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Abstract Brine shrimp is an essential food for marine shrimp larviculture due to their nutritional
composition, but the effects of the use of a conserved product is not yet available in the literature. In view
this, this study evaluated the use of fresh brine shrimp (F-BS) and conserved (C-BS) of Artemia sp. on the
larval performance of Penaeus vannamei. Two trials, i.e., the first on a laboratorial scale (experimental units
of 10 L) with four independent replications, and the second on a commercial (large-scale ponds of 25 m?)
in triplicate, were conducted to assess the effects of F-BS and C-BS on water quality, bacterial presence,
and zootechnical performance of P. vannamei. The data were submitted to normality and homoscedasticity
tests, when these assumptions were met, Student’s t test was used. To data non-parametric was used Mann-
Whitney U test. For all analyses, a significance level of 5 %. Water quality parameters were within the
recommended levels for the specie and did not differ between treatments. Bacterial colonies in the water
were higher when using F-BS compared to C-BS in both trials; in the shrimp, no significant different were
found between the diets, but the number of bacterial colonies were higher in commercial scale trial when
compared to laboratorial scale one. For water quality, bacterial concentration, larval development indexes
and zootechnical performance, no significant different were observed between the brine shrimp forms at
two trials. In conclusion, the use of C-BS promotes a similar performance in comparison to F-BS in the
larval cultivation of P. vannamei.
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Introduction

Aquaculture is the fastest food production industry growing in the world, reaching almost 88 million tons
in 2020 (FAO 2022). Within this industry, although the crustaceans represent a relatively small volume of
production (approximately 11.2 million tons), the shrimps farming represented 16.4 % of the value of glob-
al exports of aquatic products, adding USD 24.7 billion (FAO 2022). The success of the activity is due to
the Pacific white shrimp Penaeus vannamei responsible to 51.7 % of the total crustaceans cultivated, with
almost 5.8 million tons per year (FAO 2022).

One of the most important steps in shrimp production is the larval stage, where the supply of high-qual-
ity food is one of the determining factors for productive success (Silva et al. 2011). Some studies have re-
ported that the absence of live feed in the diet of aquatic organisms can negatively impact the zootechnical
performance of shrimp (Anh et al. 2011). Thus, to choose the appropriate diet, factors such as size, nutri-
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tional composition, and easily and availability in source/inputs must be considered (Lavens et al. 2000). As
a result, several alternatives have been developed to improve the productive quality of shrimp, as well as
reduce production costs (Silva et al. 2011).

On the herbivorous phase, diatoms are the main microalgae supplied as food for penaeid shrimp larvae
(Jaime-Ceballos et al. 2006; Moraes et al. 2022). These microalgae are rich in essential amino acids and
polyunsaturated fatty acids, mainly from the ®-3 family, such as eicosapentaenoic acid (EPA) and doco-
sahexaenoic acid (DHA), which are essential for the growth and survival of shrimp (Ju et al. 2008; 2009).
However, the use of microalgae can represent around 30-50% of the total cost of production in hatcheries
(Richmond 2004; Tredici et al. 2009).

For the omnivorous phases, several zooplankton have been used as a food source, such as rotifers, nem-
atodes, copepods, cladocerans, brine shrimp, among others (Lavens and Sorgeloos 1996). Commercially,
brine shrimp are widely used from larvicultures. This is because these microcrustaceans contain a high level
of crude protein, composed mainly of essential amino acids, polyunsaturated fatty acids, easy handling,
mobile prey, and bioencapsulation (Léger et al. 1986, 1987), which favors an immunostimulating effect on
the quality of shrimp post-larvae (Lavens et al. 2000).

However, the high demand for this live feed has caused inconvenience to the aquaculture sector, as its
low supply has made the prices of its products skyrocket in the market (Lavens and Sorgeloos 2000). In
hatcheries, even with the use of inert feed, the use of brine shrimp can reach up to 40 % of the total cost
(Lavens et al. 2000). In addition, there are other factors that make the use of brine shrimp biomass and its
derivatives less attractive. This biomass contains almost 90 % water and is rich in proteolytic enzymes,
making it highly subject to decomposition. Therefore, adequate preservation methods are necessary to
maintain the quality of this biomass (Sorgeloos et al. 2001). In recent years, efforts are being applied to
the development of concentrated/preserved live foods in order to dispense with on-sifte live food produc-
tion. The use of preserved live food reduces the staff and production area, without compromising product
quality. Although studies on microalgae concentrates are already advanced, few reports have evaluated
the conserved form of zooplankton (Oliveira et al. 2022; Sales et al. 2022). Furthermore, when handled
improperly, brine shrimp can be a vector for infectious for some diseases in shrimp, such as necrotizing
hepatopancreatitis bacteria (NHPB), infectious myonecrosis virus (IMNV) and white spot syndrome virus
(WSSV) (Avila-Villa et al. 2011; Silva et al. 2015; Zhang et al. 2010). From this, the need arises to seek
processes that are biologically safe and nutritionally adequate (Marques et al. 2006).

In view of this, the use of conserved brine shrimp has been evaluated to increase the quality/shelf life
of this biomass. The technique is of great commercial interest since the product may be stored at room
temperature, reducing energy costs when compared to other preservation methods, such as, freezing or
freeze-drying (Abelin et al. 1991). Moreover, the conservation of brine shrimp can dispense an exclusive
production sector, which can still be a vector of pathogens (Babu et al. 2014; Silva et al. 2015; Chanratcha-
kool 2016; Han et al. 2016). Therefore, the present study aimed to compare the use of fresh and conserved
Artemia sp. nauplii in the larval culture of Penaeus vannamei.

Materials and methods
Study area

Experiments were conducted in a commercial shrimp larvae farm (Celm — Aquaculture S/A), located at the
city of Aracati, state of Ceara, Brazil (04° 35* 04.5” S 037° 38* 37.6” W).

Biological material
Penaeus vannamei larvae
The larvae were obtained from P. vannamei breeders that are kept at the same farm. Zoea larvae were stored

in 25 m? circular fiber tanks, under an average temperature of 29 'C, salinity of 35 PSU, dissolved oxygen
above 4 mg L', 8 pH, and a natural photoperiod.
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Culture of the microalga Chaetoceros muelleri

Cultures of C. muelleri were conducted in 20 L sterile bags using filtered (5 um) and treated (chlorinated
and then dechlorinated) seawater (salinity of 35 PSU) with addition of the medium /2 (Guillard 1975) and
Complex B vitamins. The cultures were kept in a room with a controlled temperature of 22 + 1 °C, constant
aeration, and artificial lighting by fluorescent lamps in 24 h of light exposure.

During full cycle, the concentration of C. muelleri in the experimental units was mainted at 60 x 10°
cells mL"!, being checked daily and added according to the residual cells verified in the count using a Neu-
bauer hemacytometer and an optical microscope (400x magnification).

Fresh Brine shrimp (F-BS)

The cysts of Artemia sp. were kindly donated by the Bioartémia® (Grossos, Rio Grande do Norte, Brazil) and in-
cubated for 24 hours under artificial lighting and turbulent aeration system, keeping the cysts in suspension. After
then, brine shrimp nauplii were collected using a 75 pm mesh. The biomass was washed in running freshwater
to remove cyst residues and finally stored in Beakers flask in a cold chamber for later use in experimental tests.

Conserved Brine shrimp (C-BS)

Conserved Brine shrimp nauplii were also kindly donated by the Bioartémia®. The cysts of Artemia sp.
were hatched by the mentioned company and submitted to a process of sanitization, sterilization and con-
servation at pH 4.0, some conversation detail cannot be described in the manuscript due to intellectual
property production reason (patent under revision).

Experimental design and culture management
Experiment I — laboratorial scale

The first experiment was carried out in an experimental controlled room on the farm. Two treatments (F-BS
and C-BS) with four independent replications for each condition were evaluated in the larval performance
of P. vannamei. Larvae in stage Zoea 3 were stored in 10 L tanks of working volume at a density of 60
larvae L!. The larvae were kept in the tanks until they reached the stage of Mysis 1 and ended with 5 days
after arrival at the stage of post-larvae 2. The main water quality parameters were maintained at the same
levels previously described (i.e., temperature of 29 °C, salinity of 35 PSU, dissolved oxygen above 4 mg L,
8 pH, and a natural photoperiod). Solids and nitrogen compound levels were controlled by siphoning and
partial water changes (30% of the total volume every day), respectively.

As mentioned before, the microalga C. muelleri was maintained at 60 x 10° cells mL! throughout the cycle,
then the larvae were fed twelve times a day with an interval of two hours, being offered exclusively the two forms
of brine shrimp (i.e., F-BS and C-BS). Furthermore, the supply of Brine shrimp varied as the larvae changed
stages: Zoea 3: 0; Misis 1: 10; Misis 2: 15; Misis 3: 30 and post-larvae 1-2: 30 nauplii per shrimp larvae.

Experiment II — Large-scale validation

The same experiment was conducted in outdoor large-scale tanks (25 m®) in triplicate. These tanks are used
by the farm for the commercial production of P. vannamei larvae. Larvae were stocked at a density of 180
post-larva L' in Zoea stage, and when they reached Misis 1, feeding with brine shrimp nauplii began. The
cultures were also maintained until reaching the stage of post-larvae 2. In this experiment, the animals were
also fed every two hours, however only two times a day the brine shrimp forms were added (one time in the
morning and another in the afternoon). In the other feedings, commercial feed with > 50% of crude protein
were used. Furthermore, C. muelleri concentration was maintained at 60 x 103 cells mL-'.

The water quality parameters were kept within the ideal for the development of the species, carrying out
water exchanges. In addition, the tanks were submitted to a natural photoperiod, i.e.,12 h of light, under an
average irradiance of 1500 pmol photons m? s,
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Analyses
Bacterial analysis

Samples of 1 mL of the cultivation water of the first, third, and fifth days, of both experiments, were col-
lected and diluted (10" and 10?) in sterile aqueous saline solution.

In parallel, two shrimp larvae were also collected at the same time. The biological material was stored in
a 2 mL sterile microtube and centrifuged at 14000 rpm. The supernatant was discarded and the precipitate
was also diluted twice.

The samples were seeded in Petri dishes containing Thiosulfate Citrate Bile Sucrose Agar (TCBS)
medium and incubated in an oven at 35 °C for 24 h. After that, the growth responses of sucrose positive
colonies (yellow colonies = YC) and sucrose negative colonies (green colonies = GC) were evaluated. The
total count of the sum of colonies, related to their respective dilution, was expressed in CFU mL™! for both
samples — water and shrimp.

Water quality monitoring

Temperature ("C) was taken twice a day using an alcohol thermometer. Salinity (PSU), using a refractom-
eter. The pH, nitrogen-nitrite (N-NO,, mg L"), total ammonia nitrogen (N-NH, + N-NH,", mg L"), and
unionized ammonia (NH,, mg L") were measured once a day, using colorimetric kits.

Nutritional and growth indexes
Nutritional assessment of larvae

Ten larvae from each experimental unit on the first (initial), third (middle), and fifth day (end) were collect-
ed and analyzed under a binocular optical microscope in terms of: (1) larval stage, (2) average length (mm)
and (3) total length of larvae (mm). In addition, a table with a score from 0 to 2 was constructed to assess
the nutritional status of the larvae (Table 1).

Zootechnical performance

The larval development index was calculated according to Villegas and Kanazawa (1979): ID = Xi/n, where
“1” is the absolute value for each larval stage (Misis 1 = 4; Misis 2 = 5; Misis 3 = 6; post-larvae 1 = 7 and
post-larvae 2 = 8) and “n” is the number of larvae in the sample. The data were presented in initial (day 1),
middle (day 3) and end (day 5).

Survival was estimated using the equation: Survival (%) = (Nf/Ni) * 100, where “Nf” is the number
of individuals estimated at the end of the experiment and “Ni” is the number of individuals stocked at the
beginning of the experiment. Length data were used to calculate the specific growth rate (SGR, %.day™') =

[(Ln final length — Ln initial length) / days] * 100.

Statistical analysis

The data were submitted to normality (Shapiro-Wilk) and homoscedasticity (Levene’s) tests, when these
assumptions were met, Student’s ¢ test was used. The data that did not fit the assumptions were submitted
to the non-parametric test, Mann-Whitney U test. For all analyses, a significance level of 5% was used and
were conducted using Statistica® v.12 software.

Results

Water quality

No significant differences were found in water quality parameters between the use of F-BS and C-BS diets
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Table 1 Nutritional assessment of Penaeus vannamei larvae

Index Status Score

Empty 0
Filling the digestive tube Partially full
Full
75 %
Gut filling to body ratio 50 %
25%

Low

—_ O N = O N =

Presence of lipids Mean
High
Very expanded
Chromatophore expansion Expanded
None or little expanded
Absent

—_ O N = O N

Setation Present

[’}

Very present

Table 2 Water quality parameters of Penaeus vannamei larvae cultured in laboratorial and commercial scales feed with fresh and
conserved Brine shrimp.

Treatment

Parameter

F-BS C-BS
Experiment I — Laboratorial scale
Temperature (morning) (°C) 26.41+0.49 26.44+0.48
Temperature (afternoon) (°C) 28.44+0.44 28.47+0.46
Salinity (PSU) 34.50+0.89 34.50 £ 0.89
pH 8.34+0.35 8.22+0.31
Total ammonia nitrogen (mg L) 1.16 +1.32 0.83+1.12
Toxic ammonia (mg L) 0.17+0.21 0.09 +0.09
Nitrogen-nitrite (mg L) 0.97+0.38 0.84 +0.36
Experiment II — Commercial scale
Temperature (morning) (°C) 28.14 +£0.38 28.17+£0.24
Temperature (afternoon) (°C) 29.01 +0.56 29.11+0.49
Salinity (PSU) 35.00+0.58 3493 +1.17
pH 8.21+0.27 8.14+0.24
Total ammonia (mg L) 2.64+0.94 2.43+1.02
Toxic ammonia (mg L) 0.35+£0.21 0.28 +£0.22
Nitrite (mg L) 0.57+0.19 0.5+0.25

for both experiments (Table 2). The higher temperature oscillations were found in experiment I (26 - 28
°C) than in experiment II (28 - 29 "C). In both experiments, levels of nitrogen compounds (toxic ammonia,
total ammonia and nitrogen-nitrite) remained within the ideal range for larval cultivation of P. vannamei.

Bacterial analysis

In the experiment I, a qualitative difference the presence of bacteria between the treatments, both in the water
and in the animals, was observed (Fig. 1). Shrimp fed with F-BS diets showed sucrose-negative colonies (Fig.
la and 1c), although in low concentration. Furthermore, while the C-BS diets showed a decrease in the con-
centration of colonies in the water throughout the culture (Fig. 1b and 1d), the analyzes carried out with the
shrimp showed an increase in the concentration of Vibrio spp. throughout the cultivation (Fig. 1c and 1d). In a
similar way to the laboratory scale experiment, in the validation, the F-BS treatment showed sucrose-negative
colonies, also within the recommended levels for the larviculture of the species. On the third day of cultiva-
tion, there was a peak in the C-BS treatment, both in the water and in the animals, followed by a drop on day 5.
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Fig. 1 Bacterial analysis of water (A and B) and shrimp (C and D) of Penaeus vannamei larvae feed with fresh (A and C) and
conserved (B and D) Brine shrimp from laboratorial (solid lines) and commercial (dashed lines) scales trials. YC — yellow colonies;
GC — green colonies.

Quality assessment of larvae

The larval quality scores of P. vannamei fed F-BS and C-BS were listed in Table 3. The larvae developed
adequately in both treatments and showed no significant difference.

Larval development index

For the two evaluations, i.e., tests in laboratory and commercial scales, no significant differences were
found in the larval development index (Table 4). Moreover, in the middle of the evaluation slightly lower
values were observed in relation to the laboratory scale (experiment I) compared to the commercial scale
(experiment II). This can be explained by a delay in the metamorphosis of larvae from commercial tanks,
which resulted in lower rates. However, at the end of the experiment, all evaluated larvae were in the same
phase in both experiments.

Zootechnical performance

No significant differences were found between final length, specific growth rate and survival for shrimp
fed F-BS and C-BS diets, either in the laboratory or commercial scale experiments (Table 5). Interestingly,
on the commercial scale, higher survival values were observed with the use of both forms of brine shrimp,
compared to values obtained on the laboratory scale.

Discussion

In order to have a satisfactory development of P. vannamei larvae, it is important to keep the levels of the
main parameters within the ideal range for the species (Nunes 2001). As nursery systems are constantly
aerated there are few problems with dissolved oxygen (Cohen et al. 2001). Temperature is one of the most
important factors in hatchery, because it is the main physical parameter related to metabolic activity and
growth (Wyk 2004). Therefore, both experiments were suitable for the species (25 to 32 °C) (Boyd and
Clay 2002). The pH levels were approximately 8, also at adequate levels for shrimp development (6.5 to 9)
(Lopes et al. 2001; Boyd 2001). In both experiments, ammonia was within the recommended range, below
3 mg L (Barbieri and Ostrenky-Neto 2001). This can be a result of daily water changes and microalgae ac-
tion in the absorption of nitrogen compounds (Oliveira et al. 2021). Another highlight is the total ammonia
of the experiment I compared to experiment II, where the first was fed exclusively with brine shrimp, while
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Table 3 Quality assessment scores of Penaeus vannamei larvae from the experiment feed with fresh and conserved Brine shrimp

from laboratorial and commercial scale

Parameter Score

F-BS C-BS
Laboratorial scale Initial Middle End Initial Middle End
Filling the digestive tube 2 2 1.8 1.9 1.3 1.9
Gut filling to body ratio 2 2 2 2 2 2
Presence of lipids 2 2 2 2 2 2
Chromatophore expansion 2 2 2 2 2 2
Setation 2 2 2 2 2 2
Commercial scale
Filling the digestive tube 1.71 1.79 1.14 1.29 1.29 1.57
Gut filling to body ratio 1.64 1.93 1.79 1.93 1.57 1.93
Presence of lipids 2 1.79 1.79 1.86 1.57 1.79
Chromatophore expansion 2 1.93 2 1.93 1.79 2
Setation 2 1.93 1.93 2 2 1.93

Score attributed according to Table 1.

Table 4 Larval development index of Penaeus vannamei larvae from the experiment feed with fresh and conserved Brine shrimp
from laboratorial and commercial scale trials.

Treatment
F-BS C-BS

Laboratorial scale

Initial 4.10+0.32 430+0.48
Middle 6.40 +0.52 6.50 +0.53
End 8.00+0.00 8.00 +0.00
Commecial scale

Initial 4.79 £0.43 4.86+0.36
Middle 5.86+£0.36 5.79 +0.43
End 8.00 +0.00 8.00 +0.00

Table 5 Zootechnical performance of Penaeus vannamei larvae feed using fresh (F-BS) and conserved (C-BS) Brine shrimp Artemia

sp.
Treatment
Parameter
F-BS C-BS
Laboratorial scale
Initial length (mm) 344 +£041 3.66 +0.35
Final length (mm) 5.14+£0.16 5.18+0.18
SGR (% day™) 8.11+0,35 7.04 +0,75
Survival (%) 81.46+7.18 83.67 +3.47
Comercial scale
Initial length (mm) 3.57+0.43 3.46+0.41
Final length (mm) 5.87+£0.32 5.50+0.39
SGR (% day™) 9.76 + 1.53 9.28 +2.34
Survival (%) 95.93 +£3.93 84.09 +10.27

the other had the use of inert feed, which can be justified by the greater leaching of dry diets, mainly due to
low attractability (Velasco et al. 1999). Nitrite also remained at acceptable levels, below 1 mg. L' (Nunes
et al. 2005). These results contributed to a better growth performance in the experiments.

Furthermore, Vibrio spp. are the main gram-negative bacteria causing infection and disease in P. van-
namei culture (Brock and Lightner 1990). Among them, the ones that cause the most damage in shrimp
hatchery are: V. harveyi, V. alginolyticus, V. fluvialis, while V. penaeicida and V. parahaemolyticus occur
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more frequently in the fattening phase. (Vieira et al. 2000; Gomez-Gil et al. 2004). Some studies report
significant mortalities due to vibriosis in marine shrimp hatcheries (Lightner 1993). According to Verdonck
et al. (1994), the brine shrimp are contaminated with bacteria > 10" CFU g', mostly being Vibrio spp. In
the present study, the reduction in bacterial concentration can be justified by the use of microalgae (Lavens
and Sorgeloos 2000), since both treatments had reduced concentrations at the end of the experiment. The
microalgaes have bactericidal activity (Olsen et al. 2000). Considering this, in commercial marine shrimp
hatcheries, brine shrimp are offered frozen (Wilkenfeld et al. 2009), as a way to avoid competition for food,
facilitate the capture of live food by shrimp and maintain the safety of brine shrimp. However, Interamin-
ense et al. (2014) highlighted that although freezing for 48 h reduced Vibrio spp. counts, the concentration
remains > 107 CFU g'. In the present study, a lower concentration (close to 10° CFU mL™") was found when
the conserved diet was used, the reduction of this microbial load is due to processes used in sanitizing,
sterilizing and reducing the pH of conserved biomass.

In addition, there are several indicators to assess the quality of marine shrimp larvae (Knoll 2010).
Among them, larval stage, presence of lipids, chromatophore expansion, setation (rostrum deformity), the
filling of the digestive tube and body to gut ratio, highlight for the last two. Larval development is in-
fluenced both by the abundance and quality of food offered, as well as by abiotic factors (Zacharia and
Kakati 2004). Absence of food in the tubule can indicate illness, poor-nutrition, poor quality feed or stress
(Morales-Covarrubias 2004). It is worth noting that healthy larvae feed continuously. In view of this, in the
experiment I the larvae were well fed in both treatments throughout the experiment, only on the third day
of the experiment the animals fed with conserved brine shrimp showed a balanced number of individuals
with partially filled and filled tubes, this may indicate underfeeding in the middle of experiment I, however
corrected at the end. In the experiment I, at the beginning and a half, the larvae of the C-BS treatment had
70% of the individuals partially full and at the end the larvae of the F-BS treatment were 90% partially full.
In general, these results imply that the larvae were well fed, either with the F-BS or C-BS diets.

Another important factor, the gut to body ratio is one of the indicators of the nutritional status of the
larvae, being visualized in the sixth abdominal segment (Knoll 2010). Ideally, the gut takes up only 25%
of the body, which is commonly referred to as a 3:1 ratio (muscle: gut). Lower rates than these arise when
the larvae are not eating well, either because of the type of food, form or state of conservation. In the ex-
periment I, the treatments were in all phases with 25%. However, in the experiment II in the middle of the
evaluation, the individuals fed with preserves were balanced in 50 and 25% of gut filling to body ratio, it
is possible that the transition of the ration granulometry may have interfered, even so, in the end all had
adequate conditions.

As seen above that the diets promoted the quality of the larvae, this also resulted in excellent results in
the zoothenic performance of Penaeus vannamei. Both treatments in these experiments showed a post-lar-
vae (PL 2) length higher than that found by Lima (2007) 4.68 £+ 0.47 mm. In experiment I (fed only with
brine shrimp and microalgae) the mean was 5.16 + 0.17 mm and the second experiment (feed, brine shrimp
and microalgae) 5.68 + 0.35 mm, also demonstrating the importance of inert food when combined with
live food to meet the nutritional requirements of shrimp. Additionally, as well the growth, the experiments
showed high survival rates, more than 80 %. Thus, the results indicate that replacing fresh to conserved
Artemia sp. does not change the productive performance.

From that, currently, brine shrimp is an indispensable item in commercial shrimp larviculture. This
can be justified by results found by Samocha et al. (1999), when they reduced the number of Artemia sp.
nauplii, they also reduced the growth of P. vannamei. Although other live foods have advanced as alter-
natives for fish and shrimp larviculture (e. g. rotifer and copepod) (Lavens and Sorgeloos 1996), so far
none of these can meet the logistical needs and production practices to replace Artemia spp. on a global
scale. As a result, brine shrimp production continues to be under strong pressure due to high demand
(Bengtson et al. 2018).

Thus, the main factor for the fluctuation of the price of artemia is the seasonal harvest and conse-
quently the low supply of cysts (Lavens and Sorgeloos 2000). The present research observes as promis-
ing the processing of conserved brine shrimp, as an alternative to marketing strategies, control of brine
shrimp stock, product safety, improving logistics in larvicultures (possible cost reduction compared to
frozen brine shrimp method, smaller space for production and storage in a natural ambience) and biose-
curity in larviculture.
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Conclusion

The results of the present study suggest that the use of conserved Artemia sp. (C-BS) did not negatively
impact the overall performance of Penaeus vannamei larviculture, in terms of water quality, zootechnical
performance, and bacterial concentration. Future studies should evaluate the shelf life, enzymatic activity,
and economic viability of using C-BS vs. F-BS.
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