1 representing 1, 2-dihydro-3H-indol-3-one and cyclopenta-
none respectively (Fig. 7). The GCMS data obtained was used to pro-
pose a schematic pathway of degradation of indigo dye by Diutina ru-
gosa (Fig. 7). The NADH-DCIP reductase enzyme releases NADH as
electron donor in the reaction medium. The electron so donated fa-
cilitated the reductive cleavage of the asymmetric bond of indigo dye to
produce 1, 2-dihydro-3H-indol-3-one and cyclopentanone (Fig. 7) [54].
The deamination of the indigo dye is further catalyzed through the
oxidative action of lignin peroxidase (Fig. 7).

Table 2
FTIR analysis of indigo dye before and after treatment with Diutina rugosa.

Indigo VAT (Control) Indigo VAT (Treated)

Peak (cm−1) Bond Peak (cm−1) Bond

3458.48 NeH Str. 3448.84 NeH Str.
2908.82 OeH Str. 2362.88 OeH Def.
1637.62 CeH Str. 1637.62 CeH Str.
1508.38 NH Vibr. 1217.12 NeH Str.
1458.23 N]N Str. 736.83 N]O Str.
1114.89 N]N Str. 648.10 CeN Str.
1068.60 N]N Str. 424.35 CeOH Str.
669.32 S]O Str.
520.80 NO2 Str.
424.35 CeH Def.

Def – Deformation; Str – Stretching; Vibr. – Vibration.

Table 3
GC–MS data of obtained metabolite after degradation of indigo dye by Diutina rugosa.

S/N RT (min) m/z MW Area (%) Mass spectrum

1. 23.84 133 133 78.90

2. 20.61 87 84 21.10

Fig. 7. Proposed schematic pathway for degradation of indigo dye by Diutina rugosa. (For
interpretation of the references to colour in this figure legend, the reader is referred to the
web version of this article.)
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3.5. Adsorption isotherms

Despite the fact that the yeast biomass resulted in steeper slopes of
their respective decolorization isotherms (Fig. 8a–c) at regions of lower
concentration which suggested a high affinity of the cells for the
binding indigo dye molecules. The equilibrium data were found to be
statistically significant at 1 percent significant level (p-value = 0.001)
when analyzed with the Langmuir, Freundlich and Temkin adsorption
isotherms. Therefore, the isotherm models were sufficient for this ad-
sorption studies since the p-value is less than 0.01. Equilibrium bio-
sorption isotherms are prerequisite to understanding the relationship
and interaction between the adsorbate (indigo dye) with adsorbent
(Diutina rugosa) cells. Adsorption parameters of Qe and Ce as a function
of the dye concentration (Co) at the equilibrium plot was fit with the
Langmuir, Freundlich and Temkin isotherm equations. It could be seen
that the adjusted correlation coefficient of determination
(AdjR2 = 0.907 and AdjR2 = 0.965) for Langmuir and Temkin iso-
therms respectively fits better for indigo dye decolorization (Fig. 8a and
c) than the Freundlich isotherm (AdjR2 = 0.877) (Fig. 8b). While
Freundlich’s isotherm only revealed that the physicochemical para-
meters (pH, temperature, adsorbent dose-yeast biomass, adsorbate
concentration-indigo dye concentration) exhibited 87.7%; 96.5% and
90.7% causality strength were recorded for Temkin’s and Langmuir’s
isotherms. Overall, best correlation and goodness of fit of the equili-
brium data obtained was exhibited by the Temkin model result. In a
similar vein, the results of correlation coefficient of determination;
R2 = 0.922, 0.898 and 0.971 for Langmuir, Freundlich and Temkin’s
model respectively. However, the Freundlich model where linearization
allows also determination of maximal capacity (qmax) showed

seemingly poor goodness of fit for the experimental data. The correla-
tion coefficient of determination (R2 = 0.971) for Temkin adsorption
isotherm affirmed the strong influence of both concentration and
temperature in the biosorption process. These results were in slight
agreement with related work done by Charumathi and Das [19] who
reported the monolayer adsorption of Candida tropicalis biomass in the
degradation of basic violet 3. The results of the adsorption through
Langmuir isotherm studies further revealed the unimolecular layer of
the indigo dye molecules. The Temkin model results however, con-
firmed that the yeast cells could equally exhibit both monolayer and
heterogeneous adsorption characteristics in the biosorption process of
indigo dye. The results further implied, that the prediction of experi-
mental data is quite satisfactory since over 50% of casualty strength
were recorded for all adsorption isotherms studied.

4. Conclusion

The present study revealed the indigo dye biodegradation potentials
of Diutina rugosa. The biosorption process of indigo dye by the yeast
proved to be dependent largely on the pH of the solution, cell biomass,
temperature and concentration of the dye. The study reported two
major intermediate metabolites after degradation of indigo dye through
an enzyme-mediated system deployed by the yeast. Langmuir’s and
Temkin’s isotherm studies revealed both monolayer and heterogeneous
biosorption nature of Diutina rugosa, which depends largely on both
concentrations of the indigo dye and temperature of the reaction
medium. The Freundlich isotherm studies, however, confirmed that the
heterogeneous biosorption behavior of Diutina rugosa cannot be at-
tributed only to the concentration of the indigo dye. Conclusively,

Fig. 8. (a) Langmuir’s adsorption isotherm (b) Freundlich’s adsorption isotherm (c) The Temkin’s adsorption isotherm for indigo dye decolorization by Diutina rugosa. (For interpretation
of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Diutina rugosa has proven to be a cheap, economic, effective, efficient
and eco-friendly alternative in the bioremoval of vat dyes (indigoid
dyes) from polluted environment.
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