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Abstract 

             Bioremediation of sugar-mill industrial effluents by microorganism (Bacteria, Fungi or Yeast) serves as an effective 

method to substitute the conventional recovery and removal process. Sugar industries play a major role in economic 

development of our country but are associated with water pollution and severe health problems as their effluents are 

characterized by its high level of BOD, COD, pH, TDS, EC and other parameters. In the present study attempt has been 

made to isolate the native bacteria present in the sugar mill effluent collected from the Cheyyar Co-operative Sugar Mills 

Ltd., Thiruvannamalai District (Tamil Nadu) and were tested for their individual bioremedial efficiency. Five native 

bacterial isolates identified as Staphylococcus aureus, Bacillus cereus, Klebsiella pneumoniae, Enterobacter aeruginosa, 

Escherichia coli were capable of bringing about the bioremediation of Sugar-mill effluent. It has been identified in terms 

of measuring their percentage of reduction potentials of parameters such as pH, EC, TDS, OD, BOD and COD. Maximum 

degrading potential has been observed in the case of bacteria Staphylococcus aureus i.e. pH (-56.10%), EC (22.30%), 

TDS (22.32%), BOD (22.88%) and COD (16.21%) amongst all.  This result suggests that this can be recommended for 

treating various effluents. 
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Introduction 

 Many modern industries have the serious problem 

of disposal of their effluent.  Unwanted chemical from 

these industries enter water resources. Most of these 

industrial wastes are oxygen demanding that lead to the 

depletion of dissolved oxygen. The dissolved oxygen 

should be normally at least 5 mg/litre for the survival of 

fishes and other aquatic life. The sugar industry effluent 

have high organic matter content such as sugar oils, fats 

and proteins which have bad impact on the quality of 

ground water (Pondha et al., 1997). These compounds 

impart high BOD. With steep increase in population and 
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industrialization the availability of potable water is 

shrinking all over the world including India and it is 

becoming scarce expensive and polluted.  As per central 

water commission (CWC) the total waste water generated 

from all major industrial sources is 82446 million liters 

per day.  Water demand from industries in the year 2000 

was 30 billion cubic meters but it is projected to bear high 

as 120 billion cubic meters in the year 2025. 

Industrial development results in the generation of 

industrial effluents and if untreated results in water, 

sediments and soil pollution. Hence, the demand for the 

use of treated wastewater from industry and domestic is 

bound to increase in future. Efforts toward wastewater 

reuse have lately gained worldwide consideration and 

attention in both the agricultural and industrial fronts 

(Metcalf and Eddy, 2003). With in increasing pace of 

industrialization in Tamil Nadu, the need for continuous 

monitoring of pollution has become significant (Gawar   

et al., 2006). Sugar industry is one of the most important 

and water intensive industries which consumes large 

quantities of water for various processes and discharge 

equally large volume of waste waters containing variety of 

pollutants and coloring matters. The daily discharges of 

such harmful effluent from sugar mills are around 5000 

cubic meter/day. These discharges are threatening the 

quality of surface water which demands to be treated for 

reducing their harmful effects before their discharge into 

receiving water channels. The sugar effluent is the most 

complex, caramelized and cumbersome waste having very 

high BOD, COD, TSS and TDS contents. Biodegradation 

of industrial and domestic waste effluents by micro 

organisms have been reported by many workers.  

Significant reduction in BOD and COD by Acenetobacter 

calcoaceticus from Ossein effluents have been reported by 

Manoharan and Subramanian (1993).  The same bacteria 

removed about 70% of COD from pulp mill waste waters 

(Jain et al., 1997). 

The physico-chemical analysis of sugar mill 

effluent has been compared with that of National 

Environmental Quality Standards (NEQS). The results 

reveal that organic strength (COD and BOD) of the sugar 

mill effluent was significantly higher than the threshold 

limit which can result in aquatic pollution when disposed 

untreated or partially treated. COD and BOD values of the 

effluents were 80 and 30 times higher than the NEQS 

respectively. Ragen and Hoi W.S (1998) reported that 

most of the sugar factories are adopting wastewater 

management strategies for environmental protection. 

These include assessment of effluent quality to identify 

sources of pollution, implementation of pollution 

prevention measures, dilution of wastewater to meet the 

norms in case of discharge into rivers and the use of 

sedimentation ponds, the output of which is used to 

irrigate the surrounding cane fields. The wastewater 

generated by the sugarcane industries are characterized by 

their high levels of BOD, COD, pH, SS and TDS which 

are causes for developing water pollution when left 

untreated.  The reason for this is because wastewater with 

high BOD contains high levels of organic matter, which 

serves as food for Bacteria.  This results in the increase of 

this microorganism in the water. These increased number 

of bacteria then use up all the dissolved oxygen in the 
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water.  On complete exhaustion of oxygen the bacteria 

begin to break down the chemicals in the water stream to 

get them oxygen.  This leaves a foul smelling (Hydrogen 

sulphide) gas which in turn can precipitate iron and any 

dissolved salts, turning the water black and highly toxic 

for aquatic life. 

Another condition of concern caused by untreated 

wastewater is the increase of COD on the receiving water 

bodies.  It has been documented that high levels of COD 

which is a measure of the inorganic and partly organic 

non-biodegradable content of the effluents, has effects on 

the receiving water body similar to that of a high BOD 

(Akhas and Khwaja, 2006).  Since sugarcane factory 

effluent has been characterized as a non-toxic organic 

source of pollution (Hoi, 1994) a biological treatment is 

desirable. Mukred et al. (2008) considered bioremediation 

as the use of living organism to remove environmental 

pollutants from soil, water and gases.  Many different 

types of organisms can be used for bioremediation but 

microorganisms show the greatest potential.  Timmin      

et al. (1994) stated that they are empowered to inhabit 

various ecological niches and pursue unusual metabolic 

and physiological activities. Microbes are the only entities 

in the biosphere with an exceptional ability to exploit 

various organic and inorganic compounds for their growth 

and transform them to chemical products no longer 

hazardous to human health and the environment. This 

capability to transform natural and synthetic chemicals 

into sources of energy and raw materials for their own 

growth suggest that expensive chemical or physical 

remediation process might be replaced with biological 

process that are lower in cost and more environmentally 

friendly (Sasikumar and Nayath, 2003). This is why the 

Bioremediation using microorganism has been taken for 

the present study. 

Materials and Methods 

Collection, isolation and identification of bacterial strains 

 The sugar-mill effluent were collected from the 

Cheyyar Cooperative Sugar Mills Pvt. Ltd. 

Thiruvannamalai District (South India) in freshly 

sterilized polythene canes after rinsing 3 times with the 

same before collection and tightly capped. Effluent 

sample collected from sugar mill were screened for the 

isolation of potential bacterial strains. Samples after being 

serially diluted in sterile distilled water were plated onto 

nutrient agar plates and then incubated for 48 hrs at 30oC. 

Discrete bacterial colonies that grew on agar plates were 

initially grouped on the basis of gram staining and 

different morphological characteristics such as 

pigmentation motility and colony forms. Bacterial isolates 

were then picked, sub-cultured and subjected to further 

biochemical tests for identification according to Bergey’s 

manual of Determinative Bacteriology (9th Edition) and 

then confirmed with the help of  PIB computer kit 

(Bryant, 1989) 

Biodegradation studies / Bacterial treatment of effluent 

 Five bacterial isolates were identified such as 

Staphylococcus aereus, Bacillus cereus, Klebsiella 

pneumonia, Enterobacter aeruginosa and Escherichia coli 

and selected for biodegradation study.  Effluent collected 

for sugar mill was autoclaved at 120oC for 15 min to make 

them sterile from other microorganisms before inoculating 
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them with 106 cells/ml selected bacterial strains. Initially 

the physic-chemical parameters and the biological 

parameters were measured out following by APHA 

(2005).  

The inoculum was taken from the pure culture 

grown on nutrient agar slants and 106 cells/ml of selected 

bacterial strains inoculated into each flask labeled 

containing two liters of sterilized sugar mill effluent.  

Experiments were conducted in duplicates and repeated 

three times. To study, compare and evaluate the 

biodegradation efficiency experiment was carried out with 

control. Experiment was carried over for a period of 7 

days under laboratory condition and aeration was given 

for 10 min twice a day and everyday the measurement for 

pH, OD, EC and TDS were done for a regular interval of 

two hrs and hence everyday reading tabulated was an 

average of all these readings.  The pH was measured using 

Orabeco, portable pH meter model 64.  EC and TDS were 

determined by following the procedure of Richard (1954) 

by using Electrical Conductivity meter (EC) ELICO 

MODEL 202. 

 Immediately after the collection of sugar mill 

effluent and inoculation of bacterial strains including 

control the biological parameters such as DO, BOD, COD 

and viable counts were measured. Then on the 7th day the 

same parameters measured to evaluate and compare their 

individual bioremediation efficiency / potential. Dissolved 

Oxygen (DO) was measured using the modified Winkler’s 

method and biochemical oxygen demand (BOD) with the 

five day incubation method. Chemical oxygen demand 

(COD) was carried out using the potassium permanganate 

method. Datas were tabulated and results were derived 

based on the values obtained. The treatment efficiency 

was validated by calculating the % reduction of physico-

chemical parameters and biological parameters. All 

experiments were carried out in duplicate and the average 

of these two was taken for tabulation. These values were 

tabulated in tables 1, 2 and 3.  The effect of the above said 

5 different bacterial isolates on sugar mill effluent on the 

bioremediation process and the best bioremediating 

bacteria was concluded based on higher % reduction / 

degrading potential of physico-chemical and biological 

parameters. The results obtained in this present work were 

tabulated in table 4. 

Results and Discussion 

 The five isolated native bacterial strains / isolates 

were tested for their ability to bring about the 

bioremediation of sugar mill effluent. Five isolates were 

identified in native place. The bacteria such as, gram 

positive bacteria S. aureus, Bacillus cereus and gram 

negative bacteria K. pneumonia, E. aeruginosa, E. coli. 

All the five bacterial isolates were tested for a week of 

incubation with sugar mill effluent for the parameters such 

as pH, EC, TDS, OD, BOD, COD and viable counts in the 

present investigation.  It was noticed that pH of samples 

remained acidic (7.74 to 5.10) throughout the study 

period. It was noted from 2nd day onwards there is 

consistent and systematic decrease in pH during the 

biological treatment that is associated with the presence of 

biomass. Decrease in pH may reveal the fact that there is 

much growth in bacterial isolates but it has not got direct 

relation with bioremediation. This could be due to 
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physical oxidation of organic compounds and dissolution 

of carbon dioxide in effluent. Higa and Chinen (1998) 

who reported that effluents contain various organic acids 

due to the presence of lactic acid bacteria which secrete 

organic acid, enzymes , antioxidants and metallic chelates 

during the degradation activities, may be the cause of pH 

reduction towards acidic environment. 

% of pH variation has been calculated using the formula 

% of pH variation = 100-(initial pH/final pH)*100 

 The % of pH variation values above the zero value 

indicated a decrease in pH whereas values below 0 

(negative) indicated an increase in pH.  The % of pH 

variation noted for control. The results are given in the 

Table 1.  The pH variations from 7.74 to 6.12 in control 

but interestingly the pH of the sugar mill effluent with 

different bacterial isolates showed a marked decrease 

from 7.93 to 5.10, 7.82 to 5.13, 8.04 to 5.20, 7.74 to 5.14, 

7.86 to 5.40 respectively with 5 different bacterial isolates 

inoculation which are shown in table 1. The present study 

reveals the fact that pH is observed to decrease from the 

2nd day onwards.  All bacterial isolates brought a 

decrease in pH, but at different rate.  The higher reduction 

rate is observed in the case of Staphylococcus aureus and 

lower in the case of Escherichia coli. The other parameter 

measured for the present study was optical density.  The 

degradation of various complex toxic and recalcitrant 

compounds present in industrial waste is measured in 

terms of decrease in absorbance at a particular wavelength 

i.e. at 440 nm corresponding to the recalcitrant 

compounds, bacterial growth, increase in biomass and 

reduction in color intensity. All the above details as given 

in table 4. According to the theory explained above 

reduction in color has been indicated in the form of 

reduction in optical density. The highest reduction in 

optical density i.e.88.88% had been shown by the bacteria 

Staphylococcus aureus and lowest by the bacteria 

Escherichia coli i.e. 70%. The other three bacteria are in 

the order K. pneumoniae, E. aeruginosa and B. cereus and 

their values of % of reduction in optical density are 81.81, 

77.77, 75% respectively. These values were tabulated in 

Table 2. 

 The other two parameters taken for the present 

study are electrical conductivity and total dissolved solids 

in the untreated and treated effluent with different 

bacteria.  Conductivity is measured to estimate a pollution 

zone around an effluent discharge. It is sensitive to 

variation in dissolved ions and mineral salts (Ahmed 

1995). The conductance was measured directly with the 

help of conductivity meter (ELICO model 202). EC of 

sugar mill effluent is considerably not high and it 

gradually declined and paralleled with decreasing metal 

ions concentrations thereby suggesting their biotic and 

abiotic removal (Zita and Hermansson, 1994). The high 

values of EC are due to high concentration of ionic 

constituents present in the effluent and it reflects salinity, 

intrusion as well as pollution by industrial waste (Abbasi 

and Vinishan, 1999) and vice-versa. The electrical 

conductivity value measured for control and each samples 

have been recorded shown in Table 1 and their % of 

decrease in the value of each sample throughout the study 

have been recorded in table 4. The higher percentage of 

reduction in EC is for the



 

Table 1.Variation in pH, Electrical conductivity (EC) and Total dissolved solid (TDS) in the effluent from sugar mill 

industry treated with various bacteria 

Days 1 2 3 4 5 6 7 % 

Control 

pH 7.74 7.68 7.52 7.48 7.17 7.14 6.12 -26.4 

EC 689 678 657 644 629 618 602 12.6 

TDS 462 454 440 431 421 414 403 12.77 

Staphylococcus sp. 

pH 7.93 7.63 6.82 6.24 5.85 5.34 5.10 -56.10 

EC 695 686 678 673 652 620 540 22.30 

TDS 466 460 454 451 437 415 362 22.32 

Bacillus sp. 

pH 7.82 7.5 6.9 6.2 5.7 5.35 5.13 -52.43 

EC 688 672 648 630 618 584 545 20.78 

TDS 461 450 434 422 414 391 365 20.82 

Klebsiella sp. 

pH 8.04 8.00 7.77 7.20 6.50 5.81 5.20 -54.02 

EC 694 654 632 602 576 555 540 22.19 

TDS 465 438 423 403 386 372 362 22.15 

Enterobacter sp. 

pH 7.74 7.63 7.47 6.92 6.20 5.43 5.14 -50.58 

EC 700 672 651 640 606 573 570 18.52 

TDS 469 450 436 429 406 384 382 18.55 

E.coli 

pH 7.86 6.93 6.6 5.75 5.40 5.75 5.40 -45.55 

EC 697 663 651 580 570 580 570 18.22 

TDS 467 444 436 389 382 389 382 18.20 

*EC (unit: micro mhos/cm); *TDS (unit: mg/liter) 

 Table 2. Variation of OD with respect to bacterial growth in the effluent from sugar mill industry 

 

Table 3. Variation in bacterial counts, biological oxygen demand (BOD) and chemical oxygen demand (COD) in the 

sugar mill effluent treated with various bacteria. 

Various 

 bacteria 

treated with    

sugar mill      

 effluent 

                                                   Parameters 

Bacterial counts in CFU/ml 

                 * 106 

                BOD in g/l                 COD in g/l 

Initial Final Growth   

Rate (%) 

Initial  Final %  of  

reduction 

Initial Final %  of  

reduction 

Control 80 88 10 12.6 11.4 9.52 18.4 17.2 6.52 

Staphylococus sp 110 160 45.54 11.4 8.8 22.88 14.8 12.4 16.21 

Bacillus sp 140 188 34.28 11.2 9.2 17.85 14.8 12.8 13.5 

Klebsiella sp 108 148 37.03 10.6 8.4 20.75 18.4 15.6 15.22 

Enterobacter sp 130 168 29.23 16.8 14.8 11.90 14.8 13 12.16 

E.coli 128 144 12.5 10.8 9.6 11.11 16.4 14.6 10.97 

 

Days Control Various type of bacteria treated with the effluent 

Staphylococcus  

Aureus 

Bacillus cereus Klebsiella  

Pneumonia 

Enterobacter  

aeruginosa 

Escherichia  

Coli 

1 0.11 0.09 0.12 0.11 0.09 0.10 

2 0.10 0.07 0.11 0.09 0.07 0.10 

3 0.09 0.05 0.09 0.07 0.06 0.07 

4 0.07 0.04 0.06 0.06 0.05 0.05 

5 0.07 0.03 0.05 0.03 0.04 0.04 

6 0.06 0.01 0.03 0.02 0.03 0.03 

7 0.06 0.01 0.03 0.02 0.03 0.03 

% 45.45 88.88 75 81.81 72.72 70 
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Table 4. Percentage of reduction in pH, EC, TDS and OD in the effluent treated with various bacteria 

treatment of sugar effluent with the bacteria S. aureus and 

least for the bacteria E. coli.  The other three bacteria in 

the order of bringing   reduction in the value of electrical 

conductivity are Klebsiella pneumoniae (22.19%), 

Bacillus cereus (20.78%) and Enterobacter aeruginosa 

(18.57%) respectively. Electrical conductivity has a 

positive correlation with TDS and hence it is also 

monitored during the course of present study to determine 

the level of bioremediation of the effluent for the reuse or 

discharge. TSS and TDS in the effluent correspond to 

filterable and non-filterable residues respectively. The 

higher value of dissolved solids can be related to solid 

waste deposits in sugar mill effluent.  TDS is a measure of 

total inorganic salts and other substances that are 

dissolved in water. TDS was determined following the 

procedure of Richard (1954) by using electrical 

conductivity (EC) meter.  

TDS (mg/l) = EC (micro mhos/cm)*0.67  

The value of TDS was measured for the untreated 

effluent control and treated effluent for 7 days and the 

values have been recorded in Table 1 and the 

corresponding value of % of reduction in TDS have been 

recorded in table 4. It was noted that there was a steady 

decrease in this value for all the samples with increase in 

number of days higher % of reduction in TDS i.e. 22.32% 

was with the sample treated with the bacteria 

Staphylococcus aureus and least % of reduction i.e. 

18.20% was with Escherichia coli. The other three 

bacteria which could be arranged in the order of bringing 

the % of TDS reduction are Klebsiella pneumoniae 

(22.15%), Bacillus cereus (20.82%) and Enterobacter 

aeroginers (18.55%) which have been indicated in Table 

2.  The process of bioremediation can ever be monitored 

by measuring COD and BOD.  BOD represents only the 

organic matter which is capable of bringing degraded / 

oxidized by microbes where COD represents all the 

oxidizable matters including organic matter in any 

particular effluent (Marmagne and Coste, 1996). 

 The waste water generated by the sugarcane 

industries are characterized to its high levels of BOD, 

COD, pH and TDS. Waste water with high BOD when 

disposed untreated or partially treated can result in aquatic 

pollution.  The reason for this is because waste water with 

high BOD contains high levels of organic matter, which 

serves as food for Bacteria. This results in the increase of 

these microorganisms. These increased number of bacteria 

then used up all the dissolved oxygen in the sugar mill 

effluent during the treatment process and finally brought 

the reduction of BOD and COD levels.  High levels of 

COD in both untreated and treated effluent would render 

the aquatic body unsuitable for the existence of aquatic 

organism (Goel, 2000) due to the reduction in the 

Samples under study % pH  reduction % EC  reduction %TDS reduction % OD reduction 

Control -26.47 12.63 12.77 45.45 

 Eff. + Staphylococcus aureus  -56.10 22.30 22.32 88.88 

Eff. + Bacillus cereus -52.43 20.78 20.02 75.00 

Eff. + Klebsiella pneumonia -54.02 22.19 22.15 81.81 

Eff. + Enterobacter 

aeruginosa 
-50.58 18.57 18.55 72.72 

Eff. + Escherichia coli -45.58 18.22 18.20 70.00 
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dissolved oxygen content (Pannerselvam, 1998) and it has 

effects on the receiving water body similar to that of a 

high BOD (Akbar and Khwaja 2006). 

 The biological parameter such as bacterial growth 

was determined by the procedure of Powar and Daginwala 

(1995) and Onions et al. (1981). One ml of different 

samples were cultured in a sterile petriplate which 

contains nutrient agar medium following pour plate 

method after which they were inverted and incubated for 

24 to 48 hrs at 37oC.  After the incubation period, colonies 

developed on the plates were analysed using Gram’s 

staining method. The biodegradability of the sugar mill 

effluent was tested in batch cultures of a number of 

bacterial isolates. Batch cultures were incubated in a 

rotary shaker of 100 rpm at 20C. At regular intervals, 

bacterial populations (in cfu/ml) were estimated using the 

surface plate count technique. Values obtained for these 

three parameter i.e. viable counts (in cfu/m.l), biological 

oxygen demand and chemical oxygen demand (COD) are 

tabulated in table 3 and this % of reduction also in table 4. 

It is understood that % of viable counts for bacterial 

isolates in higher in the case of Staphylococcus aureus  

(45.54%) and least in the case of Eseherichia coli 

(12.5%), the remaining  three bacteria isolates in the order 

of their decreasing % of viable counts are Bacillus cereus 

(37.03%), Enterobacter aeruginosa (34.28%) and 

Eseherichia coli (29.23%).  

 The percentages of reduction have been noticed in 

the values of BOD and COD in similar manners which 

have also been tabulated in table 4. The degradation 

potential for each bacterial isolates on this sugar mill 

effluent during the treatment have been shown in figure 

1on the basic parameters such as pH, EC, TDS, OD, 

BOD, COD and viable counts.  The percentage reduction 

in all the parameters measured for control and the samples 

treated with five different bacteria is shown in figure 1. 

The values of individual parameters such as pH, EC, TDS 

and OD have been plotted against incubation period for all 

the bacterial isolates and shown in figures 2, 3, 4 and 5. 

Conclusion 

It has been concluded from the present study of 

bioremediation of sugar mill effluent using different 

bacterial isolates such as, Staphylococcus aureus, Bacillus 

cereus, Klebsiella pneumonia, Enterobacter aeruginosa 

and Escherichia coli. Significant higher percentage of 

reduction in pH-56.10%, EC 22.30%, TDS 22.32%, OD 

88.88%, BOD 22.88%, COD 16.21% and viable counts 

(in cfu/ml) of 45.54% have been produced by 

staphylococcus aureus out of five bacterial isolates taken 

and hence it is decided that this bacterial isolate could be 

used as one of the best bioremediator for treating sugar 

mill effluent. This higher degrading potential may be 

utilized in waste water treatment. 
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