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ABSTRACT 

Most of the Indian distilleries utilize molasses as raw material for the production of 

alcohol. Alcohol production from molasses generates large volumes of high strength 

unwanted residual liquid called spent wash. The distillery spent wash pose a major threat to 

soil and aquatic ecosystem due to the presence of water soluble recalcitrant colouring 

compound called melanoidin. Therefore, adequate treatment is necessary before the discharge 

of distillery spent wash into the environment. The present study was undertaken for 

investigation of decolourization potential of Lactobacillus plantarum ABS0S11 isolated from 

soil. Different environmental and nutritional parameters were optimized for decolourization 

and degradation of distillery spent wash. Lactobacillus plantarum ABS0S11 showed 

maximum decolourization (41.3 %) in presence of glucose (1%, w/v) and peptone (0.3%, 

w/v) at pH 6.0 and temperature 350C under static condition. The ability of the bacterial strain 

to decolorize and degrade the spent wash was confirmed by High Performance Liquid 

Chromatography analysis. Further, phytotoxicity assay of distillery spent wash with 

Phaseolus mungo L. showed a reduction of toxicity in bacterial treated spent wash sample. 
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INTRODUCTION 

The distilleries are one of the major 

polluting industries in all over the world. 

Most of the Indian distilleries use molasses 

as a raw material for alcohol production. 

Distilleries generate large volumes of 

effluent waste water called spent wash. 

Spent wash is strongly acidic, dark brown 

coloured liquid with high BOD and COD. 

The dark brown colour of distillery spent 

wash is mainly due to the presence of high 

molecular weight recalcitrant organic 

compounds called melanoidin, which is 

formed by the “Maillard reaction” between 

amino and carbonyl groups of organic 

matters [1]. 

The distillery spent wash is 

considered as the major source of soil and 

aquatic pollution creating a serious threat to 

the nearby aquatic and terrestrial habitats. 

The dark brown colour of spent wash 

adversely affects sun light penetration in 

water bodies which reduces photosynthetic 

activity and dissolved oxygen concentration 

causing harm to aquatic life. Its disposal on 

land reduces alkalinity of soil and inhibits 

seed germination [2-5]. It may also 

adversely affect the biogeochemical cycle 

of many constituents in natural water [3]. 

Hence, adequate treatment is necessary 

before disposal of distillery effluent into the 

environment [4, 6]. 

Several physicochemical methods 

have been investigated for treatment of 

distillery spent wash but they are not eco-

friendly and have lots of disadvantages [6, 

7]. In recent years, more interest has been 

developed towards utilizing microbial 

activity for decolorization of spent wash.  

Various authors have reported 

decolourization of distillery spent wash by 

using many fungal strains and some 

bacterial strains [4, 6, 8, 9]. Bacteria can 

adapt to different environmental conditions 

and show versatility in their biochemical 

requirements. Therefore, they have more 

potential for degradation of melanoidin 

compounds [5, 10, 11]. Looking towards 

this, the present study was undertaken to 

investigate decolourization potential of a 

bacterial strain Lactobacillus plantarum 

ABS0S11 isolated from soil. Different 

environmental and nutritional parameters 

were also optimized for maximizing 

decolourization and degradation of 

distillery spent wash. The ability of the 

bacterial isolate to decolorize and degrade 

the spent wash was confirmed by High 

Performance Liquid Chromatography 

analysis. 

MATERIAL AND METHODS 

Collection of distillery spent wash 

The distillery spent wash was 

collected aseptically from the spent wash 
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collection tank of Distillation Unit of 

Vishwasrao Naik Co-operative Sugar 

Factory, Chikhali, Dist- Sangli, 

Maharashtra, India. The collected spent 

wash sample was then transported to 

laboratory and stored at 40C for further 

study.   

Medium to study decolourization 

The spent wash medium containing 

(1.0%, w/v), glucose; (0.5% w/v), peptone; 

(0.2% w/v), K2HPO4; (0.1% w/v), KH2PO4; 

(0.05% w/v), MgSO4.7H2O; and (10 % 

v/v); distillery spent wash was used for 

decolourization study. The pH of the 

medium was adjusted to 6.0 using 0.1 N 

NaOH or 0.1 N HCl. 

Inoculum preparation 

A bacterial strain Lactobacillus 

plantarum ABS0S11 isolated from soil 

contaminated with distillery spent wash 

was used in this study. For preparation of 

the cell suspension, a loopful of 24 hour 

grown culture was inoculate into 50 ml 

spent wash broth and incubated at 350 for 

24 hours in static condition. The suitable 

amount (0.5 %, v/v) of cell suspension was 

used for inoculation.  

Decolourization assay of the spent wash:  

The decolourization assay was 

performed in triplicate by using spent wash 

medium. The bacterial strain was 

inoculated in the medium and incubated at 

350C. After incubation, culture broth was 

centrifuged at 10,000 rpm for 10 min. The 

supernatant was taken and absorbance was 

measured at 475 nm using 

spectrophotometer. Uninoculated medium 

was used as control. The decolorization 

yield was expressed as the decrease in the 

absorbance at 475 nm against initial 

absorbance at the same wavelength [4, 6, 

12, 13]. 

Optimization of various parameters 

Various parameters were optimized 

for maximizing decolourization. The effect 

of pH on decolourization of distillery spent 

wash was studied by varying the initial pH 

of medium from 5.0 to 9.0. Optimum 

temperature required for the 

decolourization was determined by varying 

the temperature from 30°C to 45°C.Time 

course of melanoidin decolorization was 

also studied. The effect of different carbon 

sources viz. glucose, sucrose, fructose, 

maltose, lactose and starch at 1 % (w/v) on 

distillery spent wash decolourization was 

evaluated. Optimum concentration of the 

best carbon source required for maximum 

decolorization was determined by taking 

the concentration of best carbon source in 

the range of 0.25 to 1.5 % (w/v). To study 

the effect of different organic and inorganic 

nitrogen sources viz. peptone, yeast extract, 

beef extract, ammonium chloride, 

ammonium sulphate and sodium nitrate 

were individually added into the medium at 
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0.5% (w/v). Optimum concentration of the 

nitrogen source required for maximum 

decolorization was determined by taking 

the concentration of best nitrogen source in 

the range of 0.1 to 0.6 % (w/v). Different 

concentrations of spent wash viz. 10, 15, 

20, 25 and 30 % (v/v) supplemented in 

medium were inoculated with bacterial 

isolate and the decolourization yields were 

computed.  

HPLC analysis of treated spent wash 

HPLC analysis was carried out at 

Hitech lab and Consultancy, Sangli, India. 

Decolourization of spent wash was 

monitored by HPLC (Thermo 

Finnigan Surveyor HPLC System). 10 ml 

of samples were taken, and centrifuged, 

filtered through 0.45 µm membrane filter 

(Millipore). Filtered sample was analyzed 

using mobile phase consisting of 

acetonitrile and methanol (45:55) (HPLC 

grade) with 1ml glacial acid and 0.5 ml 

sodium acetate. The sample was eluted 

using C-18; reverse phase column of 5 µm 

SGE, 250 x 4.6mm SS. Resultant peak was 

analyzed with UV-detector 475 nm. The 

flow rate of the mobile phase was 1 ml/min 

[7, 14, 15, 16]. 

Phytotoxicity assessment by seed 

germination test 

The toxicity of untreated and 

bacterial treated distillery spent wash was 

evaluated with Phaseolus mungo L. seed 

germination using the petri dish method as 

described previously [17-20]. For the seed 

germination test, distillery spent wash was 

applied at different concentrations viz. 2, 4, 

6, 8 and 10 % (v/v). The seeds were treated 

with 0.1% mercury chloride (HgCl2) 

solution for 2 min before conducting the 

experiment to avoid any microbial 

contamination. Then, seeds were repeatedly 

washed with sterilized distilled water to 

remove the residual HgCl2. Subsequently, 

ten seeds of P. mungo L. were placed in 

sterilized glass petri dishes lined with two 

Whatman no. 1 filter paper discs. These 

filter discs were then moistened with 10 ml 

of tap water for control and with the same 

volume of treated and untreated spent wash 

samples separately after which they are 

incubated at room temperature for a period 

of 3 consecutive days. Seed germination 

percentage was calculated by using 

methods described earlier [19-21]. 

RESULTS AND DISCUSSION 

Bacterial culture 

The bacterial strain Lactobacillus 

plantarum ABS0S11 used in this study has 

ability to decolourize distillery spent wash. 

Optimization of various parameters 

The effect of pH on decolourization 

in the range of (5.0-9.0) showed the highest 

decolourization activity at pH 6.0. Any 

deviation from optimum pH reduced 

decolourization (Figure 1). 
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Similar results were reported by 

several workers [16, 22, 23]. The 

decolorization activity might get reduced 

above and below of optimum pH due to 

inhibition of the enzyme production [7].   

The effect of temperature on 

decolourization in the range of 300C - 450C 

showed that the optimal temperature was 

350C (Figure 2). Further increase of 

temperature up to 450C showed reduction 

in decolourization ability of bacteria.  

Several workers observed that the 

higher decolorization was obtained at a 

temperature range of 25-40°C [16, 24]. It 

was reported that decolorization ability of 

bacterial consortium is adversely affected 

by increasing temperature above 400 C [6].  

The effect of incubation period on 

decolourization showed that maximum 

decolourization was achieved in a 5 days 

incubation period. Further increase in 

incubation period did not increase 

decolourization (Figure 3).   

In previous studies, it was reported 

that 60% decolourization by Issatchenkia 

orientalis after 7 days of incubation [25]. It 

was also observed that Citeromyces sp. 

WR- 43-6 required 7 days of incubation for 

maximum decolourization [11]. 

The effects of different carbon 

sources on decolourization activity showed 

that the high level of decolourization yield 

was obtained when glucose was used as a 

carbon source. Lowest decolourization 

yield was obtained when starch was used as 

a carbon source (Figure 4). 

There is presence of huge amount of 

sugar in spent wash but easily 

metabolizable carbon content of spent wash 

is almost negligible [8]. The addition of 

easily available carbon sources in medium 

increased decolourization efficiency. 

During initial growth phase, the organism 

utilizes readily available carbon sources 

present in the medium then it starts to 

degrade spent wash components for carbon 

source [8].  

The effect of different 

concentrations of glucose on 

decolourization showed that the optimum 

concentration of glucose for 

decolourization was 1 %. Further increase 

in glucose concentration did not increase 

decolourization (Figure 5). There may be 

formation of excess gluconic acid in 

presence of high glucose concentration 

which may also inhibit bacterial growth 

[26]. 

Similar observations have been 

reported by several workers [10, 26-28]. 

Lignolytic activity of laccase enzyme and 

oxidation activity of the peroxidase enzyme 

might be inhibited at high sugar 

concentration which may result in 

decolourrization reduction [16, 24, 29-32]. 
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The effect of nitrogen sources on 

decolourization activity showed that the 

highest decolourization yield was obtained 

using peptone (Figure 6). 

Several workers also reported that 

peptone was the most effective for colour 

removal [11, 13, 16, 28, 33]. 

The effect of different 

concentrations of peptone on 

decolourization showed that the optimum 

concentration of peptone for 

decolourization was 0.3 %. Further increase 

in peptone concentration did not increase 

decolourization (Figure 7). Surplus 

addition of nitrogen source may inhibit 

bacterial growth as well as decolourization 

process [7, 26]. 

The effect of various concentrations 

of distillery spent wash in the range of 10% 

- 30% (v/v) showed the decolourization 

process was greatly influenced by 

concentration of distillery spent wash. 

Maximum decolourization was obtained at 

10 % spent wash concentration. 

Decolourization yield decreased with 

increase in the concentration of distillery 

effluent (Figure 8). Similar observations 

were also been reported in previous studies 

[34]. 

 

HPLC analysis 

The HPLC analysis of bacterial 

treated samples of spent wash has shown 

reduction in peak areas compared to control 

(Figure 9). It indicates that decrease in 

colour intensity might be due to the ability 

of bacterial isolate to degrade colour 

containing components of the spent wash. 

The similar findings were reported by 

earlier workers [12, 26, 35, 36]. 

Phytotoxicity assessment by seed 

germination test 

The inhibitory effect on seed 

germination was not observed up to 2% 

(v/v) concentration of untreated spent wash. 

Further increase in spent wash 

concentration decreased percentage seed 

germination. The inhibitory effect might be 

due to presence of toxic organic 

compounds in spent wash [19, 37]. The 

higher percentage of seed germination was 

observed in bacterial treated spent wash 

samples (Figure 10).  

This might be due to degradation of 

organic compounds which caused adverse 

effect on seed germination [19, 20, 36, 37]. 
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Figure 1: Effect of different pH on decolourization 

 

 
Figure 2: Effect of different temperatures on decolourization 

 

 
Figure 3: Effect of different incubation periods on decolourization 
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Figure 4: Effect of different carbon sources on decolourization 

 

 
Figure 5: Effect of different concentrations of glucose on decolourization 

 
 

 
Figure 6: Effect of different nitrogen sources on decolourization 
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Figure 7: Effect of different concentrations of peptone on decolourization 

 

 
Figure 8: Effect of different concentrations of spent wash on decolourization 

 

 
Figure 9: Comparative HPLC chromatogram of spent wash before and after bacterial decolourization 



 

Shinde AB* and Nakade DB                                                                                                  Research Article 
 

 
1053 

IJBPAS, March, 2021, 10(3) 

 

 
Figure 10: Effects of different concentrations of spent wash on germination of Phaseolus mungo L. 

 

CONCLUSION 

The bacterial strain Lactobacillus 

plantarum ABS0S11 has ability to 

decolourize distillery spent wash. It showed 

maximum decolourization (41.3 %) in 

presence of glucose (1%, w/v) and peptone 

(0.3%, w/v) at pH 6.0 and temperature 

350C under static condition. The HPLC 

analysis of bacterial treated sample has 

shown smaller peaks in compared to 

control, confirming biodegradation of 

colour containing compounds of spent 

wash by the bacterial isolate. Seed 

germination test confirmed toxicity 

reduction of distillery spent wash after 

bacterial treatment. 

ACKNOWLEDGEMENT 

The authors acknowledge their 

profound gratitude to the Principal, 

Rajaram College, Kolhapur, Maharashtra, 

India for providing facilities for research 

work.  

REFERENCES 

[1] Wedzicha, B. L. and Kaputo, M. T. 

Melanoidins from glucose and 

glycine: Composition, 

characteristics and reactivity 

towards sulphite ion. Food 

Chemistry, 1992; 43: 359-367. 

[2] Agarwal, C. S. and Pandey, G. S. 

Soil pollution by spent wash 

discharge: depletion of manganese 

(II) and impairment of its oxidation. 

J. Environ. Biol., 1994; 15:49–53. 

[3] Chandra, R.; Bharagava, R. N. and 

Rai, V. Melanoidins as major 

colourant in sugarcane molasses-

based distillery effluent and its 

degradation. Bioresource 

Technology, 2008; 99:4648-4660.  



 

Shinde AB* and Nakade DB                                                                                                  Research Article 
 

 
1054 

IJBPAS, March, 2021, 10(3) 

[4] Kumar, P. and Chandra, R. 

Decolourisation and detoxification 

of synthetic molasses melanoidins 

by individual and mixed cultures of 

Bacillus spp. Bioresource 

Technology, 2006 97:2096-2102. 

[5] Pant, D. and Adholeya, A. 

Biological approaches for treatment 

of distillery wastewater: a review. 

Bioresource Technology, 2007; 

98:2321-2334.  

[6] Mohana, S.; Desai, C. and 

Madamwar, D. Biodegradation and 

decolorization of anaerobically 

treated distillery spentwash by a 

novel bacterial consortium. 

Bioresource Technology, 2007; 98, 

333–339. 

[7] Tiwari, S.; Gaur, R.; Rai, P. and 

Tripathi, A. Decolourization of 

Distillery Effluent by 

Thermotolerant Bacillus subtilis. 

American Journal of Applied 

Sciences, 2012a; 9 (6): 798-806. 

[8] Kumar, V.; Wati, L.; Nigam, P.; 

Banat, I. M.; MacMullan, G.; Singh, 

D. and Marchant, R. Microbial 

decolorization and bioremediation 

of anaerobically digested molasses 

spent wash wastewater by aerobic 

bacterial culture. Microbios., 1997; 

89:81-90. 

[9] Ohmomo, S.; Aoshima, I.; Tozawa, 

Y., Sakurada, N. and Ueda, K. 

Purification and some properties of 

melanoidin decolourizing enzymes, 

P-III and P-IV, from mycelia of 

Coriolusvericolour Ps4a. Agric. 

Biol. Chem., 1985; 49:2047-2053. 

[10] Ghosh, M.; Ganguli, A. and 

Tripathi, A. K. Treatment of 

anaerobically digested distillery 

spentwash in a two-stage 

bioreactor using Pseudomonas 

putida and Aeromonas sp. Process 

Biochemistry, 2002; 37: 857-862.  

[11] Sirianuntapiboon, S.; Zohsalam, P. 

and Ohmomo, S. Decolourization 

of molasses wastewater by 

Citeromyces sp. WR-43-6. Process 

Biochemistry, 2004a; 39: 917-924.  

[12] Bharagava, R. N. and Chandra, R. 

Isolation and characterisation of 

phenolic compounds by 1H NMR 

and mass spectrometric analysis 

from sugarcane molasses post 

methanated distillery effluent. 

Indian Journal of Environmental 

Protection, 2009; 29, 873-888. 

[13] Miyata, N.; Mori, T.; Iwahori, K. 

and Fujita, M. Microbial 

decolorization of melanoidins 

containing wastewaters: combined 

use of activated sludge and the 

fungus Coriolus hirsutus. J. 



 

Shinde AB* and Nakade DB                                                                                                  Research Article 
 

 
1055 

IJBPAS, March, 2021, 10(3) 

Biosci.Bioeng., 2000; 89: 145-

150.  

[14] Chavan, M. N.; Kulkarani, M. V.; 

Zope, V. P. and Mahulikar, P. P. 

Microbial degradation of 

melanoidins in distillery spent 

wash by indigeneous isolate. Ind. 

J. Biotech., 2006; 5: 416-421. 

[15] Ramya, M.; Bhaskar, A.; 

Kalavathy, S. and Devilaksmi, S. 

Biodecolorization and 

biodegradation of Reactive Blue 

by Aspergillus sp. African Journal 

of Biotechnology, 2007; 6 (12): 

1441-1445. 

[16] Ravikumar, R.; Vasanthi, N. S. 

and Saravanan, K. Single factorial 

experimental design for 

decolorizing anaerobically treated 

distillery spent wash using 

Cladosporium cladosporioides. 

Int. J. Environ. Sci. Tech., 2011; 8 

(1), 97-106. 

[17] Sharma, V.; Sharma, R. and 

Sharma, K. D. Distillery effluent 

on seed germination, early 

seedling and pigmentcontent of 

sugarbeet (Beta vulgaris Linn. 

Var. Mezzanaupoly). Journal of 

Environmental Biology, 2002; 23, 

77-80. 

[18] OECD Guideline for testing of 

chemicals. Terrestrial plant tests: 

208: Seedling emergence and 

seedling growth test. 2003 draft; 1-

19. 

[19] Chandra, R. and Kumar, V. 

Detection of Bacillus and 

Stenotrophomonas species 

growing in an organic acid and 

endocrine-disrupting chemicals 

rich environment of distillery 

spent wash and its phytotoxicity. 

Environ. Monit. Assess., 2017a; 

189: 26 

[20] Chandra, R. and Kumar, V. 

Detection of androgenic-

mutagenic compounds and 

potential autochthonous bacterial 

communities during in situ 

bioremediation of post methanated 

distillery sludge. Front Microbiol., 

2017b; 2017b; 8: 887 

[21] David Noel, S. and Rajan, M. R. 

Phytotoxic Effect of Dyeing 

Industry Effluent on Seed 

Germination and Early Growth of 

Lady’s Finger. J. Pollut. Eff. 

Cont., 2015; 3: 138. 

[22] Adikane, H. V.; Dange, M. N. and 

Selvakumari K. Optimization of 

anaerobically digested distillery 

molasses spentwash 

decolourization using soil as 

inoculum in the absence of 

additional carbon and nitrogen 



 

Shinde AB* and Nakade DB                                                                                                  Research Article 
 

 
1056 

IJBPAS, March, 2021, 10(3) 

source.  Bioresource Technology, 

2006; 97: 2131-2135. 

[23] Pazouki, M.; Shayegan, J. and 

Afshari, A. Screening of 

microorganisms for decolorization 

of treated distillery wastewater. 

Iran. J. Sci. Techn., 2008; 32: 53-

60. 

[24] Jiranuntipon, S.; 

Chareonpornwattana, S.; 

Damronglerd, S.; Albasi, C. and 

Delia, M. L. Decolorization of 

synthetic Melanoidins-Containing 

Wastewater by a Bacterial 

Consortium. Ind. Microbiol. 

Biotechnol., 2008; 35: 1313-1321. 

[25] Tondee, T. and Sirianutapiboon, S. 

Screening of melanoidin 

decolorization activity in yeast 

strain. Int. Conf. Environ., 2006; 

99: 5511-5519. 

[26] Chandra, R.; Kumar, V. and 

Tripathi, S. Evaluation of 

molasses-melanoidin 

decolourisation by potential 

bacterial consortium discharged in 

distillery effluent. 3 Biotech, 2018; 

8 (4): 187. 

[27] Santal, A. R.; Singh, N. P. and 

Saharan, B. S. Biodegradation and 

detoxification of melanoidin from 

distillery effluent using an aerobic 

bacterial strain SAG5 of 

Alcaligenes faecalis. J. Hazard. 

Mater., 2011; 193: 319-324. 

[28] Ohmomo, S., Daengsabha, W., 

Yoshikawa, H., Yui, M.; Nozaki, 

K.; Nakajima, T. and Nakamura, I. 

(1988) Screening of anaerobic 

bacteria with the ability to 

decolorize molasses melanoidins. 

Agric. Biol. Chem., 1988; 57: 

2429-2435. 

[29] Raghukumar, C. and Rivonkar, G. 

Decolorization of molasses spent 

wash by the white-rot fungus 

Flavodon flavus, isolated from a 

marine habitat. Applied Microbiol. 

Biotechnol., 2001; 55: 510-514. 

[30] Guimaraes, C.; Porto, P.; Oliveira, 

R. and Mota, M. Continuous 

decolourization of a sugar refinery 

wastewater in a modified rotating 

biological contactor with 

Phanerochaete chrysosporium 

immobilized on polyurethane 

foam discs. Process Biochem., 

2005; 40: 535-540.  

[31] Pant, D., Singh, A.; Satyawali Y. 

and Gupta, R. K. Effect of carbon 

and nitrogen source amendment on 

synthetic dyes decolourizing 

efficiency of white-rot fungus, 

Phanerochaete chrysosporium. 

J.Environ. Biol., 2008; 29: 79-84. 



 

Shinde AB* and Nakade DB                                                                                                  Research Article 
 

 
1057 

IJBPAS, March, 2021, 10(3) 

[32] Zhao, Y. C.; Yi, X. Y.; Zhang, M.; 

Liu, L. and Ma, W. J. 

Fundamental study of degradation 

of dichlorodiphenyl 

trichloroethane in soil by laccase 

from white rot fungi. Int. J. 

Environ. Sci. Technol., 2010; 7: 

359-366. 

[33] Sirianuntapiboon, S.; 

Phothilangka, P. and Ohmomo, S. 

Decolourization of molasses 

wastewater by a strain No. BP103 

of acetogenic bacteria. 

Bioresource Technology, 2004b; 

92: 31-39. 

[34] Rani, A. and Saharan, B. S. 

Optimization of cultural 

conditions for anaerobically 

treated distillery effluent 

bioremediation by an isolate 

Pseudomonas putida SAG45 J. 

Appl. & Nat. Sci., 2009; 1(2):132-

137.  

[35] Tiwari, S., Gaur, R. and Singh R. 

Decolourization of a recalcitrant 

organic compound (Melanoidin) 

by a novel thermotolerant yeast, 

Candida tropicalis RG-9. BMC 

Biotechnology, 2012b; 12: 30. 

[36] Yadav, S. and Chandra, R. 

Detection of persistent organic 

compounds from biomethanated 

distillery spentwash (BMDS) and 

their degradation and by 

manganese peroxidase and laccase 

producing bacterial strains. Journal 

of Environmental Biology, 2012; 

34: 755-764. 

[37] Bharagava, R. N., and Chandra, R. 

Effect of bacteria treated and 

untreated post-methanated 

distillery effluent (PMDE) on seed 

germination, seedling growth and 

amylase activity in Phaseolus 

mungo L. Journal of Hazardous 

Materials, 2010; 180: 730–734. 


