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 In 2021 Indonesia was experiencing an increase in shrimp exports. Litopenaeus 

vannamei shrimp is valuable in exports outlook with high resistance to 

environmental disturbances. The cultivation technique that can maximize 

production is a super-intensive technique that uses Recirculating Aquaculture 

system (RAS) in a closed aquaculture system. In this study, the RAS system was 

equipped with an external biological treatment (WWTP) of overflow water of the 

cultivation ponds and the use of ultrafiltration membranes as a tool for the inflow 

water treatment. This study observe the physico-chemical water dynamics that 

occur during one cultivation cycle (100 days of cultivation). It was observed that 

the dissolved oxygen of the pond decreased as the shrimp grew, the salinity 

increased during the cultivation process if there was no water replacement, the 

brightness decreased every day until it reached a specified point. Temperatures 

tended to be low due to weather factors, ammonia levels tended to decrease but 

nitrite and nitrate levels tended to increase due to the slower transformation rate 

of nitrite and nitrate. The operating system for this process was carried out by 

adding CaO and sugar. The addition of CaO ranges from 100-600 g/day. The 

effective addition of sugar if there was a spike in ammonia levels was 1.25 kg/day. 

The application of the RAS system seems to provide hope regarding the 

superintensive vannamei shrimp cultivation. 

 
 

                                                                     Copyright ©2024 Journal of Marine Biotechnology and Immunology. 

1. Introduction 

Shrimp is one of the fishery export commodities in 

Indonesia. During this pandemic, demand for exports 

continues to increase, which can be seen with shrimp exports 

in 2021 which increased by 9.3% compared to the previous 

year (Emeria, 2022). One type of shrimp that has experienced 

an increase in exports is the Litopenaeus vannamei shrimp. In 

2020 exports of L. vannamei experienced a significant 

increase, approximately 22.9% from the previous year (KKP, 

2021). 

It is estimated that around 80% of shrimp farms in 

Indonesia still use extensive techniques as a means of 

cultivation (Rubel et al., 2019). Low operational costs and 

lack of skilled personnel are one of the reasons for using 

extensive techniques. The land used for the extensive 

techniques is larger than for other techniques. In addition, 

several disadvantages are still attributed to these conventional 

systems, such as a lack of water quality management, 

biosecurity issues, and disease outbreak, which lead to 

unpredictable culture performance (Suantika et al., 2018).  

 Two emerging production strategies are 

recirculating aquaculture system (RAS)  (Davis and Arnold, 

1998; Badiola et al., 2018; Sun et al., 2023) and zero water 

discharge (ZWD) or biofloc system (Crab et al., 2012; 

Hussain et al., 2021; Yu et al., 2023). Both cultivation 

techniques are controlled and environmentally friendly 

systems that offer excellent water quality management, water 

efficiency as well as site and culture dimension flexibility 

(Suantika et al., 2018). In principle, RAS is a cultivation 

technology of aquatic organisms in which the cultivation 

water is treated externally and the treated water is returned to 

the cultivation ponds. The external water treatment is 

intended to maintain the quality of the cultivation water. A 

recirculating aquaculture system usually consists of a series 

water treatment unit to control cultivation water quality, 

including nitrogen compounds, organic matter, bacteria, 

suspended solids, and viruses (Jegatheesan et al., 2009). This 

process can be carried out by administering ozone or 

irradiating it with UV light. However, these two things have 

no drawbacks. Providing ozone can trigger the formation of 

toxic substances when applied to sea water (Holan et al., 

2020). Meanwhile, irradiation with UV light will not be 

efficient if there are still fine solids present (Bregnballe, 

2015). Membrane application can help processing in the 
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RAS. Membrane options that can be used are microfiltration, 

ultrafiltration and nanofiltration. 

de Jesus Gregersen et al. (2020) have researched the 

use of microfiltration in RAS systems. The use of 

microfiltration is quite useful for RAS systems because it 

reduces microscopic particles in the system. However, 

because the pore size is still too large, harmful 

microorganisms can still be filtered out, so additional tools 

are needed for the disinfectant process. The addition of this 

tool can increase production costs. In nanofiltration viruses 

and ammonia can be filtered. The weakness of the 

nanofiltration application is that it blocks the membrane and 

requires high costs. Apart from that, with nanofiltration some 

of the salt content in the water can be filtered out so that 

brackish water cultivation is not suitable (Boffa et al., 2022). 

The use of ultrafiltration in RAS has been carried out by 

Fossmark et al. 2020. This research shows that the use of 

ultrafiltration makes the water quality in the pond better 

compared to the conventional RAS system used on salmon. 

Apart from that, ultrafiltration also has pores that can filter 

pathogens (Ng et al., 2018). 

Apart from the disinfectant process, there are other 

problems with the biofiltration process. In the biofiltration 

process, there is a denitrification stage. This denitrification 

process aims to convert the nitrate content into nitrogen gas. 

This process requires anoxic operating conditions to run 

optimally so that after the biofiltration process an 

oxygenation process is required (van Rijn et al., 2006). 

Oxygenation is needed so that DO in the pond is maintained. 

Nevertheless, with the addition of oxygen, production costs 

will increase. In most biofiltration systems, the nitrate that is 

formed cannot be completely converted into nitrogen gas 

(Deng et al., 2020; Lindholm-lehto et al., 2020). The 

remaining nitrate will recirculate into the system so that the 

feed water entering the WWTP contains nitrate. With the 

presence of nitrate in the feed, the denitrification process can 

be carried out at the beginning of the process. Oxygen levels 

in water can also be maintained by aeration during the 

nitrification process. 

The RAS system which uses an ultrafiltration 

membrane and a different biofiltration process setup is a 

system that is rarely applied so further research is needed 

before it can be applied on an industrial scale. 

2. Material and methods 

2.1 Materials 

Evergreen Vanname Feed 922 series was used for 

feeding shrimp in the ponds. The bacteria in the waste water 

treatment were applied with Super NB (PT. Marindolab 

Pratama) and EM4 (PT. Songgolangit Persada).  Sugar was 

added to enhance the process in the waste water treatment. 

For analysis the cultivation pond water used reagents from 

ammonium test kit (Merck test kit no. 1.11117.001), nitrite 

test kit (Merck test kit no. 1.14774.0001), nitrate test kit 

(Merck test kit no. 1.11170. 0001), alkalinity test kit (Merck 

test kit no. 1.11109.0001). 

 

2.2 Methods 

The RAS system for cultivating L. vannamei shrimp 

was carried out in one cluster containing four ponds. The four 

cultivation ponds was connected to the same water treatment 

system. The cultivation ponds was supplied with sea water 

that has been filtered with an ultrafilter (ultrafiltration 

membranes). Overflow water of the cultivation ponds was 

treated by an external biological treatment (WWTP) prior to 

be returned back to cultivation ponds. The scheme of the RAS 

system can be seen in the Figure 1.  

The cultivation process began when L. vannamei 

shrimp was stocked. Shrimp stocking was carried out 

according to the stocking number of 400 ind/m2. Shrimp was 

given feed based on procedure from feed manufacture, 

average body weight (ABW), survival rate (SR), and the 

presence of residual feed in anco. Stabilization of the pH 

value of water is carried out by adding CaO periodically. To 

handle ammonia spike, bacteria and molasses were added to 

the cultivation ponds.Shrimp cultivation finished at 100 days 

for one cycle. Every day the water quality parameters were 

measured such as dissolved oxygen (morning) (YSI Pro20), 

temperature (morning) (YSI Pro20), salinity (morning) (ATC 

Salinity Refractometer), brightness (morning & noon) (secchi 

disk), pH (morning & noon) (Smart Sensor PH818). Analysis 

of total ammonia, nitrite, nitrate, and alkalinity was also 

carried out once a week using a test kit. In the middle of the 

cycle, partial harvests were carried out to reduce shrimp 

density. After all the shrimp were harvested, the survival rate 

was calculated. Survival rate (SR) = (number of shrimp 

harvested)/(total number of shrimp)×100% 

 

 
 

Figure 1. Cultivation Ponds with RAS Scheme 

 

3. Results 

3.1. Dissolved oxygen (DO) 

Figure 2 shows the DO dynamics of cultivation 

ponds. At the beginning DOC was in the range of 5-6 mg/L. 

As time goes on, the DO decreased until DOC 22 then 

increased again. This increase was caused by quite a lot of 

water replacement due to a large increase in ammonia levels. 

After that, there was a fairly low decline again at DOC 49. 

This could possibly happen because the shrimp were large 

enough and ready for partial harvest. Therefore, cluster B was 

then harvested at DOC 50. At DOC above 60, DO levels 

become more fluctuating because the water in the pond was 

over saturated. DO levels can be maintained at levels above 4 

mg/L with several partial harvests and water change. 

 

3.2. Temperature 

At the beginning of the DOC (Figure 3) it can be 

seen that the cultivation pond water temperature was very 

low. After DOC 5, temperature increase gradually until 28.2 
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oC. In general, temperature dynamic was in the range of 26.7 

– 28.2 oC.  

 

 

Figure 2. DO Dynamic      Figure 3. Temperature Dynamic 

 
Figure 4. Salinity Dynamic 

 

 

3.3. Salinity 

In Figure 4, it can be seen that the four ponds have 

salinity that was not much different. At the beginning of 

DOC, the cultivation pond salinity was around 30-31 ppt for 

2 weeks then slowly decreased. The next decrease in salinity 

occurred at DOC 53 to DOC 69.  

 

3.4. Brightness 

Figure 5 shows that there was a slight difference in 

brightness in morning and afternoon measurements. At the 

beginning of cultivation, the water in shrimp ponds still looks 

transparent. As time goes by, the water transparency of the 

shrimp pond decreases in which the lowest value was 

aproximately 30 cm. 

 

3.5. pH 

In the daily pH graph for these four cultivation ponds 

(Figure 6) it can be seen that the pH decreased during the day. 

A significant decrease in pH occurred at DOC 16 . After DOC 

86, the pond pH tends to be high. Apart from that, the pH 

change after the  DOC 86 was not too high. Overall, the pH 

level of cultivation water maintained at 7.5 – 8.5 and daily pH 

fluctuation less than 0.5. Controlling of pH was conducted by 

CaO addition as shown in Figure 7. 

 

3.6. Ammonia, nitrite and nitrate content 

Figure 8 shows total ammonia levels from 

cultivation pond and external biological treatment (WWTP). 

At DOC 13 – 22, the total ammonia levels were quite high, 

namely 5 mg/L, and then continued to decrease to a level of 

0.5 mg/L. The ammount of sugar to control the ammonia level 

is shown in Figure 9. Moreover, Figure 10 and Figure 11 

show the dynamics of nitrite and nitrate, respectively. The 

highest level of nitrite was 32 mg/L at DOC 63, whereas the 

highest level of nitrate was 100 mg/L at DOC 70. 

 

3.7. Alkalinity 

Figure 12 shows an increase in alkalinity levels up 

to DOC 77 and then decrease due to several water changes. 

The alkalinity level was higher than 150 mg/L since the initial 

of cultivation, and then and continues to increase gradually. 

The highest level was 361 mg/L at DOC 56 – 77. 
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Figure 5. Brightness Dynamic 

 

 

Figure 6. pH Dynamic 
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     Figure 7. Addition of CaO to Cultivation Ponds    Figure 8. Total Ammonia Dynamic 

 

            Figure 9. Sugar Addition to WWTP B                                             Figure 10. Total Nitrite Dynamic 

 

              Figure 11. Total Nitrate Dynamic                                              Figure 12. Total Alkalinity Dynamic 
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Figure 13. ABW during 100 days of cultivation 

 

4. Discussion 

The low temperature at the beginning of the DOC 

was caused by bad weather at the start of DOC. it rains every 

day, covering the sun's rays. After a few days, the weather 

improved and the intensity of the rain was not too high. There 

was some temperature decline but it was not as low as at the 

start of DOC where the temperature was below 26oC. 

Indirectly, temperature can affect the quality of pond water. 

Low temperatures can reduce the shrimp's appetite so that a 

lot of shrimp food remains. The remaining shrimp feed can 

increase the water treatment burden. Throughout this cycle 

the temperature of the four cultivation ponds cannot reach 

29oC. This temperature was still relatively low because the 

optimal temperature that can maximize shrimp appetite is 

above 30oC (Sukenda, 2021). 

The optimal brightness for shrimp cultivation is 30-

50 cm (KKP, 2017). At the beginning of DOC the water 

transparency was still high and as time goes by the water will 

become more concentrated. Changes in brightness levels are 

influenced by the growth of microorganisms, shrimp feed and 

shrimp feces. It is important that the brightness should be 

maintained at no less than 30 cm. The control of cultivation 

water brightness can be done by replacing the water and 

siphoning (cleaning the sediment at the bottom of the pond). 

Sediments which are leftover feed can become nutrients for 

the growth of toxic microorganisms and can also decompose 

into toxic H2S (Rakhmanda et al., 2021). The growth of 

microorganisms during the day resilted in a slight brightness 

difference in morning and afternoon.  

The good DO level in cultivation pond keeps the 

shrimp in a strong immune condition where the optimum DO 

condition in the pond is more than 4 mg/L (Sukenda, 2021). 

This is clarified by the research results of Nonwachai et al. 

(2011) who stated that vannamei shrimp treated with different 

dissolved oxygen produced different immune systems. 

Treatment with dissolved oxygen concentration greater than 

4 mg/L produced better immune parameters as seen from 

hemocyte count, phagocytosis percentage, bactericidal 

activity, phenoloxidase activity, superoxide dismutase 

activity than treatment with an oxygen concentration of less 

than 2 mg/L. Lehmann et al. (2016) elaborated that the 

hypoxia condition increased the susceptability of shrimp to 

the infection of white spot syndrome virus. Also another 

resercher, Chang et al. (2022) found that 6 hours of hypoxic 

stress caused a significant reduction in total hemocyte number 

in L. vannamei. However, as the DOC progresses, the pond's 

DO decreased. Several ways to maintain pond DO are by 

enlarging the aeration tap opening and changing the water. If 

DO of the pond continues to deteriorate after various 

treatments, it is necessary to carry out a partial harvest of the 

shrimp. In this cycle five harvests are carried out. 

During the first 13 days of cultivation, the 

cultivation water salinity was around 30-31 ppt. Water 

replacement resulted ini the decrease of salinity because 

rainfall was high. The increase in salinity occured when there 

was no water replacement. This can be caused by evaporation 

of water from the cultivation pond, thereby concentrating the 

salt content in the pond. The next decrease in salinity occurred 

at DOC 53 to DOC 69 which was caused by replacing water 

in the pond. Indonesia standards for shrimp culture water 

quality recomends the salinity are 5 – 40 ppt, 10 – 35 ppt, and 

26 – 32 ppt for extensive, semi-intensive, and intensive/super-

intensif, respectively (KKP, 2017) 

 The pH level greatly affects other water quality 

parameters, the performance of bacteria and farmed shrimps. 

The pH of water affects the appetite of shrimp and chemical 

reaction in the water (Darmawan and Maizar, 2023). 

Chemical reaction in water, especially the ammonia toxicity 

to shrimp is affected by the daily change of pH value. Due to 

CO2 produced by respiration, pH may be significantly 

decreased in a closed culture system. The dense concentration 

of algae can results in a large variation in pH, where the pH 

is higher during the day when photosynthesis occurs and the 

pH is lower at night. The pH level of cultivation water was 

maintained at 7.5 – 8.5 and daily pH less than 0.5 (KKP, 

2017). Wasielesky et al. (2015) suggest to maintain a pH level 

between 7.4 and 8.2. Reddy and Mounika, 2018) stated that 

the optimal pH value for vannamei shrimp culture is 7.5-8.5 

with range of 0.5. Boyd (2010) elaborated that the average pH 

difference in the morning and evening was 0.65 ± 0.19. 

Too low pH (<7) can negatively impact on shrimp 

and bacteria (Ebeling et al., 2006). Growth and survival in the 

biofloc system was lower at pH 7 than at pH 8 (Wasielesky et 

al., 2015), and the function of nitrifying bacteria decreased 

below pH 6.8 (DeLong et al., 2009). Chen et al. (2015) 

reported that long-term exposure to low pH (6.8) decreased 

the juvenile immune response of Pacific White Shrimp and 

its resistance to Vibrio alginolyticus. A significant decrease 

in pH usually occured when molasses and bacteria are added. 

This was clarified by Hartutik et al. (2021) who stated that 

the use of 10% molasses for making maize stover silage 

reduces pH. Other researchers Sagir et al. (2017) also stated 

that the growth of purple non sulfur bacteria in sucrose media 

to produce biohydrogen can result changes in pH. Therefore, 

the addition of CaO was continued to anticipate a decrease in 

pH due to the addition of molasses. In the contratry, the 

proportion of toxic ammonia increases at higher pH.  

Dissolved nitrogen compounds that need attention in 

shrimp grow-out ponds include ammonia, nitrite, and nitrate. 

The existence of these three compounds is closely related to 

the density of cultivated shrimps, feed management, and 

biological degradation processes (nitrification-denitrification 

processes and autrophic processes). When a culture system is 

managed properly, ammonia and nitrite concentrations are 

below 2 mg/L and can even be close to zero. Nitrates will 

accumulate when the denitrification process is not inadequate 

and can cause algae blooms. Shrimp cultured in a limited 

exchange biofloc system may tolerate high levels of ammonia 

and nitrite (Krummenauer et al., 2014), but their toxicity is 

greater at low salinity. 

Among the water quality parameters that affect 

shrimp especially in intensive systems, dissolved ammonia 
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nitrogen is the most important after dissolved oxygen. In 

water, dissolved ammonia nitrogen occurs in two forms, 

ionized ammonia (NH4
+) and unionized ammonia (NH3), 

which together are called total ammonia nitrogen (TAN). 

This difference form is important to know that NH3 is more 

toxic to fish than NH4
+ due to its non-polar property and 

readily soluble in the lipids of biological membranes (Eddy, 

2005). Valencia-Castañeda et al. (2019) proposed safety 

levels of single exposure to TAN for L. vannamei was 1.45 

mg/L. However, this study shows that a TAN level of 5 mg/L 

for a short duration is still safe for the life of vannamei shrimp 

as long as the pH can be maintained at less than 8.0, where 

TAN is almost entirely in the form of  ionized ammonia 

(NH4
+). 

The alkalinity component mainly consists of 

bicarbonate ions (HCO3¯), carbonate (CO3
2−), and hydroxide 

(OH¯). Alkalinity functions as a buffer system that maintains 

the pH of the water. The increase of alkalinity levels up to 

DOC 77 was mainly due to the addition of CaO lime (See 

Figure 7). González-Vera and Brown (2017) stated that total 

hardness and alkalinity of the water are important 

considerations in the culture of crustacean. The 

concentrations of cations (calcium-magnesium) and anion 

(carbonates) are necessitated for the mineralization in 

hardenning of the exoskeleton when moulting.  Shrimps body 

are protected and supported by calcareous exoskeleton, and 

growth is only possible by moulting. The alkalinity level 

correlates with the amount of Ca and Mg which can be useful 

for the formation of shrimp shells when molting occurs. 

Moulting is a high energy consumption process and the 

newly-soft exoskeleton exposes shrimps to a high risk of 

mortality. Experts suggest an ideal pH of 7.8-8.2 for molting. 

pH stability for optimally moulting in crustacean is 

apropriatelly on alkalinity of 100-120 mg/L.  

Timmons and Ebeling (2013) stated that alkalinity is 

important for keeping the pH optimal in the recirculating 

system and supplying bicarbonate ions to the reactions of 

nitrification. Summerfelt and Sharrer (2004) explained that 

nitrification in a recirculation system has an impact on 

reducing the pH value of the system. The alkalinity level 

plays an important role in adjusting the pH needed in the 

biofiltration system. Alkalinity of water or a solution is the 

quantitative capacity of that solution to buffer or neutralize an 

acid. Seawater typically has levels between 100-125 mg/L. 

The alkalinity dynamics that occur in the shrimp rearing 

ponds still show good conditions for shrimp life and 

biological process. 

The continued increase of the average body weight 

(ABW) of shrimps during 100 days of cultivation shows that 

the physico-chemical dynamics of cultivation water was quite 

good for the growth of vannamei shrimps. ABW of  25.70 

g/ind at the end of harvest means that the daily increase in 

shrimp weight was 0.25 g/day. This result is believed to be 

closely related to the partial harvest that was carried out at the 

50th, 64th, 73rd, and 82nd day of cultivation (DOC). The 

survival rate was in the range 87.64%–91.45%. The shrimp 

growth achieved in this study is comparable to the results of 

studies published in various journals (Suantika et al. 2018; 

Novriadi et al., 2023). 

 

. 

5. Conclusions 

The dynamics of water quality parameters in ponds 

tend to vary, in DO parameters pond oxygen becomes smaller 

as the shrimp grow, salinity increases during the cultivation 

process if there is no water replacement, brightness decreases 

every day to a certain point and is maintained at that point 

with siphon treatment and will increase if there is significant 

water replacement. Temperatures tend to be low due to 

weather factors. Ammonia levels tend to decrease but nitrite 

and nitrate levels tend to increase due to the slower rate of 

change in the decomposition of nitrite and nitrate. The 

operating system for this process is carried out by adding CaO 

and sugar. The addition of CaO ranges from 100-600 g/day. 

The effective addition of sugar if there is a spike in ammonia 

levels is 1.25 kg/day. The continued increase of the average 

body weight (ABW) of shrimps during 100 days of 

cultivation shows that the physico-chemical dynamics of 

cultivation water was quite good for the growth of vannamei 

shrimps. 
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