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Abstract Whiteleg shrimp is one of the most sought-after fishery commodities in the aquaculture sector
due to its expensive price, good taste, and disease resistance. In response to its high demand, one of the
innovations made for whiteleg shrimp culture is the Recirculating Aquaculture System (RAS). The RAS
is an aquaculture technology that recycles used water with a filter to remove wastewater products. The use
of RAS offers many advantages, namely reducing water turnover, good water quality, and improving the
performance of whiteleg shrimp culture. In addition, RAS also reduces the likelihood of disease infection in
the shrimp culture. Through this review, we would like to highlight the development of the RAS approach
in whiteleg shrimp farming and its effect on cultivation performance.
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Introduction

Aquaculture is one of the most important pillars of food security. In 2020, 87.5 million tons of aquatic
animals, valued at USD 281.5 million, were produced to fulfil human needs (FAO 2022). The industry’s
production has seen a great boost by over 600% since 1990 (Ahmed and Turchini 2021). In response to the
development, pelleted shrimp diets produced from fish waste like tuna and sardines have garnered great
research interest (Valenzuela-Cobos et al. 2019; Guevara-Viejo et al. 2022). The potential of fed system
aquaculture is astounding as it can meet human consumption demands without affecting the natural biodi-
versity of aquatic commodities (Brown and Dorey 2019; Priyashnatha and Edrisinghe 2021). A study from
Zambezi Region, Namibia, suggested that aquaculture is the possible solution towards overfishing and
fish stock depletion (Gronau et al. 2020). Furthermore, aquaculture is a source of highly nutritious food
without time and location constraints (Correia et al. 2020; Navarro-Peraza et al. 2019). A previous study in
163 countries revealed that there is a positive association between aquaculture production and aquatic food
consumption (Garlock et al. 2022). The aquaculture sector continues to grow alongside the development
of techniques and cultivated commodities (Campo and Zuniga-Jara 2018; Wardhana et al. 2021), among
which is a unique approach known as the Recirculating Aquaculture System (RAS).
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RAS is an aquaculture technology that recycles water with a filter that removes wastewater products
(Roques et al. 2021) which will convert toxic compounds such as ammonium, solid waste, and CO, into
non-toxic compounds to be used again in the pond. This technology is advantageous as it does not require
much land, reduces water while enabling high stocking density, and reduces waste such as feces, uneaten
feed, or organic matter in the water column (Indriastuti et al. 2022; Xiao et al. 2019). A previous study re-
vealed that RAS could reduce 90-99% of water consumption and reduce ammonia concentration by up to
0.46 gm*/day (Gichana et al. 2018). The RAS method also resulted in good growth performance, survival
rate, and production (Stevcic et al. 2020; Wang et al. 2019). A study of Ictalurus punctatus and Spinibarbus
sinensis aquaculture showed better specific growth rate, final weight, yield, and survival rate in the recir-
culated pond than in the non-recirculated pond (Zhang et al. 2011). RAS technology has been applied to
marine, brackish, and freshwater commodities (Chang et al. 2019; Fossmark et al. 2020; Lorgen-Ritchie et
al. 2021) and more recently, to whiteleg shrimp or vannamei shrimp (Penaeus vannamei) cultivation.

The whiteleg shrimp is an important economic commodity across the globe. Data from 2018 stated that
whiteleg shrimp production had reached 3.5 million tons and was even reported to be the most important
aquaculture species (GOAL 2018; Bardera et al. 2019). The whiteleg shrimp has many advantages over
other shrimps due to its greater disease resistance, faster growth, and high-stress tolerance (Alday-Sanz
et al. 2020; Li et al. 2019). It is due to its immense potential that RAS application in whiteleg shrimp
cultivation began to garner interest (Bauer et al. 2021; Suantika et al. 2018b). This review highlights the
development of the RAS technique on whiteleg shrimp cultivation, touching on the filters utilized along
with results on growth parameters, water quality, disease control, and survival rate from relevant studies.
We hope this review could be useful for the development of whiteleg shrimp culture, especially in terms of
RAS application.

Overview of RAS in shrimp culture

RAS aims to provide a suitable environment for production-intensive fishery commodities, mainly the
whiteleg shrimp, through continuous operation and uniform flow rates of water and oxygen, and water lev-
els as these are essential components of aquaculture (Chen et al. 2020; Das et al. 2022). Furthermore, RAS
has the advantage of being a more environmentally friendly, adaptable, predictable, sanitary, and highly
efficient use of water resources (Suantika et al. 2018b). According to Ahmed and Turchini (2021) RAS are
land-based, indoor fishery commodities-rearing facilities in which fishes are stocked in tanks within a con-
trolled environment where filtration is used to purify water through the removal of metabolic wastes before
it is recirculated into the system. Mechanical or biological filtration, sterilization, and oxygenation are all
used to purify water. They also stated that RAS offers opportunities to improve waste management, reduce
water usage, and recycle nutrients.

RAS is an alternative to overcome the problem of limited land. However, it still has aspects of industrial
management to consider, which may include products, raw materials, production, marketing, industrial re-
lations, and internal management (Fauzi et al. 2020). Several studies have proven the positive effect of RAS
application, which includes reduced water consumption, increased waste and recycled nutrient utilization,
and better hygiene-disease management, as reported by Chen et al. (2018). The benefits of RAS points to
good potential for developing whiteleg shrimp culture technology through quality and productivity im-
provement. Whiteleg shrimp, as we know, is the most productive crustacean cultivated because of its high
yield, high tolerance, good adaptability, and fast growth (Chen et al. 2020).

The first ever advancements toward completing the life cycle of penaeid shrimp in captivity occurred
in 1934 (Chamberlain 2010), followed by the invention of RAS technology, which was introduced back in
the 1950s in Japan (Ahmed and Turchini 2021). In 1970, a German program demonstrated the feasibility
of intensive carp production in RAS, and subsequently, the Danish Aquaculture Institute undertook an
innovative effort to develop further technical aspects of RAS (Goldman 2016). Nowadays, many farmers
and researchers have applied RAS technology in whiteleg shrimp culture. The technology is believed to
be worthy and can be widely applied to reduce the environmental impact of sewage disposal and the risk
of disease contamination from polluted external water supplies (Cheng et al. 2014). According to Zhong et
al. (2011) when combined with a constructed wetland system, RAS could be a viable mode for sustainable
aquaculture development. When viewed from a hierarchical analytical process perspective, Zulkarnain et
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al. (2020) stated that RAS technology is most suitable for intensive whiteleg shrimp farming, based on
minimum land utilization for whiteleg shrimp farming, locations of brackish water, environmental friend-
liness, energy consumption, and biosecurity. Furthermore, Suantika et al. (2018b) reported that RAS could
be applied for super-intensive whiteleg shrimp culture at an optimal density of 500 PL/m?, allowing high
productivity of up to 5.20 kg/m® within 84 days of the grow-out period. Nevertheless, RAS technology still
has its challenges in its application, one of them being energy efficiency. It is only with a solution that RAS
could continue to support the productivity of whiteleg shrimp culture in the future.

RAS provides an alternative production method when limited by environmental regulations, disease,
land availability, salinity, temperature, and water. A recirculating aquaculture system (RAS) can remove
metabolic waste from the culture system via water treatment, which includes physical and biological fil-
tration, to realize the utilization of recycled aquaculture water. To achieve that, the system is equipped
with a series of water treatment processes, which leads to high water flow and subsequently high energy
consumption. Despite that, RAS can effectively convert the metabolic wastes of shrimp, such as ammonia
and nitrite, into low-toxicity nitrate, and control ammonia and nitrite within a safe concentration range for
shrimp culture. An excessive C/N ratio will inhibit the growth of nitrifying bacteria and the nitrification of
the biofilter is mainly conducted by autotrophic nitrifying bacteria (Chen et al. 2020).

A recirculating aquaculture facility reduces water demands and discharges by reconditioning water to
be used repeatedly. Thus, better food conversions are achievable with RAS, which also indicates that less
waste is generated from the feed. RAS technology can reduce the effluent waste stream by a factor of 500—
1000. Recirculating systems are very compatible with the complex nature of reproduction and the brood
stock fecundity of most marine species, which can help diminish waste processing costs. It is suggested that
the degradation of water quality is detrimental to shrimp growth and survival. With continuous use of RAS
technology, stable water quality parameters can be maintained even at high stocking densities of up to 1000
PL/m? with high organic load to the system (Suantika et al. 2018b).

RAS and hybrid RAS

RAS has been proven to be effective when applied with existing aquaculture technologies such as con-
structed wetlands (CWs), biofloc, and multi-trophic aquaculture. Several past studies found potential in
a combination of RAS and multi-trophic aquaculture, in which the water is progressively enriched with
nutrients generated by shrimp farming where NO,” was the nitrogenous form present in the highest concen-
tration, followed by NH," and NO,". This enrichment pattern was similar to other studies on RAS shrimp
farming; the nitrification processes had occurred naturally and led to high nitrate levels while observing a
significant increase in PO,’ concentration in the RAS compartments. Several studies reported that the in-
crease in the concentration of these nutrients can be useful for seaweed production in integrated cultivation,
which can also reduce the waste released into the environment. The increase in nutrients was beneficial for
the Gracilariopsis tenuifrons growth, showing an efficient conversion of shrimp metabolic waste into algal
biomass (Carneiro et al. 2021).

The performance of RAS technology in shrimp farming is often evaluated by comparing its economical
availability and efficiency against other approaches. In recent years, CWs have been widely used in waste-
water treatment and ecosystem restoration. Wastewater purification by CWs is a consequence of physical,
biological, and chemical mechanisms. Based on an investigation, a CW and RAS combination could reduce
the nitrogen concentration in the pond water to an average of 34%-50% through water recycling in three dif-
ferent aspects: mainly denitrification, wetland substrate (4%) accumulation and plant assimilation (4.12%)
(Zhong et al. 2011). With that, the wastewater could be utilized as a culture media for microalgae culti-
vation to increase system sustainability. Malibari et al. (2018) reported that microalgae could grow effec-
tively in various types of wastewater, which includes discharges from aquaculture hatcheries and farming
operations. Apart from its ability to promote microalgae growth, wastewater can increase the availability of
useful bioactive compounds for aquatic species like the whiteleg shrimp. Another previous study done by
Yang et al. (2010) found that the average dissolved oxygen concentration in the RAS system was about 5.1
mg L' with the TAN concentration between 0.002-0.15 mg L' and pH levels ranging from 7.62-8.29 after
about 90 days. The culture test returned good results with the final shrimp output being about 4.6 kg/m?
with a low cost of raising 1 kg shrimp with 1000 L water and 2.16 kWh electricity cost. The seven criteria
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assessed before implementation are affordability of capital and mini-scale operational costs, minimum land
area required for shrimp farming, dependence on raw water source locations, environmentally friendly, pro-
ductivity, energy consumption, and biosecurity. A comparison between existing intensive shrimp farming
technology (biofloc technology, supra intensive, shrimp farming in mini scale with tarpaulin/High-Densi-
ty Polyethylene (BUSMETIK-HDPE), and RAS) showed that the most suitable technology for intensive
whiteleg shrimp farming was RAS. RAS is advantageous for shrimp farming as it could utilize brackish
water sources, requires minimum land area, is environmentally friendly with lower electrical consumption,
and provides biosecurity (Zulkarnain et al. 2020).

Specifications of RAS

RAS can be defined as an aquaculture system that incorporates the treatment and reutilization of water with
less than 10% of the total water volume replaced per day. The concept of RAS is to reuse and deliver a
volume of water following continual treatment to cultured organisms. Water treatment components used in
RAS need to accommodate the high input of feed required to sustain high growth rates and high stocking
densities necessary to achieve financial outcomes. Generally, RAS consists of mechanical and biological
filtration components, pumps, and holding tanks and may include several additional water treatment ele-
ments that improve water quality and provide disease control within the system (Rekha et al. 2018). In gen-
eral, the components of RAS can consist of a solid waste removal unit, biological filtration unit, degassing
and oxygenation unit, and a disinfection unit.

To start with, RAS is equipped with membrane filter technology as an alternative solution for water
management in shrimp farming in addition to the employment of ecological methods and biological or
chemical substances. Membrane technology can be introduced into the aquaculture industry for pond water
conditioning and wastewater treatment before discharging into the ecosystem (Qin et al. 2005). Microfiltra-
tion (MF) membrane possesses pore sizes ranging from 0.1 to 100 um. Ultrafiltration processes have been
extensively employed for various applications such as water treatment (Qu et al. 2014). In recent years,
ultrafiltration membranes have been further explored for their efficiency in virus removal (ElHadidy et al.
2013). This has shed some light on the use of UF membranes as means of disease control in the shrimp
farming industry due to their lower operating cost compared to nanofiltration (NF) or reverse osmosis (RO)
processes.

Membrane technology offers a possible solution to improve aquaculture pond water quality in an effort
to minimize the mortality rate of cultured stocks. Membrane technology can also possibly reduce the impact
of shrimp farming on the environment by reducing the contaminants in the system discharges, which may
have resulted from excessive use of biological and chemical products like herbicides, pesticides, antibiot-
ics, and salinity-controlling agents. During shrimp farming activity, there is frequent exchange between
surrounding water and pond water to ensure well-maintained water quality. The discharged pond water has
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Fig. 1 The simple illustrations of RAS (Lin et al. 2003). FWS: Free water surface flow, SSF: Subsurface flow, CAS: Control culture
system. Water from the shrimp culture is pumped to the FWS and purified or treated there. After that, the water that has been treated
continues to be purified in SF using river stones and then pumped back through the sump and air compressor to the shrimp pond.
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been associated with several environmental issues such as eutrophication, depletion of dissolved oxygen,
and siltation due to the high content of suspended solids and nutrients (as high as 46.6 uM of ammonium,
3.0 uM of phosphate, 9.2 uM of nitrate, 6.1 pM of nitrite, etc.) (Herbeck et al. 2013).

In RAS, the removal of ammonia and nitrite-nitrogen must be at the same rate as its production to
maintain a stable culture environment. Biological filtration (biofiltration) is the most used method to con-
trol ammonia. Its mechanism is based on the oxidation of ammonia to nitrite, and finally into the less toxic
nitrate by two groups of bacteria— Nitrosomonas (ammonia) and Nitrobacter (nitrite to nitrate) (Losordo
etal. 1994).

The most common nitrogen removal approach in RAS is through utilizing Fluidized Bed Filters. These
are essential mechanical sand filters operated continuously in the expanded (backwashing) mode so that
the sand media becomes fluidized. An up flow of pressurized water keeps the sand grains in motion and
not in continuous contact with one another, which provides an excellent substrate for nitrifying bacteria to
colonize. (Weirich et al. 2002).

Ozone is used in RAS as a disinfectant to remove organic carbon, turbidity, algae, color, odor, and
taste (Goncalves and Gagnon 2012). Ozone is efficient in eliminating most pathogens affecting seafood in
freshwater and seawater aquaculture, especially in whiteleg shrimp culture. Moreover, ozone can improve
water quality by reducing biochemical oxygen demand (BOD) (Sharrer and Summerfelt 2007). Ozone can
be applied continuously as a series of treatments per day or as a single batch treatment per day (Rakness
2005). Application in most situations can be dependent on the feeding strategy employed in the culture sys-
tem. Single-batch ozone treatment can be used to target rises in waste levels in the system associated with
a moderate feed event or to treat batches of exchange or inlet water from the supply source. The required
amount of ozone for treatment in a RAS is usually calculated according to the daily feed rate. Rates of
10-15 g ozone per kg feed are generally recommended to reduce accumulated organics. Any background
organic loadings of the source water used for RAS should also be considered (King 2001).

The application of ozone within aquaculture systems requires ozone generation, ozone dissolution,
contact time for ozone reaction, and possibly ozone destruction to prevent ozone residuals in the culture
tanks (Sharrer and Summerfelt 2007). In RAS, some designs are also used for oxygen transfer or aeration.
In freshwater, ozone decomposes rapidly to oxygen after application. By introducing ozone in aquacultural
seawater systems, a series of redox reactions take place to form several reactive intermediates (Liltved
et al. 2006). Effective transfer of ozone into water is important because the production cost of ozone is
significant, especially if it is carried within purified oxygen feed gas that is either purchased or produced
on-site. The rate of ozone transfer and the subsequent rate of ozone decomposition depends on the contact
system efficiency and the reaction rates of ozone with water constituents. The ozone reaction rate depends
on the water temperature along with the concentration and type of constituents in the water. (Summerfelt et
al. 2004). Ozone is used in aquaculture systems to improve water quality and overall system performance
(King 2001). Ozonation has proven useful in aquaculture systems as it promotes the removal of solid matter
(Tango and Gagnon 2003.) Reuter and Johnson (1995) found that the use of ozone before sedimentation or
filtration improved the removal of suspended solids and concluded ozone’s multiple uses for disinfection,
water aeration, and removal of metabolic by-products. They have also noted improvements in suspended
solids removal as presented in this and another research, making it an especially appropriate treatment
process for hatcheries.

Environmental parameters such as water temperature, salinity, dissolved oxygen (DO), and pH play
a vital role in the entire shrimp culture process. Changes in their values have important effects on shrimp
physiology, particularly on its growth, metabolism, reproduction, and molting. In most previous studies,
the water quality parameter for shrimp cultures such as TAN, NO,™, and NO,™ remain at a safe level in
RAS ponds. The biofilter technology used in RAS could maintain a high-quality water environment with
sufficiently low ammonium concentration while processing TAN at an adequate level (Kumar et al. 2010),
showing that biofilters can reduce the amount of ammonia in shrimp culture successfully. RAS typically
employ a biofilter to control ammonia levels produced as a by-product of fish protein catabolism. Nitroso-
monas (ammonia-oxidizing), Nitrospira, and Nitrobacter (nitrite-oxidizing) species are thought to be the
primary nitrifiers present in RAS biofilters.

Another study done by Fleckenstein et al. (2022) mentioned that pH levels in the RAS system could be
maintained by using artificial materials such as low-cost salt (LCS). The pH levels were maintained when
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using the LCS as a complete sea salt mixture would include multiple buffers, such as calcium, potassium,
and magnesium carbonate compounds. Commercial producers utilizing indoor RAS and biofloc use culture
water formulated with LCS throughout their entire production cycle (Galkanda-Arachchige et al. 2020). In
another study by Du et al. (2021) the temperature, DO and salinity all remained within acceptable ranges for
the growth of L. vannamei when using RAS. The pH level between 7.9 and 8.1 reported indicates that the
intended effect of the treatment’s extra filtration was successful as particle concentration was kept low. In
this study, the ammonia concentration remained consistently high while nitrite levels had decreased below
1 mg L' NO,™ in the RAS. Nitrate concentration did not appear to accumulate as expected in systems with
a functioning nitrifying bacterial community (Andrew et al. 2017).

Furthermore, the implementation of RAS can curb water pollution caused by organic material too.
Coastal shrimp culture constantly uses copper sulfate to eradicate algae during the production cycle. RAS
technology has been proven to lower the probability of copper contamination in shrimp cultures. One study
found that the RAS system could maintain the COD, NH4N and NO2™ levels along with the number of
heterotrophic bacteria, ammonium-oxidizing bacteria, and nitrite-oxidizing bacteria in the biofilm as the
Cu?* concentration was decreased to 0.089 + 0.012 mg L' upon harvest. This indicates that the RAS can
work well and supply safe food shrimp containing under 0.3 mg L' copper in a three-month culture period
(Cheng et al. 2011).

Growth performance

Growth performance is one of the parameters used to determine the effectiveness of RAS application in
whiteleg shrimp culture. A number of growth aspects can be evaluated to determine the successful perfor-
mance of whiteleg shrimp. A review of growth performance results from several sources is listed in Table
1. Du et al. (2021) found an increase in the final weight from 0.4 g to 13.43 g in whiteleg shrimps that were
reared in a RAS system for 53 days. Meanwhile, Chen et al. (2020) obtained a specific growth rate (SGR)
of 6.80 g with a final weight of 9.75 g in the whiteleg shrimps reared in a RAS system without any treat-
ment. The same trend was also reported by Suantika et al. (2020), where whiteleg shrimps cultured for 90
days in the RAS system could produce SGR and MBW (mean body weight) of 7.12% BW/day and 14.86 g,
respectively. Both Suantika et al. (2018b) and Chen et al. (2018) also reported a positive trend in whiteleg
shrimps cultured in the RAS system.

Some of the explanations above showed that the usage of the RAS system in whiteleg shrimp farming
produces convincing results that support its production. Compared to several other technologies, RAS still
has multiple advantages in terms of growth performance. In a study by Suantika et al. (2020) the use of
RAS with hybrid zero water discharge (ZWD)-RAS in whiteleg shrimp farming was compared with the
results of whiteleg shrimp cultured in a conventional RAS system. The RAS system delivered good growth
performance compared to the hybrid ZWD-RAS system, which produced only SGR and MBW of 7.05%
BW/day and 12.06 g, respectively. As another example, a study by Al-Ghawari and Al-Buhaishi (2021) on

Water Quality T
Survival Rate T
Growth Rate T

Filter System, such as:
e O7zone
« Biological Filter
e TIluidized Bed
Filters

Shrimp Tank Culture

Water Quality |:

e Feces | oo : UUsed Water

= Uneaten feed ———— : Filtered Water
e Organic matter

e Ammonia
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the effects of water exchange and biofloc systems on the growth of whiteleg shrimp had only resulted in
SGR values of 2.8133%/day and 3.0200%/day, respectively.

RAS application has positively impacted the growth of whiteleg shrimp through numerous factors. In
general, its implementation is expected to maintain good water quality, followed by optimal feed utiliza-
tion and efficiency, as well as several other crucial factors like stocking density, shrimp quality, and size of
rearing media. This is consistent with the findings of Suantika et al. (2018b), which claimed that using the
RAS system for a shrimp density of 500 PL/m? could achieve high productivity of up to 5.20 kg/m? with
high feed utilization efficiency while maintaining good water quality throughout an 84-day growth period,
pointing to potential to be applied on an industrial scale. The same phenomena were also observed by Du et
al. (2021). The existence of RAS marks an important breakthrough in whiteleg shrimp culture as it provides
solutions to various challenges, one of which being stocking density, to enable high productivity.

The concept of RAS in terms of growth performance is to reutilize the volume of water through con-
tinuous treatment and delivery to the cultured organism as the water component needs to accommodate the
high amount of feed input required to attain high growth performance and stocking density (Balasubrama-
nian et al. 2018). A balance between the whiteleg shrimp, pathogens, and the culture environment needs to
be achieved for optimal metabolic process and shrimp growth. Nutrition and feeding practices optimized
for farm production systems will put super-intensive farming operations in the best possible position for
success (Emerenciano et al. 2022).

Survival rate

The survival rate is a key parameter to determine the success of sustainable aquaculture. It is related to
major stress factors such as physical factors (water quality and stocking density) and chemical factors
(formalin and sanitizers) (Park et al. 2016). The stocking density is one of the most crucial factors behind
the survival rate in RAS systems. High stocking density has a high correlation with water quality; RAS
systems can provide a stable and controlled environment, especially in terms of water quality, to ensure
the survival rate in high stocking density cultures. As such, RAS is regarded as a cost-efficient approach
to intensive cultivation. A review of the survival rate in RAS systems from several sources can be found
in Table 2.

Previous studies have shown that RAS modification, such as combination with biofloc technology
(BFT), utilization of seaweed as a biofilter, ozonation, and low-salinity condition (Ray et al. 2017; Suantika
et al. 2018b; Tierney and Ray 2018; and Pumkaew et al. 2021) can improve and maintain the survival rate
of shrimp. The combination of RAS with low-salinity conditions has proven to increase the survival rate by
up to 70% in high stocking densities of around 500 individuals/m? (Suantika et al. 2018a). Super-intensive
production involves a stocking density of 500 individuals/m? (Suantika et al. 2018b). Super-Intensive aqua-
culture requires oxygen supplementation. However, the author did not mention the relationship between the
oxygen cycle in the high stocking density culture and high oxygen demand. The dissolved oxygen levels
in the RAS system are high due to continuous water flow, which allows the shrimp’s oxygen needs to be
met even in high stocking density. Moreover, a previous study showed that there was no significant differ-
ence between the shrimp survival rates of the control (81.6 + 2.9%) and ozone-treated (80.0 = 0%) RAS,
suggesting that ozone in the concentration of 0.3 mg L' is safe for shrimp culture (Pumkaew et al. 2021).
In addition, the usage of low-cost artificial salt in RAS had no detrimental impact on shrimp performance
in increased concentration of LCS (Fleckenstein et al. 2022). This finding can reduce the cost of artificial
salt in shrimp culture. Yet, the composition of sea salt should be considered carefully as some salts can
contain high impurities, resulting in inadequate concentrations of target minerals or possible toxic effects
on shrimp.

A hybrid between the RAS and biofloc systems can enhance the survival rate (Ray and Lotz 2017)
because they provide internal biological filtration through nitrification and algal and bacterial assimilation.
Yet, the clear water RAS system showed a higher survival rate than that of the RAS-biofloc system due to
high particulate concentrations indicated by the turbidity value, which might have increased the oxygen
demand of the microbial community (Ray et al. 2017). Despite that, the RAS system is suitable for su-
per-intensive culture as it leaves no significant impact on the survival rate of high shrimp stocking density.
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Disease control

Worldwide, cultured whiteleg shrimps are frequently affected by various pathogens. These disease-causing
agents are responsible for high mortality and can lead to massive economic losses in this industry. Dis-
ease outbreaks can result from a complex interaction of multiple factors: deprived culture environment,
intensive stocking density with poor management, stress, suppressing host immune system, and virulence
of infectious agents like bacteria, viruses, fungi, and parasites (Kennedy et al. 2016). In other words, dis-
eases result from a complex interaction between the host, the pathogen, and the environment. Shrimps are
vulnerable to various viral and bacterial infections. The widespread disease in whiteleg shrimp culture has
placed studies on preventive approaches as the top priority in aquaculture (Alavandi et al. 2004). A review
of shrimp disease from several sources can be found in Table 3. A previous study showed that culturing
shrimp in a RAS system modified with ozonation in an appropriate dose can control the abundance of
Vibrio parahaemolyticus (Pumkaew et al. 2021). Ozone’s ability to destroy or inactivate a variety of bac-
terial, fungal, protozoan and viral germs is the primary advantage of ozonation for controlling undesired
microbes, particularly pathogens. Earlier investigations reveal that ozone treatment can curb both bacterial
and viral infections successfully. Pathogen loads in shrimp larviculture can be decreased with acceptable
ozone use, which will also benefit shrimp survival and growth (Teitge et al. 2020). Another previous study
stated that the RAS system can manage the bacterial community in the water to reduce the abundance of
pathogenic bacteria (Suantika et al. 2018b). This ability to reduce the number of pathogen bacteria comes
from the filtration in the RAS system.

Conclusion

The RAS production approach provides an alternative when limited by environmental regulations, dis-
ease, land availability, salinity, temperature, and water. The system can remove metabolic waste from the
aquaculture system through water treatment, which includes physical and biological filtration, to realize
the utilization of recycled aquaculture water. As such, the RAS system can be a primary consideration for
whiteleg shrimp farming to achieve sustainable aquaculture.
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