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Abstract. Intensification of shrimp farming has led to problems of water 

quality and development of pathogenic bacteria. The excess feed and fecal 

deposited in the bottom of the pond undergo ammonification and result in 

excess of ammonia formation in pond water and sediment. The purposes of 

this research were to investigate the impact nitrifying bacteria application on 

the controlling of pathogenic Vibrio sp. bacteria and toxic nitrogen gasses.  

Twelve transparent glass bottles (effective volume of 3 L) were used in this 

research. Tested probiotic was purchased in free market and producer claims 

to contain Nitrosomonas sp., Nitrosococcus sp., Nitrobacter sp., Bacillus sp., 

Aerobacter sp., and Pseudomonas sp. The tested media was sea water 

containing Vibrio sp., TAN, NO2 and NO3 of 54.07±2.93 mg/L; 6.33±0.17 

mg/L; 2.43±0.04 mg/L; and 0.46±0.01 mg/L respectively. Treatment of 

probiotic was 0 mg/L (control); 0.1 mg/L; 0.2 mg/L; and 0.4 mg/L with 3 

replications. In regard to concentration of Vibrio sp., NH3 and NO2 gasses, 

treatment doses of 0.1 mg/L (A) resulted a save level within 4 days after 

treatment, but to more secure in the practical work for shrimp farm, the doses 

of 0.2 mg/L (B) is suggested. 
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INTRODUCTION 

Deteriorating of water quality and increasing pathogenic microorganisms are particularly troublesome in 

intensive shrimp farm. This condition is a consequence of intensive feeding regime implemented in pond to 

serve energy for high biomass of shrimp to grow (Mangampa and Suwoyo, 2010). It should be kept in mind 

that not all feed poured in to pond water consumed by shrimp, at least 15% of feed would stay eaten less, and 
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20% of engulfed feed is released back to environment as fecal, metabolite excretion and molting skin 

(Primavera, 1994). Higher feeding rate will lead to increase left over feed and forms organic sludge accumulate 

in ponds bottom (Widigdo, 2013). Furthermore Widigdo (2013) described that sludge is producing toxic gasses 

such as NH3, nitrite (NO2), and H2S and potentially a good media for pathogenic microorganism such as Vibrio 

sp. Old-fashioned method to reduce or eliminate pathogenic microorganism is using chemical such as 

bactericide, pesticide and antibiotics, which is now strongly not recommended (Atmomarsono et al., 2009). 

Shrimps farmers wanting to assure the biosecurity of their crops, treatment of probiotic containing nitrifying 

bacteria is one of the most popular options to reduce organic matter, and furthermore reducing toxic gasses 

and suppresses the pathogenic microorganisms (Widanarni et al., 2014). Usman and Rochmady (2017) 

described that nitrifying probiotic is able to improve water quality through reducing organic matter and toxic 

gasses (NH3, NO2, and H2S). Bacteria composing nitrifying probiotic are among others Nitrosomonas sp., 

Nitrobacter sp., Nitrosococcus sp., Bacillus sp., Aerobacter sp., and Pseudomonas sp., which are capable to 

oxidize organic matter (Verschuere et al., 2000).  

This research aimed to analyze the impact of nitrification probiotic application to improve water quality 

through reducing Organic matter (BOD) and toxic nitrogen compound (TAN, NO2, NH3), Total Vibrio Count 

(TVC) includes green and yellow colonies, as well as Total bacterial count (TBC) in laboratorial conditions. 

 

MATERIALS AND METHODS 

The research consisted of preliminary and main researches, and carried out in the laboratory of Aquatic 

Microbiology, Laboratory of Productivity and Aquatic Environment, Faculty of Fishery and Marine Sciences, 

IPB University, Bogor, in the period of October until December 2019. 

 

Preliminary Research  

Preliminary research aimed to determine research media composition and determine method in preparing 

nitrifying probiotic before used to inoculate the research media. 

 

Research Media  

The water media used in this research composed of saline water (salinity of 25 g/L) organic load and total 

ammonia nitrogen (TAN) approaching to shrimp culture media in the last stage of culture. According to Boyd 

and Clay (2002), TAN concentration in the last stage of culture would be 5-8 mg/L, and feed doses would 

around 250 kg/day/0.36 ha. The organic matter was created by adding artificial shrimp feed of 200 mg in to 1 

liter of seawater media. To ensure TAN concentration in the media, 46 mg NH4Cl was added in to 1 liter media 

(Saifullah, 2013). The research media (seawater + shrimp feed + NH4Cl) was then incubated in rooms 

temperature for 24 hours. TAN concentration was analyzed and resulted 10.11±0.02 mg/L. As this 

concentration was much higher than expected (5-8 mg/L), then with the same protocol of preparation, the 

NH4CL concentration was reduced to the half (23 mg/L), and resulted TAN concentration of 6.34 mg/L. Then, 

“research media” used for further research consisted of seawater, artificial shrimp feed (200 mg/L), and NH4Cl 

(23 mg/L). 

 

Preparing Probiotic  

Nitrifying probiotic used in this research was in powder form and purchased in free market, and producer 

claims to contain Nitrosomonas sp., Nitrosococcus sp., Nitrobacter sp., Bacillus sp., Aerobacter sp., and 

Pseudomonas sp. To get advantage of the bacteria it should be activated in a proper manner. Activation media 

used in this research composes of seawater (salinity 25 g/L), and sugar solution as energy source of bacteria 

(Juliyanti et al., 2016). Sugar solution was prepared by adding 25 g of sugar in to 25 ml drinking water (1% 

w/v) and mixed properly (Ardiningtyas, 2013). Twenty-five (25) ml of sugar solution was then transferred in 
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to 500 mL Erlenmeyer, then toped up with seawater to the mark, sterilized in autoclaved, 102°C for 1 hour 

(Novitasari et al., 2017). After it cools to room temperature the media is ready to activation the probiotic cells.  

Tested probiotic in the powder was then added to the activation media with a dose of 0.2 mg/L (as 

manufacture recommendation. The tested media was equipped with light aeration to ensure oxygen availability 

and to keep the bacteria in suspension. Total bacteria colony was then analyzed 1 hour after inoculation (as 

bacterial abundance in T0). Bacterial abundance was then analyzed in interval of 24 hours. The test was ended 

when the bacterial cells abundance getting decline. The method in calculating the bacterial abundance was 

performed by following the methods used by Yunita et al. (2015) and Islamey (2019). The result of this 

preliminary test was used to determine the proper time when the bacterial stage is in the best condition to 

inoculate in the main research. According to Wulandari et al. (2015), the best condition of transferring bacteria 

in a new media when the growth start to exponent phase. The preliminary research shows that exponent phase 

started in 24 hours after incubation (Figure 1). So, for further main research inoculant of bacteria was 

withdrawn from the bacterial culture 24-48 hours after inoculation. 

 

 
 

Figure 1 Growth curve of nitrifying bacteria probiotic 

 

Main Research 

The research was designed by using Completely Random Design with 4 treatments and 3 replicates.  

Twelve (12) transparent glass bottles with capacity of 3 L were used in this research. Glass containers were 

filled with 2.5 L of “research media”, and then inoculated with pre-activated probiotic. Four (4) different doses 

of pre-activated probiotic were inoculated in to the media as treatments (Table 1). 

Table 1 Treatment of the research 

Codes Treatments 

K Seawater media No probiotic No probiotic 

A Seawater media Probiotic 0.1 mg/L Pre activated 24 hours 

B Seawater media Probiotic 0.2 mg/L Pre activated 24 hours 

C Seawater media Probiotic 0.4 mg/L Pre activated 24 hours 
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As resulted in preliminary research, “research media” composed of seawater containing artificial shrimp 

feed (200 mg/L), and NH4Cl (23 mg/L) whereas activation media composed 25 ml of sugar solution (1% w/v) 

added in to 500 ml of seawater. Probiotic cells were pre-activated in the activation media for 24 hours before 

being inoculated in to media. The containers/treatments were arranged randomly as shown in Figure 2.  

 
Figure 2 Containers/treatments arrangements (K, A, B and C are treatments code, 1, 2, and 3 are replication) 

 

The same treatments were also performed in 4 separate aquariums (effective volume of 15 Liters). The 

purpose these treatments were to provide replacement stock treatment as about 600 ml of samples were 

withdrawn from research container daily. These set of research was arranged in a room temperature of Bio-

macro Laboratory at Faculty of Fishery and Marine Sciences IPB University. 

 

Parameters Analysis and Samples Withdrawal 

Water quality parameters such as temperature, dissolved oxygen (DO), pH, biological oxygen demand 

(BOD5), TAN, NH3, NO2, NO3, and bacteria analyses were performed daily. Methods and equipment used to 

analyze are described in Table 2. Bacterial analyses consisted of Vibrio colony (include green and yellow 

colonies), as well as total bacterial count (TBC). 

Table 2 Parameters, methods and equipment used to analysis 

Parameters Unit Method/equipment 

Temperature oC Multiparameter-meter 

DO mg/L DO-meter 

BOD5 mg/L pH-meter 

pH - Titrimetry 

Salinity ppt Refractometer 

TAN mg/L Spectrophotometry 

NH3 mg/L Calculated from TAN 

NO2 mg/L Spectrophotometry 

NO3 mg/L Spectrophotometry 

Bacteria:   

Total bacteria cfu/ml Nutrient agar, Total Plate Count (TPC) 

Total vibrio cfu/ml TCBSA, Total Plate Count (TPC) 
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Data Analysis 

Data were analyzed descriptively and statistically. Statistical analysis were using SAS (Statistical 

Analyses Software) version 9.4. If there are a significant different among treatment further analysis using 

Duncan Multiple Range Test (DMRT) as described by Mattjik and Sumertajaya (2000). 

 

RESULTS AND DISCUSSION 

Results 

There was not any significant changes in pH, temperature, dissolved oxygen (DO), and salinity values. 

All these parameters were in a good range for aquatic organism (Table 3). 

Table 3 Main water quality parameter during the research 

Parameters Treatments 

 K A B C 

pH 
7.14 7.05 7.25 7.34 

(6.56-7.43) (6.19-7.50) (6.09-7.54) (6.09-7.54) 

Temperature (℃) 
27.2 27.4 27.2 27.1 

(26.3-27.8) (26.3-28.3) (26.3-28.0) 26.3-28.8) 

DO (mg/L) 
4.2 4.1 4.1 4 

(2.7-5.6) (2.7-5.5) (2.7-5.0) (2.7-4.8) 

Salinity (g/L) 25 25 25 25 

 

Bacterial Population 

Total bacteria population expressed as total bacterial count (TBC) growth in Nutrient Agar revealed an 

increase with a similar pattern in all treatments (Table 4 and Figure 3). Peak colony of TBC has reached it 

maximum in day 3 after inoculation, and it dropped down in all treatments. In day 4 after inoculation treatment 

control (K) indicated significant (P<0.05) higher population of TBC compared to treatments A, B and C. In 

day 4, TBC in treatment A, B and C revealed a significant reduction (P<0.05) compared to day 3, and is also 

significant lower compare to control (K) treatment. The TBC in control treatment (K) was (193.0±77.0) x 106 

CFU/mL almost 5 fold compared to all other treatments. 

Table 4 Total bacterial account according to treatments 

Day 
Total Bacteria Count (TBC) (x106 CFU/mL)  

K A B C 

0 0.4 ± 0.1 0.6 ± 0.4 0.6 ± 0.1 0.8 ± 0.2 

1 56.0 ± 1.8  75.0 ± 12.0 117.0 ± 16.3 123.0 ± 64.1 

2 49.0 ± 7.4 73.0 ± 21.2 47.0 ± 4.6 52.0 ± 1.6 

3 234.0 ± 23.0 229.0 ± 11.2 157.0 ± 72.0 214.0 ± 18.2 

4 193.0 ± 77.0 38.0 ± 5.7 38.0 ± 0.4 36.0 ± 19.4 
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Figure 3 Population growth of total bacteria (TBC) 

 

Vibrio Bacteria 

The population growth of Vibrio expressed as total vibrio count, green and yellow colonies are shown in 

Table 5, and its pattern is illustrated in Figure 4. 

Table 5 Population growth of Vibrio expressed as TVC, green and yellow colony 

Day 

Total Vibrio count  (x 102 CFU/mL) all treatments 

K A B C 

TVC TVC TVC TVC 

green yellow   green yellow   green yellow   green yellow   

0 
24.0±1.0  26.0±9.6 15.0±0.4 15.8±9.1 

9.5±0.5 14.2±0.4  11.0±3.1 15.4±8.4 4.1±0.7 10.6±0.4 5.9±0.3 9.9±0.4 

1 

76.0±16.0  200.0±45.4 229.0±90.0 51.0±14.6 

42.0±2.

5 

34.0±11.

7 
68.0±15.2 

132.0±47.

5 
84.0±19.8 

145.0±41.

9 
20.0±3.9 31.0±13.1 

2 

103.0±32.6 135.0±55.0 279.0±77.6  24.0±7.0 

41.3±5.

6 
62.0±6.0 90.0±22.3 45.0±31.8 

108.0±31.

4 

171.0±65.

6 
18.0±3.5 6.0±2.3 

3 
2.3±1.1 0.7±0.4 0.3±0.0 0.1±0.06 

0.7±0.3 1.6±1.5 0.2±0.1 0.5±0.4 0.1±0.0 0.2±0.1 0.0±0.0 0.1±0.1 

4 

20.0±6.5 11.8±1.9 0.0±0.0 0.7±0.4 

20.0±6.

5 
0.2±0. 1 10.5±2.6 1.3±0.5 0.0±0.0 0.0±0.0 0.7±0.1 0.0±0.0 

 

The population of Vibrio (TVC) increased in all treatments in day 1, and then indicated different effect of 

treatments from day 1 to day 2. The population decreased in treatment A and C, meanwhile it increased in 

treatment B and control (K). The maximum TVC of (2.79 ± 0.78) x 104 CFU/mL was found in treatment B 

and was significantly higher compared to others. All treatments have led to TVC reduction from day 2 to day 

4 to a very low concentration. No more TVC colony were found in treatment B, and only (0.7 ± 0.4) x 102 

CFU/mL and (1.18 ± 0.19) x 103 CFU/mL observed in treatment C and A respectively, and are much lower 

compared to those in control (K) treatment which was (2.00 ± 0.65) x 103 CFU/mL. 
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Green colony was generally lower compared to yellow colony. Out of 5 observation (day 0 to day 4), 

there were 2 observation in control treatment (K, A and C) where green colony was higher than yellow one.  

Observation in treatment B showed green colony consistently lower than yellow colony.  

 

 
Figure 4 Population growth of Vibrio bacteria as Total Vibrio Count (TVC) green and yellow colonies 

 

BOD5 and Nitrogen Gasses 

Organic matter expressed as BOD5 was reduced significantly (P<0.05) from day 0 to day 4 in all 

treatments. Concentration of BOD5 in the day 0 was 54.07 ± 2.93 mg/L, and was significantly reduced to much 

lower concentration in all treatment. The concentration dropped down to 17.57 ± 1.17 mg/L; 18.92 ± 1.17 

mg/L and 17.57 ± 2.34 mg/L in day 4 for treatment A, B and C respectively, and were significantly (P<0.05) 

greater reduction compared to control (K) with  21.63 ± 1.17 mg/L of BOD5 in in day 4  (Figure 5). 

 

 
Figure 5 Concentration of BOD5, following probiotic application 

 

Green colony

Yellow  colony

Total Vibrio count
(TVC)
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Concentration of TAN, NH3, NO2, and NO3 following the treatments are illustrated in Figure 6. In the first 

day of probiotic inoculation, TAN concentration was 6.34 ± 0.17 mg/L and it dropped significantly (P<0.05) 

down only within one day (day 1) for all treatment. The concentration remained to 0.08 ± 0.00 mg/L; 0.07 ± 

0.00 mg/L and 0.08 ± 0.00 mg/L for treatment A, B and C respectively and slightly higher in not treated water 

(control K) of 0.09 ± 0, 01 mg/L in day 4. 

Ammonia (NH3) was already very low in the first day after inoculation (0.10 ± 0.00 mg/L). This 

concentration dropped to ≤0.03 mg/L already in day 1 and continuous dropped to 0.00 mg/L in day 2 to day 4 

for all treatments. Nitrite (NO2) concentration was 2.44 L ± 0.04 mg/L in the first day of inoculation. All 

treatment have led to a fluctuation decrease and reached to minimum value of 1.11 ± 0.46 mg/mL (treatment 

A), 1.20 ± 0.62 mg/mL (treatment B), 0.65 ± 0.02 mg/L in treatment C and 0.83 ± 0.32 mg/L (control K) in 

day 4. The different pattern of concentration was shown in NO3, where this parameter increased during 4 days 

incubation. The concentration of NO3 was 0.46 ± 0.01 mg/L in day 0 and increased to 6.9507 ± 1.8207 mg/L 

(treatment A), 8.34 ± 0.51 mg/L (treatment B), and 5.4861 ± 0.4860 mg/L (treatment C). Slightly lower was 

found in control (K) treatment of 4.44 ± 0.27 mg/L.  

 

 
Figure 6 Concentration of nitrogenous compound following application of nitrifying probiotic 

 

Discussion 

Intensive shrimp culture lead to a significant accumulation of organic matter mainly from excess feed and 

shrimp feces. Uneaten feed and feces are decomposed by bacteria within which organic carbon oxidized to 

carbon dioxide, and organic nitrogen mineralized to ammonia, nitrite and nitrate (Moriarty, 1999). This will 

potentially increases pathogenic bacteria and worsen water quality. Population of pathogenic bacteria such as 

Vibrio sp. will increase as organic load increases (Boyd, 2007; Widigdo, 2013). Nitrifies are chemoautotrophic 

bacteria which capable to synthesize organic matter through nitrification processes (Boyd, 2007). Nitrification 

is a natural water purification process by oxidizing potentially toxic ammonia to nontoxic nitrate, and 

Nitrosomonas and Nitrobacter bacteria play important role in this processes (Karthik et al., 2016). The present 
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of nitrifying bacteria is important in aquaculture to maintain the nitrogenous toxic gasses under level of 

harming the fish or shrimp. 

The success of shrimp farming depends upon the maintenance of water quality and the dynamic balance 

between beneficial and pathogenic bacteria. The use of beneficial bacteria (probiotics) to control or inhibit the 

pathogenic bacteria by competitive processes is a more efficient disease control strategy and this suggested by 

many researcher such as Kumar et al. (2016), Karthik et al. (2016), and Jamal et al. (2019). 

This research revealed that inoculation of nitrifying bacteria could reduce the organic load in the water. 

The concentration of 0.1 mg/L Probiotic (containing Nitrosomonas sp., Nitrosococcus sp., Nitrobacter sp., 

Bacillus sp., Aerobacter sp., and Pseudomonas sp.) could reduce 68% of organic matter load (BOD5) within 4 

days. Higher doses of 0.2 and 0.4 mg/L delivered no significant effect. These doses of probiotic resulted the 

maximum number of total heterotrophic bacteria (TBC) colony of 2.29 x108 CFU/mL. This number is close to 

research conducted by Karthik et al. (2016) where they administered the TBC colony of 1.1 x 108 CFU/mL in 

water containing healthy shrimp larvae, before which the water was inoculated by nitrifying probiotic.  

The count of TVC colony was much lower compared to TBC, where the maximum of colony TVC could 

only reach of 104 CFU/mL in day 2. This count would be on the maximum threshold as suggested by Supono 

et al. (2019). The TVC was event more suppressed to a very low level of <103 when water was treated with 

nitrifying probiotic. The present of TVC in pond culture is usually creating problem as those bacteria is 

opportunistic, and causing significant mortality when shrimp in a weak condition (Boyd, 2007). This research 

confirmed that nitrifying bacteria also present in natural water as TVC in control treatment was also suppressed 

down to 103 CFU/mL. 

Recently farmer still consider green colony as more pathogenic compare to yellow one. Farmer are getting 

panic if they found green colony in similar number or event greater than yellow colony. Kumar et al. (2016) 

described that V. alginoliticus (yellow colony forming) together with V. parahaemoliticus and V. vulnificus 

(both are green colony forming) were responsible for white feces diseases (WFD infected shrimp).  Supono et 

al. (2019) found a similar condition where white feces diseases (WFD) in vannamei shrimp was caused by V. 

alginoliticus and V. parahaemoliticus. Zhihong et al. (2018) described that V. parahaemoliticus involved in 

acute hepatopancreatic necrosis disease (AHPND), which causing serious loss shrimp farmer in recent years. 

So, in this regard it is not any more relevant to differentiate green and yellow colony in the analyses of 

pathogenic bacteria of Vibrio sp. 

This research confirmed that nitrifying probiotic could reduce the concentration of NH3 to ≤0.03 mg/L 

already in day 1 and dropped continuously to 0.00 mg/L in day 2 to day 4 event at the lowest treatment of 0.1 

mg/L. This is complying with the guideline given by Wyk and Scarpa (1999). The capacity of nitrifying 

probiotic to reduce NO2 was also proven in this research. The concentration of NO2 was ≤2.50 mg/L in the first 

day after inoculation, lower compared to save level as described by Dwiono et al. (2018). Application of 

nitrifying probiotic has reduced the concentration to ≤1.5 mg/L even though in the lowest doses of probiotic 

treatment of 0.1 mg/L. In the same salinity as tested in this research (25 g/L) save level is 15.20 mg/L. 

Increment of NO3 during the research period was confirming that bacteria composing probiotic took its 

important role in oxidizing NO2 (Boyd, 2007). The number of TBC bacteria ware reduced significantly in day 

4, (include beneficial bacteria of nitrifying) suggested us to re inoculate the probiotic in a day before to 

maintain suppressing the TVC growth and nitrogenous gasses concentration maintained under safe level. 

 

CONCLUSION 

Nitrifying Probiotic available in free market which is claimed to compose of Nitrosomonas sp., 

Nitrosococcus sp., Nitrobacter sp., Bacillus sp., Aerobacter sp., and Pseudomonas sp. is effective to reduce 

organic matter and suppresses the growth of pathogenic bacteria (TVC) to a save level for shrimp culture. The 

application doses of 0.1 ml/L would be sufficient, but 0.2 mg/L would be more secure. Differentiation among 
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green and yellow colonies would not more relevant to evaluate pathogenic bacteria of TVC. Re inoculation of 

nitrifying probiotic is suggested to maintain TVC growth and nitrogenous gasses maintained under safe level. 
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