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Abstract 

The increasing pollution by domestic wastewater has become an 

environmental issue in Indonesia, especially in big cities, one of which is 

Malang.  Microbiology could offer a solution to this problem by employing 

the indigenous microbe isolate. The results of isolation, characterization, and 

identification of heterotrophic bacteria taken from domestic wastewater 

showed that; (1), there were 37 heterotrophic bacteria isolates, 15 of  which 

were detergent tolerant; (2) the identification results of  the 37 heterotrophic  

bacteria  isolates  revealed that  there  were  four superior  species  based on 

the detergent  tolerant  indicator  and  pathogen  antagonistic; they were 

Bacillus cereus strain BQAR-01, Bacillus thuringiensis strain MSS-2,  
Bacillus cereus strain JDA-1, and Bacillus sp. B31(2008).  The  four  bacterial  

species  could  potentially  be developed as the  decomposer  bacteria  formula 

for domestic  wastewater. 

Keywords:  characterization, detergent tolerant, heterotrophic bacteria, 

domestic wastewater, formula  

 

INTRODUCTION 

Environmental pollution in Indonesia has been a serious issue during the last few 

decades, especially in big cities, including Malang. The main causes of pollution in 
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the river, lake, and other public water bodies are the domestic waste (40%), the 

industrial waste (30%), and the farming waste. Currently, only around 25% of the 

wastewater receives certain types of treatment before being dumped to the open 

environment, while the rest remain untreated. Such environmental condition could 

influence the volume, types and characteristic of the waste, as well as the 

characteristic of the microbe in its domestic waste. Like any other big cities, one of 

the problems faced by Malang is environmental pollution, one of which is the 

domestic wastewater.     

Domestic wastewater is a waste originated from household/residential, trade or 

recreational areas commonly discarded from the bathroom, kitchen sink, and water 

closet. Domestic wastewater consists of  99.9% water and 0.1% of solid substance. 

Generally, the organic substance of the waste contains 40-60% protein, 25-30% 

carbohydrate, and fat or oil. Frequently, the organic substance of the waste includes 

chloride, sulfur, nitrogen, methane, and toxic substances (e.g. copper, timbale, silver, 

chrome, arsenic, boron, and cyanide). Other elements commonly found in the 

domestic wastewater are detergent, dishwashing liquid, soaps, shampoo, and 

disinfectant remains. The remains of detergent in the domestic wastewater could be 

from (a) personal cleaning, (b) laundry, (c) dishwashing products, and (d) household 

cleaner [1, 4, 14, 25, 32].  

One of the solutions to handle the problem of domestic wastewater is to use the 

indigenous microbe isolate which could potentially decompose the waste by isolating 

it, and then process the results by in-vitro culture in the laboratory. The potential 

microbe which decomposes the waste and kills the pathogens is produced in which 

the laboratory and is used as a starter for the waste decomposition process [2, 6, 9, 10, 

13, 26, 28].  

The microbiology waste processing should take several issues into consideration to 

ensure the effectiveness of the microbe employed. For example, the microbe should 

be tolerant to detergent and its active components, be capable of decomposing organic 

substances, and be capable of killing pathogens. In order to solve the problems of 

environmental pollution in Malang, isolation, potential testing, and identification of 

the indigent heterotrophic microbes which are detergent tolerant and antagonistic 

towards pathogens were conducted to obtain some consortium formula candidates for 

the waste decomposing microbes. 

 

STUDY AREA 

Malang, which is 440-667 meters high above the sea level, is one of the renowned 

tourism destinations in East Java, Indonesia, due to its natural potential and its 

climate. Malang is located at the longitude of 112.06°-112.07° and the latitude of 

7.06° - 8.02°, with the average temperature of  22.7°C – 25.1°C, and the respective 
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maximum – minimum temperature of  32.7°C  and 18.4°C. Its average humidity range 

is 79% - 86% with respective maximum – minimum humidity of 99%  and 40% [15]. 

 

MATERIALS AND METHODS 

The isolation and characterization of heterotrophic bacteria obtained from the 

sample (domestic wastewater in Malang, Indonesia)  

This descriptive study was conducted using survey, observation, and laboratory 

methods. The materials employed were heterotrophic bacteria obtained from the 

domestic wastewater in Malang. The sample was taken from 5 sub-districts in Malang 

(longitude of 112.06°-112.07° and latitude of 7.06°-8.02°), namely Lowokwaru, 

Blimbing, Klojen, Sukun, and Kedung Kandang. The sample was taken aseptically 

using the multistage random sampling from each sub-district. Each bottle (size 250ml) 

of the sample was filled by 4/5 full with the domestic wastewater, put in the icebox 

and brought to the laboratory for analysis. The wastewater locations where the sample 

was taken were free from direct sunlight. The sample was then homogenized using a 

shaker, resulting only in 50 ml waste taken from each sample bottle. The sample was 

then contained in a cup to be homogenized and isolated using both the general and 

selective media to observe whether it contained heterotrophic bacteria.  

Bacteria colony were cultured in the medium of agar solid, which is then purified to 

obtain pure isolate. A single bacteria colony which was developed from the medium 

of dilution as moved to a solid medium (a Petri dish) using  the spreading method 

before being incubated for 24 hours in the temperature of 37ºC. Observation on the 

heterotrophic bacteria isolate was conducted by taking notes, drawing, and 

documenting the colony and cell characteristic of the bacteria. The colony 

characteristics observed included its color, surface, elevation, diameter and shape; 

while the cell characteristics observed were the reaction to Gram coloring, the shape 

and size, the existence of spore and capsule, and the movement. These morphology 

and cytology data of the bacteria were used to distinguish which the code and identify 

the bacteria obtained [9, 12, 29].  

 

The tolerant test of the heterotrophic bacteria isolates towards detergent of 

various types and concentration 

This study employed a factorial full random sampling with three cycles. The 

treatment given include varying the types of detergent product (A), i.e. A1: cleaning 

agent, A2: cloth cleaner, A3: dishwashing liquid, and A4: house cleaner; second, 

varying the detergent product concentrate (B), i.e. B1: 25% concentration, B2: 50% 

concentration, B3: 75% concentration, and B4: 95% concentration. The materials for 

study were the heterotrophic bacteria isolates originated from domestic wastewater 
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containing various brands of detergent.    

100 L bacteria with 100 L suspension of each heterotrophic bacteria isolate with 

the population density of 106 CFU/ mL were cultured using as the Nutrient Agar 

medium in a Petri dish. Next, each sterile paper disk containing 100 L bacteria from 

four different detergent products with varying concentration (95%, 75%, 50%, and 

25%) were placed in the testing bacterial culture. The bacteria were then incubated for 

24 hours in room temperature. The bacteria sensitivity was shown by the inhibition 

zone around the paper disk. The smaller the inhibition zone showed higher bacteria 

tolerance against the detergent being tested. The average diameter of the inhibition 

zone from each treatment was analyzed statistically using Anava followed by the 

Duncan test with the significance of 5%. 

 

Identification of the detergent tolerant heterotrophic bacteria 

Identification was conducted to the 37 heterotrophic bacteria isolates, based on 

several characteristics; morphology, cytology and physiology (bio-chemical). The 

identification phase was conducted towards the heterotrophic bacteria isolates that had 

been screened using the detergent tolerant testing. The observation on the colony 

morphology and bacteria cell were conducted using similar procedures explained 

previously. The physiological characteristic was conducted using the Microbact 

12A/E-24E by using the following procedure. (a) The bacteria colony was tested 

using oxidase test. (b) A bacteria colony that had been incubated for 18-24 hours was 

taken using the ose, then diluted into 5 ml of 0.9% physiology salt inside the sterile 

reaction tube and vortexed until homogeneity was achieved. (c) The homogenous 

bacteria solution was then dropped into a microbact well of 100 UI (4 drops); while 

for the well, it were Lysin, Ornitin and H2S added with 1-2 drops of mineral oil. This 

Microbat kit was then incubated in the temperature of 37C for 18-24 hours. (d) The 

Microbact kit  was then taken from the incubator and added with two drops of Nitrate 

A and B reagent in the well 7, two drops of  Indol Kovact in the well 8, one drop for 

each VP I and VP II in the well 10, and one drop of TDA in the well 12. (e) The 

carbohydrate fermentation testing on the 12B Microbact was conducted without 

adding any reagent, as the outcome was visually visible: yellow color would appear 

when the fermentation result was positive, and no change in color (remaining blue) 

for negative result. The evaluation of the results was observed from the Microbact 

wells by comparison using the coloring table to see whether they were positive or 

negative. The characterization results were then referenced using the identification 

guide book and were determined using the Bergey’s Manual of Determinative 
Bacteriology [21]. 
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RESULTS 

Isolation and characterization of heterotrophic bacteria from the domestic wastewater 

in Malang resulted in 37 bacteria isolates. The morphological and cytological 

characteristics of the bacteria isolates are described in Table 1.  

 

Table 1 Morphological and cytology characteristics of heterotrophic bacteria from 

domestic wastewater in Malang  

 

No 
Morphological and cytology characteristics  

Isolates Colony 

Shape 

Colony 

Edge 

Elevance Colony 

Color 

Colony 

Consistence 

Gram 

Reaction 

Motility Spore Cell 

Shape 

1 Round Uneven Flat Cream Dry + + + Stem A1 

2 Round Uneven Flat Cream Dry + + + Stem A2 

3 Round Uneven Flat Cream Dry + + + Stem A3 

4 Round Uneven Flat Cream Dry + + + Stem A4 

5 Round Uneven Flat Cream Dry + + + Stem A5 

6 Round Uneven Flat Cream Dry + + + Stem A6 

7 Round Uneven Flat Cream Dry + + + Stem A7 

8 Round Uneven Flat Cream Dry + + + Stem A8 

9 Round Uneven Flat Cream Dry + + + Stem A9 

10 Round Uneven Flat Cream Dry + + + Stem A10 

11 Round Uneven Flat Cream Wet + + + Stem A11 

12 Round Uneven Flat Cream Dry + + + Stem A12 

13 Round Uneven Flat Cream Dry + + + Stem A13 

14 Round Uneven Flat Cream Dry + + + Stem A14 

15 Round Uneven Flat Cream Wet + + + Stem A15 

16 Round Uneven Flat Cream Dry + + + Stem A16 

17 Round Uneven Flat Cream Dry + + + Stem C1 

18 Elips Even  Convex Cream Dry + + + Stem C2 

19 Round Uneven Flat Cream Dry + + + Stem C3 

20 Elips Even  Convex Cream Dry + + + Stem C4 

21 Round Uneven Flat Cream Dry + + + Stem C5 

22 Elips Even  Flat Cream Dry + + + Stem C6 

23 Round Uneven Flat Cream Dry + + + Stem C7 

24 Elips Uneven  Convex Cream Dry + + + Stem C8 

25 Round Uneven Flat Cream Dry + + + Stem C9 

26 Round Uneven Flat Cream Wet + + + Stem C10 

27 Round Even Flat Cream Wet + + + Stem C11 

28 Round Uneven Flat Cream Dry + + + Stem C12 

29 Round Uneven Flat Cream Dry + + + Stem C13 

30 Round Uneven Flat Cream Wet + + + Stem C14 

31 Elips Uneven  Flat  Cream Dry + + + Stem C15 

32 Round Uneven Flat Cream Dry + + + Stem C16 

33 Round Uneven Flat Cream Dry + + + Stem C17 

34 Elips Even  Convex Cream Dry + + + Stem C18 

35 Elips Even  Convex Cream Dry + + + Stem C19 

36 Round Uneven Flat Cream Wet + + + Stem C20 

37 Round Uneven Flat Cream Dry + + + Stem C21 

 

 

Table 1. showsthat 37 isolates of bacteria have some similar morphological and  

cytology characteristics, with stem shape, Gram (+), cream in color, and forming 

spora. Isolates of bacteria with similar morphological and cytology characteristics do 

not necessarily belong to the same species as they might differ in physiological 
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characteristics. The results of inhibition zone diameter of heterotrophic bacterium 

isolates against detergent are presented in Table 2.    

The average of inhibition zone diameter against detergent of heterotrophic bacteria 

isolates is presented in Figure 1.  

Table 2 The average of inhibition zone diameter against detergent of heterotrophic 

bacteria isolates from domestic wastewater in Malang 

No Isolate Code The average of inhibition zone diameter (cm) 

1 A1 1,77± 0,26 fghi 

2 A2 1,77±0,27 fghi 

3 A3 0,25±0,16 a 

4 A4 0,20±0,10 a 

5 A5 1,47±0,27 efg 

6 A6 1,55±0,27 efgh 

7 A7 1,52±0,26 efgh 

8 A8 1,76±0,26 fghi 

9 A9 1,75±0,26 fghi 

10 A10 2,15±0,26 i 

11 A11 1,34±0,27 cde 

12 A12 1,66±0,27 efgh 

13 A13 0,19±0,10 a 

14 A14 0,37±0,21 a 

15 A15 0,24±0,14 a 

16 A16 0,21±0,10 a 

17 C1 0,87±0,26 bc 

18 C2 1,34±0,27 def 

19 C3 1,63±0,27 efgh 

20 C4 0,39±0,17 a 

21 C5 0,45±0,21 a 

22 C6 0,99±0,26 cd 

23 C7 1,32±0,26 def 

24 C8 0,46±0,15 a 

25 C9 0,28±0,14 a 
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26 C10 0,91±0,15 bc 

27 C11 1,27±0,25 cde 

28 C12 1,69±0,26 efgh 

29 C13 1,93±0,26 hi 

30 C14 1,55±0,26 efgh 

31 C15 0,26±0,15 a 

32 C16 1,51±0,26 efgh 

33 C17 1,76±0,26 fghi 

34 C18 0,52±0,21 ab 

35 C19 1,82±0,27 ghi 

36 C20 0,34±0,19 a 

37 C21 1,81±0,26 ghi 

 

Note: The letters following the numbers in the above tables show notation of Duncan 

test; the values followed by the same letters show that they are not significantly 

different (5% significance level).  

 

 

Figure 1  Tolerance against detergent on isolate of heterotrophic bacteria from 

domestic wastewater in Malang 

 

Identification by molecular genetic taxonomical of the detergent tolerant 

heterotrophic bacteria isolates 

The identification of  9 heterotrophic bacteria isolates was conducted using the 

MicrobactTM GNB 12A/B/E0, 24E Identification Kits. The physiological characteristic 
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measured included the tests of spore reaction, catalase, oxidase, indol test, motility, 

MR, Voges-Proskauer (VP) reaction, the use of C-citrate, urea hydrolysis, starch 

hydrolysis, lisin decarboxylase, nitrate reduction, coagulation, glucose fermentation, 

xylose, sukrose, arabinose , maltose, rhamnose, raffinosa, lactose, mannitol, inositol 

fermentation, adonitol, malonat inhibition, salicin, ornitin decarboxylase, 

dehidroxylase arginin, gelatin diluting, H2S production, ONPG (beta-galactosidase), 

triptofan deaminase (TDA), methylene blue reduction, beta-hemolysis, growth in 

Nutrient Broth, growth in SDA, BGP, NaCl 7%, TSIA, growth in the temperature of 

25ºC, 37ºC, 40ºC, and 50ºC.   DNA isolation with user guide by life technologies 

(PurilinkR Genomic DNA Kits for purification of genomic DNA, Publication Number 

MAN0000601 Revision 2.2). A total of nine heterotrofic bacterial isolates were 

identified by 16S rRNA sequence analysis from domectic wastewater from Malang, 

Indonesia. 

The results of the identification, by considering the colony morphological, 

microscopical, physiological characteristics and molecular genetic of the bacteria 

cells, revealed nine heterotrophic bacteria isolates. All of the nine heterotrophic 

bacteria species are presented in Table 3. 

 

Table 3  The results of the species identification from 9 heterotrophic bacteria isolates 

taken from the domestic wastewater in Malang 

No Isolate 

Code 

Accession bp Species Name 

1 A FJ217203.1 1101 Bacillus cereus strain BQAR-01d  16 S 

rRNA 

2 B KM280684.1 1313 Bacillus thuringiensis strain MSS-2  16 S 

rRNA 

3 C GU056812.1 1199 Bacillus cereus strain JDA-1  16 S rRNA 

4 D EU38428.1 1178 Bacillus sp. B31(2008)  16S rRNA 

5 C6 LC110197.1 1223 Aneurinibacillus sp. YR247  16 S rRNA 

6 C8 KU156691.1 1195 Bacillus sp. Gut03   16 S rRNA 

7 C19 AB675140.1 1274 Enterococcus sp. 79w3   16 S rRNA 

8 C21 JF912899.1 1249 Bacillus sp. Z-3   16 S rRNA 

9 A7 KP016675.1 969 Uncultured Bacillus sp. clone C6A08  16 S 

rRNA 
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DISCUSSION 

There were 37 isolated the heterotrophic bacteria obtained from the domestic 

wastewater taken from five sub-districts in Malang. The number and types of the 

heterotrophic bacteria isolates from each sub-district varied. The heterotrophic 

bacteria isolates were from septic tank, sewer, and bathroom waste, all of which were 

the domestic wastewater from Malang. The codes of the isolates found were A1, A2, 

A3, A4, A5, A6, A7, A8, A9, A10, A11, A12, A13, A14, A15, A16, C1, C2, C3, C4, 

C5, C6, C7, C8, C9, C10, C11, C12, C13, C14, C15, C16, C18, C19, C20, and C21. 

The high variety of types and characteristics of the heterotrophic bacteria isolates 

taken from the domestic wastewater in Malang corresponded to the increasing amount 

of domestic waste being dumped. The population of Malang is 7,453 person/km2  [15]. 

The climate, temperature, humidity, height, and environmental condition become one 

of the reasons for unique characteristic of the heterotrophic bacteria isolates from the 

wastewater in Malang.  

The potency of heterotrophic bacteria isolates to kill pathogen bacteria in the domestic 

wastewater is highly essential as the candidates of consortium formula constructing 

bacteria that is about to be applied to process the domestic wastewater using the 

environmentally friendly and safe microbiological processes. The waste taken from 

the domestic wastewater was the source of microbes causing disease [11, 17, 19, 22]. 

The capability of heterotrophic bacteria isolates to kill pathogen bacteria was related 

to the compounds produced by the bacteria. The heterotrophic bacteria isolate 

mechanism involved (a) affecting the pathogen microbe cell wall, (b) disturbing the 

function of pathogen microbe cell membrane, (c) inhibiting the pathogen microbe 

protein synthesis, and (d) inhibiting the nucleate acid synthesis of the pathogen 

microbe [8, 11, 18, 20, 24, 30, 31].  

This study has identified four superior species with the potential to be detergent 

tolerant and antagonistic towards pathogen. These species are Bacillus cereus strain 

BQAR-01, Bacillus thuringiensis strain MSS-2,  Bacillus cereus strain JDA-1, and 

Bacillus sp. B31(2008).  All identified species are of one genus: Bacillus, which is 

Gram positive bacteria, stick-shaped, and is a member of Divisio Firmicutes. This 

genus is obligate aerob or facultative aerob, and is very resistance to extreme 

environmental condition due to its ability to self produce endospore.   

 Bacillus possesses physiological power, that is highly resistant toward heat, pH, and 

salinity. The species of Bacillus genus can excrete a number of enzymes functioning 

as natural antibiotics, such as barnase protein, alpha amylase, and protease subtilisin 

[2, 7, 9, 11, 20, 21]. This study identified the Gram positive bacteria only; while other 

studies also identified other bacteria of Gram negative from domestic wastewater. 

This showed that there were variations in the types of bacteria contained in the 

domestic wastewater in Malang. The difference was related to the physical and 
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chemical characteristics of the domestic wastewater being studied [16, 23, 27]. The 

four species found in this study were of potential to be developed as the 

environmentally friendly bacteria decomposer candidates of the domestic wastewater. 

 

CONCLUSION 

There were 37 heterotrophic bacteria isolates, 15 of  which were detergent tolerant. 

The identification results of  the 37 heterotrophic  bacteria  isolates  revealed that  

there  were  four superior  species  based on the detergent  tolerant  indicator  and  

pathogen  antagonistic; they were Bacillus cereus strain BQAR-01, Bacillus 
thuringiensis strain MSS-2,  Bacillus cereus strain JDA-1, and Bacillus sp. 
B31(2008).  The  four  bacterial  species  could  potentially  be developed as the  

decomposer  bacteria  formula for domestic  wastewater. 
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