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ABSTRACT

This work evaluated the biofloc technology cultivation of Ulva ohnoi on its growth performance and biocompounds
contents. Ulva ohnoi was cultivated under an initial density of 6 g-L! for 28 days using water from a biofloc tank
which was exchanged daily at a 90% rate. Temperature, salinity, and illuminance were measured daily. Algae growth
and their density was adjusted weekly. Results showed an average plant growth of 1.15%-day! (49.5 g-week™).
A significant difference was observed when comparing the initial (2.64 £ 0.3%) and final (4.62 = 0.2%) ulvan
concentration, in addition to a protein increase of 30.2%. No statistical differences were found for concentrations
of phenolics and chlorophylls. An increase in flavonoids was observed on days 7 and 14 (0.41 + 0.04; and
0.41 £ 0.07 ug-g* of dry weight), as well as a decrease in carotenoids (41.3%). In conclusion, increases in protein
and ulvan were observed after Ulva ohnoi was cultivated in bioflocs.

Keywords: BFT; Biocompounds; Macroalgae; Protein; Shrimp effluent; Ulvan.

Cultivo de alface-do-mar (Ulva ohnoi) em tecnologia de bioflocos: desempenho de
crescimento e caracterizacao de compostos bioativos

RESUMO

Este trabalho avaliou o cultivo da Ulva ohnoi em sistema de bioflocos quanto ao seu desempenho de crescimento e
teor de biocompostos. Ulva ohnoi foi cultivada sob uma densidade inicial de 6 g-L* por 28 dias usando agua de um
tanque de biofloco, trocado diariamente a uma taxa de 90%. Temperatura, salinidade e iluminancia foram medidas
diariamente. O crescimento das algas e sua densidade foram ajustados semanalmente. Os resultados mostraram
um crescimento médio das plantas de 1,15%-dia? (49,5 g-semana). Observou-se diferenca significativa quando
comparadas as concentragoes, inicial (2,64 £ 0,3%) e final (4,62 + 0,2%), além de um aumento proteico de 30,2%.
Nado foram encontradas diferencas estatisticas para as concentragdes de fenoélicos e clorofilas. Um aumento
nos flavonoides foi observado nos dias 7 e 14 (0,41 = 0,04; e 0,41 = 0,07 pg-g-* de peso seco), bem como uma
diminuicdo nos carotenoides (41,3%). Em conclusdo, aumentos na proteina e ulvana foram observados apés o
cultivo de U. ohnoi em bioflocos.

Palavras-chave: BFT; Composicdo bioquimica; Macroalgas; Proteina; Efluente de camarao; Ulvana.
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Sea lettuce (Ulva ohnoi) cultivation in biofloc technology: growth performance and characterization of bioactive compounds

INTRODUCTION

Ulva ohnoi is a seaweed belonging to the genus Ulva
(Linnaeus, 1753), which has in its composition proteins,
vitamins, minerals, amino acids, polyunsaturated fatty acids,
and several bioactive compounds, such as photosynthetic and
phenolic pigments (Angell et al., 2015). This seaweed offers
an attractive source of nutritionally important metabolites,
generating a growing interest in the industrial sector, and 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).

Among the polysaccharides extracted from green algae, ulvan
is a sulfated polysaccharide (Lahaye and Axelos, 1993) present
in their cell wall. Ulvan is strongly associated with proteins and
is considered a functional ingredient as it has shown positive
effects on the immune system of aquatic organisms (Peso-Eharri
et al., 2012). Other important biocompounds from algae include
pigments, of which chlorophyll is the primary one, being essential
in plant metabolism, due to their role in absorbing light energy in
photosynthesis. Carotenoids are the secondary or accessory ones,
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 photosynthesis (Guaratini et al., 2009).

It is essential to understand how environmental factors
influence macroalgae growth performance and production of
biocompounds, in view of their optimization. Nutrient levels,
luminosity and water temperature are some of the key points to
successful cultivation. 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 Integrated Multi-trophic Aquaculture (IMTA)
systems. IMTA 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).
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 technology (BFT) have been pointed out
by researchers as viable alternatives to traditional systems. BFT is
characterized by being an intensive or super-intensive system with
low water exchange and higher biosecurity than other systems,
providing nutritional supplementation for the cultured animals
through their consumption of microbial flocs (Avnimelech, 2015).
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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 (23-39% of nitrogen and 10-35%
of phosphorus) (Silva et al.,, 2013; Thakur and Lin, 2003).
The disposal of this effluent rich in inorganic and organic nutrients
is still a challenge, as it can negatively impact the environment
(Avnimelech, 2015; Avnimelech and Ritvo, 2003; Crab et al., 2007).

Several studies have been carried out to minimize these
negative effects caused by the intensification of fed aquaculture.
In this sense, the use of macroalgae has shown great potential,
since these organisms take advantage of the residual nutrients
available through animal production (Xu et al., 2008a; b). Martins
et al. (2020) cultivated two species of macroalgae (U. ohnoi and
Ulva fasciata) vsing biofloc effluent from shrimp farming as
fertilizer and obtained positive results in growth and nutrient uptake
in both species. The integration of Ulva 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 Ulva lactuca 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).

Cultivating macroalgae using water from biofloc systems
introduces distinct environmental conditions compared to natural
habitats. These controlled environments offer advantages, such as
nutrient enrichment and stable conditions, which may positively
influence macroalgae growth and biocompound production
(Pedra et al., 2017). However, variations in water quality and
light distribution can also present challenges, affecting the
quantity and composition of biocompounds in addition to algae
biomass production (Revilla-Lovano et al., 2021).

Green macroalgae, 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 and Neori, 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-Sudrez et al.
(2010), Ulva clathrata supplementation in shrimp feed provided
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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). Given all the benefits mentioned above, 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 biofloc. Therefore, this work evaluated
the cultivation of the macroalgae U. ohnoi on its growth
performance 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
Marine Molluscs Laboratory of the Federal University of Santa
Catarina (LMM/UFSC), whose water temperature and salinity
at the time of collection were 24°C and 30%o respectively.
All biomass was stocked in plastic containers (20 L) 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 and were
then washed with salt water. After this procedure, the macroalgae
were kept for 2 days in a circular polyethylene tank with 500 L,
initial temperature of 24°C, and salinity of 32%.. The temperature
and salinity were increased gradually until reaching the values
that were to be used in the experiment (28°C, 39%o). The tank
was equipped with an aeration system with three porous stones.

Experimental design

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 an HT-1900 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-m?), where
5,000 Litopenaeus vannamei shrimp with approximately 15 g
were cultured in a biofloc system. Shrimps were fed 4 times a day
with commercial feed (Guabi Poti Evolution: 35% crude protein,
7.5% lipids, 4% fiber, 14% mineral matter, 10% moisture) at a
rate of 3% of their biomass according to a feeding table (Van
Wyk and Scarpa, 1999). Weekly, water quality parameters were

evaluated in this tank, which remained constant throughout the
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experiment: total ammonia nitrogen 0.11 £ 0.1 mg-L"!, nitrite-N
0.09 + 0.01 mg-L!, pH 7.69 £ 0.01, dissolved orthophosphate
4.13 £ 1.4 mg'L, total suspended solids 544 + 42.8 mg L,
alkalinity 188 £ 10.5 mg-L"! and nitrate-N 57.1 £ 16.7 mg-L".
All parameters were within the recommended range for the
shrimp (Van Wyk and Scarpa, 1999).

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 water from the matrix tank
was taken to the experimental units through a water recirculation
system coupled to an aquarium pump and a 25 pm polyester bag
filter to remove solids. The pump was turned on only when the
experimental units were renewed. Lighting was provided naturally
inside an agricultural greenhouse with 70% shading. To evaluate
the macroalgae growth, weekly weighing was performed with
a digital scale and water excess was removed using a manual
centrifuge before weighing. The daily growth rate was calculated
according to the equation GR (%-day™) = [(Fb / Ib) '* -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 the Association of Official
Analytical Chemists - International AOAC (1999).

Ulva ohnoi dry weight

To determine the dry weight, a wet sample of 5 g was put in a
beaker and weighed on an analytical balance. The sample was then
placed in an oven and dried at 60 °C for 24 hours to remove water.

Extraction and quantification of total phenolic
compounds and photosynthetic pigments

Samples of U. ohnoi (3 g fresh weight, n = 3) were macerated
in a crucible with liquid N2 and 5 mL of 80 % methanol (v/v).
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 Randhir 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 (C7TH605) per g of dry mass.

The extraction and quantification of carotenoids and
chlorophylls was performed with samples of fresh seaweed
which were stored at—20 °C. Chlorophylls and carotenoids
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were extracted with 1.5 mL of dimethyl sulfoxide at 40 °C for
40 min and quantified according to the methodology of Hiscox
and Israelstam (1979). The equations used for obtaining the
concentrations of chlorophylls and carotenoids are as follows:

Chlorophyll a=12.9*A665-3.45* A649
Chlorophyll b=21.99*A649-5.32*A665
Total carotenoids=(1000*A480-2.14*chl a-70.16*chl b)+220

Where A480, A649 and A665 are the values obtained through
reading the samples at the respective wavelengths in the
spectrophotometer (480 nm, 649 nm and 665 nm) and chl a and
chl b correspond to the chlorophyll a and b values.

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
(LMBYV). An aliquot of 0.5 mL of extract 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
aliquots of 5 mL of ethanol P.A. 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 ug'mL"! — 12 = 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 P.A 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 ulvan (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.
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Protein content

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 of 5 (Angell et al., 2016) and ether extract by

Soxhlet using the 920.39C method.

Environmental variables

Throughout the experiment, the following environmental
variables were monitored: dissolved oxygen and temperature
(YSI55,YSI Inc., Yellow Springs, OH, USA), as well as salinity
(refractometer Instrutherm®) and illuminance (digital luxmeter
Hikari HLX-881A) were measured twice a day. The illuminance
values were measured above the water surface and were later
converted to quantum irradiance (umol photons'm?'s!) by
multiplying them by 0.018 (Gensler, 1986).

The water quality variables of the matrix biofloc tank were
measured with the following methods: salinity (YSI 55, YSI
Inc., Yellow Springs, OH, USA), pH (YSI 55, YSI Inc., Yellow
Springs, OH, USA), TSS, alkalinity, total ammonia and nitrite-N
(APHA, 1995; Strickland and Parsons, 1972), nitrate-N (HACH
method 8039, cadmium reduction) and phosphate (APHA, 1995;
Strickland and Parsons, 1972).

Statistical analysis

All results were calculated as mean * standard deviation.
The data were submitted to Shapiro-Wilk’s and Brown-Forsythe’s
tests to assess the prerequisites of normality and homogeneity
of variances, respectively. Then, an analysis of variance (one-
way ANOVA) was used, followed by Dunnett’s test of multiple
comparisons. For the initial and final quantification of ulvan,
Student’s test was used. In all cases, the significance level
employed was 5% and all analyses and visualizations were
performed using the softwares GraphPad Prism version 9.2 and
jamovi (jamovi project, 2022).

RESULTS
Water quality

The temperature, salinity, dissolved oxygen and photon
irradiance of the laboratory cultivation period are presented
in Table 1. Throughout the entire experiment, temperature
ranged from 25.5°C to 29.9°C, salinity ranged from 38%o to
40%o, dissolved oxygen ranged from 6.4 mg-L"' to 8.5 mg-L"
and photon irradiance ranged from 3.4 umol photons'm?s! to
18.4 umol photons m?2-s.
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Table 1. Temperature, salinity, dissolved oxygen and photon irradiance: mean, minimum (min) and maximum (max) during 28 days

of Ulva ohnoi cultivation in the laboratory.

Photon irradiance

Day Temperature (°C) Salinity (%) Dissolved oxygen (mg-L™) (umol photons-m-s-)
Mean Min — Max Mean Min — Max Mean Min — Max Mean Min — Max
7 275+04  26.3-294 40%0.0 39-40 72+0.2 6.4-7.9 153+£104 12.8-17.1
14 279+1.6 26.0-29.8 39+£0.5 39-40 7.7+£04 7.1-8.5 114+123 5.5-184
21 28.0+14  26.8-29.9 39+£0.0 38-40 7.6£0.2 7.0-8.3 1.7+ 16.9 4.5-18.1
28 269+0.6  25.5-28.2 40£0.0 38-41 7.610.1 7.0-8.2 8.6+74.4 3.4-16.7

Values are represented as mean * standard deviation (n = 3).

Algal growth performance and characterization of
biocompounds

Algae growth performance is presented in Table 2 and Fig. 1.
The overall specific growth rate across the experiment was
2.6 £ 0.8 %-day’!, while the accumulated final biomass before
the weekly partial harvests was on average 289.3 + 15.2 g.

No statistical differences were observed in relation to the
concentration of phenolic compounds and chlorophylls a and
b (Table 3). Regarding flavonoids, a statistical difference
was observed on days 7 and 14. It was also observed that
carotenoids decreased approximately 41.3% in macroalgae
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Figure 1. Complete weekly total biomass (g) of Ulva ohoi
cultivated using water from biofloc technology for 28 days after
weekly partial harvests returning the standing biomass to the
initial value. No statistical significance was observed across time.

cultivated after 28 days in bioflocs (Table 3). In the case
of ulvan, a significant difference was observed when
comparing the initial (0.54 + 0.06%) and final (0.92 + 0.05%)
concentrations (Fig. 2).

Values represent the mean * confidence interval (n = 3) and
the lowercase letters represent significant differences on initial
and final yield (p < 0.05).

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 % (Fig. 3).
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Figure 2. Yield of Ulva ohnoi ulvan at the beginning and end (after
28 days) of the culture period in water from a biofloc system.

Table 2. Growth rates of Ulva ohnoi cultivated for 28 days in biofloc measured through weekly biomass gain and specific growth rate.

U. ohnoi Day 7 Day 14 Day 21 Day 28
Weekly biomass gain (g) 233+93 5731439 56.7+24.9 60.0 +£37.0
Specific growth rate (%-day™') 1.3+£0.5 30122 30+1.2 32+1.8
Data are presented as arithmetic mean * standard deviation (n=3).
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Table 3. Concentration of phenolic compounds, flavonoids, chlorophylls a and b, and carotenoids from Ulva ohnoi cultivated for 28

days using water from a biofloc system.

Day 0 Day 7 Day 14 Day 21 Day 28

Phenolic compounds 0.24+0.01 033402 027+0.1 0.19 +0.03 0.19+0.01
(g EAG. ¢ DW) 24+0. 33+0. 27+0. 19+0. 19+0.
Flavonoids 03+00° 0.4 +0.04 ¢ 0.4+0.07 0.3+0.05" 03 +0.03"
(g O DW) 3+0. 4+0. 4+0. 3+0. 3+0.
Chlorophyll a

o 78.5+ 4.4 63.4+13.6 53.4+36.4 71.8 4473 80.6 + 28.2
(ug-g' DW)
Chlorophyll b

0 70.1 3.6 577+ 14.1 62.8+49.4 80.0 £44.4 7244255
(ug g’ DW)
Carotenoids

. 322 +2.8" 292 +3.6° 19.5+ 114 245+ 14" 189+1.5¢
(ug g’ DW)

The values represent the mean + confidence interval (n = 3) and the lowercase letters represent the significant differences among the days of cultivation (p < 0.05).

DW: dry weight.
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Figure 3. Boxplot graph of protein concentration of Ulva ohnoi
during the 28-day culture in biofloc.

Squares denote the means (n = 3) and letters represent the
significant differences between day 0 compared to days 7, 14, 21
and 28 (p < 0.05).

DISCUSSION

Various factors within the cultivation system, employed in
this study using water from a biofloc shrimp tank, can affect
both the growth performance and biochemical composition of
U. ohnoi. This dynamic aquatic environment involves factors
such as water quality variables, e.g. temperature, pH, and
nutrient availability, in addition to light intensity. Moreover,
the biofloc system’s richness in nutrients, particularly nitrogen
and phosphorus, creates favorable conditions for macroalgae
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growth (Khanjani et al., 2022). Understanding these interactions
is essential for comprehending the mechanisms behind our
observed results and gaining valuable insights into the nuances
of U. ohnoi cultivation within the biofloc system.

Water quality parameters are essential to maintain adequate
environmental conditions in aquaculture (Boyd and Tucker,
2014). In the present work, the water quality parameters were
in the ideal range found for U. ohnoi species (Angell et al.,
2015; Notoya, 1999; Ohno, 1988). Still, it is a fact that different
species have different tolerance ranges to certain conditions, and
regarding U. ohnoi, it is known that the ideal salinity range for
growth fluctuates from 25 to 40%o., according to Angell et al.,
2015. The fact that the salinity found in this study was close
to the higher optimal limit could have negatively influenced its
growth performance and biocompounds composition.

In addition to the water quality parameters, nutrient
availability in the cultivation is another important factor for the
growth of Ulva species (Imchen, 2012). Despite the nutrients
available in biofloc, the macroalgae growth was relatively
low due to some stressors, such as high stocking density.
Martins et al. (2020) observed that U. ohnoi cultivated in
biofloc under a dilution rate of 25% of biofloc water and 75%
of seawater and a density of 2 g-L"! had a significantly higher
growth rate when compared to 4 g-L' density (4.3%-day"
compared with 2.7%-day!, respectively). In both cases,
the growth rate was higher than that observed in this study
(2.610.8%-day™"), which was possibly a result of the higher
stocking density.

Another possibility for the low growth rate might have been
the reduced light intensity brought about by the biofloc water
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which, although filtered, was not diluted in this experiment, as
in other ones employing similar experimental designs, where
growth rates ranging from 2.7%-day"' (Martins et al., 2020) up to
8.0 %-day!' (Morais et al., 2023) having been observed, with the
filtered biofloc water comprising 25% and 20% of the macroalgae
unit volume, respectively. However, due to the differences in
stocking densities, the confirmation of this hypothesis escapes
the scope of this study, requiring a specific experimental design
to answer it.

Having in view the prospect of including macroalgae in
aquafeeds, the contents of antioxidant compounds (carotenoids,
chlorophylls, phenolics, and flavonoids) are important because
of their anti-inflammatory properties, in addition to the
possibility of being used as alternative natural antibiotics (Peso-
Echarri et al., 2012). These compounds vary according to the
macroalgae species, spatial and temporal abiotic interactions
within environmental parameters, anthropogenic interventions,
and biotic interactions (Stengel et al., 2011).

Eismann et al. (2020) reported a wide range of carotenoids
contents, from 0.005 to 900 mg-g!' of fresh weight in Ulva sp.
Raymundo et al. (2004) quantified carotenoid levels in
green algae, obtaining average values ranging from 72.27 to
129.04 mg-kg'. The lowest content was found in the species
U. fasciata, while the highest was observed in the macroalgae
Enteromorpha intestinalis. Similarly, Legarda et al. (2021) found
carotenoid concentrations values ranging from 4.99 £ 0.73 nug-g!
t0 16.46 £3.41 ug-g' of the fresh weight of U. fasciata integrated
with shrimp and mullet in a biofloc system. There was a reduction
of carotenoids at the end of the cultivation in the present study,
but it remained within the values found in literature. According
to Chakraborty and Santa (2008), the profile of carotenoids
(vitamins) in macroalgae depends on endogenous and exogenous
factors, such as the difference in salinity from the place the
macroalgae were collected to the place of cultivation. Kakinuma
et al. (2004) reported that Ulva pertusa showed changes in some
physiological and biochemical 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) can be observed. These changes cause
irreversible damage to the photosynthetic activity of the seaweed,
which might explain both the reduction in carotenoid content
throughout the experiment and the relatively poor growth rates
observed in this study when compared to previous publications.

In the literature, chlorophyll values are diverse and expressed
in different units because they can be determined by different
extraction methods. Raymundo et al. (2004) reported average
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chlorophyll values ranging from 151.48 to 411.51 mg-kg' for
the species Chaetomorpha anteninna and Codium decorticatum,
respectively, determined through the use of acetone as the
solvent. Legarda et al. (2021) found values of 72.15+12.07
(initial) and 294.66+16.46 pug-g' (final) of the fresh weight of
U. fasciata cultivated in biofloc. Hiscox and Israelstam (1979)
suggested that DMSO (dimethyl sulfoxide) is a superior method
compared to acetone for extracting chlorophyll a and b in green
algae. This is attributed to its high diffusion capacity through
semi-permeable membranes and its effectiveness as a protein
carrier (Ronen and Galun, 1984). In the present work, there were
no significant differences in chlorophyll concentrations through
the DMSO method. A possible explanation is that the content
and presence of pigments may vary according to factors such as
reproduction, growth phase, environmental changes, and water
salinity, the latter being a limiting factor for the species in this
work (Chakraborty et al., 2010; Kakinuma et al., 2004; 2006).

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). Legarda et al. (2021)
quantified, using methanol as a solvent, the phenolic compounds
of U. fasciata cultivated in biofloc and obtained values of
0.3240.05 (initial) and 0.19£0.03 pg-g! (final) of dry weight.
In the present work, methanol was also used as a solvent for the
analysis of green macroalgae cultivated in biofloc, and results
within the standards found in the literature were found (Dimova
et al., 2019; Legarda et al., 2021). These concentrations may
be the result of differences in the chemical composition among
the phenolic compounds of the macroalgae, 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). The same authors reported that for
the species E. intestinalis, a higher percentage of inhibition
(75%) was obtained with the methanolic extract, which had
total phenolic values of 610.31 mg 100-g"! of biomass. This was
in comparison to U. fasciata, which had a similar statistically
equivalent amount of phenolic compounds (635.53 mg 100-g™).
However, despite the similar levels of phenolic compounds,
there were significant differences in the antioxidant effectiveness
between the methanolic extracts of the two species, supporting
the theory mentioned above.

Flavonoids represent one of the most important groups

of phenolic compounds. The taxonomic classification and
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species distribution influence the metabolism and production
of these compounds, which result in different concentrations
(Machado et al., 2008). Al-Malki et al. (2018) evaluated
the impact of several solvents on the flavonoid yield of
U. lactuca collected in the Red Sea in Saudi Arabia, and
found different values according to each solvent used in
the methodology (34.5t4.8 ethanol, 60 = 7.0 ethyl acetate,
31.243.3 chloroform, in mg QE/g extract). Seal et al. (2015)
reported values of 9397.0 mg EQ-100 g! and 9894.0 mg
EQ-100 g of dried algae for extracts from the macroalgae
Nitella flagelliformis using acetone and methanol as
solvents, respectively. In the present study, the solvent used
in the methodology was ethanol, and we obtained a statistical
difference in the second and third weeks of cultivation.
However, the biofloc system, in general, did not interfere
with the flavonoid yields according to the values found
in the literature about macroalgae collected in a natural
environment (Al-Malki et al., 2018; Farasat et al., 2014).
Ulvan is the main water-soluble carbohydrate of members
of the order Ulvales (Ray and Lahaye, 1995). In general, this
polysaccharide has been gaining prominence due to its biological
properties, 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).
In aquaculture, ulvan has potential to be applied to aquafeeds due
to possible improvements in feed efficiency, immunostimulant
action, and enhancement of fish health (Peso-Echarri et al.,
2012). Pitta et al. (2022) evaluated the performance of U. fasciata
cultivated in IMTA at six different densities ranging from 1 to 6
kg m?. They found values of ulvan in the algae biomass ranging
from 14.2% to 18.4% of its dry weight using the methodology
of Paulert et al. (2009). Similarly, Castelar et al. (2014), who
also employed the same extraction method, reported ulvan
productivity values of 15.6+5.2% for Ulva flexuosa cultivated
in the sea, which were comparable to those cultivated in tanks
at 20.243.9%. In the present work, where the same method
of ulvan extraction was used, the cultivation of U. oknoi in
biofloc increased the concentration of this polysaccharide in the
macroalgae by 75%. This increase is explained by the fact that
ulvan is a heteropolysaccharide, which is present in the Ulva cell
wall and is strongly associated with proteins (Collén et al., 2011;
Karnjanapratum and You, 2011; Qi et al., 2012), which also
increased in the macroalgae when comparing the initial sampling

time with the final one.
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In the biofloc system, nutrients such as nitrogen and

phosphorus accumulate, and macroalgae can 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, which showed that
they can absorb the nitrogenous compounds offered by the
biofloc system to increase the protein content. The same was
found by Legarda et al. (2021), who cultivated the macroalgae
U. fasciata in biofloc and obtained an increase of 182 % in the
concentration of nitrogen in its composition at the end of

the cultivation.

CONCLUSION

The cultivation of U. ohnoi in biofloc technology
resulted in statistically significant increases in both protein
and ulvan contents, which could have positive implications
for its application as a feed additive or a feed ingredient in
aquafeeds. Room for future studies include possible effects
of both salinity and stocking density in the biocompounds
characterization of the species, both factors which could
have affected the results of this study and would require

further elucidation.
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