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ABSTRACT
	

	 The main objective of this research is to determine the effectiveness of microbial consortia in 
beer wastewater treatment. The research was initiated with the isolation of soil microbial consortium 
that has been contaminated by beer waste water, followed by the selection of the best potential 
microbial beer wastewater treatment. At the end, the selection of the best microbial consortium was 
tested in beer wastewater treatment based on pollutant parameters namely biochemical oxygen 
demand (BOD), chemical oxygen demand (COD) and total suspended solid (TSS). The most effective 
combination of microbial consortia to reduce the value of TSS, BOD, and COD is the mixed culture 
combination of Cronobacter sp. strain NGS4, Pseudomonas fluorescent NGS5, and Aeromonas 
sp. strain NGS7. After 12 days of treatment the value of the COD, BOD and TSS are 633,69±48,18 
with degradation rate 66,06%; 199,09±87,82 with degradation rate 78,91%; and 848,9±206,61 with 
degradation rate 90,50% respectively.
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INTRODUCTION 

	 Brewery industry wastewater contains 
organic waste with pollution levels depend on the 
beer production process and capacity of water 
consumption during the process (Olafadehan 
and Aribike, 2000; Driessen and Vereijken, 2003). 
One of the wastewater treatment system which is 
interesting to be developed is a biological treatment 
using microorganisms. Biological treatment system 
is suitable for handling beer wastewater containing 
dissolved and suspended organic matter. This 
system uses microbial activity to oxidize organic 
compounds with the aid of molecular O2 into CO2, 
water, and a new cell (Bitton, 2005; Nusanthary et 
al., 2012).
	

	 Degradation processes in the environment 
are generally carried out by a consortium of 
microbes rather than by one type of microbes 
alone (Thompson et al., 2005). Processing system 
that uses a mixed microbial cultures will provide 
results that are more effective than single cultures 
because of the catabolic activity of the bacterial 
culture complement each other and the resulting 
decomposition products of a culture can be used 
by other cultures for further decomposition process 
that can help to improve wastewater oxidation of 
organic matter (Jadhav et al., 2008). This study 
aims to get the best microbial consortium capable of 
treating wastewater and eventually beer wastewater 
discharged into the environment can be reused for 
the life processes.
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MATERIALS AND METHODS 

Sampling of beer wastewater 
	 Beer wastewater samples originated from 
PT. Storm Beer, Sukasada, Bali and performed by 
using the grab method (Kardono, 2008).

Isolation of beer wastewater degrading 
bacteria 
	 The bacteria were isolated from soil 
contaminated by beer waste water by using platting 
method and liquid mineral medium consisting of: 
1.0g (NH4)2SO4; 1.0g KH2PO4; 3.6g Na2HPO4; 1.0 

g MgSO4.7H2O; 0.01g Fe(NH4)S; 1.0 g CaCl2.2H2O; 
and 0.5g yeast extract (all per litre distilled water). 
The pH of the medium was adjusted to 7 before 
autoclaving at 121oC for 15 mins and were incubated 
at 37°C for 48 hours. Isolates were stored in 40% 
glycerol (v/v) at -20oC. Furthermore, inoculation 
of bacteria was using Nutrient Agar medium and 
then cultivated by using Nutrient Broth medium 
and incubated at 37°C for 48 hours (Khehra et al., 
2006).

Growth of Bacterial Cells
	 Bacterial isolates obtained from the isolation 
and has been cultivated further centrifuged at 3500 
rpm for 30 min, then the cell pellet was washed and 
diluted with 0.8% NaCl solution to a volume of 10 mL. 
Growth in the number of bacterial cells was predicted 
by optical density using a spectrophotometer at 
a wavelength of 660 nm every 24 hours (Waluyo, 
2004).

Selection of bacterial isolates 
	 Selection of potential bacterial isolates 
was performed by pollutant parameters (COD, BOD 
and TSS) by measuring the turbidity of the early 
stages of bacterial inoculum culture (Optical Dencity, 
OD) using a spectrophotometer. Bacterial isolates 
obtained from the isolation and has been cultivated 
further centrifuged at 3500 rpm for 30 min and 
washed with 0.8% NaCl until clean, then the OD was 
adjusted to OD5  by diluting 10 mL cell suspension 
with 0,8%  NaCl to 250 ml at a wavelength of 660 nm. 
Furthermore, after the OD of each isolate has been 
adjusted then 750 ml of beer wastewater was added. 
Whereas the other tub only added as much as 1 L of 
beer wastewater as a control. Each tub was aerated 
by using aerators and analyzed with different days. 

After the measurement of the pollutant parameters 
of the capabilities of each bacterial isolates, so 
that the best individual isolates will be obtained, 
which are capable to reduce the organic content 
concentration. Each water sample was analyzed for 
five pollutant parameters such as BOD (biochemical 
oxygen demand), COD (chemical oxygen demand), 
TSS (total suspended solid), temperature, and pH 
by standard methods prescribed by APHA, AWWA, 
WEF (1998) and Bridgewater et al., 2008. Then the 
isolates showed the best ability to degrade the beer 
wastewater were chosen to compose a combination 
of microbial consortium and tested again to lower the 
beer wastewater based on pollutant parameters.

Identification of bacteria 
	 The identification of bacteria using the kit 
of MicrogenTM GN-ID A + B panel was done by 
taking bacterial isolates that have been incubated in 
NA media for 24 hours as much as 7 loop, dissolved 
in 10 mL of sterile 0.85% NaCl solution and 20 µL 
was pipetted into each well of Microgen panel kit, 
and then mineral oil was added into the particular 
panel well and was incubated for 24 hours. After 24 
hours, 20 µL reagent was added into certain panels 
well. The test results reading was conducted by 
comparing the color changes in each well to the color 
chart test panels available (Hadioetomo, 1993).

RESULTS AND DISCUSSION

Isolation of bacteria and bacterial growth 
phase 
	 Bacteria isolated from soil contaminated 
by beer wastewater using serial dilution method 
were obtained 11 isolates of bacteria with different 
morphological characteristics which include shape, 
color, edge and size of colonies as shown in Table  
1. 

	 Generally, microbes will be able to live if 
the nutrients in the place or location of the microbe 
lives fulfilled . The bacteria can utilize organic 
materials contained in the beer wastewater as 
required nutrients to grow and produce biomass 
(Bitton, 2005). The increase of the concentration of 
microbial biomass is closely related to the provision 
of adequate nutrition for growth and environmental 
conditions are suitable to support the growth 
and activities of microbes to break down organic 
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materials to be dissolved in a relatively short time 
(Bitton, 2005; Sumarsih, 2003 ) .

	 The study results of the phase of cell growth 
to an average of 11 bacterial isolates was found 
that on the second observation day, the exponential 
phase had been seen as shown in Fig. 1.
 
	 Measurement of cell  mass can be 
done by measuring the culture turbidity using 
a spectrophotometer. The exponential phase 
achieved within two days in the study. According to 
Hidayat et al., (2006) the exponential phase shows 
that microbial enzyme systems already adapt to 
utilize the media component for growth. After the 
acclimatization process, the enzyme system will 
be in accordance with existing components in the 
substrate, so that the power of microorganisms to 
degrade will increase.

Degradation act ivi ty test  of  microbial 
consortium
	 Determination to form bacterial consortium 
was conducted with capability test from 11 individual 
bacterial isolates. The capability test results 
demonstrate that three bacterial isolates capable of 
degrading wastewater, compared to other isolates 
based on pollutant parameters BOD, COD and TSS. 
All three of these bacteria are isolates with the code 
NGS4, NGS5 and NGS7. 

	 Reduction of COD concentration by isolates 
NGS4, NGS5 and NGS7 at a certain time were 
2224.26±853.9; 1724.28±864.8; and 2367.45±604 
respectively. Reduction of BOD concentration by 
isolates NGS4, NGS5 and NGS7 at a certain time 
were 317.11±25.1; 302.89±29.4; and 350.68±9.4 
respectively. Reduction of TSS concentration by 
isolates NGS4, NGS5 and NGS7 at a certain 
time were 2493.25±274.5; 1722.50±167.9 and 
2660.5±421.7 respectively. The results of the study 

Table 1: Morphological characteristic of bacterial colony 

No.	 Isolates 	 Characteristics	 Gram	 Cell Shape	 Description
	 Code 

1.	 NGS1	 Circular colonies, orange yellow, 	 +	 Coccus	 Form Colony
		  the edges undulate, non-motile			   Circular
2.	 NGS2	 Irregular colonies, white, 	 +	 Basil	 Irregular
		  edges entire, non-motile
3.	 NGS3	 Irregular colonies, yellow, 	 -	 Coccus	 Edge of 
		  edges undulate, non-motile			   The Colony
4.	 NGS4	 Irregular colonies, reddish white, 	 -	 Basil	
		  the edges undulate, non-motile			   Filamentous
5.	 NGS5	 Irregular colonies, transparent white, 	 -	 Basil	  Entire 
		  the edges undulate, non-motile			   Undulate
6.	 NGS6	 Irregular colonies, yellow, 	 +	 Coccus	
		  edges undulate, non-motile			   Cell Shape
7.	 NGS7	 Circular colonies, transparent 	 -	 Basil	 Coccus Basil
		  green, entire edge, non-motile
8.	 NGS8	 Circular  colonies, white cotton, 	 +	 Basil	
		  filamentous edge, non-motile
9	 NGS9	 Irregular colonies, white, 	 +	 Basil	
		  edges undulate, non-motile
10	 NGS10	 circular Colonies, white, 	 +	 Basil	
		  edges entire, non-motile
11	 NGS11	 Circular colonies, transparent white, 	 +	 Basil		
		  the edges entire, non-motile
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to the pH value by isolates NGS4, NGS5 and NGS7 
at a certain time were 6.51±0.4; 6.59±0.4 and 
5.98±0.6 respectively. The results of the study to 
the temperature value by isolates NGS4, NGS5 and 
NGS7 at a certain time were 26.97±0.8; 27.82±1.1 
and 26.74±1.2 respectively for all data are presented 
in Fig. 2.

	 According to the Hidayah and Shovitri 
(2012), microbes will be able to live based on the 
ability to compete with other microbes in competing 
for nutrients and based on the type of nutrients 
present in the medium, so if the environment 
and nutrition in accordance with the origin of the 
microbes, they will adapt faster. Microbes able to 
adapt more quickly will improve their ability to break 
down organic materials contained in the waste. 
According to the Komarawidjaja (2007), temperature 

Fig. 2: Value change of COD, BOD, TSS, pH and temperature by using 11 isolates 
bacteria in degradating beer wastewater for 12 days treatment

Fig. 1: The mean growth curve of 11 
bacterial isolates were measured by a 

spectrophotometer. K1 is the average growth 
patterns of 11 isolates of bacteria and K0 is the 

control (medium without microbial isolates)
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and pH are environmental factors that influence 
the microbial population increase and the ability of 
microbes in decomposition  of organic matter.

	 The results of microscopic observation 
of the three colonies of bacteria are bacteria 
Gram-negative and has the form of basil cells 
(Fig. 3). All isolates had the ability to grow at an 
optimum temperature of 35-37ºC. The results of 
the study of bacterial species identification is using 
MicrogenTM kit GN-ID A + B panet, and the results 
are: Cronobacter sp. strain NGS4, Pseudomonas 
fluorescent NGS5, and Aeromonas sp. strain NGS7 
(Fig. 4).

	 The three of selected bacterial isolates 
were then retested their ability to degradated beer 
wastewater in combination of isolates or mixed 
combination to determine the synergism between 
them, namely isolates NGS4, NGS5 and NGS7. 
Combination 1 is a combination of isolates NGS4 
and NGS5, Combination 2 is a combination of 
isolates NGS4 and NGS7 and Combination 3 is 
a combination of isolates NGS5 and NGS7. The 
combination of a mixture is a combination of all three 
isolates NGS4, NGS5 and NGS7.

	 The ability of isolate combination and mixed 
combination in lowering the COD value indicates 
that the average of combination 1, combination 
2, combination 3, mixed combination and control 
are 882.64 ± 28.15 mg/L, 859.981 ± 15.62 mg/L, 
868.384 ± 29.10 mg/L, 633.69 ± 48.18 mg/L and 
886.216 ± 19.69 mg/L respectively. BOD values with 
microbial consortium combination after processing 
showed an average of combination 1, combination 2, 
combination 3, mixed combination and control were 
294.174 ± 7.12  mg/L, 280.61 ± 13.46 mg/L, 319.246 
± 12.71 mg/L, 199.09 ± 87.82 mg/L and 312.646 ± 
2.26 mg/L respectively (Fig. 5). 

	 The results showed a decline in the value 
of COD and BOD in beer wastewater treatment. 
COD value will decrease due to oxidation of organic 
matter, but it is higher than the BOD because the 
production of some substance that is difficult to 
degrade.

	 The reduct ions of  COD and BOD 
concent ra t ions be af fected by act iv i t ies 
microorganisms that can break down the organic 
compounds either suspended or dissolved in the beer 
wastewater. The reduction of BOD and COD could 

Fig. 3: Results of Gram staining isolates Cronobacter sp. strain NGS4, 
Pseudomonas fluorescent NGS5, and Aeromonas sp. strain NGS7.

	 NGS4				    NGS5				    NGS7

Fig. 4: Cronobacter sp. strain NGS4, Pseudomonas fluorescent NGS5, 
and Aeromonas sp. strain NGS7

	 NGS4				    NGS5				    NGS7
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be caused by oxidation of organic matter in system 
that provides energy for microbial metabolism. The 
organic matter contained in the wastewater provides 
a substrate for aerobic microbial metabolism and the 
length of culturization time could lead to a decrease 
of COD and BOD concentration. In addition, the 
reduction of BOD and COD were also influenced by 
the length of aeration time (Metcalf and Eddy, 2003; 
Suhendrayatna et al., 2012).

	 The results showed a decline in the value of 
the TSS of each combination of microbial consortium 
after processing namely combination 1, combination 
2, combination 3, mixed combination and control 
were 2160 ± 87.68 mg/L, 2531 ± 64.77 mg/L, 2139 
± 38.75 mg/L, 848.9 ± 206.61 mg/L and 189.78 ± 
3744 mg/L respectively (Fig. 6). 

	 TSS is the amount of suspended solids 
in waste water is filtered by membrane filters, the 

Fig. 5: Degradation rate of COD and BOD value by the isolates combination and the mixed 
combination in degradating beer wastewater for 12 days treatment

Fig. 6: Degradation rate of TSS value by 
the isolates combination and the mixed 

combination in degradating beer wastewater 
for 12 days treatment

Fig. 7: Degradation rate of TSS value by the isolates combination and the mixed 
combination in degradating beer wastewater for 12 days treatment

smaller the reduction in TSS values show that the 
smaller the waste biodegradation processes that 
occur (Wirda and Handajani, 2011). Decrease of TSS 
value due to particle deposition factors and organic 
matter decomposition processes from suspended 
particles become dissolved by microbial.

	 Organic compounds in the waste is 
degraded by bacteria by secreting enzymes to 
hydrolyze complex organic compounds (starch, 
protein, and fat) into simpler compounds that in the 
first phase, the complex compounds are converted 
into simple compounds such as sugars, glycerol, 
fatty acids and amino acids. The simple compounds 
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are used for the metabolism of bacteria which will 
then be followed by other processes, both aerobic 
and anaerobic energy thus produced, CO2, H2O and 
metabolic wastes in the form of a simple mud settles, 
so that with this mechanisms organic contaminant 
material presents in the waste will be reduced 
(Radojevic and Vladimir, 1999). In addition, the 
aeration serves as a supplier of oxygen so that the 
microbes can grow and multiply in the presence of 
oxygen in the water, so it is enough to absorb and 
digest the organic impurities (Arixs, 2009). 
	
	 The results of the study to demonstrate 
the value of the average pH in combination 1, 
combination 2, combination 3, mixture combination 
and control are 6.07 ± 0.5, 6.30 ± 0.6, 6.31 ± 0.5, 
6.85 ± 0.9 and 5.48 ± 0.2 respectively. While the 
value of the temperature shows average of the 
combination 1, combination 2, combination 3, 
mixture combination and control are 25.84 ± 0.4, 
26.26 ± 0.3, 25.9 ± of 0.7, 28.39 ± 1.6 and 24.72 ± 
0.4 respectively (Fig. 7).

	 Hydrogen ion concentration (pH) indicates 
the intensity of acidic or basic character at a given 
temperature. Measurement of pH is one of the 
most important and most frequently used tests in 
determining water quality (Choudhary et al., 2011). 
Changes of pH in wastewater suggests that there 
has been activity of microorganisms that degrade 
organic matter. Degradation of proteins and organic 
nitrogen into ammonium (NH4) raises the pH and 
becomes alkaline. Increasing of the pH occurs on 
the hydrolysis process which when H+ is used to 
catalyze the bond termination on polysaccharides, 
lipids and proteins (Paramita et al., 2012). 

	 Temperature is one of the most important 
factors in aquatic environment. Temperature also 
affects solubility of oxygen in water (Singh et al., 
2005). The increase in temperature in the wastewater 
can accelerate the degradation rate of the organic 
compounds, microbial growth rate (total number 
of microbial growth, rate of enzyme synthesis and 
enzyme inactivation rate) and a decrease in gas 
solubility in water such as O2, CO2, N2 and CH4. 
In addition, the increase in temperature in the 
wastewater can be caused by aeration (Haslam, 
1995)

	 The results show, that synergism between 
the isolates combination and the mixture combination 
showed different abilities. The mixture combination 
is more effective than in the form of single bacterial 
culture and combination of multiple isolates in 
degrading organic matter content of beer wastewater. 
According to Cahyonugroho and Hidayah, (2008) 
and Jadhav et al., (2008) wastewater is a complex 
mixture of a compound, while each type of bacteria 
has limited ability in degrading it. Bacterial consortium 
can be used as a starter which is potential for 
wastewater recovery. Therefore, the presence of the 
catabolic activity of the bacterial culture complement 
each other and the resulting decomposition products 
of a culture can be used by other cultures for further 
decomposition process, so that it can help improve 
wastewater oxidation of organic matter.

	 Diversity can improve the stability of the 
community due to the presence of more diverse 
species and results that the community is being able 
to adapt to varied environmental conditions (Worm 
and Duffy, 2003). In addition, bacteria from different 
genera can work together in an environment and 
survive through the metabolites interaction because 
a mixed culture has a more complete overhaul 
capabilities and have a higher tolerance to toxic 
metabolites (De Souza et al., 1998; Mlynarz and 
Ward, 1995).

CONCLUSION

	 The most effective microbial consortia 
combination capable of lowering the value of pollutant 
parameter is a mixed combination (Cronobacter sp. 
strain NGS4, Pseudomonas fluorescent NGS5, and 
Aeromonas sp. strain NGS7) after the treatment for 
12 days namely COD, BOD, TSS are 633.69±48.18 
mg/L with a degradation rate of 66,06%, 199.09 ± 
87.82 mg/L with a degradation rate of 78.91% and 
848.9 ± 206.61 mg/L with a degradation rate of 
90.50% respectively.
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