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Abstract

The aim of this study was to evaluate the influence of different levels of alkalinity for the superintensive cultivation
of marine shrimp Litopenaeus vannamei in biofloc system. A total of 12 experimental circular units of 1000L were
used supplied with 850L water from a nursery, populated at a density of 165 shrimps.m~ and average weight of 5.6 g.
The treatments, in triplicate, consisted in four levels of alkalinity in the water: 40, 80, 120 and 160 mg.L™! of calcium
carbonate. To correct the alkalinity was used calcium hydroxide (CaOH). It was observed a decrease in pH of the water
in the treatments with lower alkalinity (p<0.05). The total suspended settleable solids were also lower in the treatment
of low alkalinity. No significant difference was observed in other physico-chemical and biological parameters in the
water quality assessed, as well as the zootechnical parameters of cultivation between treatments (p>0.05). The results
of survival and growth rate of shrimps were considered suitable for the cultivation system used in the different
treatments. The cultivation of marine shrimp Litopenaeus vannamei in biofloc at density of 165 shrimps.m= can be
performed in waters with alkalinity between 40 and 160 mg.L™' of CaCO,, without compromising the zootechnical
indexes of cultivation.
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Cultivo de camardes marinhos em sistema de bioflocos (BFT) sob diferentes
alcalinidades da agua

Resumo

O objetivo deste trabalho foi avaliar a influéncia de diferentes niveis de alcalinidade para o cultivo do camarao
marinho Litopenaeus vannamei em sistema superintensivo em bioflocos. Foram utilizadas 12 unidades experimentais
circulares de 1000L abastecido com 850L de agua provenientes de um bergdrio intensivo, povoadas a uma densidade
de 165 camardes.m? e peso médio 5,6g. Os tratamentos em triplicata consistiram de quatro niveis de alcalinidade na
agua: 40, 80, 120 e 160 mg.L™! de carbonato de célcio. Para corregdo da alcalinidade, foi utilizado cal hidratada (CaOH).
Foi observado um decréscimo no pH da agua nos tratamentos de menor alcalinidade (p<0,05). Os s6lidos suspensos
sedimentaveis totais também foram menores nos tratamentos de menor alcalinidade. Nao foi observada diferenca
significativa nos demais parametros fisico-quimicos e bioldgicos de qualidade de 4gua avaliados, assim como nos
parametros zootécnicos do cultivo entre os tratamentos (p=0,05). Os resultados de sobrevivéncia e taxa de crescimento
dos camardes foram considerados adequados para o sistema de cultivo utilizado nos distintos tratamentos. O cultivo do
camardo marinho Litopenaeus vannamei em bioflocos na densidade de 165 camardes.m= pode ser realizado em aguas
com alcalinidade entre 40 a 160 mg.L™' de CaCO,, sem comprometer os indices zootécnicos do cultivo.

Palavras-chave: Litopenaeus vannamei, cultivo heterotrofico, hidroxido de calcio, carbonato de calcio.

Introduction

The production in biofloc system without water  reducing the risk of contamination both of cultivated area as
renewal, known as ZEAH system (Zero Exchange Aerated  the current environment. This technology is characterized
Heterotrophic culture system), is able to work with high by high concentrations of nutrients, bacteria, phytoplankton
productivity rates and utilizes a renewal of low or no water,  and protozoa (Burford et al., 2003) and it was designed
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to make the most of the food supplied to shrimps, where
all the wastes, feces and metabolites are transformed into
bacterial biomass (Avnimelech, 1999).

In cultivation without water exchange are reported
low concentrations of ammonia and nitrite in the culture
environment (Mcintosh et al., 2000; Burford et al., 2004;
Vinatea et al., 2010), resulting from the removal of these
compounds by the microbial community, which can be
accomplished: a) by heterotrophic bacteria, which convert
ammonia to microbial biomass; b) through conversion
performed by autotrophic bacteria from ammonia to
nitrate; or ¢) made by photoautotrophic assimilation of
microalgae (Ebeling et al., 2006a).

When the nitrifying bacteria oxidize ammonium to
nitrate, they also reduce the level of alkalinity in the
form of carbonates and bicarbonates (Chen et al., 2006).
The consumption of alkalinity as a carbon source is an
important aspect in systems with limited water exchange,
making it necessary to add carbonates (Ebeling et al., 2006b).
However, few studies have been reported regarding the
alkalinity of shrimp farming in biofloc system.

The aim of this study was to evaluate the influence
of different levels of alkalinity for the cultivation of
marine shrimp Litopenaeus vannamei (Boone, 1931) in
superintensive system in biofloc.

2. Material and Methods
2.1. Study site

The experiment was conducted at the premises of
the Laboratorio de Camardes Marinhos of Universidade
Federal de Santa Catarina (LCM - UFSC) located in Barra
da Lagoa, Florianopolis, Santa Catarina, Brazil (latitude
27° 35’ south - longitude 48° 32’ west).

2.2. Biological material

Juveniles with an average weight of 5.6 grams were
used from an intensive nursery with biofloc system under
a density of 833 shrimps.m™.

2.3. Experimental conditions

The shrimps were stocked to a density of 165 shrimps.m™
in 12 experimental circular units of fiberglass with 850 L
of water from the nursery tank with previously fertilized
water. Each experimental unit was equipped with an aeration
system, which was connected by hoses and pipes of PVC
to the central aeration system from the own laboratory,
consisting of an air blower of 7.5 cv. The temperature
was maintained between 29 and 29.5 °C with the aid of
titanium electric heaters of 1000 W of power coupled to
a thermostat.

Four treatments in triplicate were used, and kept
different alkalinities:

* Treatment 1 — Alkalinity at 40 mg.L™' of CaCO,;
* Treatment 2 — Alkalinity at 80 mg.L™' of CaCO,;
* Treatment 3 — Alkalinity at 120 mg.L"' of CaCO,;
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* Treatment 4 — Alkalinity at 160 mg.L™' of CaCO,.

Initially, the acclimation step was performed, which
was awaited the isolation of alkalinity until all the tanks
reached alkalinity of 100; from this moment, the tanks
were acclimated with calcium hydroxide until reaching
the different treatments on the same date.

The alkalinity was controlled within the range established
using calcium hydroxide to adjust the alkalinity of the
treatments, with a tolerance of 10 mg.L™! for more or less.

The total suspended solids of the water were kept
below 850 mg.L!. For this, conical decanters were used
with volume of 170 L (20% of total water volume) which
in batches, for three consecutive days, were responsible
for removing excess solid in experimental units.

The shrimps were fed three times a day with commercial
feed trademark Guabi® (35% crude protein) with the aid of a
feeder per experimental unit for adjusting the consumption.

2.4. Analysis of water quality parameters

The dissolved oxygen and the water temperature of
the treatments were monitored with an oxygen meter Y SI
model 55. The salinity was measured with a conductivity
meter YSI model 30.

The water transparency and the settleable solids were
measured with a Secchi disc and cone Inhoff, respectively.
For the pH, it was used a digital pHmeter Alfakit AT350
by electrometric method.

The concentration of total suspended solids (TSS)
was evaluated following the method of volatilization
gravimetry adapted from Strickland and Parsons (1972).
Micro fiberglass filters were used (GF/50-A 47 + 0.5 mm),
previously dried and weighed, in the filtration of a sample
volume of 100 mL, which subsequently led to the incubator
(60 °C) for 12 hours and then weighed on an analytical
scale. They were then taken to muffle (450 °C) for 1 hour
and 30 minutes and weighed on an analytical scale to
determine the volatile suspended solids (VSS) and fixed
suspended solids (FSS).

Concentrations of ammonia (NH,"/NH,) - N, nitrite
(NO,) - N, nitrate (NO,) - N, phosphate (PO, - P), were
analyzed by colorimetric method according to the procedure
described by Strickland and Parsons (1972).

The determination of the chlorophyll-a concentration
was accomplished by filtering 10 mL of sample of
each experimental unit through micro fiberglass filters
(GF/F - 25mm). The extraction of the photosynthetic
pigment was made in 90% acetone (Merck® PA) in the
dark at —18 °C for 24 hours, for later determination of
chlorophyll-a concentration by fluorimetry (Strickland
and Parsons 1972).

The alkalinity was determined by neutralization
titrimetric method (APHA, 2005).

2.5. Biological analysis of water

For total heterotrophic bacterial count, 1 mL of water
was collected from the water tanks and dilution in sterile
saline solution (3% NaCl) serial 1:10 until dilution 10-.
Subsequently, dilutions were sow on plates of Marine
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Agar and incubated at 30 °C. After 24h incubation, were
quantified colony forming units (CFU).

The total nitrifying bacterial count was performed by
methodology MPN (Most Probable Number) described
by APHA (2005). Fifteen tubes containing 10 mL of the
respective culture environment for bacteria oxidizing
ammonia were used (0.5 g.L-' (NH,), 1.1 g.L”! Na,CO,,
1.0g.L"'KH,PO,,0.3 g.L ' MgSO,.7H,0, 0.2 g.L"' NaCl,
0.03g.L™" FeSO,, pH 8.0) and nitrite (0.5 g.L™' KNO,,
0.1875 g.L"' MgSO,.7H,0, 1.5 g.L"! NaHCO,, 0.5 g.L""
K HPO,, 0.5 gL' KH,PO,, 0.2 g.L "' NaCl, 0.0125 g.L"!
CaCl,.2H,0,0.01g.L"' FeSO,.7H,0, pH 8.0) inoculated with
10, 1 and 0.1 mL of the samples of the experimental units,
constituting five replicates for each dilution. Subsequently,
the tubes were incubated at 25°C for 21 days to check the
growth. The growth of nitrifying bacteria was detected by
the decrease of the pH value of each tube against a control
tube, with no inoculation of the sample and incubated
under the same conditions.

2.6. Analysis of zootechnical parameters

A biometry was performed weekly to monitor the
growth of shrimps.

The survival rate (%), weekly weight gain (g/week),
relative growth rate (%), feed conversion factor (FCF)
and productivity were calculated as follows:

» Average weight (g) = Total biomass / final number of
shrimps;

» Weekly weight gain (g/week) = Gain weight / week
of cultivation;

* Biomass (g) = Final average wet weight X final
number of shrimps;

* Productivity (Kg m-2) = Final biomass / total area;

* Feed Conversion Factor (FCF) = Feed consumption
/ final biomass;

* Survival rate (%) = (Final number of shrimps / initial
number of shrimps) x 100.

2.7. Statistical analyzes

The quality and the performance parameters of animals
in different treatments were subjected to analysis of repeated
measure anova (<0.05) considering the assumptions required
for their application (have normality and homoscedasticity
of the data). The other parameters were subjected to one-way
ANOVA (0:<0.05). For the parameters that were detected
with significant difference, the Tukey test for separation
of means was applied (¢<0.05) (Zar 1996).

3. Results and Discussion

3.1. Physico-chemical parameters of the water

The physico-chemical parameters monitored at temperature
(28.5 10 30.8°C) and dissolved oxygen (5.00 to 6.75 mg.L™")
remained always within levels considered ideal (outside the
lethal limit) for the growth of marine shrimp L. vannamei
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(Van Wyk and Scarpa, 1999) throughout the experiment.
Salinity was maintained at an average of 31.5 + 0.64x,
varying very little over the 49 experimental days.

The alkalinity of the initial water of the experimental
units had 138 mg.L™' CaCO,. After acclimatization was
completed (22 days duration), the proposed treatments of
alkalinities of 40, 80, 120 and 160 mg.L™' CaCO, were
achieved and maintained over the next 27 days of the
experiment (Figure 1). Proper maintenance of the alkalinity
in the culture environment contributes to the moderation
in the changes of pH, resulting from photosynthetic and
respiratory processes (Van Wyk and Scarpa, 1999).

During the acclimatization, the pH of the water
of experimental units decreased as the alkalinity was
consumed, as was reported by Chen et al. (2006) and
Ebeling et al. (2006b). This decrease is related to the
nitrification process as a result of consumption of alkalinity
(CaCO0,) and the release of CO, and to the environment.
According to Hargreaves (1998) for each mole of ammonia
oxidized, occurs the release of two hydrogen ions (H),
explaining the drop in pH found in the treatments. During
the experimental period (after acclimatization) the pH of
all experimental units was stable.

The pH showed interaction over time (Figure 1),
between treatments. From the 18th day of the experiment,
the treatment’s pH with alkalinity 40 showed a difference
compared to the alkalinity treatment of 160 (p<0.05).
The alkalinity treatments 80 and 120 showed no difference
between any of the treatments (p=>0.05).

In the 37th day of the experiment, due to high rate
of total suspended solids (885.6 + 65.6 mg.L"), it was
necessary to remove the solid surplus. Thus, lowering
the equivalent to 50.15 + 7.91% at the end of the process
(three days) (Figure 2).

The high concentration of suspended solids facilitates
the occurrence of anoxic regions in the center of large
particles of microbial flakes, allowing the occurrence of
denitrification within the clusters (Ebeling et al., 2006b).
According to the stoichiometry displayed by Van Rijn et al.
(2006), each mg of nitrate reduced by heterotrophic
denitrification generates an increase of 3.57 mg of CaCO,.

Upon the removal of solids, the total volume of total
suspended solids was higher in tanks with higher alkalinity,
but no difference between treatments.

To the settleable suspended solids, the average of
treatments of alkalinity 40, 80, 120 and 160 were 21.7,25.3,
27.0 and 32.5 mL.L", respectively, at the time of solids
removal and demonstrated interaction over time. Where
treatment of alkalinity 40 was significantly lower than
the other treatments (p<0.05), the treatments of alkalinity
80 and 120 did not differ (p>0.05), but showed differences
when compared with the treatment of alkalinity 160 which
was significantly higher (p<0.05). Once the removal of
solids was accomplished, due to the variance resulted by
the management handling, the data collected after this
date have not demonstrated reliable results concerning
treatments, precluding confidence in the statistical analyzes
after the 37th day of the experiment.

Braz. J. Biol., 2015, vol. 75, no. 3, p. 558-564



Cultivation of marine shrimp in biofloc under different water alkalinities

—m— Alkalinity 40 —+— Alkalinity 80

—+— Alkalinity 120 —e— Alkalinity 160 ‘

mg.L™" of CaCO;

6,5TTI|TTITTTIITIITTIlTTIITTITTTITTIITTIITITTTTIT\

0 7 14 21

28 35 42

Days

Figure 1. Variation of alkalinity (a) and pH (b) with standard derivation in the cultivation of marine shrimps L. vannamei
in biofloc system with different alkalinities (40, 80, 120 and 160 mg.L"' CaCO,).* From the 18th day, to the parameter of
pH, alkalinity treatment 40 showed differences when compared to the alkalinity treatment 160 (p<0.05). While alkalinity
treatments 80 and 120 showed no difference between any of the treatments (p>0.05).

The higher alkalinity and pH-value may have contributed
to an increased formation of microbial aggregates, due to
a higher rate of nitrification and oxidation of compounds.

Ray etal. (2010) demonstrated in their study that in the
tanks where was done the removal of the suspended solids
there was a 59% reduction of total suspended solids, 60% of
nitrate, 61% of phosphate and a 33% increase in alkalinity.
This result contrasts with the findings in this experiment,
in which was not identified this increase in alkalinity after
the removal of solids in the experimental units.

The ammonia was low throughout the experiment
(<0.4 mg.L! in all treatments), the nitrite, the intermediate
component of nitrification (Hargreaves, 1998), had its
peak at the end of the first week of the experiment, then
all readings showed nitrite values near zero (<0.22 mg.L™!
for all treatments) and both ammonia and nitrite showed
no difference between treatments (p=>0.05). The low
values of nitrite recorded throughout the experiment
suggest the complete oxidation of ammonia to nitrate
(Cohen et al., 2005).

The nitrate concentrations recorded in different
experimental alkalinities were within the acceptable range
(< 60 mg.L™) for cultivation of L. vannamei (Van Wyk
and Scarpa, 1999) and no significant difference was
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detected between treatments (p>0.05). The rates of nitrate
remained stable throughout the experiment, not gradually
increasing as expected, considering that nitrate is the end
product of nitrification (Hargreaves, 2006). The removal
of nitrate can be accomplished by the consumption of
microalgae, renewals of water or use of bioreactors for the
denitrification process (Hargreaves, 2006). The low values
of nitrate can be connected to the low average yield of
treatments (approximately 2.375 kg/m?) and the presence
of microalgae in the tanks, which are common in systems
of high density and zero renewal (Burford et al., 2004).

The analysis of chlorophyll-a at the end of the
experiment showed the presence of algae in all tanks
(mean of 0.070 £ 0.022), showing no statistical difference
between treatments (p>0.05). The low values observed
of nitrate and phosphate in the water of the tanks can be
explained by the consumption of these nutrients for algae.
In all tanks, the values of phosphate were consistently
low. In tanks with lower alkalinity, the highest values of
phosphate were observed, reaching its height to 4.03 mg.L™!
at the end of the experiment, while the tanks with higher
alkalinity did not passed from 2.82 mg.L"'. But the phosphate
concentrations in the present study showed no significant
difference (p>0.05).
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Figure 2. Variation of total suspended solids (a), fixed suspended solids (b), volatile suspended solids (c) and settleable
suspended solids (d) with standard derivation in the cultivation of marine shrimps L. vannamei in biofloc system with different
alkalinities (40, 80, 120 and 160 mg.L ™' CaCO,). * From the 27th day, the treatments began to diverge by the parameter of
settleable suspended solids until the moment of removal of solids, in which, the alkalinity treatment 40 was significantly
lower than the other treatments (p<0.05); the alkalinity treatments 80 and 120 did not differ (p>0.05), but showed differences
when compared with the treatment of alkaline 160 which was significantly higher than the other treatments (p<0.05).

3.2. Biological analysis of the water Atthe end of the experiment, very similar values between

The final results of the total count of heterotrophic  treatments were observed, both for the heterotrophic bacteria
and nitrifying bacteria showed no significant difference ~ countas for ammonia- and nitrite-oxidizing bacteria. These
between treatments (p>0.05) and are presented in Table 1. results suggest that despite the different alkalinity, there
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was no influence on the bacterial community in these
culture conditions.

3.3. Zootechnical parameters

It was not observed differences in the parameters of
final average weight, weekly weight gain (WWGQG), final
biomass, final average productivity, feed conversion factor
(FCF) and survival rate among treatments (p>0.05) (Table 2).

The survival and growth rates recorded in all
treatments in this experiment were within the range
reported in other superintensive crops without renewal of
water (Decamp et al., 2003, 2007; McIntosh et al., 2000;
Neal et al., 2010; Samocha et al., 2007).

The feed conversion rates obtained in this study were
similar between treatments, they were not influenced by
different alkalinities and are similar to those obtained by

Mclntosh et al. (2000), Neal et al. (2010) and Samocha et al.
(2007).

The productivity values are lower than other studies,
whereas good results of productivity are found as 7,5 kg/m?
and 10,3 kg/m? (Otoshi et al., 2008), however this study
used a lower density when dealing with shrimp culture in
biofloc (165 cam.m™).

The results showed confront other authors like
Ebeling et al. (2006b) who reported that in systems with
limited water exchange, the alkalinity should be between
100-150 mg.L™' of CaCO,. Van Wyk and Scarpa (1999),
on the other hand, reported that the L. vannamei needs
alkalinity values above 100 mg.L" of CaCO, for its proper
development, while for Boyd and Tucker (1998) the ideal
alkalinity must be greater than 75 mg.L™" of CaCO,.

Table 1. Mean values and standard deviation of the microbiological analysis of total count of heterotrophic bacteria quantified
in colony forming units (CFU), ammonia-oxidizing bacteria (AOB) and nitrite-oxidizing bacteria (NiOB) quantified in most
probable number (MPN) of water in the cultivation of marine shrimp L. vannamei in biofloc system with different alkalinities

(40, 80, 120 and 160 mg.L"' CaCO).

Treatment
Analysis
Alkalinity 40 Alkalinity 80 Alkalinity 120 Alkalinity 160
Marine
5,97.10° +£ 6,56.10**  1,17.10°+ 7,60.10°* 7,40.10°+ 1,56.10°*  7,85.10° + 3,04.10°*
(CFU.mL,]) 2 2 b b 2 2 2 2
MPN AOB
(MPN.100mL ") 23+0? 23+0% 20,5+3,54* 28+7,07*
MPN NiOB
13,50+ 5,77 ¢ 14,60 + 7,73 10,40 + 3,68 * 8,75+6,01*

(MPN.100mL ")

Values with the same letter (*) showed no significant difference between treatments (p=>0.05).

Table 2. Data from final average weight, weekly weight gain (WWG), productivity, feed conversion factor (FCF) and
survival with standard derivation in the cultivation of marine shrimp L. vannamei in biofloc system with different alkalinities

(40, 80, 120 and 160 mg.L! of CaCO,).

Treatment
Alkalinity 40 Alkalinity 80 Alkalinity 120 Alkalinity 160
Final average weight
(@) 15,26 £+ 0,40° 15,19 £ 0,392 14,40 + 0,282 14,76 £ 0,812
Weekly weight gain
(@) 1,38 +0,06° 1,37 +0,06° 1,25 +0,04# 1,30 + 0,109
Productivity
Kem® 2381,6 + 80,07 2404,3 + 62,3¢ 2363,5 + 58,20 2352,4+ 117,32
Feed conversion factor
1,95 + 0,109 1,95 +0,07# 2,00 + 0,089 1,94 + 0,109
Survival
%) 94,76 + 3,38 96,19 + 4,86° 99,65 + 0,502 96,79 + 0,502
Values with the same letter (*) showed no significant difference between treatments (p>0.05).
Braz. J. Biol., 2015, vol. 75, no. 3, p. 558-564 563
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4. Conclusion

The cultivation of marine shrimp Litopenaeus vannamei
in biofloc at density of 165 shrimps.m® can be performed
in waters with alkalinity between 40 and 160 mg.L™! of
CaCO,, without compromising the zootechnical indexes
of cultivation.
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