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Abstract. Autotrophic ammonia-oxidizing bacteria (AOB) have been widely documented in intensive 
aquaculture systems, while facultative mixotrophic AOB have been less comprehensively studied. 
Although facultative mixotrophic bacteria have been isolated from a variety of aquatic environments, 
their contribution to biogeochemical processes in waters remains neglected. In this study, heterotrophic 
bacteria were isolated from intensive shrimp ponds and the estuary in Bone Regency, South Sulawesi, 
Indonesia and then cultivated in a mixotrophic medium containing ammonium and acetic acid. The 
characterization of the bacteria was performed using morphological features, gram stain, motility, 
catalase, and other biochemical tests. Results showed the presence of 12 bacteria, among 48 initially 
heterotrophic isolates. Among these potentially facultative mixotrophic AOB, three isolates were 
morphologically and biochemically related to Firmicutes (Bacillus and Lactobacillus), six isolates were 
affiliated to Actinobacteria (Acinetobacter, Arthrobacter, and Gordonia), three other isolates were 
associated with Proteobacteria (Paracoccus, Pseudomonas, Vibrio). Pre-screening and screening of these 
bacteria were conducted to determine the potential for microbial ammonia oxidation. 
Key Words: organic pollution, water quality, mixotrophic ammonia oxidizing bacteria, ammonia 
oxidation. 

 
 
Introduction. Shrimp farming industries are one of the most important practices 
worldwide. According to FAO (2012), the world aquaculture production of shrimp are 
predicted 4,327,520 ton in 2017. Currently, 52% of all shrimp consumed globally comes 
from aquaculture (FAO 2017). However, recently on a worldwide scale, shrimp disease 
has grossly affected nearly every shrimp production area (Durai et al 2015). Some 
studies conclude that the decrease of shrimp culture production is mainly caused by 
disease attacks triggered by the declining quality of shrimp culture environment 
(Primavera 2006; Ling et al 2010; Stentiford et al 2012). The accumulation of inorganic 
nitrogen content, carbonic organic compounds, and sulfides derived from shrimp 
residues, shrimp manure, and long-term fertilization have a direct impact on the content 
of NH3, NO2, and H2S compounds that are toxic to shrimp. Ammonia is one of the most 
toxic substances produced by intensive shrimp farming (Handy & Poxton 1993). 
Ammonia is toxic and can cause convulsions, coma and death, probably because elevated 
ammonium (NH4

+) ions displace potassium (K+) and depolarizes neurons, causing 
activation of the N-methyl-d-aspartate (NMDA) type glutamate receptor, which leads to 
an influx of excessive calcium (Ca2

+) ions and subsequent cell death in the central 
nervous system (Randall & Tsui 2002).  

Maintaining water quality under optimum conditions for shrimp growth is one of 
the key factors to successful shrimp cultivation. Lim et al (2014) stated that the use of 
biological techniques is more efficient compared to mechanical and chemical means. The 
use of biological techniques by utilizing microorganisms (bioremediation) for the recovery 
of waters from pollutants and toxic is frequently performed because it is easier and 
cheaper (Zhang et al 2008). 

Utilization of organic decomposing bacteria which is capable of acting as an 
autotrophic and heterotrophic bacteria or also known as mixotrophic bacteria (Crane & 
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Grover 2010) provides new hope for solving the problem of organic matter contamination 
and deterioration of pond water quality and other fish breeding containers. Various 
commercial products of bioremediation agents in the form of autotrophic and 
heterotrophic bacteria have been used to cope with contamination of organic matter in 
ponds. However, from several cases of shrimp disease, it was reported that those 
bioremediation agents are not effective in improving the quality of the pond environment 
(Queiroz & Boyd 1998; Gram 2001; Shelby et al 2006; Abd El-Rahman et al 2009; 
Ferguson et al 2010). 

Facultative mixotrophic bacteria are capable of performing the mineralization 
function of carbonic organic compounds into ammonia and carbon dioxide, degrading 
ammonia to nitrite and nitrate, and rendering the denitrification of nitrate or nitrite to 
nitrogen gas. In addition, photosynthetic bacteria that are mixotrophic are able to 
degrade the hydrogen sulfide compound into sulfate (Kouki et al 2011). Although 
mixotrophic facultative bacteria have been isolated from a variety of aquatic 
environments, their contribution to biogeochemical processes in waters remains 
neglected (Eiler 2006; Kouki et al 2011). Even up to now, the utilization of facultative 
mixotrophic bacteria for bioremediation has not been optimized. Therefore, the study 
urgently required to obtain a mixotrophic facultative bacterial species capable of acting as 
a bioremediation agent to oxidize ammonia and sulfide compounds, which are the main 
cause of degradation of shrimp pond quality and declining shrimp production. In the first 
year, the study was aimed to isolate and identify facultative mixotrophic bacteria that can 
potentially degrade ammonia and sulfides. 

 
Material and Method 
 
Water and sediment collection. Water and sediment were collected in April 2018 from 
the intensive shrimp farming in Bone Regency of the Province of South Sulawesi, 
Indonesia. Obtained samples were stored in ice boxes at freezing temperatures until 
analysed in laboratories.  
 
Isolation and identification of ammonia degrading bacteria. 0.1 mL of obtained 
samples were plated in triplicate by spread plate method onto SWC (Sea Water 
Complete) medium and incubated for 24 h at 20 and 30oC to determine the optimum 
temperature for the growth of facultative mixotrophic ammonia-oxidizing bacteria (AOB). 
Based on apparent physical features, i.e. the shape and size of colonies, colours, 
elevations, and edges, each different colony was cultured until the single colony was 
obtained. The pure isolates were then cultured in a reaction tube containing the SWC 
agar (slant culture). Putative ammonia-oxidizing bacteria (AOB) were identified by the 
biochemical method described in Bergey’s Manual of Determinative Bacteriology (Holt et 
al 1994). A variety of biochemical tests were performed, including oxidase, catalase, 
hydrogen sulfide production, tyrosine hydrolysis, gelatinase test, ornithine decarboxylase, 
arginine dihydrolase, methyl-red and Voges-Proskauer, casein, starch hydrolysis, citrate 
utilization, nitrate reduction, TSI agar test, and motility test.  
 
Pre-screening of facultative mixotrophic ammonia oxidizing bacteria. To obtain a 
mixotrophic bacterial colony, each 0.5 mL pure isolate was cultured on a 0.5 mL TSA 
(trypticase-soy-agar) medium, and incubated at 25°C for 24-48 h. Subsequently, the 
colonies grown were sub-cultured on TSB (trypticase-soy-broth) media at 25°C for 24-48 
h without shaking. Then 0.5 mL of bacterial culture was inoculated into Erlenmeyer flasks 
containing 50 mL of mixotrophic medium (Schmidt & Belser 1994), which was enriched 
with acetic acid with the composition (g L-1) as follows: (NH4)2SO4 0.5; MgSO4 · 7H2O 
0.04; KH2PO4 0.203; CaCl2 · 2H2O 0.013; iron chelate 0.01; trace elements 0.01 and 
acetic acid 1. Acetic acid is presented as a source of organic carbon. The pH of the 
culture medium was maintained at 7.2 using 1 mol L-1 NaOH. Incubation was carried out 
at 25°C for 30 days in the dark with mechanical agitation at 200 rpm, which was 
performed to adapt the previously heterotrophic bacteria into mixotrophic bacteria. 
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Screening. Bacterial cells were centrifuged at 4000 rpm for 10 minutes, then re-
transferred to mixotrophic media under the same culture conditions as described in the 
pre-screening stages of mixotrophic bacteria (Kouki et al 2011). The media consisted of 
51.3 mg L-1 ammonium as a nitrogen source which was used to detect the capacity of 
bacteria to degrade ammonia in aerobic conditions. Then, aliquots from each culture were 
used for testing the remaining ammonia levels. A 2 mL of Seignette's salt solution 
(potassium sodium tartrate) and 2 mL of Nessler reagent (Potassium sodium tartrate) 
were put in a tube containing 1 mL of bacterial culture. Preparation of standard solutions 
using concentrated NH4Cl solution (10 mmol L-1). Ammonia levels were measured using a 
UV-vis spectrophotometer (Jasco, Tokyo, Japan) at a wavelength of 420 nm. 
 
Statistical analysis. Data were statistically analyzed with SPSS 22 (IBM SPSS Advanced 
Statistics 22), and the results are shown as the mean value. The differences between 
mean values were analyzed by one-way analysis of variance (ANOVA). Critical values in 
all tests were α=0.05.  
 
Results and Discussion. Of forty-eight visually different bacterial isolates, 12 bacterial 
strains were determined by colony morphology, Gram staining, and pigmentation (Table 
1).  
 

Table 1 
The morphology and physiological characteristic of the putative facultative mixotrophic 

AOB from intensive shrimp farming, Bone Regency, Indonesia 
 

Strains Morphology Gram 
stain Spore Motility Pigmentation No. of 

clones (%) Genus 

AOB1 Cocco-bacilli + - + Pinkish-brown 8.11 Gordonia sp. 
AOB4 Cocco-bacilli - + + Translucent 10.14 Bacillus sp. 
AOB6 Cocci + + + White 8.11 Bacillus sp. 
AOB9 Bacilli - - + Yellow 6.08 Pseudomonas sp. 
AOB13 Cocci - + - Pinkish-red 10.14 Paracoccus sp.  
AOB18 Comma - - + Yellowish-brown 8.11 Vibrio sp. 
AOB23 Cocci + - - Yellowish-white 12.16 Arthrobacter sp. 
AOB30 Cocci - - - Yellow 6.08 Acinetobacter sp. 
AOB32 Cocci - - - White 4.73 Acinetobacter sp. 
AOB35 Cocci - - - White-greyish 8.11 Acinetobacter sp. 
AOB38 Bacilli + - - White 10.14 Lactobacillus sp. 
AOB42 Cocci + - - Brownish-white 8.11 Acinetobacter sp. 

  
The morphological and physiological characteristics of the isolates identified to the genus 
level showed that gram-negative bacteria dominated the bacterial communities. 
Specifically, 29.06% of gram-negative cocci isolates were identified as Paracoccus and 
Acinetobacter; 10.14% of isolates of gram-negative cocci-bacilli belonged to Bacillus; 
8.11% of isolates of gram-negative comma were identified as Vibrio and 6.08% of 
isolates of gram-negative bacilli were identified as Pseudomonas (Table 1). Non-
pigmented isolates belonged to Bacillus, Acinetobacter, and Lactobacillus whereas non-
motile isolates were characterized as Paracoccus, Arthrobacter, Acinetobacter, and 
Lactobacillus. Léonard et al (2000) and Michaud et al (2006) reported that Pseudomonas 
and Acinetobacter are common inhabitants of various aquatic environments. Naik et al 
(1982), Rodriguez & Fraga (1999), Diep & Cuc (2013), and Maitra et al (2015) reported 
that among the bacterial genera with the capacity to oxidize ammonia in aquatic 
environments one can find Bacillus, Pseudomonas, and Acinetobacter. Meanwhile, Diep & 
Cuc (2013) found that Arthrobacter, Rhodococcus, Bacillus and Pseudomonas are 
common heterotrophic nitrogen removal bacteria in the sediment and water of striped 
catfish (Platydoras costatus) ponds in the Mekong, Delta, Vietnam. Yang et al (2015) 
reported that Paracoccus sp. was identified as one of the dominant strains in the removal 
of NH4

+-N and total nitrogen from industrial wastewater with sewage disposal system. 
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Table 2 
The morphological and biochemical characteristic of AOB isolated from intensive shrimp farming in Bone Regency, South Sulawesi Indonesia 

 
The AOB strain Test 

AOB1 AOB4 AOB6 AOB9 AOB13 AOB18 AOB23 AOB30 AOB32 AOB35 AOB38 PSB42 
Catalase + - + + + - + - + - - - 
Oxidase + + - - + + + + - +- - - 

H2S production - - - - - +- - - - -  - 
Gelatinase + + + + + + + + + + + + 

Nitrate reduction + + - + - - - - + - - + 
Starch hydrolysis - - + - + + + + + + + + 
Citrate utilization - - - - - - - - - - - - 

Ornithine  - - - - - - - + -  - 
Indole + - - - - - + + + + + + 

Tyrosine hydrolysis - + - - - + - - - + - + 
Arginine dihydrolase - - + - - + + - + - - + 

Methyl red + + - - + - - - - + - - 
Voges-Proskauer + + + + + + + + + + + + 

Urease + - + - + + - + + - - + 
Glucose + + - - - + - - - - - + 
Fructose + + - - - - - - - - - + 
Lactose - - - - - - - - - - - + 
Maltose + + - - - - - + - - - + 
Sucrose + + - - + + - - - - - + 
Xylose + - - + - - + + + - - + 

D-Mannitol + + - - - - - - - - - + 
D-Arabinose - - - - - - - - - - - - 

 

+ = positive; - = negative; +- = some of the tests show positive, the other is negative.      
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Out of 12 bacterial strains as shown in Table 1, Acinetobacter was represented by 
4 different strains, Bacillus was represented by 2 species, while the remaining 6 genera, 
such as Gordonia, Lactobacillus, Arthrobacter, Vibrio, Paracoccus, and Pseudomonas had 
only one species each. 

 Then, the ammonia removal test was used to screen bacteria based on their 
ammonia removal efficiency (ARE) (Table 3). We noted that all tested isolates were 
capable of having ARE in the range between 41 and 83%. The higher ARE, the more 
efficient the bacteria in removing ammonia. Bacterial isolates of the genera Pseudomonas 
(AOB9) and Arthrobacter (AOB23) were less efficient in ammonia removal compared to 
other isolates. The remaining isolates were able to remove ammonia from the 
mixotrophic culture media with more considerable levels of ARE, while bacterial isolate of 
the genera Gordonia and Paracoccus achieved the highest ARE, exceeding 80%. The 
results suggested that most bacteria obtained in this study have the potential to remove 
excess ammonia from the media, thus screening based on other characteristics are still 
required to ensure the potential of the bacteria obtained. 

 
Table 3 

Screening of AOB for ammonia removal efficiency (ARE) 
 

Putative AOB bacteria Genus Ammonia removal efficiency (ARE, %) 
AOB1 Gordonia sp. 81 
AOB4 Bacillus sp. 58 
AOB6 Bacillus sp. 54 
AOB9 Pseudomonas sp. 41 
AOB13 Paracoccus sp. 83 
AOB18 Vibrio sp. 62 
AOB23 Arthrobacter sp. 47 
AOB30 Acinetobacter sp. 55 
AOB32 Acinetobacter sp. 67 
AOB35 Acinetobacter sp 57 
AOB38 Lactobacillus sp. 78 
AOB42 Acinetobacter sp. 59 

 
Bacterial isolates belonging to the genera Bacillus, Pseudomonas, and Acinetobacter were 
known to help in the mineralization of organic water and in reducing the accumulation of 
organic loads (Shariff et al 2001). Many studies have reported the use of nitrifying and 
denitrifying bacteria to control water quality by increasing the removal rate of ammonia 
in aquaculture ponds (Ma et al 2009; Cardona et al 2016; Qin et al 2016; Shan et al 
2016). 

In the present study, the most common bacterial genus was Acinetobacter. The 
Acinetobacter has been frequently isolated from soils and water. Xin et al (2014) 
discovered a new bacterial strain that has the ability to tolerate high ammonia nitrogen 
content, and is a heterotrophic nitrification-aerobic bacteria, based on physiological and 
biochemical characteristics and molecular identification, and aerobic nitrification-
heterotrophic performance, resistance ability to ammonia nitrogen and decontamination 
ability. According to its physiological and biochemical characteristics and molecular 
identification, the bacterial strain refers to Acinetobacter sp. Members of the genus such 
as A. calcoaceticus have been reported to be involved in a single step nitrogen removal 
by simultaneous heterotrophic nitrification and aerobic denitrification in wastewaters 
(Zhao et al 2010; Ardiansyah & Fotedar 2016). The second most common bacteria in our 
study was Bacillus. Kundu et al (2014) and Ardiansyah & Fotedar (2016) reported that 
the Bacillus found in the biofilter of recirculating aquaculture systems (RAS) consisted of 
obligate aerobes (B. subtilis), or facultative anaerobes (B. licheniformis), which are 
known to have a major role in heterotrophic nitrification.   

The other 6 genera, such as Pseudomonas, Gordonia, Lactobacillus, Arthrobacter, 
Vibrio, and Paracoccus were only represented by one species each. Borges et al (2008) 
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reported that the Pseudomonas is the most abundant heterotrophic bacteria in marine 
RAS nitrification biofilters (Borges et al 2008). De Souza et al (2000) stated that 
Pseudomonas can also be found in alkaline and highly saline water environments. 
Furthermore, Lalucat et al (2006) stated that certain species of Pseudomonas have the 
ability to metabolize an extensive number of organic compounds, whereas others have 
metabolic properties such as denitrification, degradation of aromatic compounds and 
nitrogen fixation. Rodriguez & Fraga (1999) reported that the genus Pseudomonas was 
the best strain in dissolving the bonded P from any source of P, and dominant in the 
mineralization of organic phosphorus. In this study, Pseudomonas was represented by P. 
mendocina.   

Various types of heterotrophic bacteria have been shown to affect the biological 
oxidation of nitrogen. Bacteria have been reported to oxidize ammonia to nitrite and 
nitrate (He et al 2017), for example, the ability of Arthrobacter arilaitensis to remove 
nitrogen from waste-water. About 100% of the ammonia was removed in the nitrogen 
removal experiment, while the nitrate removal efficiency was 73.3%. All experimental 
results show that A. arilaitensis can remove ammonia, nitrate and nitrite from 
wastewater, and can also perform nitrification and denitrification simultaneously under 
aerobic conditions. Abrashev et al (1998) have reported that some Arthrobacter species 
have the  ability  to  produce  a  number  of  valuable  substances  like  amino  acids,  
vitamins, enzymes,   specific   growth   factors,   and   polysaccharides and   they   
possess   many advantageous properties and nutritional benefits to be probiotics in 
aquaculture (Li et al 2006).   
 Chakravarthy et al (2011) reported that Paracoccus was a genus of bacteria that 
plays a significant role in the process of nitrification and denitrification. During 
denitrification, Paracoccus sp. does not show nitrite accumulation. Increased nitrate 
concentrations in the medium did not increase the accumulation of nitrite. Paracoccus sp. 
is found to be an efficient denitrifier with an insignificant amount of nitric accumulation, 
and it can also denitrify nitrate in high quantities up to 2 M. Paracoccus was found as an 
efficient denitrifying bacteria with less amounts of nitrite accumulation and high amounts 
of nitrate reduction from wastewater. Paracoccus sp. is shown to meet this demand and 
can be a potential organism to effectively remove nitrate. 
 Gordonia was well known in bioremediation (Chen et al 2012; Kāmpfer et al 
2013). Gordonia showed significant reduction of ammonia and nitrite. This fact suggests 
that Gordonia was involved in removal of ammonia and conversion of nitrate to gaseous 
N2. Gordonia amarae is derived from the right-angled mycolata, being one of the most 
common filamentous bacteria found in the foaming process. G. amarae can utilize a large 
number of organic substrates, both hydrophilic and hydrophobic, and is found capable of 
taking some substrates under aerobic, anaerobic and anoxic conditions (Carr et al 2006). 

Vibrio, a genus from the phylum of Proteobacteria, is a diverse group of 
heterotrophic bacteria.  Vibrio is commonly found in the marine environment, particularly 
in coastal areas (Zhang et al 2018). Kim & Shoda (2002) reported that a heterotrophic 
marine bacteria, Vibrio algynoliticus, can be used to remove high ammonia loads in 
biofilter where nitrifying bacteria cannot be applied. Ammonia gas was removed 
efficiently without a period of bacterial acclimatization to ammonia. High removal 
efficiency of ammonia was maintained even under non-aseptic conditions. Because 
maintenance of heterotrophic marine bacteria is easier than that of autotrophic bacteria, 
the use of marine bacteria such as V. algynoliticus can provide an alternative method for 
treating high ammonia concentrations. 

Narmadha & Kavitha (2012) reported that the main bacterial species involved in 
effective wastewater treatments include lactic acid bacteria - Lactobacillus plantarum, L. 
casei and Streptococcus lacti and photosynthetic bacteria - Rhodopseudomonas palustrus 
and Rhodobacter spaeroide. Aly et al (2016) stated that Lactobacillus has been used to 
remove ammonia in the European seabass (Dicentrarchus labrax) water tanks. The 
results obtained showed that the use of bacteria was able to remove ammonia toxicity by 
66%. 

In addition to being an integral part of the planet’s nitrogen cycle, bacterially 
facilitated nitrification and denitrification are processes of great commercial importance in 
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the wastewater treatment, aquaculture and agronomy industries. Twelve distinct species 
of heterotrophic bacteria, belonging to the genera Bacillus, Pediococcus and Lactobacillus 
were isolated from a commercial water treatment product (Gorsuch et al 2012). Bacteria 
of the genus Lactobacillus synthesise phenyl acetate and this may provide a useful 
mechanism to control ammonia overspill. Furthermore, Hashimoto (2001) have found 
that inoculation of Lactobacillus could dramatically reduce the accumulation of nitrites.  

In addition to being an integral part of the planet’s nitrogen cycle, bacterially 
facilitated nitrification and denitrification are processes of great commercial importance in 
the wastewater treatment, aquaculture and agronomy industries. Twelve distinct species 
of heterotrophic bacteria, belonging to the genera Bacillus, Pediococcus and Lactobacillus 
were isolated from a commercial water treatment product (Gorsuch et al 2012). Bacteria 
of the genus Lactobacillus synthesise phenyl acetate and this may provide a useful 
mechanism to control ammonia overspill. Furthermore, Hashimoto (2001) have found 
that inoculation of Lactobacillus could dramatically reduce the accumulation of nitrites.  

All the putative AOB from the present study have been known to play a 
fundamental role in nitrification-denitrification process in a diverse range of ecosystems 
(Anand et al 2016). However no information is provided regarding the role of the bacteria 
in the conversion of ammonia to nitrite and nitrate. Our research suggests that obtained 
bacterial strains in the study are potential to be the candidate of ammonia-oxidizing 
bacteria. Further research still needs to be performed to confirm the effectiveness of 
these mixotrophic bacteria before being used in shrimp farms, including the ability to 
grow in shrimp ponds and the antagonistic ability of mixotrophic bacteria against shrimp 
pathogenic bacteria. 

 
Conclusions. The bacterial isolates found in this study are mainly gram-negative cocci 
isolates and have the ability to remove ammonia more than 40% from culture media. 
Especially for the gram-negative cocci from the genus Paracoccus and gram positive 
cocco-bacilli from the genus Gordonia are capable of removing ammonia by more than 
80%. Screening based on other capabilities of the bacteria is still required to confirm the 
ability of these bacteria in ammonia oxidation, including the ability to inhibit the growth 
of pathogenic bacteria and the ability of growth in shrimp ponds. 
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