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Abstract : Biodegradation of distillery wastewater is dependent on initial pH. In this present research, the
effect of initial pH from 5.0 to 6.5 on biodegradation of distillery wastewater using anaerobic mixed consortia
by batch process was investigated. The parameters like chemical oxygen demand (COD) removal efficiency,
oxidation reduction potential (ORP), final pH, total phenol content, total protein were determined to study the
biodegradation of distillery wastewater. From the experimental results, maximum COD removal efficiency of
91.96 % was obtained an initial pH 6.0. Maximum phenol removal, protein removal and decolourization
percentage recorded were 88.76%, 71.04% and 55.23% respectively at initial pH 6.5. It could be concluded that
initial pH 6.5 are favourable for maximum biodegradation of distillery wastewater.

Introduction

Molasses-based distilleries generate around 8-15 L of wastewater with high chemical oxygen demand
(COD) (80-160 g/L) for every litre of the alcohol produced®. It ranks high amongst the pollutants produced by
industries and its treatment had been a challenge for a long time. It contains high concentration of
biodegradable organic material, such as sugars, lignin, hemicelluloses, dextrin, resins and organic acids 2 The
high COD, nitrogen and phosphates content contribute to eutrophication of lakes and rivers®. The brown colour
of the distillery wastewater is due to the water soluble recalcitrant colouring compound called melanoidin that
are formed during Maillard reaction between a sugar and amino acid®*. They are acidic, polymeric with highly
dispersed colloid and are negatively charged due to the dissociation of carboxylic acids and phenolic groups.
They possess antioxidant properties, which are toxic to aquatic organisms®. Biological (both aerobic and
anaerobic treatment), activated sludge treatment, clarification, physic-chemical treatment and filtration are some
of the treatment technologies being carried out. Anaerobic treatment of spent wash ensures high degree of
treatment and also recovery of renewable resources, which serves as dual purpose”. Anaerobic digestion is more
attractive for tropical countries like India, where temperatures are suitable for anaerobic digestion®”* Suitable
microbes are available for biodegradation of distillery wastewater. Application of bacteria, yeast, fungi, etc used
for the biodegradation of distillery effluent**®. Besides, anaerobic mixed consortia can also be used for
biodegradation which can degrade the pollutants. In this research work, the effect of initial pH on
biodegradation of distillery wastewater was investigated.
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Materials and methods
Anaerobic mixed consortia

The anaerobic mixed consortia were collected from anaerobic digester of distillery unit, Tamil Nadu
State, India. It was heat pretreated at 102°C for 1 h to inhibit the methanogens and also to speed up hydrolysis,

the rate limiting step in anaerobic digestion **°,

Substrate
Distillery wastewater was used as substrate.
Nutrient solution

One litre of nutrient solution was prepared using the following composition (g/L) NH,CI - 0.5;
K;HPO, - 0.25 ; MgCl,.6H,0 - 0.3 ; NiSO, - 0.016 ; CoCl,-0.025 ; ZnCl,-0.0115; CuCl,-0.0105; CaCl,-0.005
and MnCl, - 0.015°.

Batch tests for biodegradation of distillery wastewater

Batch tests were carried out in 1 L Erlenmeyer flask with a working volume of 700 mL. The initial
substrate concentration was maintained at 5000 mg COD/L. The effect of pH was studied by varying from 5.0
to 6.5 The culture medium was inoculated with 1 g VSS/L of heat pretreated mixed anaerobic sludge. After pH
adjustment and inoculation, the flasks were capped tightly with a rubber cork and the conical flasks were
incubated at 35°C for fermentation.

Analytical methods

COD was recorded for every 24 h and measured according to standard methods*. Volatile suspended
solids (VSS) concentration was measured at steady state conditions. pH was measured using a pen type pH
meter (Eutech, India). The total phenolic content was estimated by folin-ciocalteau reagent*? and was expressed
as mg of gallic acid equivalent per liter (GAE mg/L). Gallic acid was used as standard compound and the
absorbance was read at 750 nm. The total protein content was determined by folin-phenol reagent method®.
The absorbance was read at 660 nm and the total protein was determined against a standard curve of bovine
serum albumin.

Results and discussion
Removal efficiency of COD

The COD removal efficiencies for different initial pH 5.0, 5.5, 6.0, and 6.5 were 76.11, 90.09, 91.96
and 91.07%, respectively (Fig.1). The minimum COD removal efficiency 76.11% was observed at pH 5.0. The
recorded ORP values (108 mV) also proved that lower pH 5.0 did not favour the anaerobic digestion and that
resulted in lower biodegradation of distillery wastewater (Fig.2). Thus maximum COD removal efficiency of
91.96 % was obtained at pH 6.0. The final pH profile is shown in Fig.3. It is mentioned that initial pH less than
6.0 did not favour the biodegradation of high strength wastewaters like winery wastewater, molasses
wastewater, distillery wastewater, palm oil mill effluent® *.
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Fig.1 COD removal efficiency in biodegradation of distillery wastewater
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Fig.2 Oxidation reduction potential (ORP) profile observed during biodegradation studies.
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Fig. 3 Final pH profile in biodegradation of distillery wastewater
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Fig.4 Total phenolic content profile for various initial pHs in biodegradation studies
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Fig.5 Phenol removal for various initial pHs during biodegradation
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Fig. 4 and Fig. 5 show the changes in the total phenol content during the biodegradation of distillery
wastewatetr. The initial total phenol content was present at ph 5.0, 5.5, 6.0 and 6.5 were 8865.01, 8702, 9025
and 8785 GAE mg/L respectively. The total phenol content decreased to 1585 mg GAE/L at 24 h, when the
initial pH was 5.0. Similar trend was also observed in other initial pH 5.5, 6.0 and 6.5. At 72, 96 and 120 h,
lower phenol content was observed in all the pH ranges. The reduction in total phenol content was attributed to
the absorption of phenols on the biomass™. The increase in total phenol content was due to liberation of simple
phenolic compounds after the acid and enzymatic hydrolysis of polymerized phenolic compounds™. It could be
concluded that initial pH 6.5 favoured the maximum removal of phenol from the distillery wastewater.
Similarly, in treatment of wine distillery wastewater by high rate anaerobic digestion, 1440 mg/l of phenols was
attained after the treatment process™. The total phenol profile was also reported in treatment of palm oil mill
effluent using fungal mycelia™.

Total protein content

During the biodegradation of distillery wastewater, the protein content profile was studied (Fig.6). The
initial protein content was estimated as 8500 mg/L (approximately) in all the initial pH studied. The protein
removal at the pH 5.0, 5.5, 6.0 and 6.5 was 3.72, 18.5, 19.69 and 71.04% respectively. From the results, initial
pH 6.5 favoured higher protein removal of 71.04% which was also affirmed by the high COD removal
efficiency of 91.07% (Fig.7). At initial pH 6.5, the protein concentration at the end of fermentation was found
to be 2500 mg/L. The decrease in protein content was attributed to the utilization of protein as substrate from
the fermentation medium *°.
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Fig.6 Protein concentration for various initial pHs during biodegradation
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Fig.7 Protein degradation for various initial pHs during biodegradation
Decolourization percentage

pH has a crucial role in melanoidins decolourization 17.18 ‘Molasses wastewater lacks in carbon source,
so biodegradation without any additional carbon source was very complex. Hence, supplementation with carbon
sources is necessary for decolourization of molasses wastewater by bacterial consortium®®. The decolourization
of melanoidins might occur due to the colour adsorption by bacterial cell and the metabolism of facultative and
anaerobic bacteria and anaerobic respiration *°.
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The decolourization percentage at different initial pH 5.0, 5.5, 6.0 and 6.5 was found to be 23, 45.62,
49.56 and 55.23% respectively. The maximum decolourization of 55. 23% at pH 6.5 might be due to the
elevated growth of microorganisms and polymerization of melanoidins. It was also confirmed maximum phenol
removal and protein removal of 88.76% and 71.04 % at initial pH 6.5. High colour removal was observed at
acidic pH as the melanoidins are less soluble in acidic pH than alkaline pH and they could be easily precipitated
and removed easily. Hence, it could be concluded that protein degradation and biological activity of microbes
affected the decolourization percentage®. Hence, maximum decolourization percentage was achieved in the pH
range between 5.5 and 6.5. Acetogenic bacteria strain No.BP103 decolourized 73.5% of molasses pigments in
molasses wastewater medium when the medium was supplemented with glucose, yeast extract, and basal
mineral salts 20.

Conclusions

The biodegradation of distillery wastewater was dependent on initial pH as the wastewater contained
high organic content. The initial pH affected the COD removal efficiency, final pH, ORP, phenol content,
protein content and decolouriozation percentage. The maximum biodegrdadation was observed in the pH 6.5.
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