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ABSTRACT 
Ethanol production from sugarcane molasses yields large volumes of highly colored spent wash 
as effluent. The decolourization of melanoidin pigment prepared synthetically has been carried 
out using biosorbent which was prepared from a mixture of yeast sludge (solid waste from 
distillery) and Trichoderma viridi in the ratio 4:1. The isotherm studies were performed and 
Langmuir Isotherm was found to be fit. Results from Kinetic studies showed that the process 
follows the Pseudo second order model. The standard free energy change, enthalpy change and 
entropy change were calculated to evaluate the thermodynamic feasibility and the spontaneous 
nature of the adsorption process. The estimated enthalpy change (ΔH) and entropy change (ΔS) 
of adsorption were 38.195 kJ/mol and 143.474 J/mol K respectively. Thermodynamic studies 
revealed that the process to be Physical adsorption, endothermic in nature. The maximum 
decolourization of 68.07% was obtained at pH 7.5, Melanoidin concentration of 32.5 mg/L with 
1.63 g/100mL of adsorbent for 2.75 hr.  

Key Words : Melanoidin pigment, Decolourization, Yeast sludge, Biosorption, Disrillery 
spent wash, Pseudo second order model 

 
INTRODUCTION 

Ethanol producing industry from molasses 
generates a large volume of wastewater that 
contains high level of organic matters and 
colored substances mainly melanoidin pigment. 
It is  a dark brown colored pigment forming a 
main constituent of the molasses wastewater. 
This colored substance is very difficult for 
biodegradation in both conventional aerobic and 
anaerobic wastewater treatment systems. 
However, chemical treatment processes are 
usually applied but the treatment cost is quiet 
high and the large amount of chemical waste is 
generated. According to the studies performed, 
the reduction of cost, easy operation, high 
efficiency and stable removal yield is 
expected.1Melanoidins are natural condensation 
products of sugar and amino acids produced by 
non-enzymatic Maillard amino-carbonyl reaction 
taking place between the amino and carbonyl 
groups in organic substances. The release of 

melanoidin causes increased load of recalcitrant 
organic material to natural water bodies. This 
then causes the problems like reduction of 
sunlight penetration, decreased photosynthetic 
activity and dissolved oxygen concentration 
whereas on land, it causes reduction in soil 
alkalinity and inhibition of seed germination.2 
Distillery spent wash were treated using 
Aspergillus nidulance and also by Cladosporium 
cladosporioides.3,4 
Activated carbon is the most widely used 
biosorbent in the adsorption studies due to its 
high porosity and increased in surface area.5 
Investigation towards batch and continuous 
experiments for the treatment of distillery 
spent wash using fly ash particles as adsorbent 
was conducted and resulted in a maximum 
decolorization.6 Attempt was made on the 
removal of melanoidin pigment from molasses 
spent wash using a new adsorbent. The solid 
adsorbents were produced using charcoal fly 
ash and clay as raw material. During his 
investigation saturated porous adsorbents were  *Author for correspondence 
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regenerated and reused to conduct similar 
experiments.7 Trichoderma viridi showed a 
higher growth and a maximum decolourization 
rate for dye removal. Dried, non-living and 
physically or chemically pretreated fungal 
biomass would be an attractive biosorbent for 
removing dyes from dye wastewater.8   

AIMS AND OBJECTIVES 
The study of adsorption kinetics describes the 
uptake rate of the adsorbate and controls the 
residence time of the adsorbate at the solid 
solution interface. The rate of sorption can be 
computed from kinetic studies.9 Yeast has also 
been successfully employed in the adsorption 
of metal ions to treat the waste water obtained 
from the mining industries.10 Each and every 
method had attained its fancy in decolorizing 
the pigment but the cost and selection of the 
adsorbent plays a major role in its application 
towards fulfilling the industrial requirements. 
Owing to these constrains and many problems 
faced by the distillery industries in this work 
an increasing attention was directed towards 
the utilization of solid waste of yeast from 
distillery unit and dead biomass of T. viridi as 
biosorbent for the decolorization of the 
melanoidine pigment present in the distillery 
spent wash. 

MATERIAL  AND METHODS 
Equipments and chemicals  
Ultrafilter (Millipore direct Q.3 UV),   pH meter 
(Model PB 11, Sartorius, Bangalore), UV-VIS 
Spectrophotometer (Perkin Elmer Model: 
Lambda 35, Germany),REMI- Laboratory 
Centrifuge (R8C, Mumbai) Furnace and Orbital 
Shaker . Dextrose , Glycine ,Sodium Bicarbonate  
were chemicals used for this work. All the 
chemicals were of analytical grade purchased 
from Hi-Media Laboratories Pvt. Ltd, Mumbai, 
Maharashtra, India.  
Preparation of synthetic melanoidin 
Melanoidins are brown, high molecular weight 
heterogeneous polymers that are formed when 
sugars and amino acids combine (through the 
Maillard reaction) at high temperatures and 
low water activity. Synthetically, melanoidin 
was prepared by mixing 1M glucose, 1M 
glycine and 0.5M sodium carbonate and 

heating the mixture beyond 120oC for facile-
tateing the Maillard reaction. The mixture was 
then ultrafiltered with a membrane of pore size 
10kDa using ultrafilter (Millipore Direct Q.3 
UV). The stock solution thus prepared was 
diluted and used in further experiments.2  
Inoculum preparation and culture conditions 
Inoculum of Trichoderma viridi MTCC 2635 
was prepared by transferring a loop full of 
culture from the slant into a 250 mL 
Erlenmeyer flask containing 200 mL potato 
dextrose broth and was incubated at room 
temperature for 10 days at pH of 7. A 200 mL 
flask produced around 1.5 g of dry weight of 
cells. Thus around 500 flasks were cultured to 
obtain high biomass yield. These cells were 
sun dried, washed and autoclaved to kill the 
cells. This was followed by drying in a hot air 
oven for 48 hours to obtain dry biomass. 
Screening of biosorbent  
The solid waste of yeast sludge 
(Saccharomyces ceriviciae) was obtained from 
distillery division of Bannari Amman Sugars 
Limited, Periyapuliyur, Erode District, Tamil 
Nadu, India after the fermentation process. The 
Trichoderma viridi and yeast samples were 
washed and sundried for 2 days. The biomass 
was then carbonized in muffle furnace at 
800oC for 10 min and was converted to 
activated carbon. The yeast was screened for 
its adsorption capacity, comparing it to the 
adsorption capacity of T. viridi and mixture of 
T. viridi and yeast in the ratio 1:4. This was 
done by adding equal dosage of different 
biosorbents to the same concentration of 
synthetic melanoidin at same pH and obtaining 
the absorbance at 475 nm at regular time 
intervals. The mixture yielded better results, 
and hence, further experiments were carried 
out using the activated carbon obtained from 
the mixture. The mixture of yeast sludge and 
T. viridi after pre treatment and also after 
conversion to activated carbon were given for 
Scanning Electron Microscope (SEM) analysis 
at Karunya University, Coimbatore, India. 
Modelling for biosorption studies  
The isothermal adsorption studies for 
melanoidin adsorption by pretreated biosorbent 
were performed. In the isothermal studies, 100 
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mL of different concentrations of the pigment 
(10-100 mg/L) were prepared in 250 mL 
Erlenmeyer flasks. A fixed quantity of biomass 
(1 g/ 100 mL)  was added  to each of the flasks  
and they were placed in an orbital shaker at 120 
rpm for 5 hours. The absorbance of each of these 
concentrations of melanoidin was obtained 
before and after adsorption at 475 nm. The plot 
for Langmuir and Freundlich isotherms were 
drawn using these absorbance values. 
The Langmuir isotherm equation is given as  

= + … … … … . … … … … … … … … (1) 

where Qe (mg/g) is the amount of adsorbate 
adsorbed at equilibrium, Ce (mg/L) is the 
equilibrium concentration, Qm (mg/g) is the mass 
of adsorbed solute required to saturate a unit 
mass of adsorbent, and b is the Langmuir 
constant. 
The constants Qm and b were  determined by 
plotting Ce/Qe against Ce. This gives a straight 
line slope of 1/Qmax and intercept of 1/b Qm. The 
essential features of the Langmuir isotherm can 
be expressed in terms of a dimensionless 
constant separation factor, RL, which is defined 
as11:      

푅 = 1
(1 + 푏 퐶 ) … … … … … … … … … … . (2) 

where C0 (mg/L) is the highest initial 
concentration of adsorbent and b (L/mg) is the 
Langmuir constant. 
The Freundlich isotherm equation is given as 

푄 =  퐾 + 퐶  …………………………….(3) 
This can be further linearized as  

log푄 = log퐾 + log 퐶 … … … … … … . ….(4) 

A plot of log Qe against log Ce allows for the 
determination of Kf and n. Kf is a Freundlich 
constant that shows the adsorption capacity of an 
adsorbent, and 1/n is a constant that describes the 
adsorption intensity.12  
Biosorption  kinetics 
In the kinetic studies, melanoidin was first 
diluted to a concentration of 30 mg/ mL in an 
Erlenmeyer flask. To 100 mL of this diluted 
melanoidin, 1 g of adsorbent was added and the 
flask was placed in an orbital shaker at 120 rpm. 
Absorbance readings at 475 nm were obtained 
initially, as well as at progressive time intervals 

(5 min for first 1 h, followed by 20 min for next 
4 hr and 1hr for next 5hr). The studies for 
Lagergrens Pseudo first order and Ho’s Pseudo 
second order models were performed. For the 
pseudo first order studies log (qe - qt ) Vs. time 
was plotted 
The equation for pseudo first order model is 
given as 

= 퐾 (푞 − 푞 ) … … … … … … … … … … (5) 

Linearizing this equation gives, 

log(푞 − 푞 ) = log 푞 −
.

푡… … … … … (6) 

Where qt and qe are the amount of dye adsorbed 
at time t and at equilibrium time respectively and 
Kad is the rate constant of adsorption.12 The plot 
of log (qe – qt) Vs. t should give a linear 
relationship from which Kad and qe are 
determined from the slope and intercept of plot, 
respectively. In the Ho’s Pseudo Second Order 
Model, t/qt was plotted against time. The 
equation for the Pseudo second order kinetics is 

=  퐾  (푞 − 푞 ) … … … … … … … … … . . (7) 
Where K2 is the pseudo second order rate 
constant and qt and qe  are the amount of dye 
adsorbed at time t and at equilibrium time 
respectively.12 The slope and intercept of the 
plot of t/qt Vs. t. were used to calculate the 
values of qe and K2 
Thermodynamic studies 
To study the thermodynamic parameters, 
isothermal studies for adsorption were performed 
at three different temperatures (303 K, 309 K and 
313 K). The Freundlich and Langmuir constants 
at each of these temperatures were computed.  
The free energy of adsorption (ΔG) was related 
with the equilibrium constant K (L/mol) 
corresponding to the reciprocal of the Langmuir 
constant, b by the following equation : 
∆G = −RT ln b …………………………... (8) 
where R is the gas universal constant (8.314 
J/mol K), T is the absolute temperature, and b 
(L/mol) is the Langmuir constant. The enthalpy 
change (ΔH ) and entropy change (ΔS ) was 
estimated using the following equation : 

ln b = ∆ − ∆   ..………………...................(9) 

ΔH and ΔS was estimated from the slope and 
intercept of the straight line plot of ln b against 
1/T. 
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RESULTS AND DISCUSSION 
Screening and characterization of biosor-
bent 
Fig. 1 shows the activated particles of the 
biosorbent. The adsorption capacity of 
biosorbent was screened for its percentage 
decolorization of the melanoidine pigment 
solution and Fig. 2 shows the plot of 
comparative adsorption capacities of Yeast, T.  

viridi and the 1:4 mixture of T. viridi and yeast 
on % decolorization obtained for different time 
period. It was observed that for the mixture of 
the biosorbent a maximum  % decolorization 
%52.5 was achieved than compared to the 
other two individual biodorbents. This might 
be due to the increase in the surface area of the 
biosorbent and also the interaction effect of the 
two biosorbents. 

 
 
 
 
 
 
 
 
 
 
 

Fig. 1 :  Biosorbent after converting to activated carbon 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 : Plot of adsorption capacities of different biosorbents 

The SEM images (Fig. 3(a) and Fig. 3(b)) taken 
at a magnification of 5000X shows that 
biosorbent after pretreatment are more porous in 
nature than compared to untreated which 
indicates the capability of yeast sludge with fungi 
to act as best biosorbent for decolorization of 
melanoidin pigment. It is also observed from 
SEM analysis that after pre treatment, the particle 
size has been distributed, whereas for the raw 
sludge biosorbent, it resembles in clustered and 
agglomerated form. A structural  change in the  
biosorbent  was  observed for the treated and 
untreated biosorbent and this nature of the 
biosorbent inturn leads the pathway for achieving  

efficient decolorization of the melanoidine 
solution. 
Modelling -biosorption isothermal studies 
Equilibrium study on adsorption provides 
information on the capacity of the adsorbent. An 
adsorption isotherm is characterized by certain 
constant values, which express the surface 
properties and affinity of the adsorbent, and is 
been used to compare the adsorptive capacities of 
the adsorbent for different adsorbates. The 
isotherm of melanoidin adsorption over pre 
treated biosorbent is studied at 306 K,309 K,313 
K and results are reported in Table 1.
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Fig. 3(a) : SEM image of biosorbent before       

pretreatment (5000X) 
Fig. 3(b) : SEM image of biosorbent              

        after pretreatment (5000X) 

Table 1 : Langmuir and Freundlich Isotherms for adsorption of Melanoidin at different 
temperatures 

Temperature Langmuir constants Freundlich constants 

T (K) Qm 
(mg/g) b (L/mg) b (L/mol) R2 RL Kf n R2 

306 4.203 1.479 475.75 0.9344 2.1x10-5 1.257 4.177 0.888 
309 1.816 0.137 42.134 0.9617 2.3x10-4 1.242 4.266 0.8488 
313 1.888 2.653 817.124 0.932 1.2x10-5 1.006 5.724 0.6783 

It was observed the Freundlich model is an 
empirical equation based on sorption on 
heterogeneous surface through a multilayer 
adsorption mechanism. The calculated saturated 
adsorption capacity reaches 4.203 mg g–1 at 306 
K. The value of RL in Table 2 indicates the 
shape of the isotherm to be either unfavorable 
(RL > 1), linear (RL = 1), favorable (0 < RL < 1) 
or irreversible (RL = 0). The RL  values  between  

0 and 1 indicate favorable adsorption. In the 
present study, the calculated values of RL are 
observed to be in the range 0.000012 and 
0.0023 at all studied temperatures, indicating 
that the adsorption of melanoidin pigment onto 
pre treated biosorbent is favorable. Similar 
results have been observed in the case of 
removal of textile reactive dye using Posidonia 
oceanic. 13  

Table 2 : Values of the thermodynamic parameters for adsorption of Melanoidin 

T (K) ∆푮 (kJ/mol) ∆푯 (kJ/mol) ∆푺 (J/mol K) 

306 -15.684   

309 -9.61 38.195 143.474 

313 -17.45   

Fig. 4 and  Fig. 5 shows the plot of Freundlich 
isotherm and Langmuir isotherm It was observed 
that the lower determination coefficients R2 (R2 < 
0.888) indicate that the adsorption data is not a 
better fit  for  Freundlich  model  well while R2 of  

0.934 for Langmuir isotherm indicated the best 
fit of the experimental data. The slope and 
intercept of the plots of Ce/qe Vs. Ce depicted.  
Fig. 4 and  Fig. 5 are used to calculate the values 
of the constants qmax and kL..  
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   Fig. 4 : Plot for the Freundlich Isotherm      Fig. 5 : Plot for the Langmuir Isotherm 

Kinetic studies 
The adsorption of adsorbate by an adsorbent in 
aqueous solution is a phenomenon with complex 
kinetics. The adsorption rate is strongly 
influenced by the surface state of the adsorbent 
and the physico-chemical conditions under 
which adsorption were carried out. In order to 
investigate the potential rate controlling steps 
such as chemical reaction, diffusion control and 
mass   transport  processes,  two  kinetic  models,  

namely, pseudo-first-order and pseudo-second-
order, models were analyzed.  
Fig. 6  shows plots of log (qe – qt) Vs. t for the 
pseudo first order model.  The values of Kad 
and qe were determined from the slope and 
intercept of linear fitting. It was observed that 
the lower determination coefficients (R2 = 
0.9075) obtained suggest that the pseudo-first-
order model does not fit well with the 
experimental data. 

 
Fig. 6 : Plot for pseudo first order kinetics

Fig. 7 shows plots of t/qt Vs. t for the pseudo 
second order model. The slope and intercept of 
the plot of t/qt Vs. t. were used to calculate the 
values of qe and k2. It was observed that the 
determination coefficients of all examined data 
were found to be very high (R2= 0.9963). This 
indicates that the model can be applied for the 
entire adsorption process and confirms that the 
adsorption of melanoidin onto pretreated 
biosorbent follows pseudo-second-order 
kinetic model, indicating that the nature of 

adsorption is a chemical controlling process. 
Similar results have been discussed in the case 
of removal of textile reactive dye using 
Posidonia oceanic.13-15 The maximum 
decolourization of 68.07% was obtained at pH 
7.5, Melanoidin concentration of 32.5 mg/L 
with 1.63 g/100mL of adsorbent for 2.75 h . 
Whereas during the treatment of melanoidine 
pigment solution using cladospo-rium 
cladosporioides a maximum decolorization of 
58.5% was obtained.16,17 

y = 0.239x + 0.228
R² = 0.888

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.0 0.5 1.0 1.5 2.0

lo
g 

qe

log ce

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

0 50 100 150 200

lo
g(

qe
-q

t)

Time (min)

10 mg/L 

20 mg/L 

30 mg/L 

50 mg/L 

70 mg/L 

90 mg/L 

100 mg/L 

Linear (10 mg/L )

y = 0.237x - 0.106
R² = 0.934

-6.00
-4.00
-2.00
0.00
2.00
4.00
6.00
8.00

10.00
12.00
14.00

-20.00 0.00 20.00 40.00 60.00

ce
/q

e

ce



J. Environ. Res. Develop. 
Journal of Environmental Research And Development             Vol. 7 No. 3, January-March 2013 

1199 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7 : Plot for pseudo second order kinetics 

Thermodynamic studies 
Thermodynamic parameters are usually used to 
determine the adsorption nature. The standard 
free energy change, enthalpy change and 
entropy change were calculated to evaluate the 
thermodynamic feasibility and the spontaneous 
nature of the adsorption process in the present 
studies.  
Fig. 8 depicts the plot of ln b Vs. 1/T to estimate 
the thermodynamic parameters. The estimated 
values of ΔG, ΔH and ΔS are presented in Table 
2. It was observed that the values of ΔG were 
negative at all temperatures studied, which 
confirms the feasibility of the process and the 
spontaneous nature of adsorption. The values of 

ΔG were low, suggesting a physical adsorption 
process. It was also obsertved that the estimated 
enthalpy change (ΔH) and entropy change (ΔS) 
of adsorption were found to be 38.195 kJ/mol 
and 143.474 J/mol K, respectively. The positive 
value of ΔH indicates that the adsorption of 
melanoidin was an endothermic process. The 
positive value ΔS reflect the affinity of the 
adsorbent for the pigment and increased 
randomness at the solid-solution interface during 
adsorption. Similar results have been observed 
and reported in the study on removal of 
methylene blue from aqueous solution using 
alkali-modified malted sorghum mash by 
Emmanuel et al.18 

 
Fig. 8 : Plot of ln b Vs. 1/T to calculate thermodynamic parameters 

CONCLUSION 
From this investigation it was proved that the 
biological microbial waste of yeast sludge (solid 
waste ) from the distillery industries could be 
well utilized as an best biosorbent when it is been 
mixed with the dead biomass of Trichoderma 
viridi for the decolorization of melanoidine 
pigment solution. Results from Kinetic studies 
show that the process follows the pseudo second 

order model and from the thermodynamic studies 
it was revealed that the process to be Physical 
Adsorption, endothermic in nature. Thus the 
solid yeast sludge waste from distilleries was 
thus effectively utilized for the decolourization of 
melanoidin pigment, a major component of 
distillery spent wash. From this investigation, we 
have contributed to pollution control by 
simultaneously treating the solid waste by 
utilizing it for treating  liquid waste. 
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