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The aim of this study was to evaluate the integrated culture of Sarcocornia ambigua and Pacific white
shrimp in an aquaponic system with biofloc. The experiment was performed for 73 days and two treat-
ments were evaluated: plants and control (without plants), with four replicates. Each experimental unit
consisted of an 800 L tank, a 40 L conical bottom settling chamber, and a hydroponic bench with 0.4 m?
of planting area and a capacity for 40 plants. The water from the shrimp tank was pumped continuously

ﬁ‘g W:;gg;g anname to the settling chamber and the overflow was distributed to the channels to irrigate the plants, then
Bft P returned to the tank by gravity. Tanks were stocked with 250 shrimp m~3 (1.4 4 0.0 g). Shrimp were fed
Nitrogen a commercial diet containing 35% crude protein, four times per day. At the end of the experiment, total
Antioxidant nitrogen was determined in the shrimp, the plants and the ration, as well as antioxidant activity and

total phenolic compounds in Sarcocornia. The water quality remained within the acceptable limits for the
culture of marine shrimp. No significant differences were observed in the performance of L. vannamei.
The final biomass of shrimp was 2.1 0.1 kg m~3, with a survival rate of 73.5 + 1.9%, a final average weight
of 11.7+ 0.4 g, and a feed conversion ratio of 1.7 + 0.1. The production of plants was 8.2 +0.3 kg m~2. The
antioxidant activity in S. ambigua was 38.3 + 1.3 wmol TEAC 100 g~! FM, which characterizes this species
as a functional food. The recovery of nitrogen supplied to the system through the ration was higher in the
plants treatment (39.3%) than in the control (31.4%). In the proposed aquaponic system it was possible
to produce 2 kg of plants for each kilogram of shrimp, integrating the production of L. vannamei and S.
ambigua, and thus improve the use of nutrients in the culture.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

The increment of aquaculture production depends on the devel-
opment and application of new technologies aimed at maximizing
production with less environmental impact (Hu et al., 2015). In this
context, biofloc technology (BFT) has proven to be a rational alter-
native to the intensification of production (Crab et al., 2012). The
BFT system has characteristics, such as high stocking densities, lim-
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ited water exchange, intensive aeration and oxygenation, and the
accumulation of microbial flakes (Ebeling et al., 2006; Ray et al.,
2010). In this system, resources are used more efficiently, com-
pared with conventional production (Avnimelech, 2006; Burford
et al., 2004).

In most conventional aquaculture systems, both extensive and
semi-intensive, cultured animals retain only part of the nitrogen
and phosphorus added to the system through the feed, and the rest
is released to the environment (Buhmann et al., 2015). In biosecure
intensive systems, such as the BFT, less effluent is formed, but with
higher concentrations of nitrogen compounds (Quinta et al., 2015).
This excess of nutrients can be reduced with the use of plants in an
integrated culture system (Buhmann et al., 2015).
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Aquaponics is an innovative and sustainable solution because
it combines the culture of aquatic animals with the hydroponic
production of plants (Tyson et al., 2011). The aquaponic system
can improve nutrient removal efficiency, reduce the use of water
and effluent disposal to the environment, and also improve prof-
itability through the simultaneous production of two crops (Diver,
2006). Rather than being discarded into the environment, residual
nitrogen and phosphate compounds may be absorbed by plants,
reducing nutrient waste (Hu et al., 2015). However, for the integra-
tion of hydroponics with marine aquaculture, salt-tolerant plants,
or halophytes, should be used (Buhmann and Papenbrock, 2013a).

In this context, halophyte plants are known for been cultivated
in areas where the salt concentration would be lethal to most other
species (Flowers and Colmer, 2008). These species grow over man-
groves and salt marshes, and in Brazil, there is an occurrence of
species such as Sarcocornia ambigua (synonymous Salicornia gau-
dichaudiana) (Alonso and Crespo, 2008; Costa et al., 2006). Plants
of the genus Sarcocornia (family Amaranthaceae) are characterized
by simple morphology, since they produce only succulent shoots
without leaves and have a perennial life cycle (Ventura and Sagi,
2013; Ventura et al., 2011).

Salicornia was introduced to the European market for human
consumption as a vegetable similar to green asparagus, being con-
sumed like salad and also as a spice (Bertin et al., 2014). The young
and succulent shoots have gained prominence not only for their
taste but also for their high nutritional value in terms of mineral
composition and bioactive compounds, such as phenolics (Bertin
et al,, 2014; Ventura and Sagi, 2013).

Some authors have obtained positive results for the production
of vegetables irrigated with effluents from shrimp farms (Dufault
and Korkmaz, 2000; Dufault et al., 2001; Mariscal-Lagarda et al.,
2012; Miranda et al., 2008) and for the treatment of marine efflu-
ent using halophyte plants of the genera Sarcocornia and Salicornia
(Buhmann et al., 2015; Glenn et al., 2013; Rozema et al., 2013;
Shpigel et al., 2013; Webb et al., 2012). Thus, the aim of this study
was to evaluate the culture of the halophyte Sarcocornia ambigua
and shrimp Litopenaeus vannamei in an aquaponic system with
biofloc.

2. Material and methods
2.1. Biological material

2.1.1. Shrimp

The experiment was conducted at the Marine Shrimp Laboratory
(LCM) of the Federal University at Santa Catarina, southern Brazil.
Specific pathogen- free post-larvae of Litopenaeus vannamei where
purchased from a commercial hatchery (Aquatec Ltda., Canguare-
tama, RN, Brazil) and grown under an intensive biofloc system in
a matrix circular fiberglass tank of 50 m?3, until they reached the
weight required to begin the experiment.

2.1.2. Plants

Seedlings were grown through vegetative propagation by cut-
tings, in an aquaponic system with floating rafts. Matrix plants of
Sarcocornia ambigua from LCM were cut into 10 cm cuttings with-
out leaves and beveled at the bottom. These cuttings were planted
in polystyrene sheets, leaving approximately 2 cm submerged for
rooting. The sheets remained floating in a circular fiberglass tank
with aeration and 20m3 of water from the shrimp culture in
biofloc, where they remained for 60days. After this period, 160
seedlings were individually weighed (average weight of 4.4 +3.0g)
and transferred to the aquaponic system.

2.2. Experimental design, experimental units and system
management

Each aquaponic experimental unit consisted of an 800 L circular
polyethylene tank with a heater, aeration and artificial substrates,
a settling chamber and a hydroponic bench for the plants (Fig. 1).

One day before the experiment began, the tanks were filled with
water from the 50 m3 matrix tank. This water had a concentration
of total suspended solids of 425.0 mgL~!, total ammonia nitrogen
of 0.0mgL-1, nitrite of 0.8 mgL~!, and nitrate of 65.mgL~!. The
biofloc in the matrix tank was already in a chemotrophic stage, with
the nitrification process established. During the trial, the addition
of organic carbon was therefore not necessary for the maintenance
of water quality parameters (Ebeling et al., 2006). Each tank was
stocked with 200 shrimp with an average weight of 1.4 g, repre-
senting a stocking density of 250 shrimp m—3.

The structure for growing the plants was constructed 0.5m
above the water level of each shrimp tank. This structure was based
on the nutrient film technique (NFT) system, where the roots of the
plants are partially submerged in a film of water passing through
the irrigation channel (Lennard and Leonard, 2006). These channels
were composed of five PVC pipes of 75 mm diameter and 1.10m
length, arranged side by side. The pipes were painted with alu-
minum enamel paint to reflect the light and avoid heating of the
water film (Rodrigues, 2002) and placed on wooden supports with
a 4% slope. Each channel contained eight plants, spaced 12 cm apart
(Izeppi, 2011). Each bench had 0.4 m?2 of planting area with capacity
for 40 seedlings of S. ambigua, which is equivalent to a density of 100
plants m~2. Plants were placed in supports made of 50 mm diam-
eter PVC pipe and nylon screen, with perlite added as a substrate
(Ventura et al., 2011).

To protect the roots from the excess solids produced by shrimp
culture (Hu et al., 2015), before irrigation a 40 L conical bottom set-
tling chamber was used (Baloi et al., 2013). The water was pumped
continuously at a flow rate of 3.0 Lmin~! using a submerged pump
(Sarlo Better model SB650, Sdo Caetano do Sul, SP, Brazil). A PVC
hose of 1 “connected the upper output of the settling chamber to a
50 mm diameter PVC pipe arranged perpendicularly on the bench,
and PVC hoses of 3/8” distributed the water in each channel by
gravity. After irrigating the plants, the water was collected in the
channel at the end of the bench and returned to the tank by gravity.

To maintain the proper concentration of suspended solids in
the culture water (Schveitzer et al., 2013), every hour the accu-
mulated sludge in the settling chamber was pumped for 40 s back
to the culture tank, with a flow of 15Lmin~! through an electric
bomb (Emicol, Itu, SP, Brazil) connected to the bottom outlet of the
settling chamber. Thus, until the water level was restored in the
settling chamber the channels remained without irrigation.

In the aquaponic experimental units, two treatments were eval-
uated, plants and control. The control treatment consisted of the
same system and operating mode, but without plants in the bench.
Each treatment had four replicates, totaling eight experimental
units that were randomized in a 243 m2 greenhouse.

Shrimp were fed four times per day (08:00, 11:00, 14:00 and
17:00) with a commercial feed containing 35% crude protein (Guabi
Potimar, Campinas, SP, Brazil). The amount of feed provided was
calculated weekly based on weight gain, survival and the expected
feed conversion ratio (Ray et al., 2010). Calcium hydroxide was
added when the alkalinity was under 120 mgL-1, at a rate of 20%
of the daily feed intake (Schveitzer et al., 2013). Throughout the
experimental period there was no renewal of water and only the
volume lost by evaporation was replaced.

The light intensity inside the greenhouse (at 14:00), which
ranged from 67.0 to 1254.7 umol photonsm~2s~!, and the tem-
perature, which ranged from 27 to 43 °C, were determined weekly.
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Fig. 1. Aquaponic experimental unit used in the experiment.

The photoperiod during the experiment was 14h light and 10h
dark.

2.3. Water quality variables

During the experiment, the dissolved oxygen and tempera-
ture were measured twice per day, at 08:00 and 17:00 (Dissolved
Oxygen Meter YSI, model Pro20). The pH (pH meter YSI, model
pH100), total suspended solids, nitrate, alkalinity (APHA, 2005),
total ammonia nitrogen (TAN), nitrite, orthophosphate (Strickland
and Parsons, 1972), and salinity (EcoSense YSI, model EC300A) were
measured twice per week.

2.4. Performance indexes of shrimp

To evaluate the weekly growth rate, 20 shrimp were sampled
from each experimental unit. The experiment lasted ten weeks.
After the conclusion of the experimental period, the following per-
formance indexes were evaluated:

average final weight (g)=biomass (g)/final number of animals

weekly weight gain (grams per week)= {(average final weight
(g) — average initial weight (g))/days of culture * 7}

production (g.m~3)=final biomass (g)/tank volume (m3)

survival (%) = (final number of animals/initial number of shrimp)
*100

feed conversion ratio = feed intake (g)/gain of biomass (g)

2.5. Plant production indexes

At the end of the experimental time, all plants were weighed
individually. The average final weight (g), final biomass (kg), gain
in biomass (kg), and production (kg m~2) were then calculated.

2.6. Analysis of nitrogen in plants, shrimp and rations

To determine the content of total Kjeldahl nitrogen (TKN),
at the end of the culture 15 shrimp and 1kg of Sarcocornia
ambigua were collected from each experimental unit, as well
as a sample of the ration used in the experiment. The analyses
were performed according to the total nitrogen content deter-
mined by the Kjeldahl method (code 920.87) described by AOAC
(2005).

2.7. Analysis of antioxidant activity and total phenolic
compounds of Sarcocornia ambigua

Plants extracts from each experimental unit were prepared
using 10 g of fresh sample (aerial part) with 25 mL of methanol in
an ultrasonic bath (Unique, 1400a, Sdo Paulo, SP, Brazil) at room
temperature for 1h. The extracts were then centrifuged at 14000
RPM for 5min (Eppendorf MiniSpin Plus). The supernatant was
recovered for analysis.

Antioxidant capacity was estimated by the DPPH (2,2-
diphenyl-1-picrylhydrazyl) radical-scavenging method according
to Brand-Willians et al. (1995) and was expressed in fresh weight
as micromoles of Trolox equivalent antioxidant capacity per
100g of fresh matter (wmol TEAC 100g-! FM) (Bertin et al.,
2014).

Total phenolic content was determined spectrophotometrically
according to the Folin-Ciocalteu method (Singleton and Rossi,
1965). Absorbance was read at 765 nm and results were compared
to a standard curve of gallic acid solution and expressed in fresh
weight as milligrams of gallic acid equivalents per 100 g of fresh
matter (mg GAE 100g~1 FM).
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Table 1
Water quality variables in tanks of Litopenaeus vannamei cultivated in an aquaponic system for 73 days at a stocking density of 250 shrimp m~3.
Parameter Treatment ANOVA
Plants Control T w TXW

Temperature 29.5+0.6 29.8+0.6 - . -
(°C) (27.8-32.9) (28.5-33.4)

Dissolved Oxygen 5.67+0.17 5.57+0.19 - - -
(mgL-1) (4.82-7.16) (4.7-7.11)

Salinity 36.2+1.6 364+1.5 ns * ns
(gL 1) (31-38) (34-39)

pH 8.0+0.1 8.0+0.1 ns * ns

(7.8-8.2) (7.8-8.1)

Alkalinity 163.5+18.5 150.8+13.8 * * *
(mgL-1) (136-208) (118-182)

Total Suspended Solids 333.8+53.9 371.3+£53.2 * * *
(mgL-1) (257-459.5) (266-445)

Total ammonia — N 0.3+0.1 0.2+0.1 * * *
(mgL1) (0.0-0.5) (0.0-0.6)

Nitrite 0.6+0.3 04+0.3 * * *
(mgNO,-N L) (0.1-1.1) (0.0-1.0)

Nitrate 214+17.0 229+16.7 ns * *
(mgNO;~-NL1) (6.0-79.2) (10.2-80.6)

Orthophosphate 53+1.1 55+1.0 ns * ns
(mg PO43--PL1) (2.5-7.5) (3.1-7.4)

Values are means =+ standard deviation (range). Repeated measures ANOVA: T (treatment), W (weeks). TXW (TxW interaction), *Significant difference (p<0.05); ns: not

significant.

2.8. Statistical analysis

Water quality variables were analyzed by one-way repeated
measures ANOVA. Performance indexes and nitrogen recovery
were compared by one-way ANOVA. Homoscedasticity and nor-
mality were tested by Bartlett and Shapiro-Wilk tests, respectively.
All statistical tests were evaluated at a 5% significance level.

3. Results
3.1. Water quality variables

Temperature and dissolved oxygen were similar in the two
treatments. pH remained constant over culture and was not sig-
nificantly different between treatments (p>0.05). No statistically
significant difference was detected in salinity, which showed sim-
ilar means between the two treatments. Alkalinity was higher in
the plants treatment than in the control (Table 1).

The concentration of total suspended solids was lower in the
plants treatment than in the control. There was no significant
difference in orthophosphate between treatments (p >0.05). Total
ammonia nitrogen (TAN) increased over culture time in both treat-
ments, but was higher during weeks seven and eight in the plants
treatment (Fig. 2-a). Nitrite was higher in the plants treatment
between weeks five and nine (Fig. 2-b). No significant differences
were observed in nitrate concentration (p > 0.05) between the two
treatments (Fig. 2-c).

3.2. Performance of Litopenaeus vannamei

No significant differences were observed (p>0.05) between
treatments for any of the shrimp performance parameters analyzed
(Table 2).

3.3. Sarcocornia ambigua production

At the end of the experiment, 3.3 +0.1kg of S. ambigua were
harvested in each experimental unit, which is equivalent to a pro-
duction of 8.2 + 0.3 kg m~2. The average final weight of the plants
was 85.08 +59.07 g and the plant biomass gain in each aquaponic
unit was 3.1 +0.2kg.

Table 2
Production indexes of L. vannamei cultivated in an aquaponic system with biofloc at
a stocking density of 250 shrimp m~3 for 73 days.

Parameter Treatment

Plants Control
Final average weight (g) 11.6+0.3 11.7+0.5
Average weight gain (g week ') 1.0+0.03 1.04+0.05
Production (gm—3) 2159.4+0.0 2121.9+0.1
Survival (%) 745+2.1 725+1.2
Feed conversion ratio 1.7+0.1 1.7+0.1
Produced biomass (g) 1450.5+29.8 1423.5+46.7

Values are means + standard deviation.

3.4. Nitrogen utilization

The nitrogen contents of the ration, shrimp and plants were
5.2%, 2.7+0.1%, and 0.4+ 0.0%, respectively. During the culture,
2418+37.1¢g of feed were added per experimental unit, which
correspond to 124.7+1.9g of nitrogen per tank. The nitrogen
recovery as product was higher in the plants treatment (p <0.05),
where 37.8 +1.7gand 11.5 +0.7 g were recovered in shrimp and S.
ambigua biomass, respectively, representing 39.3% of the nitrogen
added (Fig. 3). In the control treatment, 38.9 + 3.2 g were recovered
in shrimp biomass, corresponding to 31.4% of the nitrogen intake
from the feed.

3.5. Total phenolic compounds and antioxidant activity of
Sarcocornia ambigua

The phenolic content of S. ambigua extract determined from the
standard curve of gallic acid was 41.34+1.67 mg GAE100g~! FM.
The antioxidant activity measured by DPPH was 38.30 + 1.28 umol
TEAC100g~! FM.

4. Discussion
4.1. Water quality variables
Temperature, dissolved oxygen, pH, and salinity remained

within the proper limits for the culture of L. vannamei in biofloc
system (Baloi et al., 2013; Ray et al., 2010; Vinatea et al., 2010).
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Fig.2. (a) Total ammonia nitrogen (TAN), (b) nitrite and (c) nitrate in tanks of Litope-
naeus vannamei cultivated in aquaponic system with biofloc at a stocking density of
250 shrimp m~3 for 73 days.
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Fig.3. Nitrogenrecovery (%)in shrimp and plant biomass cultivated in an aquaponic
system for 73 days.

In BFT culture, the use of settling chambers reduces the solid
concentration and improves the water quality and performance of
shrimp (Ray et al., 2010; Schveitzer et al., 2013). During the exper-
imental period, no removal of solids from the system was carried
out because the solids were returned to the tank from the bottom
of the settling chamber. Nevertheless, retention and degradation
of solids may have occurred inside the settling chamber and in the
channels of the bench, since there was a reduction in the concen-
tration of TSS in the culture water (Rakocy, 2012; Ray et al., 2010).
This reduction was observed in both treatments, but was more pro-
nounced in the plants treatment, possibly due to the retention of
TSSinthe root zone (Jewell et al., 1983). However, the accumulation
of organic matter in the irrigation channels may be beneficial, since
the decomposition of solids can release inorganic nutrients essen-
tial to plant growth, in a process known as mineralization (Rakocy,
2012).

The decrease in the concentration of TSS was probably also
responsible for the reduction in nitrifying bacterial biomass in the
system (Hu et al., 2015) leading to the gradual accumulation of
TAN in the two treatments during the weeks. With the growth of
ammonia-oxidizing bacteria, the accumulated TAN was gradually
oxidized to NO, (Hu et al., 2015). Oxidation of nitrite to nitrate is
a process that occurs more slowly, resulting in the accumulation
of NO, and the maintenance of low concentrations of NO3 in the
system (Ebeling et al., 2006; Ray et al., 2011). The concentration of
nitrate, in turn, decreased during the first weeks of the experiment.
This reduction may have been due to the simultaneous occurrence
of denitrification within the settling chamber and the decreased
rate of nitrification caused by the reduction in solid concentration
(Ray et al,, 2011). After that, contrary to what we expected, there
was no reduction in NOs, suggesting preferential NH4 absorption
by S. ambigua. Species of the Salicornia and Sarcocornia genera can
use both NO3 and NH4 as nitrogen sources (Quinta et al., 2015),
however, under conditions of high salinity, as were present in this
experiment, the absorption of NO3 can be reduced and the use of
NH,4 becomes more favorable for the growth of halophytes (Kudo
and Fujiyama, 2010; Quinta et al., 2015).

4.2. Performance of Litopenaeus vannamei and production of
Sarcocornia ambigua

The performance of L. vannamei was similar to that observed
in other cultures with biofloc systems. Final weight, production
and survival were close to those obtained by Ray et al. (2010)
(11.6+1.1g, 2.21+0.12kgm=3 and 71.8% respectively). Weekly
weight gain was similar to that obtained by Jatoba et al. (2014)
in the same experimental conditions and the feed conversion ratio
was close to that obtained by McIntosh et al. (2001). In this study,
no differences were found in the production indexes between
the treatments, indicating that the presence of plants in the pro-
posed aquaponic system does not affect the performance of marine
shrimp (Lennard and Leonard, 2006; Mariscal-Lagarda et al., 2012).

The productive potential of a halophyte may vary according
to the species and salinity to which it is subjected during culture
(Ventura and Sagi, 2013; Ventura et al., 2011). Species of the genus
Sarcocornia are characterized by slow growth and low productivity
when irrigated with seawater (Ventura et al., 2011). Nevertheless,
after 73 days of experimentation, the average production of fresh
biomass of S. ambigua was 8 kg m~2. This value is higher than that
obtained in high salinity cultures of species from the genus Sal-
icornia. Ventura et al. (2011) reported a production of 6kgm~2 in
hydroponic culture with seawater enriched with fertilizers. In an
experimental culture of S. ambigua irrigated with shrimp farm efflu-
ent held in Brazil, up to 2kgm~2 of fresh biomass were obtained
after 150 days of culture (Izeppi, 2011).
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4.3. Nitrogen recovery in the system

One of the features of an intensive culture system is the pro-
vision of a high amount of food rich in nutrients. Protein is the
most expensive component of the ration, and feed represents more
than half of the production costs (Casillas-Hernandez et al., 2007).
However, only about 30% of the nitrogen added to the system
through the feed is recovered in the biomass of fish and shrimp
harvested (Endut et al., 2013). Thus, the efficiency of an aquacul-
ture system may be evaluated based on the conversion of N in
harvested biomass (Endut et al., 2013). In this study, the nitrogen
content of shrimp and plants were 2.7% and 0.4%, respectively, in
close agreement with those reported in the literature (Bertin et al.,
2014; Jackson et al., 2003; Lu et al., 2010). The N recovered as L.
vannamei biomass (16.2 g per kg of added feed) is close to the val-
ues reported by other authors in semi-intensive culture of marine
shrimp (Casillas-Hernandez et al., 2006; Paez-Osuna et al., 1997).
Nevertheless, the use of the nitrogen added to the system through
the feed was 25% more efficient in the integrated culture of shrimp
and plants, even with the N low content found in S. ambigua.

4.4. Total phenolic compounds and antioxidant activity of
Sarcocornia ambigua

The phenolic compounds are the main secondary metabolites
of plants and are directly related to antioxidant activity in halo-
phytes (Essaidi et al., 2013; Gargouri et al., 2013). In the samples
of S. ambigua grown in an aquaponic system, the content of phe-
nolic compounds was moderate (41.34+ 1.67 mg GAE100g~ ! FM)
and was close to that reported by Gargouri et al. (2013) in Sarco-
cornia perennis extract, but lower than the values found in extract
of Salicornia species that, depending on growing conditions, have
values close to 200 mg GAE 100 g~! FM (Essaidi et al.,2013; Ventura
et al.,, 2011). However, the values found in S. ambigua are close to
those found in other leafy vegetables classified as rich in pheno-
lic compounds (>50mg GAE100g~! FM) (Isabelle et al., 2010a),
because the production of these compounds may vary according
to the species and the environmental conditions to which plants
are subjected, including salinity, water and nutrient availability,
and light intensity (Buhmann and Papenbrock, 2013a; Ventura and
Sagi, 2013).

The Sarcocornia ambigua extract analyzed showed moderate
antioxidant activity (38.30 + 1.28 wmol TEAC 100 g~ ! FM), which is
related to the phenolic compound content found in the samples
(Gargourietal.,2013). The results obtained in this study are close to
those presented by Bertin et al. (2014) for the same species irrigated
with the effluent of L. vannamei culture, though the same authors
reported higher values (135.83 & 5.00 wmol TEAC 100 g~! FM) for S.
ambigua samples collected in their natural habitat.

The synthesis of antioxidant compounds is one of the plant’s
metabolic responses to oxidative damage (Bertin et al.,2014; Ksouri
et al., 2008). Salt stress in halophytes can lead to the production
of reactive oxygen species, affecting cell membrane integrity and
enzyme activity (Buhmann and Papenbrock, 2013b; Ventura et al.,
2011). Growth under suboptimal conditions can induce stress and
consequently, result in an increase in secondary metabolites, such
as antioxidants (Boestfleisch et al., 2014). According to the results
of this study, it is possible that plants grown in an aquaponic sys-
tem were not subjected to stress or had already adapted to the
conditions imposed by the culture (Boestfleisch et al., 2014).

Notwithstanding, the concentrations of phenolic compounds
and antioxidant activity of S. ambigua grown in this study are com-
parable to those found in some vegetables, such as asparagus, green
pepper, onion, and tomato (Isabelle et al., 2010a; Kihkonen et al.,
1999), and fruits such as nectarine, papaya, and pineapple (Isabelle
et al., 2010b), and indicate that the culture of S. ambigua in sea-

water can be a viable option for secondary metabolite production
(Buhmann and Papenbrock, 2013Db).

5. Conclusions

Using the proposed aquaponic system, it is possible to produce
2 kg of plants for each kilogram of shrimp and to demonstrate that
the production of S. ambigua in an integrated system with intensive
shrimp culture does not affect the growth performance of animals.
The use of nitrogen is 25% more efficient in the integrated culture of
shrimp and plants. In this production system, quantities of phenolic
compounds and antioxidant activity found in Sarcocornia ambigua
characterize it as a promising source of natural antioxidants for
human consumption.
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