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ABSTRACT. Silicon dioxide has been used in aquaculture to increase the abundance of diatoms; however, its
relationship with water quality or productive performance has not been investigated. Our study evaluated the
effect of diatomite on water quality, growth performance and proximate composition of Penaeus vannamei
reared in seawater (E1) and brackish water (E2) with biofloc. Two independent experiments (E1 and E2), each
one with three treatments with biofloc were evaluated: treatments D with a weekly addition of diatomite (10 g
m3); the treatments D plus a continuous inoculum of diatom Chaetoceros muelleri (DD); and only biofloc like
control, for E1 was used post-larvae with an initial body weight (IBW) of 0.0075 g; while in E2 was used
juvenile with an IBW of 1.42 g. After seven weeks in E1, non-significant differences were registered in survival,
weight gain (WG), specific growth rate (SGR) and feeding conversion rate (FCR) between DD treatment and
control. However, in E2, the treatment D showed significantly higher WG (9.83 g) and SGR (4.25% d*)
compared to control (7.64 g and 3.86% d, respectively). Conversely, the FCR was lower in treatment D (1.16)
compared to control (1.49). Non-significant differences were recorded in the proximate composition for shrimp,
periphyton, and biofloc, among treatments in both experiments. Levels of nitrogenous wastes were similar
among treatments. While in E2, the concentration of settleable solids was significantly higher in treatments with
diatomite compared to control. Our results recommend the use of diatomite to improve the growth performance
of shrimps cultured in brackish water with biofloc.
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INTRODUCTION thogens and predators (Hargreaves, 2013). The above

has driven the need to develop more sustainable culture

The whiteleg shrimp Penaeus vannamei has great
importance worldwide, given its high demand and
wholesale prices, in addition to being a euryhaline
species that exhibits a fast growth rate and grows well
in coastal and inland aquaculture systems. A contro-
versial aspect in its cultivation is that it requires high
water exchange to maintain an acceptable water
quality, which likely impacts the trophic status of
adjacent aquatic environments, besides the potential
entry into farming systems of vector organisms of pa-
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alternatives, including the use of systems with
minimum or zero water exchange. One of the strategies
used at a commercial level is the implementation of
biofloc technology (BFT) as an eco-friendly techno-
logy employed for intensive cultivation of shrimp
(Kumar et al., 2018). This culture system involves the
development of communities of microorganisms,
mainly bacteria and microalgae, as well as a hetero-
geneous matrix of organic detritus, exoskeletons,
invertebrates and numerous microscopic organisms in
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a heterotroph ecosystem (Emerenciano et al., 2013a;
Ponce-Palafox et al., 2019). The BFT produces positive
effects, like the removal of nitrogen waste, organic
matter degradation and an improved physiological
condition of organisms due to their potential probiotic
and prebiotic effects; besides, these provide a
supplementary protein source (Martinez-Cérdova et
al., 2015). There are abundant literature reports on the
benefits of biofloc on shrimp post-larvae and juveniles
cultured in waters with salinities above 27 g L™ (Xu et
al., 2012; Emerenciano et al., 2013a; Schveitzer et al.,
2013; Khatoon et al., 2016). However, the few studies
with BFT in fresh or brackish water (0-18 g L) have
shown conflicting results regarding the growth and
survival of cultured shrimp under these conditions (Ray
et al., 2011; Maica et al., 2014; Moreno-Arias et al.,
2016; Ray & Lotz, 2017). On the other hand, recent
studies indicate that white shrimp cultured in biofloc
increases its growth with increased salinity, where the
best response was obtained at 25.5 g L (Ponce-Palafox
etal., 2019).

The development of BFT systems has focused on
maintaining a proper balance of the carbon/nitrogen
(C:N) ratio in water as an essential condition for the
development of heterotrophic bacterial communities.
However, it is known that microalgae are the second
largest group growing in these farming systems,
playing a key role in the maintenance of water quality
of cultures and as a nutritional source (Ekasari et al.,
2014; Xu et al., 2016). Becerra-Dorame et al. (2012)
indicate that autotrophic BFT systems (dominated by
microalgae) contain higher lipid levels relative to
heterotrophic systems (dominated by bacteria), which
can influence growth and feed efficiency of the cultured
organisms. Previously, it has been reported that the
addition of sodium silicates to freshwater BFT cultures
leads to higher abundances of various groups of
diatoms (Widanarni et al., 2012). Hence, increased
lipid content in BFT in these systems may be related to
higher microalgal biomass in the farming system.
However, the BFT is still in its infant stage, since a lot
more research is needed to optimize the system
(Bossier & Ekasari, 2017).

The use of zeolites (silicate minerals extracted from
either natural deposits or synthesis) has been done to
stimulate the growth of microalgae, particularly
diatoms (Nieves et al., 2000); however, due to the
differences in the physical and chemical characteristics
between sources, the effects of zeolites on water quality
and growth performance in shrimp cultures are
contradictory (Silapajarn et al., 2006; Zhou & Boyd,
2014). There are other siliceous products, such as
diatomaceous earth (diatomite), for which no in-depth
studies have been conducted to date to assess its effect

on the production parameters of cultured shrimps. Also,
shrimp culture is carried out under conditions of
variable salinity, so it is necessary to know if this
influences the effects of diatomite. So, the present study
aimed to evaluate the effects of diatomite on water
quality, growth performance and proximal composition
of shrimp P. vannamei cultured on seawater and
brackish water with biofloc.

MATERIALS AND METHODS

Facilities, source of shrimp and experimental proce-
dure

Shrimp Penaeus vannamei used in the present study
was provided by Laboratorio de Produccién Comercial
Proveedora de Larvas S.A. de C.V. (FITMAR, Mazatlan,
Sinaloa). Bioassays were carried out in the Faculty of
Marine Sciences at the Autonomous University of
Sinaloa, Mazatlan, Sinaloa, Mexico.

Two independent bioassays (E1 and E2) were
conducted with the biofloc technology (BFT). E1 was
done in seawater (mean salinity 32 g L) from
Mazatlan Bay. E2 realized with brackish water (mean
salinity 14 g L™). Each one was run independently in
12 outdoor experimental units (tanks). Each bioassay
evaluated the follow: treatment D32 and D14 (for E1
and E2, respectively) consisted of a weekly addition of
10 g m diatomaceous earth (Diatomix™, Diatomix S.
de R.L. de C.V.); treatments DD32 and DD14 (E1 and
E2, respectively) consisted of the weekly addition of
diatomaceous earth plus a 20 L inoculum of the diatom
Chaetoceros muelleri (at 800,000 cells mL™) every
third day, from the beginning to the end of each
experiment. Each bioassay was carry on one control
(Control-32 and Control-14 for E1 and E2, respec-
tively) with BFT without diatomite and diatom
inoculum. All treatments and controls were carried out
in triplicate. During each bioassay, shrimps were fed a
commercial diet with 35% protein and 14% lipids
(Silver Cup™, El Pedregal S.A. de CV) three times a
day.

For both experiments, seawater from the Mazatlan
bay was used, which was filtered through a 10 um mesh
before being poured into the experimental units.
Salinity was measured every third day and, if
necessary, was adjusted to the target level with fresh
water. Experimental units consisted of nine cylinder-
conical tanks of 1.7 m3. At the bottom of each
experimental unit, a porous tube (Aero-Tube™) was
installed to provide aeration to water at an oxygen
saturation level and keep solids in suspension. Tanks
were covered with a mesh and transparent plastic film
to reduce water loss by evaporation and maintain a
stable temperature.
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E>§periment 1 (E1): seawater with a salinity of 32 g
L-

E1 was carried out from May to June 2017, with
duration of 47 days. Seven days before seeding the
organisms to promote biofloc development in all
experimental units, tanks were fertilized using a
mixture of urea (1 g m®), phosphoric acid (1.5 g m™®)
and wheat brand (20 g m®) for three days, along 25 g
m 3 of ground commercial feed and sugarcane molasses
until shrimp were stocked: afterward to maintaina C:N
ratio 20:1, sugarcane molasses and wheat bran as a
carbon source, were added daily after feed addition in a
ratio of 50:50 adjusted for moisture content for both
ingredients according to the procedure described by
Emerenciano et al. (2013b).

Throughout the culture, a mixture of molasses and
cornflour were pre-hydrated for 24 h and daily added to
each experimental unit. Afterward, shrimp (batch 1)
were stocked at 200 post-larvae m™ (PL19, the initial
body weight of 0.0075 g) in each experimental unit.
The feeding rate was 10% of the estimated biomass for
each tank until shrimp reached an average weight of 1
g; then, it was adjusted to 5% for the rest of the
experiment. Calculations were carried out through
weekly weight biometrics, for which the wet body
weight (x0.01 g) of a random 20-shrimp sample per
experimental unit was recorded.

Experiment 2 (E2): brackish water with a salinity of
l4gL*?

E2 was carried out from July to August 2017, with
duration of 49 experimental days. Before starting this
bioassay, water containing biofloc from the three
control experimental units from E1 was pumped into a
single 9 m*tank and salinity adjusted to 14 g L™ adding
50 um filtered fresh water. This biofloc tank was used
to rear a new stock (batch 2) of shrimp (initial body
weight of 0.087 g) until organisms reached an average
weight of 1.42 + 0.45 g. Subsequently, biofloc was
distributed across the different experimental tanks in E2
and shrimps were stocked at 133 org m (initial average
biomass of 284 g m). Weekly feeding rates and bio-
metrics were measured following the methods
described for E1. Biofloc was maintained adjusting
C:N ratio 20:1 in tanks with molasses and cornflour as
described for E1.

At the end of each experiment (E1 and E2), the total
biomass and number of organisms per tank were
recorded. One sample of whole-body shrimp, biofloc
(biofloc dry weight in mg L was measured after
filtration using a fiberglass filter with 50 um pore size)
and periphyton (attached to tank walls) were collected
from each experimental unit and stored at -20°C for
subsequent proximal analysis.

Determination of water quality parameters

Temperature (T, °C), dissolved oxygen (DO, mg L?)
(YSl Inc., Yellow Spring, OH, USA) and salinity (g L™)
(refractometer ATAGO, Tokyo, Japan) were measured
daily. Weekly water samples were collected from each
experimental tank (before diatomite was added) and
tested for settleable solids (mL L™) with 1 L Imhoff
cones (Avnimelech, 2007), pH (potentiometer Hanna
Instruments Inc., USA), total alkalinity (CaCOs, mg L™,
total ammonia nitrogen (TAN, mg L), nitrates (NOs-
N, mg L), nitrites (NO.-N, mg L), phosphate (POs,
mg L) and silicates (SiOs, mg L) using commercial
YSI kits and a YSI 9300 photometric analyzer.

Growth performance

The survival rate, weight gain, individual weight gain
(WG), specific growth rate (SGR) and feed conversion
rate (FCR) were calculated using the following
equations (Guillaume et al., 2004):

Weight gain (WG, g) = final weight - initial weight
SGR (% d*) = [(In final weight - In initial weight) / day
of the experiment] x 100

Final biomass (g) = final individual weight x final
shrimp number

FCR = Feed added / wet body weight gained

Survival (%) = (final shrimp number / initial shrimp
number) x 100

Proximate analyses

Moisture, ash and crude protein content in whole-body
shrimp, biofloc and periphyton were determined
according to standard AOAC (2000) methods. Crude
lipid content was determined with the modified method
of Folch et al. (1957), using a 2:1 (v:v) chloroform:
methanol mixture.

Statistical analysis

The results are shown as mean * standard deviation. All
percentage data were transformed to arcsine of the
square root before statistical analysis in order to meet
the normality and homoscedasticity assumptions (Zar,
1999). The normality of distributions and homogeneity
of variances were tested using the Kolmogorov-
Smirnov test and Levene test, respectively. Differences
between treatments were tested using one-way
ANOVA and Tukey’s multiple comparison tests.
Where the assumption of normality was not satisfied
even after data transformation, a Kruskal-Wallis
nonparametric test was performed. The level of
significant difference was set at P < 0.05. The software
SigmaPlot 10.0 was used for the statistical analysis of
all data.
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RESULTS

Physical and chemical parameters of water in
experimental units

Mean values for physical and chemical variables of
water in E1 and E2 experiments are shown in Tables 1
and 2, respectively. These analyses indicated that T,
DO, pH, salinity and alkalinity were not significantly
different (P > 0.05) between treatments in each
bioassay; however, the final PO4 concentration in E1
was significantly lower (P = 0.041) when diatomite was
added in treatments D32 and DD32 (1.66 and 1.53 mg
L, respectively) compared to Control-32 (2.45 mg L?).

Furthermore, results show that average TAN and
NO,-N were similar in both experiments, with no
significant differences between treatments (Fig. 1). The

Table 1. Water quality parameters in tanks of postlarvae
of Penaeus vannamei cultivated in seawater (32 g L?)
with biofloc and diatomite. Data are means values * stan-
dard deviation. Control-32: biofloc in marine water; D32:
biofloc with the addition of diatomite; DD32: biofloc with
the addition of diatomite and diatoms Chaetoceros
muelleri. DO mean dissolved oxygen, PO, mean
phosphates and CaCO3 mean alkalinity. Values in the
same row with different letters are significantly different
(P <0.05).

Parameter Control-32 D32 DD32

Temperature (°C) 28.7+0.8 285+09 28.7+0.9
DO (mg L?) 6.5+0.9 6.3+0.8 6.3+0.8
pH 8.1+£0.2 82+0.1 82+0.1

Salinity (L)  328+18 327+15 32.7+14
PO, (mg L) 2.45+0.70° 1.66+0.89" 1.53 +0.29b
CaCOs(mgL?) 147+15  145%27  162+9

Table 2. Water quality parameters in tanks of juvenile of
Penaeus vannamei cultivated in brackish water (14 g L)
with biofloc and diatomite. Data are means values + stan-
dard deviation. Control-14: biofloc in brackish water;
D14: biofloc with the addition of diatomite; DD14: biofloc
with the addition of diatomite and diatoms Chaetoceros
muelleri. DO mean dissolved oxygen, POs mean
phosphates and CaCOs; mean alkalinity. Values in the
same row for every experiment with different letters are
significantly different (P < 0.05).

Parameter Control-14 D14 DD14

Temperature (°C) 30.2+1.2 305+13 303+13
DO (mg L) 6.4+0.6 6.4+0.5 6.4+0.6
pH 8.2+0.3 8.1+0.3 8.2+0.2

Salinity (L) 14112 140+14 14711
PO (Mg LY) 1.70£057 150+0.36 1.85+0.65
CaCO;(mgL?) 128+14  119+6  130+13

highest NOs-N concentrations (14.2 mg L) were
observed in E2 after six weeks of culture, but non-
significant differences between treatments were
observed.

Otherwise, in E1 was observed the highest SiO4
level, which occurred in DD32 at the fourth week (9.5
+0.7 mg LY), then decreasing abruptly in the next week
(Fig. 2). Also, the treatment D32 showed significantly
higher values of SiO4 compared to Control-32 from
week 5 to the end of the experiment. In E2, a trend to
decreasing SiO4 levels with time was noted in treatment
DD14, while Control-14 and D14 showed an increasing
trend. In no case, these trends reached statistical
significance between them (Fig. 2).

In E1, settleable solids showed an increasing trend
in all treatments until week 5, with the highest values
found in DD32 (until 18 mL L™?) for the duration of this
experiment (Fig. 3). In E2, the highest settleable solids
levels were observed in treatments D14 and DD14 (8.2
+3.8and 9.8 + 2.0 mL L, respectively), which were
significantly higher (P < 0.05) versus Control-14 (2.8 £
2.67 mL L) at the end of week 6.

Growth parameters

In the experiment E1, post-larvae (0.0075 g initial
(IBW) showed survival above 85% after 47 days of
culture, with no significant differences between
treatments (Table 3). Likewise, Control-32 and DD32
treatment showed no significant differences in WG,
SGR and final biomass; however, both treatments
showed significantly higher final biomass (903 and
1,175 g, respectively) compared to treatment D32 (701
g). On the other hand, the FCR, with average values of
1.01 to 1.06, did not show significant differences
between treatments in experiment E1.

At the end of the experiment with brackish water
(E2), the D14 treatment showed higher values in the
final survival rate (90 + 7.6%) and Control-14 the low
values (81.3 + 14.3%), but with no statistical
differences between them (Table 4). However, the final
weight, WG, SGR and final biomass were all
significantly higher in treatment D14 compared to
ontrol-14 (Table 4). In contrast, the FCR was signifi-
cantly higher in Control-14 (1.49 + 0.11) relative to
D14 (1.16 £ 0.09).

Proximate composition of periphyton, biofloc, and
shrimp

In E1, the proximate composition (wet weight, %) of
periphyton and whole-body shrimp did not signifi-
cantly differ between treatments (Table 5); however,
the crude protein content was significantly higher in
treatments DD32 (3.40 + 0.53%) and Control-32 (3.56
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Figure 1. Mean variations of total ammonia nitrogen (TAN), nitrites (NO2-N), and nitrates (NO3-N) in different treatments

at 32 (E1) and 14 (E2) g L"* salinities conditions.

+ 0.14%) compared to D32 (2.29 = 0.24%) in the
biofloc of this experiment.

In E2 was found significantly higher ash content in
D14 and DD14 from periphyton (4.43 and 4.22%,
respectively) and biofloc (4.26 and 4.3%, respectively)
compared to Control-14 (2.15 and 2.25% for
periphyton and biofloc, respectively) (Table 6).
However, no significant differences between treat-
ments were found in terms of moisture, protein and
lipid content in periphyton and biofloc. The proximate
composition of whole-body shrimp showed no
significant differences across treatments in E2.

DISCUSSION

The environmental parameters of water in both
experiments conducted in this study were within the
recommended ranges for Penaeus vannamei post-
larvae and juveniles (Da Silva et al., 2013; Maica et al.,

2014), which indicate a proper management of water
quality, a key aspect in farming systems with minimum
or no water exchange.

The intensive white shrimp production processes in
marine systems with biofloc showed significant
increases in PO, that have related to the accumulation
of excreta and decomposition of non-consumed food
(Da Silva et al.,, 2013). In our experiment with
seawater, the addition of diatomite was related to a
decrease in PO, levels. Siliceous compounds such as
diatomite and zeolites have been extensively used to
remove dissolved PO, through adsorption and ion
exchange (Xie et al., 2014). Also, the decrease in PO4
levels observed in the bioassay with biofloc in seawater
may be related to the effect of diatomite on the growth
of microalgae, which are effective in removing and
recycling nitrogen and POs compounds P. vannamei
cultures (Magnotti et al., 2016; Marinho et al., 2017).
This is because microalgae are the second major group
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Figure 2. Mean variations of silicates (SiO.) in different
treatments at 32 and 14 g L? salinities conditions.
Different superscript letters are significantly different (P
<0.05).

Table 3. Growth performance and feed utilization of
postlarvae of Penaeus vannamei cultivated in marine
water (32 g L) with biofloc and diatomite. Data are
means values + standard deviation. Control-32: biofloc in
marine water; D32: biofloc with the addition of diatomite;
DD32: biofloc with the addition of diatomite and diatoms
Chaetoceros muelleri. WG: weight gain; SGR: specific
growth rate; FCR: feed conversion rate. Values in the
same row with different superscript letters are
significantly different (P < 0.05).

Parameter Control-32 D32 DD32
Initial weight (x10°g) 7.5+0.5 75+05 75+05
Final weight (g) 3.36+£0.7® 197+0.6° 4.38+0.72

WG (g) 335+07% 1.96+0.6° 4.37+0.72
SGR (% d?) 13+0.4% 12+0.7° 14 £0.32
FCR 106+0.24 1.02+0.10 1.01+0.13
Final biomass (g) 903 +247% 701+69° 1,175+ 1662
Survival (%) 854+7.1 948 +4.7 85.3+5.6

that grows in BFT systems (Monroy-Dosta et al.,
2013), and SiOg is one of the essential nutrients for pro-
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Figure 3. Mean variations of settleable solids in different
treatments at 32 and 14 g L™ salinities conditions. Diffe-
rent superscript letters are significantly different (P <
0.05).

Table 4. Growth performance and feed utilization of
juvenile of Penaeus vannamei cultivated in brackish water
(14 g L") with biofloc and diatomite. Data are means
values + standard deviation. Control-14: biofloc in
brackish water; D14: biofloc with the addition of
diatomite; DD14: biofloc with the addition of diatomite
and diatoms Chaetoceros muelleri. WG: weight gain;
SGR: specific growth rate; FCR: feed conversion rate.
Values in the same row with different superscript letters
are significantly different (P < 0.05).

Parameter Control-14 D14 DD14
Initial weight (g) 1.42+0.45 1.42+045 1.42+0.45
Final weight (g) 9.4+0.9° 11.4+£0.52 10.8 £0.3®
WG (g) 7.64 £0.5° 9.83+0.42 9.50 £ 1.5%
SGR (% dt) 3.86+0.18" 4.25+0.0880 4.24+0.22%
FCR 1.49+0.112 1.16+0.09° 1.30+0.01®

Final biomass (g) 1,517 +135° 2,052 +150® 1,801 +478%
Survival (%) 81.3+14.3 90+7.6 88.5+28

per algal growth, especially for diatoms, as well as in
freshwater systems with biofloc (Widanarni et al., 2012).
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Table 5. Proximate composition (wet weight %) of periphyton, biofloc and whole-body shrimp cultivated in marine water
(32 g L) with biofloc and diatomite. Data are means values * standard deviation. Control-32: biofloc in marine water;
D32: biofloc with the addition of diatomite; DD32: biofloc with the addition of diatomite and diatoms Chaetoceros muelleri.
Values in the same row with different superscript letters are significantly different (P < 0.05).

Proximate composition (wet weight %)

Moisture Crude protein Crude lipids Ash Dry matter
Periphyton
Control-32 93.1+2.1 1.28+054 0.78+0.12 2.96+0.45 6.92+2.2
D32 89.4+43 2.04+108 0.77+0.36 4.91+160 10.6+4.3
DD32 86.5+9.7 1.86+135 0.99+0.69 4.25+276 13.5+9.7
Biofloc
Control-32 85.7+0.5 356+0.14* 0.89+0.21 6.66+135 14.3+0.5
D32 85.8+1.6 229+0.24° 0.87+0.23 6.70+0.57 142+1.6
DD32 845+15 3.40+0.53* 099+0.19 7.20£091 155+15
Shrimps
Control-32 79.6+2.2 154+14 325+0.43 2.66+0.25 204+22
D32 83.1+29 127+26 243+0.52 237+0.23 169+29
DD32 81.3+1.0 141+09 242+0.06 244+0.22 187+1.0

Table 6. Proximate composition (wet weight %) of periphyton, biofloc and shrimp cultivated in brackish water (14 g L™?)
with biofloc and diatomite. Data are means values * standard deviation. Control-14: biofloc in brackish water; D14: biofloc
with the addition of diatomite; DD14: biofloc with the addition of diatomite and diatoms Chaetoceros muelleri. *Values
with no standard deviation are the median from Kruskal-Wallis analysis. Values in the same column with different

superscript letters are significantly different (P < 0.05).

Proximate composition (wet weight %)

Moisture* Crude protein* Crude lipids Ash Dry matter*
Periphyton
Control-14 92.4 2.25 0.57+0.16 2.15+0.46° 7.63
D14 90.2 2.63 0.54+0.02 4.43+0.02? 9.84
DD14 90.7 2.60 0.56+0.06 4.22+0.51° 9.31
Biofloc
Control-14 91.7+0.3 3.56 0.70+0.10 2.25+0.13° 8.32+0.27
D14 90.6+0.4 2.28 1.00+£0.48 4.26+0.16* 9.37+0.44
DD14 90.6+0.1 2.51 0.69+0.13 4.30+0.22* 9.39+0.11
Shrimps
Control-14 81.3+2.1 12.6 £1.7 2.84+0.35 184+0.26 187%21
D14 82.2+0.5 12.1+0.2 259+0.24 1.74+0.05 17805
DD14 82.3+1.6 11.6 +0.8 258+0.41 181+021 17.7+1.6

Siliceous compounds have been used in an attempt to
increase dissolved silicate levels in the water. Nieves et
al. (2000, 2002) and Leal et al. (2003) found a positive
effect of zeolites to improve on the cell doubling time
of diatoms and in the durability of cultures; however,
zeolites are characterized by poor solubility and low
silica release. Thus, the use of other sources of silica of
higher availability has been recommended, such as
diatomite and its derivatives (Xie et al., 2014). In our
bioassay conducted in seawater showed the highest
SiO4 levels only in treatments where diatomite (but no
diatoms) was added.

Higher survival levels are directly related to
appropriate culture conditions, and nitrogenous wastes
levels (particularly TAN and nitrites) have been consi-
dered to be the main limiting factors for shrimp survival
(Liuetal., 2014). In this study, non-ionized TAN levels
(toxic moiety) were 0.04 and 0.07 mg L at salinities
of 32 and 14 g L7, respectively; slightly above the
recommended maximum optimal levels (<0.03 mg L,
VanWyk & Scarpa, 1999), while NO2-N levels were
within acceptable limits (<1 mg L) for P. vannamei
(VanWyk & Scarpa, 1999). Similarly, NOs-N levels
were below the maximum recommended levels (177
mg L) for this species maintained in biofloc without
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water exchange. On the other hand, the higher values of
NOz-N levels recorded at a salinity of 14 g L™ (maxi-
mum 15 mg L) respect those recorded in the seawater
culture (maximum 3 mg L™) suggest that the use of
mature biofloc from E1 to E2 improved the nitrification
rate in the second bioassay.

As regards to growth parameters, in the experiment
with shrimp post larvae cultured in seawater (E1), do
not significant differences were found in the final
weight, WG, SGR and final biomass between the
treatment DD32 (diatomite plus diatom C. muelleri) and
Control-32, due to the fact that BFT systems, by
themselves, promote the growth of white shrimp post-
larvae and juvenile (Xu & Pan, 2012; Xu et al., 2012;
Schveitzer et al., 2013; Emerenciano et al., 2013a; Lara
et al., 2017) by improving their digestive capacity (Xu
& Pan, 2012a) and providing nutrients such as proteins
and lipids in addition to those in the balanced feed
(Khatoon et al., 2016). However, in the brackish water
culture (E2), the addition of diatomite fostered a
significant increase in juvenile shrimp growth,
measured as final weight, WG, SGR and final biomass
compared to Control-14 without diatomite. Becerra-
Dorame et al. (2012) report that systems with
autotrophic biofloc (dominated by microalgae) provide
higher lipid and lower protein contents, compared to
heterotrophic systems (dominated by bacteria). Separa-
tely, for culturing juvenile P. vannamei, it has been
recommended the use of mixed biofloc (dominated by
microalgae and autotroph bacteria), since its use
increases production yield while lowering production
costs due to less consumption of formulated feed and
oxygen (Xu et al., 2016). In the present study, the lipid
and protein composition of both periphyton and biofloc
were not found significant different into experiments.
So, the improved growth of shrimp has been related to
the diatomite addition, which promoted a higher
volume of flocs in the tanks to be eaten by shrimps.

CONCLUSIONS

Diatomite addition to BFT cultures improved growth
performance and feed efficiency of white shrimp post-
larvae and juveniles reared in brackish water under
intensive farming. Further research is needed to
understand the effects of diatomite addition on the
population dynamics of microalgae and bacteria
present in mixotrophic and autotrophic for Penaeus
vannamei culture.
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