Preprints are preliminary reports that have not undergone peer review.

6 Research Sq uare They should not be considered conclusive, used to inform clinical practice,

or referenced by the media as validated information.

Composition Characterization of Ulva Ohnoi
Cultivated in a Biofloc System

Jamilly Sousa Rocha
Universidade Federal de Santa Catarina

Daniele Santos
Universidade Federal de Santa Catarina

Efrayn Wilker de Souza Candia de Souza Candia
Universidade Federal de Santa Catarina

Leila Hayashi
Universidade Federal de Santa Catarina

Claudia Marlene Bauer
Universidade Federal de Santa Catarina

Marcelo Maraschin
Universidade Federal de Santa Catarina

Felipe do Nascimento Vieira (% felipe.vieira@ufsc.br)
Universidade Federal de Santa Catarina

Research Article

Keywords: ulvan, protein, shrimp effluent, macroalgae
Posted Date: June 30th, 2022

DOI: https://doi.org/10.21203/rs.3.rs-1778076/v1

License: © ® This work is licensed under a Creative Commons Attribution 4.0 International License.
Read Full License

Page 1/22


https://doi.org/10.21203/rs.3.rs-1778076/v1
mailto:felipe.vieira@ufsc.br
https://doi.org/10.21203/rs.3.rs-1778076/v1
https://creativecommons.org/licenses/by/4.0/

Abstract

This work evaluated the cultivation of the macroalgae Ulva ohnoi on the performance of algal biomass
and changes in its proximate and biochemical composition after cultivation in a biofloc system. U. ohnoi
was cultivated in three experimental units with aeration, heating, initial density of 6 g L™ for 28 days. The
water used for cultivation was collected from a biofloc matrix tank and exchanged 90% once a day
throughout the experiment. Temperature, salinity and illuminance were measured twice a day. To evaluate
the growth of the macroalgae, weekly weighing was performed, and the daily growth rate was calculated.
The density of each experimental unit was weekly adjusted to the initial density (6 g L"), and the remain
was saved for the composition analyses. Results showed an average plant growth of 1.15% day™’,
totaling 49.5 g of weekly biomass increase. A significant difference was observed when comparing the
initial 2.64+0.3% and final 4.62+0.2% ulvan concentration, and an increase of 30.2% in protein
concentration at the end of the cultivation. No statistical differences were found regarding the
concentration of phenolic compounds and chlorophylls (a and b) during the weeks. An increase in
flavonoid concentration was observed on days 7 and 14 (0.41+0.04; and 0.410.07 pg g-1 of dry weight),
as well as a decrease in carotenoid concentration of approximately 41.3 %. In conclusion, an increase in
protein and ulvan concentrations were observed after the macroalgae U. ohnoi was cultivated in the
biofloc system.

Introduction

Ulva Linnaeus (1753) is one of the four oldest genera of macroalgae and with the highest number of
species. This genus belongs to the Ulvaceae family, popularly known as “sea lettuce” (Guiry and Guiry
2020). Species of the genus Ulva are cosmopolitan, opportunistic, have a short life cycle and are
predominantly marine. They occur in coastal zones and subtidal habitats, and can be found at 10 m
depth, free, floating or attached to substrates (Chapman 1956; Hoffman et al. 2010; Masakiyo and
Shimada 2014). The wide distribution of this macroalgae is related to its high tolerance and adaptation
to the main environmental factors (light, temperature, salinity, etc.), and specimens have already been
found in environments with salinity ranging from = 0.5 to 49 %o (Rybak 2015).

Within this genus is the species Ulva ohnoi, considered exotic, invasive and opportunistic in several parts
of the world. Its composition contains proteins, vitamins, minerals, amino acids and polyunsaturated
fatty acids (Angell et al. 2015), which means that it can be used as a natural source of high value-added
compounds (Bikker et al. 2016) and low-cost organic molecules such as polysaccharides (Alves et al.
2013). Therefore, it has attracted great interest from the industry for the extraction of specific
compounds, which can be used in the pharmaceutical, cosmetic, biofertilizer, medicinal and animal feed
areas (Plaza et al. 2009).

Ulvan is a type of sulfated polysaccharide (Lahaye and Axelos 1993) that is considered a functional
ingredient as it has shown positive effects on the immune system of aquatic organisms (Peso-Eharri et
al. 2012). The main pigment present in Ulva sp. is chlorophyll, which is involved in the photosynthesis
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prosses. In addition, this genus contains accessory pigments called carotenoids, which are synthesized
only by algae, plants and microorganisms (Goodwin 1962). These compounds have biological functions
in these organisms acting as antioxidants, membrane stabilizers and accessory pigments in
photosynthetic organisms (Guaratini et al. 2009). Aquatic organisms such as shrimp and fish do not
synthesize these carotenoids, so dietary supplementation is necessary (Lorenz and Cysewski 2004).
Thus, the macroalgae Ulva sp. can improve the nutritional value of feed in aquaculture (Calheiros et al.
2019), in addition to often acting as a nutraceutical feed ingredient (Shpigel et al. 2017; Wells et al.
2017).

Macroalgae can be cultivated in continental areas, open lagoons, ponds and laboratories (Sebok et al.
2017), presenting ideal characteristics for cultivation in aquaculture, including in the Integrated
Multitrophic Aquaculture (AMTI) model. AMTI provides nutrient bioremediation capability (Bolton et al.
2009; Hoang et al. 2016), benefits to co-cultivated organisms, and economic diversification through the
production of other value-added aquaculture products (Chopin et al. 2001). In fact, species of the genus
Ulva are promising in this system, since they present considerable rates of assimilation of nutrients that
are used for their growth, such as nitrogen in different forms (ammonia, nitrite, nitrate), for example
(Troell et al. 2003).

IMTA and biofloc system (Biofloc Technology - BFT) has been pointed out by researchers as a viable
alternative to traditional systems. Characterized by being an intensive or super-intensive cultivation
system and with low water exchange (Avnimelech 2015), the biofloc system is composed of detritus,
bacteria, microalgae, zooplankton, fungi, feces and exoskeletons of dead animals. The bioflocs arerich in
protein and have significant amounts of micronutrients, which contributes to shrimp nutrition and
increases their yield, survival, and decreases their feed conversion rate (Avnimelech and Kochba 2009;
Taw 2010, Ray et al. 2012).

In BFT, ammonia is controlled within the system in two ways. One of them is the heterotrophic pathway,
which is stimulated by the addition of an external source of organic carbon, in which heterotrophic
bacteria assimilate inorganic nitrogen and orthophosphate, transforming them into cellular biomass
(Avnimelech 2015). The other pathway is called the chemoautotrophic pathway, which oxidizes ammonia
and as a result produces nitrate by nitrifying bacteria (Ebeling et al. 2006). However, despite the positive
points presented by the biofloc system, there is an increase in the accumulation of feed residues, excreta
and inorganic compounds in the system, since shrimp retain only a small percentage of nutrients (25%
total nitrogen and 11% phosphorus). The disposal of this effluent rich in inorganic and organic nutrients
is still a challenge, as it can negatively impact the environment (Crab et al. 2007; Avnimelech 2015;
Avnimelech and Ritvo 2003).

Several studies have been carried out to minimize these negative effects caused by the intensification of
the cultivation of aquatic organisms. In this sense, the use of macroalgae has shown great potential,
since these organisms take advantage of the residual nutrients made available by animal production (Xu
et al. 2008; Xu et al. 2008). Martins et al. (2020) cultivated two species of macroalgae (U. ohnoi and U.

Page 3/22



fasciata) using biofloc effluent from shrimp farming as fertilizer and obtained positive results in growth
and nutrient uptake in both species. The integration of U. fasciata in the cultivation of shrimp and mullet
in a biofloc system retained phosphorus and nitrogen, in addition to increasing the concentration of
chlorophyll and carotenoids without affecting the productivity of the ulvan extract (Legarda et al. 2021).
According to Khoi and Fotedar (2011), the macroalgae U. /actuca increased the rate of conversion of
nutrients into total biomass in the integrated systems (shrimps and algae) and removed part of the
inorganic nitrogen dissolved in the closed aquaculture recirculation system. This removal is the result of
photosynthetic activities that facilitate the absorption of nutrients from effluents, improving the water
quality of cropping systems (Nelson et al. 2001).

Green algae, besides acting as agents to remove organic and inorganic nitrogen compounds from the
aquatic environment, also have a high capacity for absorbing compounds such as ammonia (Cohen et al.
1991) and nitrate (Lapointe and Tenore, 1981; Naldi and Viaroli 2002). In general, macroalgae have
shown promising results and aroused economic interest in several sectors, whether in the form of fresh
biomass or algal extracts. For example, in a work carried out by Cruz-Suarez et al. (2010), U. clathrata
supplementation in shrimp feed provided a positive effect on the growth rate of 60% and decreased the
feed conversion rate by up to 45%. In addition, green macroalgae supplementation also improves shrimp
immunity (Valente et al. 2006). In view of all the benefits mentioned above, new discoveries and
functionalities in the use of macroalgae have emerged, showing the importance of knowing their
biochemical and nutritional characteristics. Still, it is worth mentioning that no work was carried out to
analyze possible differences in the characteristics of macroalgae cultivated in bioflocs. Therefore, this
work evaluated the cultivation of the macroalgae Ulva ohnoi on the performance of algal biomass and
changes in its proximate and biochemical composition after cultivation in a biofloc system.

Material And Methods

Macroalgae

Macroalgae were collected in the sedimentation pond of the Laboratory of Marine Molluscs of the
Federal University of Santa Catarina (LMM/UFSC) in September 2021. All biomass was stored in plastic
containers (20L) with water from the pond and transported to the Macroalgae Section of the Marine
Shrimp Laboratory from the Federal University of Santa Catarina (LCM/UFSC). The epiphytes and any
material encrusted in the macroalgae were manually removed, which were then washed with salt water.
After this procedure, the algae were placed in a circular polyethylene tank with a capacity of 500 liters
equipped with an aeration system with three porous stones. The temperature was gradually increased
until reaching the temperature indicated in the experiment, 28°C.

Experimental design and conditions

Three experimental units were used, consisting of rectangular white polypropylene boxes with a capacity
of 60 L (55.5x37.7x31 cm) and a useful volume of 40 L, containing constant aeration and a HT-1900
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100W heater. The initial density of macroalgae cultivation was 6 g L™ and the cultivation time was 28
days. The water used for the experiment was collected from the LCM biofloc matrix tank (capacity of
40,000 L), where 5,000 shrimp of approximately 15 g were being cultivated in a biofloc system. Shrimp
were fed 4 times a day with commercial feed (35% crude protein) at a rate of 3% biomass. From this
effluent, the water quality parameters were evaluated: total ammoniacal nitrogen, nitrite, pH, dissolved
orthophosphate, total suspended solids, alkalinity and nitrate (Table 1).

The water exchange of the experimental units was performed once a day (morning), throughout the
experiment, at a rate of 90% of the useful volume of the box. The biofloc from the matrix tank was taken
to the experimental units through a water recirculation system coupled to an aquarium pump and a 25
pum polyester bag filter to remove solids. The pump was turned on only when the experimental units were
renewed. The temperature (YSI multiparameter, Professional Plus), salinity (with a refractometer
(Instrutherm®) were measured twice a day. The values of illuminance (digital luxmeter) were then
converted to quantum irradiance (umol photons m-2 s-1) by multiplying them by 0.018 (Gensler, 1986).
Lighting was provided naturally inside an agricultural greenhouse with 70% shading. To assess the
growth of macroalgae, weekly weighing was performed with the aid of a digital scale, with excess water
removed before the procedure. The daily growth rate was calculated according to the equation GR (% day
1) =[(Fb / Ib) "t-1] x 100, where Fb (final biomass), Ib (initial biomass) and t (time), proposed by YONG
et al. (2013). The density of each experimental unit was then adjusted to an initial density of 6 g L™ and
the remainder of the sample was saved for proximate and biochemical analyses. The proximate
composition of the algae was performed according to the methods described by AOAC (1999).

(Fig. 1)
Extraction and quantification of chlorophylls and total carotenoids design

Samples of U. ohnoi (3g fresh weight, n = 3) were macerated in a crucible with liquid N2 and 5 ml of 80%
methanol (v/v) were added to them. The material was incubated for 1 h in the dark and then centrifuged
(12000 g, 10 min). Finally, the supernatant was recovered by vacuum filtration. The total contents of
phenolic compounds were determined by the Folin-Ciocalteu colorimetric method (A = 750 nm), as
described by Rhandir et al. (2002). The gallic acid standard curve was used to calculate the analyte levels
(Sigma-Aldrich, St. Louis, MO, USA - 100 - 1250 pg.mL™",y = 0.0108x, r2 = 0.999). The results, in triplicate,
were expressed in mg of gallic acid equivalent (C7H605) per g of dry mass.

Extracion and quantification of total phenolic compounds

Throughout the experiment, the following water quality parameters were monitored: dissolved oxygen
and temperature twice a day (YSI 55, YSI Inc., Yellow Springs, OH, USA); salinity (YSI 55, YSI Inc., Yellow
Springs, OH, USA), pH (YSI 55, YSI Inc., Yellow Springs, OH, USA), TSS, alkalinity, total ammonia and
nitrite (Strickland and Parsons 1984; APHA 1995) twice a week; nitrate (HACH method 8039, cadmium
reduction) and phosphate (Strickland and Parsons 1984; APHA 1995) at days 0, 25 and 49 (beginning,

middle and end) of the experiment.
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Extraction and quantification of total flavonoids

The total flavonoid content was determined by the colorimetric method described by Chang et al. (2002),
with adaptations to algal extract carried out by the research group of the Plant Morphogenesis and
Biochemistry Laboratory (LMBV). An aliquot of 0.5 mL of extract (as described in item 2.4) of each
sample was used to determine the total flavonoid content in the presence of 0.5 mL of methanolic
aluminum chloride solution (2%) and 2, 5 ml of ethanol PA. The material was then vortexed and the
sample remained protected from light for 1 h. Then, the absorbance reading was performed at 420 nm in
a UV-Visible spectrophotometer (UV-2000A, Instrutherm). The calculation of the total flavonoid content
was based on the quercetin standard curve (10 to 200 pg.mL™ - r2 = 0.99; y = 0.010x). The analyzes
were performed in triplicate and the results were expressed as mg of quercetin equivalent per g of dry
mass of the extract.

Ulvan extraction

The ulvan polysaccharide extract was prepared according to the methodology described by Paulert et al.
(2009) with modifications. Fresh macroalgae were autoclaved following the proportion of 50 g of fresh
mass to 300 mL of distilled water for two hours at 110°C. Then, the supernatant was incubated with three
volumes of PA ethanol for 48 h at -20°C, and then filtered and lyophilized for 24 h at -54°C and 0.160
mBar. Finally, the ulvan yield was calculated using the following formula: ulvan yield = [[dry ulvana
(g)/fresh macroalgae (g)] x 100]/percent dry matter. For this calculation, the dry ulvan obtained from the
extraction and the fresh mass used in the process were considered, and the result was divided by the dry
matter of the macroalgae.

Protein quantification

The physical-chemical characterization analyzes were performed in triplicate according to the
methodologies described by AOAC (1999): protein (LECO) Dumas method 990.03, conversion factor 6.25
and ether extract by Soxhlet using the 920.39C method.

Statistical analysis

All results were calculated with mean and standard deviation. The data were submitted to Shapiro-Wilk
and Brown-Forsythe test to prove the prerequisites of normality and homogeneity of variances. Then,
analysis of variance (one-way ANOVA) was used, followed by Dunnet's test of multiple comparisons. For
the initial and final quantification of ulvan, Student's t test was used. All statistical tests were evaluated
with a significance level of 5% and were performed using the GraphPad Prism version 9.2 program.

Results

Water quality
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The temperature, salinity, dissolved oxygen and illuminance of the laboratory cultivation period are
presented in Table 2.

Algal performance
(Tabela 3)

In relation to the initial condition, the macroalgae showed changes in their characteristics over the weeks,
such as an increase in weight, firmer consistency, and color change, from light green to darker green. In
addition to these aspects, a weekly biomass gain was observed.

(Fig. 2)
Phenolic compounds, flavonoids, Chlorophyll a and b, carotenoids from U. ohnoi
(Tabela 4)

No statistical differences were observed in relation to the concentration of phenolic compounds and
chlorophylls a and b. Regarding flavonoids, a statistical difference was observed on days 7 and 14. It was
also observed that carotenoids decreased approximately 41.3% in macroalgae cultivated after 28 days in
bioflocs.

Ulvana quantification

(Fig. 3)

A significant difference was observed when comparing the initial 2.64+0.3% and final 4.62+0.2% ulvan
concentration.

Protein concentration

(Fig. 4)

Statistical differences were observed in protein concentration throughout the cultivation period, with
values of 14.52+0.1% at the beginning and 18.91+0.17% at the end, representing an increase of 30.2%.

Discussion

The importance of vegetative and biochemical characteristics related to the cultivation of macroalgae
using water from a biofloc system was evaluated in this work. In order to obtain optimal growth, it is
important to establish a positive balance between the experimental conditions of the cultivated organism
(Gustavs et al. 2009) and, in the same way, the parameters of water quality are indispensable to maintain
the adequate environment (Boyd and Tuker 2014). In the present work, it was possible to observe that all
water quality parameters were in accordance with the references found for the species U. ohnoi (Notoya

1999; Ohno 1988; Angell et al. 2015). Still, it is a fact that all organisms have levels of tolerance to certain
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conditions, and regarding the species U. ohnoij, it is known that the ideal range for the growth of the
species varies between 25 and 40 %o (Angell et al. 2015). In this experiment, this parameter was in the
limit (39-40%o), and the macroalgae was able to demonstrate tolerance and adaptive capacity.

In addition to water quality parameters, nutrient availability in crops is another important factor for
maintaining growth in Ulva species. Imchen (2012) states that the excess of nutrients in the cultivation
water of Ulva sp. is not harmful, but on the contrary, that its growth is correlated with their availability.
The algal performance results were consistent with this author's statement, since we obtained an
increase in biomass and growth during the experimental period, showing that the biofloc provides
nutrients for algal development. Martins et al. (2020) cultivated two species of Ulva (U. ohnoiand U.
fasciata) using the biofloc at a concentration of 25% as a fertilizer for algae achieved positive results for
growth rate and nutrient absorption (total ammonium nitrogen, nitrate and orthophosphate) for both
species.

Antioxidant compounds (chlorophylls, carotenoids, phenolic compounds and flavonoids) depend on the
macroalgae lineage and the impact of physical, chemical or physical-chemical aspects of the
environment. These compounds are important because of their anti-inflammatory properties, in addition
the possibility of being used as alternative natural antibiotics (Peso-Echarri et al. 2012). Most
biochemical studies focusing on green algae are restricted to nutritional value, and in the literature, most
values of antioxidant compounds were found expressed in different units.

Eismann et al. (2020) reported a wide range of carotenoids, from 0.005 to 900 mg g™ of fresh weight in
Ulva sp, while Hong et al. (2007) found contents of 62.7 and 97.3 ug g™ in U. reticulata and Caulerpa
racemosa. Similarly, Legarda et al. (2020) evaluated the carotenoid concentrations of U. fasciata
cultivated in an integrated mode with shrimp and mullet in a biofloc system and found values of
4.99+0.73 pg g~ (initial) and 16.46+3.41 ug g (final) of the fresh weight. Chakraborty and Santra (2008)
also quantified the total carotenoids of four species of green algae, Lola capillaries (20.19+0.67 pg g™),
U. lactuca (19.55 pg g™, Rhizoclonium riparium (19 .16+1.58 pug g™') and Enteromorpha intestinalis
(18.85+0.40 ug g'), with the results being expressed in dry weight. According to Chakraborty and Santa
(2008), the profile of carotenoids (vitamins) in macroalgae depend on endogenous and exogenous factor,
which explains the fact that variations in values were found in the literature and in this work.

Regarding the concentration of chlorophyll, Legarda et al. (2020) found values of 72.15+12.07 ug g-1
(initial) and 294.66+16.46 pg g-1 (final) of the fresh weight of U. fasciata cultivated in salinity 31.6+1.15
g L™ and in biofloc. Raymundo et al. (2004) found the following values for chlorophyll-a, 151.48 and
411.51 mg kg™ of fresh weight, in ulvacean macroalgae collected on the coast of Santa Catarina. On the
contrary, the values found in the present work were lower, and a possible explanation is that the content
and presence of pigments may vary according to factors such as reproduction, growth phase,
environmental changes, seasons and salinity, the latter being a limiting factor for the species in this work
(Chakbraborty et al. 2010; Kakinuma et al. 2006; Kakinuma et al. 2004). Most macroalgae utilize a

complex set of physiological and biochemical changes to adapt to hypersaline conditions (Kirst GO
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1990). Corroborating this, Kakinuma et al. (2004) reported that the macroalgae U. pertusa showed
changes in these aspects when cultivated under salinity fluctuations. The authors also reported that, in
response to high salinity, a decrease in the total pigment content (carotenoids and chlorophyll a and b)
was observed, which caused irreversible damage to the algae's photosynthetic activity.

Phenolic compounds occur naturally in terrestrial and aquatic plants, being the main responsible for
antioxidant activity (Hayase and Kato 1984; Ramarathnam et al. 1986). Although this class of
compounds includes the effective antioxidants, little is known about this activity in algal extracts.
Fujimoto and Kaneda (1980) studied 21 species of macroalgae, and 60% of the species showed
antioxidant activity to some degree. Phenol extraction yield depends on the variety of active compounds
with different properties and polarities, which can be affected according to the solubility of the solvent.
For the extraction of polyphenols from a plant matrix, polar solvents such as ethanol, methanol, acetone
and ethyl acetate are used (Parekh and Chanda 2007). The species U. fasciata collected at Praia de
Canasvieiras - SC, presented 635.53 mg/100 g of phenolic compounds, following a protocol using the
solvents ethyl ether and methanol, according to Raymundo et al. (2004). Legarda et al. (2020) quantified,
using methanol as a solvent, the phenolic compounds of U. fasciata grown in bioflocs and obtained
values of 0.32+0.05 ug g (initial) and 0.19+0.03 pg g™ (final) of dry weight and observed a reduction of
40% at the end of the cultivation. In the present work, methanol was also used as a solvent for analysis of
green algae grown in bioflocs, however, no statistical difference was observed. The different
concentrations found by the authors may be the result of differences in the chemical composition
between the phenolic compounds of the algae, the solvents used in the protocols or the involvement in
the antioxidant activity of other compounds, such as chlorophylls and carotenoids (Raymundo et al.
2004).

Flavonoids represent one of the most important groups of phenolic compounds and are widely
distributed in the plant kingdom, with more than 4200 varieties already found (Simdes et al. 2007). This
distribution is associated with several factors according to taxonomic classification, species variation,
etc. These factors influence the metabolism and production of these compounds, resulting in different
concentrations (Machado et al. 2008). Al-Malki et al. (2018) evaluated the impact of various solvents on
the flavonoid yield of U. lactuca collected in the Red Sea - Saudi Arabia, and found different values
according to each solvent used in the methodology (34.5+4.8 ethanol, 60 +7.0 ethyl acetate, 31.2+3.3
chloroform, in mg QE/g extract). In the present work, the solvent used in the methodology was ethanol,
and we obtained a statistical difference in the second and third week of cultivation. However, the biofloc,
in general, did not interfere in the flavonoid yields according to the values found in the literature of algae
collected in the natural environment.

Ulvan is the main water-soluble carbohydrate of members of the order Ulvales (Ray and Lahaye 1995b)
and has been gaining prominence due to its activities such as anti-carcinogenic, anti-proliferative,
antiviral, antioxidant, antihypertensive, anti-inflammatory, anticoagulant, among others (Collén et al.
2011; Costa et al. 2010; Glasson et al. 2017; Karnjanapratum and You 2011; Qi et al. 2012). According to
Castelar et al. (2014), no differences were found in ulvan yield (17.7+0.05%) in sea and pond cultures of

Page 9/22



the macroalgae U. flexuosa. Legarda et al. (2022), when evaluating the productivity of ulvan extract in the
macroalgae U. fasciata cultivated in bioflocs, found values of 2.74% (initial) and 2.24% (final). In the
present work, cultivation of U. ohnoiin bioflocs increased the concentration of this polysaccharide in
macroalgae by 75%, a very promising result. For aquaculture, ulvan has potential as probiotics for
aquatic animal, in addition to functionalities in feed efficiency, immunostimulant action and improvement
in the health of fish (Peso-Echarri et al., 2012).

In the biofloc system, nutrients such as nitrogen and phosphorus accumulate, and macroalgae are able to
absorb and transform this nitrogen into protein (Duke et al. 1989). Our results clearly show this, since the
macroalgae had 30% more protein in their final composition. The same was found by Legarda et al.
(2020), who cultivated the alga U. fasciata in bioflocs and obtained an increase of 182% in the
concentration of nitrogen in its composition at the end of the cultivation. Similarly, Shahar and Guttman
(2021) reported that the macroalgae U. fasciata absorbed 88% of all final dissolved inorganic nitrogen
from an effluent from a mullet (Mugil cephalus) pond. This high nitrogen content found in the works
occur because macroalgae can store inorganic compounds in their tissues to be used later, for example,
for their growth (Fong et al. 2001, 2003; Vidotti and Rollemberg 2004).

Conclusion

The macroalgae U. ohnoi showed growth in the effluent of shrimps cultivated in bioflocs as well as
alterations in its composition, with an increase in ulvan and protein concentration.
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Tables

Table 1. Table 1. Physical-chemical parameters of water quality analyzed weekly from the biofloc matrix
tank.

BFT parameters Day

7 14 21 28
Total ammonia nitrogen — N (mg L) 0.09 076 070 020
Nitrite (mg N-NO2- L") 0.08 0.10 0.08 0.19
Nitrate (mg N-NO3-L™) 52.4 572 62.05 65.65

Dissolved orthophosphate (mg P-P043- L) 2.81 3.47 412 5.26

Total suspended solids (mg L) 505.5 520 5845 566.5
pH 7.74 7.72 7.64 7.69
Alcalinity (mg L) 181 196 185 184

Table 2. Temperature (°C), salinity (%o), dissolved oxygen (mg L™) and lux: average, minimum (min) and
maximum (max) during 28 days of U. ohnoi cultivation in laboratory. Values are represented as mean +
standard deviation (n = 3).
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Temperature Salinity Dissolved oxygen Photon irradiance

(°C) (Yoo) (mg L™ (umol photons m? s°
"

Day Mean Min - Mean Min - Mean Min — Mean Min -
Max Max Max Max

7 27.5£0.39  26.3- 40+0.00 39440 7.2£0.21 6.4-7.9 15.3x10.4 12.8-
29.4 17.1

14 27.9+1.60 26.0- 39+0.52 3940 7.7t0.43 7.1-8.5 11.4+1243 5.5-
29.8 18.4

21 28.0£1.45 26.8- 39+0.00 38-40 7.6£0.16 7.0-8.3 11.7+ 4.5-
29.9 168.9 18

28 26.9+0.64 25.5- 40+0.00 38-41 7.6£0.10 7.0-8.2 8.6x74.4 3.4-
28.2 16.7

Table 3. Biomass produced and weekly growth % day™ of U. ohnoi cultivated for 28 days in biofloc. Data
are presented as arithmetic mean * standard deviation (n=3).

U. ohnoi Day 0 Day 7 Day 14 Day 21 Day 28
Initial biomass(g) 240+0.0 - - - -
Accumulated final biomass (g) - 259+9.3  312+439 2871249 300%37.0
GR (% day") : 1.3340.5 1.49+1.1  1.00t0.4 0.78:0.4

Table 4. Concentration of phenolic compounds, flavonoids, chlorophylls a and b, and carotenoids from U.
ohnoi cultivated for 28 days using water from a biofloc system. The values represent the mean +
confidence interval (n = 3) and the lower case letters represent the significant differences between the
days of cultivation (p < 0.05).
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Phenolic compounds

(mg EAG.g™" of dry
weight)

Flavonoids

(mg EQ.g™" of dry
weight)

Chlorophyll a

(ug g™ of dry weight)
Chlorophyll b

(ug g™ of dry weight)

Carotenoids

(ug g™ of dry weight)

Day 0
0.24+0.01

a

0.29+0.0°

78.55%4.4

a

70.15%3.6

a

32.20+2.82

Day 7

0.33+0.2°

0.41+0.04 b

63.45+13.62

57.70+£14.1

a

29.25+3.6°

Day 14

0.27+0.1°

0.41+0.07 P

53.45+36.4

a

62.85+49.4°

19.55+11.4°

Day 21

0.19+0.032

0.34+0.052

71.80+47.3

a

80+44.4%

24.50+1.4°

Day 28

0.19+0.012

0.32+0.032

80.60+28.2

a

72.40+25.52

18.90+1.5P

Figures
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Figure 1

Experimental design used to evaluate the cultivation of Ulva ohnoi (6 g L) with the effluent from the
biofloc matrix tank.
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Figure 2

Ulva ohnoi before and after being cultivated during 28 days in effluent from a biofloc system
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Figure 3

Yield of U. ohnoiulvan at the beginning and end (after 28 days) of the culture period in water from a
biofloc system. Values represent the mean + confidence interval (n = 3) and the lowercase letters
represent significant differences on initial and final yield (p < 0.05).
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Figure 4

Protein concentration of U. ohnoi during the 28-day culture in biofloc. Values represent the mean +
confidence interval (n = 3) and *** represent the significant differences between day 0 compared to later
days (p < 0.05).
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