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Abstract: Bioaccumulation of synthetic dyes viz. Acid Blue 93, Direct Red 28 and Basic Violet 3 by the
environmental yeast isolate, Candida tropicalis growing in aqueous extract of sugarcane bagasse medium was
studied in a batch system as a function of initial pH and dye concentrations. The optimum pH value for
bioaccumulation was found to be 3.0 for Acid Blue 93 and Direct Red 28 and 5.0 for Basic Violet 3. The increase
in  dye  concentration  decreased  the  specific  growth  rate  and  bioaccumulation  properties  of  the  yeast.
Non competitive kinetic model was tested in order to determine the inhibitory effects of dyes on the specific
growth rate of Candida tropicalis. Basic violet  3  was  found  to  be   more  toxic  than  the  other  two  dyes.
The combined effects of sugarcane bagasse extract and initial dye concentrations on the specific growth rate
and dye bioaccumulation efficiency of Candida tropicalis were investigated. 
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INTRODUCTION actively growing cells by metabolism and temperature-

Large amounts of dyes are annually produced and [9-12].
applied in many different industries, including textiles, Using growing cultures in bioremoval has the
cosmetics,  paper,  leather,  pharmaceutical  and  Food. advantage over the non-living and resting cells as the
The release of these industrial effluents into the simultaneous removal of dye is obtained during growth of
environment plays an important role in increasing the   organism   and   separate   biomass   production
pollution. Dye containing effluents are one of the most could be avoided. Compared to bacteria and filamentous
difficult wastewaters to treat due to their high chemical fungi, yeasts exhibit attractive features. Yeasts are an
and biological demands, suspended solids and toxic inexpensive, readily available source of biomass. Though
compound contents and the aesthetic issues raised by not as fast as bacteria, yeasts can grow faster than most
their easily recognized colours [1]. Dyes may significantly filamentous fungi and like them, they have the ability to
affect photosynthetic activity in aquatic life reducing light resist unfavourable environments. Yeasts can adapt and
penetration and may also be toxic to some aquatic life due grow under various extreme conditions of pH, temperature
to presence of aromatics, metals, chlorides, etc., in them and nutrient availability as well as high pollutant
[2-6]. Existing  physico-chemical  methods  of  dye concentrations. Furthermore, yeast has long been known
removal from effluents suffer from severe constraints like to be capable of rapid bioaccumulation of metal ions from
low efficiency, high operational cost, large amount of solution, but little work has been carried out investigating
sludge generation and cause secondary pollution due to the ability of yeast to act as a bioaccumulator for textile
formation of hazardous byproducts [7]. Innovative dyes in wastewater [9, 11-15]. 
technologies, such as bioremediation, are needed as The relationship between the specific growth rate and
alternatives to conventional methods to find cost substrate concentration in presence or absence of
effective  means  for  removing dyes from large volumes inhibitory substance such as dyes can be described by
of effluents [8]. In this context, bioaccumulation can serve Monod and Non competitive inhibition models
as an inexpensive process for the removal of dyes by respectively. Monod equation is given below. 

independent   and   metabolism-dependent   mechanism
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µ Candida tropicalis 2) to study the combined effects ofm

µ = --------  (1) aqueous extract of sugarcane bagasse and dyes on
1+ (K /S) growth and bioaccumulation properties of the yeast ands

Where S is the substrate concentration (g/l), µ and µ competitive inhibition model.m

are the specific growth rate and the maximum specific
growth rate of microorganisms (1/h), respectively and K METHODSs

is the saturation constant (g/l), Eq. (1) can be linearized in
double-reciprocal form: Microorganism and Growth Conditions: Candida

1/µ = 1/µ  + K /µ 1/S  (2) near textile dyeing industry, Kanchipuram, Tamil Nadu,m s m.

K  and µ  values can be determined from the plot of identified in CFRD, Kerala, India. The isolate wass m

1/µ versus 1/S  (assuming S=S  at the beginning of maintained in YEPD media. The yeast was first grown ino o

exponential growth) yields a linear line with a slope of the mineral media composed of glucose-10g, KH PO -1g,
K /µ  and y-axis intercept of 1/µ . In presence of higher (NH ) SO -1g, MgSO .7H O-500mg, Yeast extract-200mgs m m

concentrations of inhibitory (toxic) substances such as and distilled water-1 l. For bioaccumulation assay, the 24
dyes in growth media, microbial growth becomes inhibited h grown cells were incubated in dye containing aqueous
and growth rate depends on the inhibitor concentration. extract of sugarcane bagasse. The extract was prepared by
The following non-competitive inhibition may be written boiling desired amount of sugarcane bagasse in 100 ml of
as follows and can be applied to the growth profile of distilled water. Various concentrations of extract (10%,
yeast cells [16]. 20% and 30%) were prepared by boiling different amount

µ water respectively. The total sugar contents werem

µ = ------------------------ (3) analysed as 8 g/l, 16 g/l and 24 g/l for 10%, 20% and 30%
1+ (K /S) (1+ (C /K )) respectively by anthrone method [17]. This aqueouss o I

or extract was used as media for yeast growth. 
µm,app

µ = ----------- (4) Dyes: Triphenylmethane dyes (Acid Blue 93 and Basic
1+ (K /S) Violet 3) and Azo dye (Direct Red 28), commonly used ins

where textile industries were purchased from Hi Media (Mumbai,
µ India). Dye stock solutions were prepared by dissolvingm

µ  = --------------- (5) 0.1g of dye in 1 l of distilled water. The working solutionsm,app

1+ (C /K ) were prepared by diluting the stock solutions.o I

where C  and K  are the initial dye concentration Bioaccumulation Assays: An aliquot of 2ml of pregrowno I

(mg/l) and inhibition constants of dye ions (mg/l), culture harvested from exponential phase was transferred
respectively. Eq. (4) can be linearized as similar to Eq. (2): to 100ml of aqueous extract. The influences of pH on

1/ µ = 1/ µ  + K / µ 1/S  (6) pH (3, 5, 7 and 9) of the aqueous extract. The combinedm,app s m,app.

The µ values can be determined from the linear studied by varying the dye concentration from 10-30 mg/lm,app

plot of 1/ µ versus 1/S at different initial dye at constant aqueous extract concentrations (8 g/l, 16 g/l
concentrations and then an average value K  can be and 24 g/l). Cultures were grown at 28°C on a rotaryI

calculated from Eq. (5). shaker at 120 rpm. Samples were withdrawn at regular
 So far, there are no reports correlating the intervals and subjected to centrifugation at 8,000 rpm for

bioaccumulation of dyes by growing yeast Candida 5 min. The pellet was dried at 40°C to a constant weight
tropicalis in aqueous extract of sugarcane bagasse as a for biomass estimation and the supernatant was analysed
sole carbon source. The objectives of the present study for residual dye concentration. All the experiments were
were: 1) to investigate the effect of initial pH and dye carried out in triplicates. The dye uptake values were
concentration on bioaccumulation properties of the yeast determined as follows, 

3) to evaluate the inhibitory effects of dyes by non-

tropicalis was isolated from the dye contaminated soil

India. The yeast was phenotypically characterized and

2 4

4 2 4 4 2

of sugarcane bagasse (10, 20, 30g) in 100ml of distilled

bioaccumulation of dyes were investigated by varying the

effect of media concentration and dye concentration were
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C C initial dye concentration. The effect of pH on theo- f

Bioaccumulation % = ----------- x 100 (7) bioaccumulation % and specific growth rate are given in
C Table 1. The initial pH significantly influenced the growtho

Where, C -initial concentration of dye (mg/l) and Direct Red 28, the maximum bioaccumulationo

C final concentration of dye (mg /l) percentages were determined at pH 3. For Basic Violet 3f-

Analytical Methods: Residual dye concentration of the pH 5. The maximum specific growth rate of the yeast was
broth was measured spectrophotometrically by reading found to be 5 for all three dyes. Similar results were
absorbance at 604, 584, 488 nm for Acid Blue 93, Basic observed by Donmez [9] in the study of bioaccumulation
Violet 3 and Direct Red 28 respectively. Dye containing of reactive dyes by C.tropicalis.
bagasse medium was used as the blank. For the
measurement of yeast growth, the biomass concentration Effect of Initial Dye Concentration on Growth and
was determined by measuring the turbidity of the diluted Bioaccumulation Properties of C. Tropicalis: To
sample at 540 nm using a standard curve of absorbance determine the effect of initial dye concentration on
against dry cell mass. Two control flasks were prepared. bioaccumulation of dyes, experiments were performed
First control medium contained baggase extract without varying dye concentration from 10-50 mg/l at 24 g/l media
any dye to examine the growth of the yeast and to detect concentration. The effect of initial dye concentration on
the possible dye inhibitory effects. Second control bioaccumulation percentage for Acid Blue 93, Direct Red
medium contained both the dye and bagasse extract 28  and  Basic  Violet 3  were  shown  (Fig.  1,  2  and  3).
without any yeast growth to observe any reaction of For all three dyes, the bioaccumulation percentages were
bagasse extract with the dye. reduced and extension in lag phase of the yeast was also

RESULTS AND DISCUSSION shown). The specific growth rate of yeast also decreased

Dye bioaccumulation properties of C.tropicalis were 0.200 1/h for Direct Red 28 and from 0.283 to 0.170 1/h)
investigated as a function of initial pH and initial dye when initial dye concentration increased. Similar works on
concentration. The results are given as the units of bioaccumulation properties of yeast were reported by
specific growth rate of yeast (µ; 1/h), Bioaccumulation Aksu and Donmez [14] and Gonen and Aksu [18]. 
percentage which is defined as the ratio of
bioaccumulated dye concentration to the initial dye Combined Effects of Initial Dye and Aqueous Extract of
concentration and biomass yield (X; g/l). Sugarcane Bagasse Concentrations on the Growth and

Effect of Initial pH on the Growth and Bioaccumulation initial dye and aqueous extract of sugarcane bagasse
Properties of Yeast: To determine the suitable pH for the concentrations on the growth and dye bioaccumulation
effective dye removal by C.tropicalis experiments were properties was carried out by varying dye concentration
performed  at  four  different  pH  (3, 5, 7 and 9) at 10 mg/l from    10-50  mg/l   at   constant    media    concentrations

and bioaccumulation properties of yeast. For Acid Blue 93

the maximum bioaccumulation percentage was found to be

observed with increasing dye concentration (data not

(from 0.295 to 0.220 1/h for Acid Blue 93, from 0.289 to

Dye Bioaccumulation Properties: Combined effects of

Table 1: Effect of initial pH on growth and bioaccumulation properties of C.tropicalis
Dyes pH C  (mg/ l) µ (1/h)  % Removal0

Acid blue 93 3 10 0.240 100
5 10 0.250 75
7 10 0.231 40
9 10 0.180 25

Direct Red 28 3 10 0.235 97
5 10 0.243 64
7 10 0.224 33
9 10 0.178 18

Basic Violet 3 3 10 0.230 71
5 10 0.240 89
7 10 0.218 60
9 10 0.152 35
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Fig. 1: Effect of initial Acid Blue 93 concentration on bioaccumulation by C.tropicalis.
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Fig. 2: Effect of initial Direct Red 28 concentration on bioaccumulation by C. tropicalis.
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Fig. 3: Effect of initial Basic Violet 3 concentration on bioaccumulation by C. tropicalis.
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Table 2: Comparison of dye removal %, biomass yield and specific growth rate at different concentration of dyes with increasing bagasse extract concentration

C  (mg/ l) pH S  (g/ l) % Removal X (g/ l) µ (1/ h)0 0

Acid Blue 93 3

10 8 80 1.922 0.260

10 16 92 2.867 0.285

10 24 100 3.365 0.295

20 8 76 1.774 0.255

20 16 83 2.366 0.273

20 24 95 2.867 0.285

30 8 67 1.395 0.240

30 16 76 1.861 0.258

30 24 81 2.115 0.266

40 8 58 1.189 0.230

40 16 64 1.464 0.243

40 24 72 1.637 0.250

50 8 51 0.735 0.180

50 16 56 0.950 0.200

50 24 64 1.189 0.220

Direct Red 28 3

10 8 75 1.800 0.274

10 16 85 2.600 0.288

10 24 97 3.100 0.289

20 8 68 1.400 0.240

20 16 77 2.600 0.278

20 24 89 3.100 0.289

30 8 58 1.097 0.225

30 16 65 1.496 0.244

30 24 74 1.774 0.255

40 8 47 0.891 0.212

40 16 55 1.151 0.228

40 24 63 1.351 0.238

50 8 38 0.330 0.150

50 16 49 0.455 0.170

50 24 56 0.735 0.200

Basic Violet 3 5

10 8 60 1.139 0.240

10 16 75 1.922 0.270

10 24 89 2.255 0.283

20 8 54 1.009 0.235

20 16 66 1.395 0.255

20 24 76 1.637 0.272

30 8 43 0.863 0.201

30 16 53 1.151 0.226

30 24 64 1.324 0.245

40 8 36 0.455 0.171

40 16 48 0.530 0.191

40 24 57 0.730 0.210

50 8 28 0.281 0.140

50 16 32 0.380 0.160

50 24 40 0.450 0.170
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Table 3: Non Competitive inhibition model parameters

Non Competitive inhibition model parameters

----------------------------------------------------------------------------------------------------------------------

Dyes C (mg/ l) K (mg/ l) µ (1/ h) K (mg/ l) 0 I m,app s

Acid Blue 93 10 770.48 0.3159 1.7234

20 284.76 0.2990 1.4240

30 212.97 0.2804 1.3540

40 173.68 0.2601 1.0579

50 150.18 0.2400 2.7288

Direct Red 28 10 264.38 0.3080 1.6790

20 236.00 0.2950 1.8600

30 167.47 0.2713 1.6624

40 145.50 0.2513 1.5019

50 117.55 0.2245 4.1024

Basic Violet 3 10 238.09 0.3070 1.5597

20 192.67 0.2899 1.1038

30 160.17 0.2695 2.7688

40 101.13 0.2293 1.3950

50 72.35 0.1892 2.8230

(8 g/l, 16 g/l and 24 g/l) at their optimised pH values. Table concentration resulted in an increment in cell
2 shows the combined effects of initial dye concentration concentration and also in specific growth rate. It is clear
on growth and bioaccumulation properties of yeast at from the result that the sugarcane bagasse extract
each media concentration for Acid Blue 93, Direct Red 28 concentration played a major role in the growth of yeast
and Basic Violet 3 respectively. For all three dyes, as the and decreased the inhibitory effects of dye on the yeast
initial  dye concentration increased at each constant growth. The increase in sugarcane bagasse extract
media concentration, the specific growth rate and concentration at constant dye concentration increased
bioaccumulation percentages reduced. The presence of the biomass yield and bioaccumulation percentages. But
dye in growth medium caused an increase in lag and log the increased dye concentrations at constant bagasse
phases (data not shown). When bagasse extract extract concentration decreased the biomass yield and
concentration was kept constant and initial dye bioaccumulation percentages.
concentration was changed from 10-50 mg/l, growth rate
of yeast was reduced. The presence of dyes in the growth Non Competitive Inhibition Model: In absence of dyes,
medium repressed the growth of the microorganism the value of µ  and K  for C.tropicalis were determined as
irreversibly and this inhibition effect increased with the 0.320 1/h and 1.423 mg/l respectively from the Monod
dye concentrations for all initial baggase extract equation by linear regression method. As the MONOD
concentration. For all three dyes, the growth rate of yeast expression for the growth kinetics did not represent the
Candida tropicalis increased with raising initial bagasse inhibitory effects of toxic dyes, Non Competitive
extract concentration up to 24 g/l both in presence and inhibition model was used to characterize the dye
absence of constant dye concentrations. Higher growth inhibition kinetics of C.tropicalis. The µ  values could
rates were observed in media without dyes. The increase be determined from the intercept of linear plot of 1/µ
in growth rate with increasing initial bagasse extract versus 1/S at different initial dye concentrations (Fig. 4, 5
concentration at constant dye concentration could be due and 6). The values of inhibition constant, K  was also
to cell defence mechanisms such as acclimation to estimated from found µ  and known initial dye
toxicity. Similar results of significant reduction in specific concentrations values. Table 3 shows the values of non
growth rate with increasing Remazol blue concentration competitive model parameters. The values of inhibition
were reported by Aksu and Donmez [14] growing constant  indicate  the  tolerance  limit  of  yeast species.
Candida tropicalis on molasses sucrose medium. Gonen At  higher  concentration, the inhibition constants for
and Aksu [18] also reported that the increase in sugar Acid  Blue  93,  Direct  Red  28  and   Basic   Violet   3  were

m s

m,app

I

m,app
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Fig. 4: Non competitive inhibition model in absence and presence of different concentration of Acid Blue 93.
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Fig. 5: Non competitive inhibition model in absence and presence of different concentration of Direct Red 28.
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Fig. 6: Non competitive inhibition model in absence and presence of different concentration of Basic Violet 3.
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obtained as 150.18, 117.55 and 72.35 mg/l respectively 7. Khehra, M.S., H.S. Saini., D.K. Sharma., B.S. Chadha
which confirm the inhibition of yeast growth by dyes. and S.S. Chimni, 2005. Comparitive studies on
From the experimental data, it is clear that the Basic violet potential of consortium and constituent pure
3 is more toxic than the other two dyes. bacterial isolates  to  decolorize  azo   dye.   Water

CONCLUSIONS 8. Parshetti,   G.K.,    S.D.   Kalme,   S.S   Gomare  and

The obtained results indicate that the growing Blue-25 by Aspergillus ochraceus NCIM-1146.
C.tropicalis  was  capable  of  accumulating synthetic Bioresource Technol., 98: 3638-3642.
dyes  viz.  Acid  Blue  93,  Direct  Red   28   and  Basic 9. Dönmez, G., 2002. Bioaccumulation of the reactive
Violet  3  using  extract  of  sugarcane  bagasse  as  the textile dyes by Candida tropicalis growing in
sole  carbon  source   in  medium   in   a   batch  system. molasses  medium.  Enzyme  Microbial Technolnol.,
Use  of  sugarcane  bagasse  extract,  an inexpensive 30: 363-366. 
waste, as nutrient source is one of the attractive features 10. Dursun, A.Y., G. Uslu, Y. Cuci and Z. Aksu, 2003.
of this study. Moreover, dye removal percentages could Bioaccumulation of copper (II), lead (II) and
also be increased with increasing concentration of chromium (VI) by growing Aspergillus niger.
bagasse extract which reduced the inhibition effects of Process Biochem., 38: 1647-1651.
dyes on growth of yeast. Inhibition kinetics data also 11. Malik, A., 2004. Metal bioremediation through
supported that Basic violet 3 is more toxic than the other growing cells. Environ. Intl., 30: 261-278.
two dyes. 12. Wang, B.E. and Y.Y. Hu, 2008. Bioaccumulation
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