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ABSTRACT

The objective of this study was to investigate the effect of a bioremediator on the production of juveniles (Penaeus
vannamei) in intensive nursery systems, focusing on zootechnical performance, water quality, and animal health. Two
groups were used (control and bioremediation). In the bioremediation treatment, 0.1 g-m of the product Arkhon
Fix (Bacillus subtilis, Bacillus licheniformis, Bacillus amyloliquefaciens, Bacillus megaterium) was applied daily at the
concentration of 1 x 10! CFU-g%. Physical-chemical parameters of the water were monitored, and health status was
evaluated through presumptive analysis of the hepatopancreas tubule shape and filling, prevalence of dirt on the
gills, quantification of Vibrio spp., and total heterotrophic bacteria in water and juveniles. The bioremediator led to a
significant reduction in total dissolved solids (36.9%), settleable solids (68.9%), and organic matter presence on the
gills (50.0%). It also resulted in an increase in final mean weight (28.3%) and yield (20.0%), as well as a reduction
in feed conversion ratio (18.7%) compared to the control group. Despite higher Vibrio spp. concentration in the
water due to bioremediation, it did not affect Vibrio spp. concentration in juveniles. In conclusion, the bioremediator
improved culture water quality, thereby enhancing the growth performance of the shrimp.
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Bacillus na melhoria do desempenho de crescimento e saude de Penaeus vannamei em
bercario intensivo sem troca de agua

RESUMO

O objetivo deste estudo foi investigar o efeito de um biorremediador na produc¢do de juvenis (Penaeus vannamer)
em sistemas intensivos de bercario, focando no desempenho zootécnico, na qualidade da dgua e na satde dos
animais. Foram utilizados dois grupos (controle e biorremediacdo). No tratamento com biorremediador,
foi aplicado diariamente 0,1 g-m?® do produto Arkhon Fix (Bacillus subtilis, Bacillus licheniformis, Bacillus
amyloliquefaciens, Bacillus megaterium) na concentracdo de 1 x 1011 UFC-g™. Os parametros fisico-quimicos da agua
foram monitorados, e o estado de satde foi avaliado por meio de analises presuntivas da forma e preenchimento
dos tibulos do hepatopancreas, prevaléncia de sujeira nas branquias e quantificacdo de Vibrio spp. e bactérias
heterotroéficas totais na 4gua e nos juvenis. O biorremediador proporcionou redugdo significativa nos sélidos totais
dissolvidos (36,9%), sélidos sedimentaveis (68,9%) e na presenca de matéria organica nas branquias (50,0%).
Também resultou em aumento no peso médio final (28,3%) e na produtividade (20,0%), além de reduzir a
conversao alimentar (18,7%) em comparac¢do ao grupo controle. Apesar da maior concentracdo de Vibrio spp.
na agua por causa da biorremediacdo, isso ndo afetou a concentracao de Vibrio spp. nos juvenis. Em conclusao,
o biorremediador melhorou a qualidade da agua de cultivo, melhorando, consequentemente, o desempenho
zootécnico dos camardes.

Palavras-chave: Carcinicultura; Qualidade de agua; Matéria organica; Bacillus spp.; Desempenho de crescimento.
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INTRODUCTION

Aquaculture is a source of quality food and nutrients for
millions of people (Natnan et al., 2021; FAO, 2022). The marine
shrimp Penaeus vannamei has become important for its
nutritional benefits and high economic value, which has sparked
interest in large-scale production (Dayal et al., 2013).

In shrimp farming, intensification of the production system is
a common strategy used to meet high demand (Edwards, 2015).
Closed aquaculture systems, i.e., those without, or little, water
renewal, enable greater production (Burford et al., 2003; Jatoba
etal., 2019; Suantika et al., 2018). However, a low level of water
renewal also leads to the accumulation of organic matter and
increases total suspended solids (TSS). This results in reduced
growth performance and feed efficiency rates, while promoting
gill occlusion and making the environment more stressful.
Closed systems also favor the emergence of pathogenic bacteria
(Ray et al., 2010; Schveitzer et al., 2013; Vinatea et al., 2010).
Thus, it is necessary to develop technologies able to manage the
accumulation of organic matter, food waste, and toxic forms of
inorganic nitrogen, such as ammonia (NHa" + NH,), nitrite (NO,")
and nitrate (NO,) (Avnimelech, 2007). These nitrogenous
compounds in inappropriate (high) concentrations for the reared
fish species favor the emergence of diseases (Kuebutornye
etal., 2019).

However, the introduction of bioremediators can help control
organic matter and reduce pathogenic bacteria, such as Vibrio spp.,
while maintaining water quality at a low level of nitrogenous
components that would otherwise be lethal to several aquatic
species (Janeo et al., 2009; Patil et al., 2021). Bioremediation
is the transformation or degradation of contaminants into less
toxic substances. Its primary function is to degrade or convert
pollutants, a process that can be carried out by bacteria, fungi,
algae, and plants (Sharma, 2020). In particular, bacterial species
of the genus Bacillus, such as B. subtilis, B. licheniformis,
B. cereus, and B. coagulans, have been studied for aquaculture
applications as probiotics, bioremediators and/or biocontrollers
(Aminetal.,2015; Chen et al., 2013). These bacteria can perform
bioremediation of the culture environment and effluents, among
other benefits (Hlordzi et al., 2020). For example, Bacillus spp.
can enhance innate immune response, enzyme production,
resistance to pathogens, maintain water quality, reduce organic
matter and nitrogenous waste in systems, and improve growth
performance (Hoseinifar et al., 2018).

Nonetheless, the use of bioremediating bacteria in water
applications still needs further testing and study. Therefore,
this work aimed to evaluate the effects of the Bacillus-based
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commercial bioremediator Arkhon Fix (Gabbia Biotecnologia e
Desenvolvimento, Itajai, SC, Brazil) on the growth performance
and health of juvenile Pacific white shrimp reared in an intensive
nursery system without water exchange. We also evaluated water
parameters, concentration of Vibrio spp., and total heterotrophic
bacteria present in both water and animals.

MATERIAL AND METHODS

The experiment was carried out in the municipality of
Laguna, located in southern Santa Catarina state, at Mar do
Brasil Aquicultura (28°22°25.06” S 48°47°30.53” W). The
experiment lasted 39 days and used 2,000 P. vannamei marine
shrimp postlarvae (PLs). These PLs originated from the POND
lineage (Aquatec, RN, Brazil), which is widely used in southern
Brazil for their tolerance to low-temperature and high-saline
environments.

The experiment included a treatment using the bioremediator
Arkhon Fix, subtilis, B.

amyloliquefaciens, and B. megaterium,

including B. licheniformis, B.
at manufacturer-

guaranteed concentrations of 1 x 10! CFU gL,

Experimental design and management

Eight circular tanks made of polyethylene material were
each filled with 250 L of water. The tanks were filled using a
submerged pump with water from the farm’s supply channel,
which serves as a reservoir for the company’s production
nurseries. After tanks were filled, they were chlorinated with
sodium hypochlorite at the concentration of 30 ppm and
maintained with constant aeration until volatilization the
sodium hypochlorite. Aeration of the experimental units was
carried out using a 2.5 HP blower connected to microperforated
hoses. Fresh water was used to replace the volume lost
through evaporation.

Two thousand PLs with an initial average weight of 4 mg
were distributed in eight tanks with 250 PLs each tank having
a storage density of 1,000 PL-m™ (1 PL-L"). PLs were divided
into two groups: treatment with bioremediator (Arkhon Fix),
subjected to daily applications of 0.1 g'm3, and control
(without bioremediator). The experiment was performed in
quadruplicate.

The feeding rate started at 40% of biomass and was reduced
over the experimental weeks. At the end of the experiment,
the daily feeding rate was 12% of biomass. Food in the form
of commercial feed powder with 56% crude protein, 12% wet
matter, and 10% ether extract was offered at 8 a.m., 11 a.m.,
I p.m., and 5 p.m.
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Water quality analyses

Dissolved oxygen and temperature were measured at
8 am., 11 am., 1 p.m., and 5 p.m. (AKSO oximeter, model
AK97). The pH was measured at 8§ a.m. and 5 p.m. (AKSO,
model AK90). Ammonia, nitrite and nitrate were measured
twice a week, using a photocolorimeter (ALFAKIT, pH meter,
model AT100 PII).

Orthophosphate and sulfide were analyzed with a
photocolorimeter (ALFAKIT, model AT100 PII), alkalinity
by volumetric titration (ALFAKIT commercial kit), and
salinity with a refractometer, and all measurements were
performed weekly.

The settleable solids (Imhoff cone, with a settling time of
20 min) and TSS (APHA, 1995) were carried out on day 0, 16,

and 32 of the experiment.

Microbiological analyses

Microbiological analyses were performed to count
Vibrio spp. and total heterotrophic bacteria in the control
and bioremediation groups of juvenile shrimps at the end of
the experiment and in water at the beginning and end of the
experiment. One mL of water was sampled, serially diluted
(factor 1:10) in sterile saline solution of 3% NaCl. Dilutions
were carried out in tryptone soy agar (TSA) and thiosulfate
citrate bile salts sucrose (TCBS) agar medium and incubated
for 24 h at 30°C to count total heterotrophic bacteria and Vibrio
spp., respectively. according to Jatoba et al. (2015). Shrimp
juveniles in a sample weighing 1 g were washed in 70% alcohol
solution, rinsed in distilled water, macerated, and then serially
diluted (factor 1:10) in sterile saline solution of 3% NaCl.
Dilutions were carried out in TSA and TCBS agar medium and
incubated for 24 h at 30°C to count total heterotrophic bacteria
and Vibrio spp., respectively. For water, the same process was

used with 1 mL from each tank.

Growth performance and health status: presumptive
analytics

Survival, feed conversion, and final biomass were
evaluated at the end of the experiment. Ten juvenile shrimp
were analyzed per experimental unit, following the modified
methodology of Morales and Cuéllar-Anjel (2014). Health
status of juveniles was evaluated by using a binocular
biological microscope 100x (BIOPTIKA, model B10). Tubular
deformity in the hepatopancreas was evaluated by the degree
of severity, according to a classification system ranging from

GO to G4, in which:
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* GO0 =no tubular deformation or roughness;

* Gl = very low presence of tubular deformation (1-5/field/
organism);

* G2 = moderate presence of tubular deformation (6-10/field/
organism);

*  G3 = high presence of tubular deformation (11-16/field/
organism);

* G4 = a large number of deformed tubules (more than 16/
field/organism).

The classification of presence or absence was also used to
evaluate the double wall in the hepatopancreas, in the gills for
melanization and necrosis; organic matter; and expansion of
chromatophores (Table 1 and Fig. 1).

Table 1. Presumptive analyses carried out using the method of
assessing severity from G0 to G4 and presence or absence.

Score Organ Clinical signs
Degree of severity )
Hepatopancreas Tubule deformit
(GO to G4) patop Y
Presence or
Hepatopancreas Double wall
absence
Organic matter
Presence or Melanization and
Gills necrosis
absence Expanded
chromatophores

Source: Adapted by Morales and Cuéllar-Anjel (2014).

Figure 1. Microscopic images of shrimp samples of the

species Penaeus vannamei. (1) Hepatopancreas without tubular
deformities; (2) hepatopancreas with tubular deformities;
(3) hepatopancreas with double wall; (4) sample of gills with
melanization and necrosis; (5) gills with organic matter; (6) gills
with expanded chromatophores.
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Statistical analyses

The Kolmogorov—Smimov test was used to test the null hypothesis
that a set of data obtained was within the normality curve, and Levene’s
test was used to verify homoscedasticity of the data. If the data
obtained met the prerequisites of normality and homoscedasticity, then
a t test would be performed for separation of means. For presumptive
analyses, the Mann—Whitney’s test was performed. For dissolved
oxygen, temperature, and pH, as well as microbiological count of
water, a two-factor analysis of variance (treatment x time) and Tukey’s
test were respectively performed to separate the means. Assessment at
p>0.05 was considered significant (Zar, 2010).

RESULTS

Temperature and pH throughout the day showed significant
differences in relation to time; the lowest values were observed at
8 a.m. for both variables. Dissolved oxygen did not differ between
time and treatments (Table 2). No significant differences were
observed between treatments for nitrogen, orthophosphate, sulfide
and salinity (Table 3).

Total settable solids and TSS showed no differences on days
0 and 16; however, on the 39th day, the Bacillus group showed a

significant reduction in these variables (Figs. 2 and 3, respectively).

Table 2. Dissolved oxygen, temperature, and pH of water in a closed cultivation system without water exchange in the nursery phase

of Penaeus vannamei.

Hour Control Bioremediation Interaction Treatment Time
8 a.m. 8.27+0.25 8.24+0.27 NS NS NS
Dissolved oxygen 12 am. 8.14£0.14 8.43+0.61 NS NS NS
(mg-L") 3 p.m. 8.22+0.63 7.9510.39 NS NS NS
6 p.m. 7.84£0.75 7.60 £0.43 NS NS NS
8 a.m. 25.09 £0.38* 25.28 £ 0.22° NS NS *
Temperature 12 am. 27.37+0.64° 27.19+0.5° NS NS *
(°0C) 3 p.m. 28.21 £0.49° 28.21 £ 0.64° NS NS *
6 p.m. 27.63 £ 0.89° 27.74 £ 0.59* NS NS *
8 a.m. 7.84+£0.03* 7.83 £0.04° NS NS *
12 am. NA NA
pH 3 p.m. NA NA
6 p.m. 8.06 £ 0.04° 8.06 £ 0.04° NS NS *

*Significant differences (p > 0.05) in two-factor analysis of variance and Tukey’s mean separation test; different letters indicate differences in values among times;

NA: not assessed; NS: not significant.

Table 3. Water quality variables analyzed in a closed cultivation system without water exchange in the nursery phase of Penaeus

vannamei*.

Variables Control Bioremediation Significance (p-value)

Ammonia (NH, mg-L™") 0.12+0.09 0.11£0.09 0.429

Nitrite (NO, mg-L™) 2.63£2.17 3.03+£291 0.374

Nitrate (NO, mg-L™") 43.31+0.63 38.01 £0.39 0.433

Orthophosphate (PO, mg-L™") 0.61 £0.29 0.81 £ 0.47 0.215

Sulfate (S* mg-L™") 0.01 £0.01 0.01 £0.01 0.259

Alkalinity (CaCO, mg-L™") 89.63 £8.15 89.13 £8.49 0.468

Salinity (ppt) 1140+ 1.14 1140+ 1.14 0.500

*Results presented as mean + standard deviation.
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Figure 2. Variation (mean * standard deviation) of settleable
solids in a closed system for Penaeus vannamei with the addition
of a bioremediator. Different letters indicate significant difference
in the # test (5% significance).
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Figure 3. Variation (mean + standard deviation) of total
suspended solids in a closed system for Penaeus vannamei
with the addition of a bioremediator. Different letters indicate

significant difference in the ¢ test (5% significance).

At the end of the experiment, higher level (p < 0.05) of total
heterotrophic bacteria (THB) and of Vibrio spp. on water was
observed when compared to the initial treatment values. THB
concentrations were higher in the control treatment, while the
content of Vibrio spp. had increased after treatment with the
bioremediator. THB and Vibrio spp. bacteria counts did not differ
in PLs body between groups (Fig. 4).

9- EControl Bioremediation
81 b*
7-
=61 b* 1
+ 57 a
X 41 0 :
23
— 7
1 i
0+ L—
THB V1br10s THB V1br10s THB  Vibrios
Initial water Final water Postlarve final

*Difference between groups (p < 0.05).

Figure 4. Variation (mean *+ standard deviation) of total
heterotrophic bacteria (THB) and Vibrio spp. present in
initial and final water and in shrimp juveniles at the end of
the experimental period in a closed Penaeus vannamei system
with the addition of bioremediatiating bacteria. Different
letters indicate significant differences (p > 0.05) in the two-
way analysis of variance on the initial and final concentration
of water bacteria.

Shrimp reared under bioremediation showed a lower amount
of organic matter in the gills, as well as a lower presence of
expanded chromatophores (Fig. 5 and Table 4). Melanization
and necrosis in the gills and other analyses of the hepatopancreas
did not differ between the groups (Table 4).

Table 4. Clinical signs (presumptive analysis) of Penaeus vannamei juveniles reared in a closed system without water exchange,

using bioremediation.

Organ/tissue Clinical signs Control Bioremediation Significance (p-value)
Tubule deformity 3.13+0.29 32+0.23 0.359
Hepatopancreas
Double wall 0.98 £ 0.05 0.98 £ 0.05 0.500
Organic matter 0.50+0.14 0.25+0.13%* 0.020
Gills Melanization and necrosis 0.50 £ 0.08 0.58+0.26 0.303
Expanded chromatophores 0.40+£0.22 0.15+0.10* 0.040

Data presented as mean * standard deviation; *significant differences in the Mann-Whitney’s test (5% significance).
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Figure 5. Gills of Penaeus vannamei juveniles maintained in

a closed system with the addition of bioremediating bacteria.
Optical microscope images at 20X magnification. (a) Gills in
a cultivation environment using bioremediator. (b) Gills in a
control culture environment.

Mean final weight and feed conversion were significantly better
(p < 0.05) in the bioremediation group, whereas yield and survival
showed no significant difference between the groups (Table 5).

Table 5. Growth performance (mean t standard deviation) of
Penaeus vannamei reared in closed system.

. . . Significance
Variable Control  Bioremediation
(p-value)
Final mean
. 0.53£0.07 0.68 £0.10* 0.035
weight (g)
Yield (kg'm?) 0.50 +0.08 0.60 +£0.05 0.056
Food
000 1284019  1.0440.08* 0.048
conversion
Survival 93.5+7.12 89.2 £9.36 0.259
*Significant differences by ¢ test.
DISCUSSION

In aquaculture, bacteria used for bioremediation can enhance
water quality by reducing nitrogen compounds and organic
matter, thereby improving production and growth performance
while mitigating potential environmental impacts (Hassan et al.,
2022). However, most studies have focused on administering
bacteria via food rather than through water (El-Kady et al., 2022).

In the present study, dissolved oxygen and pH were within
acceptable limits for cultivation of the species (above 5 mg-L!
and 6 to 9, respectively), while temperature and salinity
remained close to the ideal range (from 28 to 32°C and 5 to 25
ppt, respectively), as recommended by some authors (Boyd,
2001; Boyd et al., 2011; Carbajal-Hernandez, 2012). These
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variations did not compromise the survival of the animals since
the experimental average was 91.35%. Dissolved oxygen is the
most important water quality parameter for aquaculture. At low
levels, dissolved oxygen make the animals more susceptible
to diseases, and they do not feed well; consequently, growth
decreases (Hlordzi et al., 2020). Dissolved oxygen levels in
this study were unchanged by the continuous application of
the bioremediator containing Bacillus spp. Similar results were
observed by Kord et al. (2022), who tested several commercial
probiotics containing Bacillus via water application in zero water
exchange systems for Nile tilapia fingerlings.

Our results suggest that application of the bioremediator
did not influence the pH value, corroborating the findings of
other studies (Kord et al., 2022; Zhou et al., 2010). Temperature
remained constant between the groups evaluated, as reported by
other authors, indicating that Bacillus did not affect temperature,
as it is a physical parameter (El-Kady et al., 2022). The difference
in temperature among the times analyzed may have resulted
from more pronounced thermal amplitude from the small
volume of water in the experimental units and from the external
environment (Mota et al., 2021; Vinatea, 2010).

The dynamics of nitrogenous compounds, such as ammonia,
nitrite and nitrate, in aquaculture systems, especially in closed
systems with zero or minimal water exchange, are especially
important (Kord et al., 2022). In this study, the concentrations
of nitrogenous compounds showed no significant difference
between treatments. The same results were reported by
Arias-Moscoso et al. (2018), who evaluated the use of water-
administered probiotic in bio-floc technology (BFT) with
zero water exchange during the nursery phase of P. vannamei.
Our results align with other studies that found no reduction in
nitrogenous compounds during the nursery phase, attributed to
lower biomass and consequently reduced feed intake, as well as
shorter cultivation periods of less than 45 days.

In this experiment, initial fertilizations were carried out in the
treatment and control group, respecting the carbon to nitrogen
ratio (C:N = 10:1), which may have favored the emergence of
heterotrophic bacteria (Emerenciano, 2017). The recommended
values for juveniles of the species for ammonia (NH,) and nitrite
(NO,) are up to 0.12 and 6.1 mg-L"', respectively, for a salinity
of 15 ppt (Lin & Chen, 2001, 2003). The recommended nitrate
(NO,) value is up to 127 mg-L™" at salinity of 10 ppt (Alves Neto
et al., 2019; Lin & Chen, 2001, 2003). Thus, nitrite and nitrate
presented values within the safe range for juvenile P. vannamei,
and ammonia presented values close to those recommended,

considering the salinity of 15 ppt.
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Bacillus spp. plays a fundamental role in the removal of
organic matter in cultivation systems (El-Kady et al., 2022).
Those belonging to the gram-positive genus are more efficient
in converting organic matter into carbon dioxide (CO,) when
compared to gram-negative bacteria, which convert it into sludge
and bacterial biomass (Zorrichzahra et al., 2016).

Concentrations of TSS above the maximum recommended limit
(500 mg-L") for P. vannamei (Samocha et al., 2007) can affect the
branchial system in fish (Soaudy et al., 2023). In this work, TSS were
below the recommended limit in both groups evaluated; however, a
lower presence of organic matter was observed in the gills in the
group subjected to bioremediation. The presence of organic matter
in aquaculture systems, coupled with poor water quality, can lead
to malformation of the opercula and ulceration of gill filaments
(Hlordzi et al., 2020). Therefore, the higher presence of organic
matter found in the gills of the control group may be associated
with higher concentrations of settleable solids and TSS, potentially
influencing the lower final weight observed in this treatment.

Bacillus can reduce the accumulation of particles (suspended
and dissolved solids) (Jasmin et al., 2020) and organic carbon,
acting to remove organic matter, thereby recycling nutrients
and reducing the accumulation of sludge (Hlordzi et al., 2020).
Decreased organic matter was reported in other studies with
P. vannamei shrimp culture in systems without water exchange
after application of Bacillus via water (Hassan et al., 2022) and
in catfish culture through the use of Bacillus as bioremediating
bacteria (Anggraini et al., 2019). Moreover, the phenomenon was
seen in effluent treatment used in landscaping lakes, resulting
in the appearance of clearer waters owing to the increase in
transparency caused by Bacillus (Zhao et al., 2009).

The reduction in organic matter in water can be attributed to
the ability of Bacillus to increase the activity of digestive enzymes
responsible for breaking down and absorbing food (Hasan &
Banerjee, 2020), including protease, which is known to catalyze
the hydrolysis of protein peptide bonds; amylase, which is known
to catalyze the hydrolysis of starch into sugars; and lipase, which
is known to catalyze the hydrolysis of fat in shrimp (Amoah
et al., 2019). Consequently, an increase in the appetite of animals,
combined with an increase in the consumption of food (feed and
SST), leads to lower loads of organic matter (Hlordzi et al., 2020).

Bacillus species can also enhance nutrient digestibility
(Chien et al., 2020) by activating digestive enzymes in shrimp
(Hassan et al., 2022) and stimulate better absorption and
digestion of nutrients by increasing the host’s intestinal villi (Xie
et al., 2019). This could potentially explain the improved growth
and feed conversion ratio observed in the bioremediation group.
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Positive effects were reported by El-Kady et al. (2022), who
cultivated tilapia using commercial Bacillus via application in
water, and by Xie et al. (2019), who tested a mix of Bacillus via
feed for juvenile P. vannamei. All these results corroborate those
of the present study.

Several factors can cause stress in fish and shrimp, such as
management, vaccination, water quality, transport, salinity, feeding,
and high-stocking densities (Kuebutornye et al., 2019). In this
study, a significant reduction in the expansion of chromatophores
in the gills of shrimp in the bioremediation treatment was observed
compared to the control group. The expansion of chromatophores
can indicate illnesses, changes in water quality parameters,
management, and stress (Morales & Cuéllar-Anjel, 2014). Similar
results were observed with the use of Bacillus spp. in the diet,
which resulted in reduced stress in Oreochromis niloticus caused
by high-stocking densities (Telli et al., 2014), as well as yellow
perch (Perca flavescens) exposed to air (Eissa et al., 2018).

Some studies have shown that Bacillus spp. can eliminate/
reduce the pathogenicity of Vibrio spp. in shrimp farms (Barman
et al., 2018) and, thus, prevent acute hepatopancreatic necrosis
caused by Vibrio parahaemolyticus, or prevent the bacterium from
acting as a gateway to other diseases (Amiin et al., 2023). In this
work, a greater presence of Vibrio spp. was recorded in water of
the bioremediation group, which is different from that observed by
other authors (Hassan et al., 2022; Kord et al., 2022). However,
this greater presence in the water was neither reflected in the higher
body count of juveniles, nor affected the survival of the group,
corroborating the study of Amoah et al. (2019), who reported
that Bacillus spp. improved the immune response of shrimp by
increasing resistance against some pathogenic Vibrio species.

The highest counts of TBH in the control at the end of the
experiment corroborate findings in a previous report. In this
study, the carbon source used at the beginning of the experiment
and converted into organic matter can be used as an energy
source for THB, stimulating their growth and metabolism, as
well as helping the bacilli to remain in the system.

CONCLUSION

The bioremediator Arkhon Fix improved the cultivation
environment by reducing THB, total dissolved solids, and settleable
solids. Consequently, juvenile Pacific white shrimp showed
improved health, evidenced by reduced or absent organic matter
in the gills and decreased expansion of chromatophores. This
enhancement in health translated to improved growth performance,
as indicated by increased final weight and reduced feed conversion
ratio when reared in a nursery without water exchange.
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