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Abstract

L

The Gulf of Cadiz has great socio-economic importance given its high fishing activity and high diversity and
abundance of marine resources including a wide variety of seaweeds not used as food. Four macro-algae (Ulva
spp., Codium spp., Halymenia floresia and Saccorhiza polyschides) collected in the Gulf of Cadiz near the Barbate
estuary were analyzed for moisture, proteins, lipids, carbohydrates, ash, dietary fiber, caloric content, minerals,
amino acids and fatty acids. The algae showed variations in all of the parameters analyzed. However, high
concentrations of lipids and macro and micro-minerals and low concentrations of fiber and carbohydrates were
related to the salinity, water temperature and nitrate contents of the collection areas. All four species had a high
nutritional value, and these macro-algae have great potential for human consumption.

J
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Introduction

Seaweeds have a long tradition in Asia as a food source, are
commonly used as sushi wrapping, seasonings, condiments and
vegetables and can constitute between 10 and 25% of food intake by
most Japanese [1,2]. The production of macroalgae is limited to the
brown species, Kombu, Wakame, Hijiki and Nori, marketed in China,
Japan and Korea. However, in recent years, interest in these products
and their consumption has increased in countries such as Chile, Brazil,
Mexico, France, Germany and Spain, thereby increasing their
collection and cultivation. World production is estimated at just over
25,000,000 tons of dry weight and total consumption of raw materials
amounting to some 150,000 tons [3].

The abundance, diversity and commercial value of algae give it a
large number of industrial applications, such as sources of human and
animal food [4], biologically active phytochemicals (e.g., carotenoids,
phycobilins, fatty acids, polysaccharides, vitamins and sterols) [5] and
phycocolloids (e.g., alginates, carrageenan and agar) [6]. In the food
industry, algae are currently used as raw materials for food in raw
salads, soups, cookies, meals and condiments [7]. Algae can be used as
a nutritional or functional ingredient to supplement food with natural
antioxidants, antimicrobials or texturing agents, including chitin,
chitosan, omega-3 oils, carotenoids, vitamins and minerals [4-6]. Thus,
algae are used to develop new fortified foods such as bakery, dairy
confectionary and pasta products [5].

The nutritional composition of macroalgae has been extensively
studied [7-10]. These authors have highlighted its high water content,
which varies between 70% and 90% of the fresh weight, protein content
between 7% and 47%, carbohydrate content between 4% and 70%,
lipids between 0.2% and 20% and ash content between 11% and 43%.
Moreover, algae are appealing because of their high dietary fiber

content (30-70%) which is higher than that found in common fruits
and vegetables (1-5%) [8,10,11].

Macroalgae species are generally rich in essential amino acids, such
as glycine, arginine, alanine, aspartic acid and glutamic acid [11], and
in 3 and 6 PUFAs, of which the most abundant are C16:0, C18:19,
C20:46, and C20:53 [12-14]. Macroalgae contain higher amounts of
both macrominerals (Na, K, Ca and Mg) and trace elements (Fe, Zn,
Cu and Mn) [15], but their concentrations vary by species and
geographical origin [7,10,16,17].

Macroalgae are considered to be a highly nutritious food source, but
their nutritional composition varies with species, habitat, growth stage,
geographical origin, season and environmental conditions in the
collection area (ie, temperature, salinity and nutrients)
(7,8,11,15,18-20].

The Gulf of Cadiz (southwestern coast of Spain) is an important
fishing ground with a high diversity and productivity of exploited
species [21]. This area connects the Atlantic Ocean with the
Mediterranean Sea, and there are important estuaries and salt marshes
associated with the mouths of rivers, such as the Guadiana, Piedras,
Tinto-Odiel, Guadalquivir, Guadalete and Barbate, that feed in
freshwater and other dissolved or suspended substances from the
continent and increase the physiographic biodiversity of this area [22].
Moreover, the combination of warm nutrient-rich waters and wind
regimes favors the diversity and abundance of marine resources [23],
including a wide variety of seaweeds.

Although the Gulf of Cidiz marine ecosystem has great socio-
economic importance given its high fishing activity [23], macroalgae is
not yet collected and exploited. In fact, there is a lack of knowledge
about the species that develop in this area, their characteristics and
their food use.

The main goal of the present work was to determine the potential
and value of Gulf of Cadiz macroalgae for human consumption. Ulva
spp» Codium  spp. (Chlorophyceae), Halymenia  floresia
(Rhodophyceae) and Saccorhiza polyschides (Phaeophyceae) collected
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in the Gulf of Cadiz near the Barbate estuary were evaluated in terms
of their nutritional composition (i.e., moisture, proteins,
carbohydrates, lipids, ash, dietary fiber, minerals, free amino acids and
fatty acids) and caloric value and were compared to other species
reported in the literature.

Materials and Methods

Raw materials

Macroalgae samples, Ulva spp., Codium spp., Halymenia floresia
and Saccorhiza polyschides, were obtained from staff at Innova
Vegetalia del Mar, S.L., who had experience in diving and seaweed
harvesting. The samples were manually collected in autumn (2011) at
12-15 m depth near the Barbate estuary, Gulf of Cadiz, Spain (36°16
‘N, 5°89 "W). This area is characterized by salinity values between 36.2
and 36.45 and temperatures between 19°C and 22°C at 20 m depth
[24].

After collection, macroalgae samples were rinsed with seawater, tap
water and distilled water. For all analyses except the moisture analysis,
samples were freeze-dried and milled into a fine powder to
homogenize them prior to use. The homogenized macroalgae samples
were stored in a desiccator until analysis. The moisture content was
determined by drying below 100°C in an oven to a constant weight
[25].

Analytical methods
Chemical analysis of seaweeds

Protein content: Protein content was determined using the Kjeldahl
method in Marsham. Samples were digested in an automated digester,
model DK6 (Velp Scientific, Italy), and distilled by steam distillation,
model UDKI127 (Velp Scientific, Italy). The protein content was
calculated using a nitrogen conversion factor of 6.25 (following
previous studies of seaweeds, as Norziah and Ching [11], and Ortiz et
al. [8], and the results were expressed as a percentage of dry weight.

Carbohydrate content: Carbohydrates were determined using the
Clegg manual anthrone method [25]. Following extraction, the sample
was reacted with anthrone reagent (0.1%) and a high concentration of
sulfuric acid (96%). The absorbance was read at 630 nm on a
spectrophotometer, model Genesys10v (Thermo Fisher Scientific Inc.,
USA). The amount of carbohydrate was estimated using a standard
curve of d-glucose.

Dietary fiber: Fiber content was determined by acid digestion using
the Scharrer-Kiirschner method [25].

Fat and fatty acid content: Fat content was determined by the
Soxhlet method [25] using an automated SER 148 Soxhlet extraction
unit (Velp Scientific, Italy) and n-hexane as the extraction solvent.

Fatty acids were determined by gas-liquid chromatography after
derivatization to methyl esters (FAMEs) according to the TUPAC
standard method [26]. Analysis of FAMEs was performed on a
Hewlett-Packard 5890 Series II GC with an FID detector and a
capillary column: Teknokroma TBR-WAX (30 m x 0.25 m x DF ID
0.25 m). The column temperature was programed from 190°C to 250°C
at 2°C/min. Reference fatty acid methyl esters (FAMEs) of marine
products (SIGMA, Spain) were used to identify and quantify FAMEs
by comparing the retention times of the peaks with those of the
standards.

Ash and mineral contents: Ash content was determined by
incineration of 1 g of freeze-dried sample in a muffle oven at 550°C
[25]. The ashes were dissolved in HNOjz [27], and the mineral
constituents (i.e., Ca, K, Na, Mg, Fe, Zn and Cu) were determined by
inductively coupled plasma atomic emission spectroscopy (Iris
Intrepid ICP-AES, Thermo Scientific, Maryland, USA).

Caloric value determination: The caloric value was calculated using
energy conversion factors specified in EU Directive 90/496, as shown
in Livesey et al. [28].

Free amino acid analysis: Amino acids were determined by high-
performance liquid chromatography (HPLC) according to the method
described in Pereira et al. [29] with slight modifications. The samples
extracts were derivatized pre-column using OPA (Panreac, Spain) as
the derivatization reagent. The chromatographic conditions were as
follows: flow rate of 1 ml/min; LiChrospher 100 RP-18 (5 pm) column
thermostated at room temperature; solvents, A, sodium acetate buffer
(50 mM, pH 6.8): methanol (9:1) with 2% tetrahydrofuran and B,
methanol with 0.5% tetrahydrofuran. The gradient consisted of 85-72%
of A to B for 3 min, 56% A (25 min), 44% A (35 min) and 20% A (45
min). Fluorometric detection was performed at excitation and
emission wavelengths of 324 and 420 nm, respectively, using an
Intelligent Fluorescence detector, model FP-2020 (Jasco Europe s.rl.,
Italy). Identification and quantification of amino acids were performed
by comparing the retention times of the peaks with those of standards
(Sigma Chemicals).

Expression of data and statistical analysis

All analytical determinations were performed at least in triplicate.
The data were expressed as means * standard deviations, and reported
on a dry matter basis.

Results and Discussion

Chemical composition

The proximal composition of the macroalgae considered in this
study is shown in Table 1. The macroalgae had different compositions
that were primarily species-specific.

Components Ulva spp. Codium spp. | H. floresia ﬁo lyschides
Moisture? 84.3+0.3 98.6 +1.2 91.9+0.7 94.3+0.9
Protein 7.2+0.0 15614 9.4 +0.0 7.3+0.1
Lipid 34+04 7.1+£0.1 123+ 1.1 82+0.1
Fibre 9.5+0.7 14+0.1 1.7+£0.0 16.6 + 0.4
Carbohydrate 11.7+04 88+04 155+1.5 6.3+0.1

Ash 342+07 30.7+1.1 50.2+1.1 30.7+0.8
Caloric value® 106.5+1.3 | 161.4+23 210.6 £ 2.1 128.2+0.9

Table 1: Chemical characteristics and caloric value of seaweeds studied
(g/100 g on dry weight)®. 2All values given are means of three
determinations (X + SD); SD: standard deviation. ® Moisture content is
expressed as percentage of fresh weigh. “Caloric value is expressed as
kcal/100 g of dry weight.
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The moisture content of fresh macroalgae ranged from 84.3% (Ulva
spp.) to 98.6% (Codium spp.). Ulva spp., whose structure is laminar,
had the lowest value, while Codium spp., with a tubular structure and
water-holding capacity, had the highest water content. Saccorhiza
polyschides and Halymenia floresia, which have laminar structures,
had similar moisture contents (94.2 and 91.9%, respectively). The
moisture content, of other species studied by Dawczynski et al. [9],
including Porphyra sp., Undaria pinnatifida and Laminaria sp., ranged
from 89.3-93.5%. These species have the same structure as Saccorhiza
polyschides and Halymenia floresia and had similar moisture contents.
Therefore, this content appears to be related to the morphology and
structure of the species.

The protein contents ranged from 7.2-15.6% and were much higher
in Codium spp. (15.6%). The rest of the macroalgae contained similar
values ranging from 7-9%. These results were similar to other studies
in other species. Gressler et al. [29] reported protein contents in G.
domingensis, G. birdiae, L. filiformis and L. intricate macroalgae that
ranged from 4.6-18.3%. Gémez-Ordonez et al. [10] reported contents
from 10.9-25.7% in brown macroalgae and 15.5-21.3% in red species.
Protein content may vary according to the species, geographic area,
season and environmental conditions [10,30]. The macroalgae studied
were collected in the same geographic area, season and environmental
conditions; thus, the protein content appears to be related to the
species in this study. Of all the species evaluated, Codium spp. had the
highest protein content, which could be related to its enhanced ability
to assimilate nitrogen [31,32].

Lipid contents in all of the species studied in this work were higher
than 7%, except in Ulva spp. (3.4%). These values are higher than that
determined by Wong & Cheung [33] (1.42-1.64%), Ortiz et al. [8]
(0.3-0.8%) and GOmez-Ordonez et al. [10] (0.3-0.9%), but similar to
those reported by other authors [7,9,20]. A review by Miyashita et al.
showed that lipids vary in brown macroalgae based on species,
geography, season, temperature, salinity and light intensity, as well as
interactions between these factors. These authors reported that tropical
species have significantly lower lipid contents than cold-water species.
Additionally, Floreto et al. [34,35] showed that high levels and a lack of
nitrate and high salinity and light intensity led to high lipid levels.
Therefore, the high fat content in the macroalgae of the present study
could be related to the salinity (36.4%), water temperature
(19.5-20.4°C) or nitrate content (45M NO;; [36]) of the collection area
However, the observed differences between the macroalgae in the
present study were species-specific.

Carbohydrate contents ranged from 6.3-15.5% and were higher in
Ulva spp. (11.7%) and Halymenia floresia (15.5%). These values were
similar to that reported by Wong & Cheung [33] for H. japonica, H.
charoides and U. Jactuca (4.3, 7.02 and 14.6%, respectively). However,
Ortiz et al. [8] found higher values in Durvillaea antarctica (70.9%),
Ulva lactuca (61.5%) and Ulva fasciata (34.8%). According to Macler
[37], there is an inverse relationship between the N content of water
and the carbohydrate content of macroalgae. Therefore, the high
nitrogen content in the collection area [36] could explain the low levels
of carbohydrates found in the four species studied.

Most previous studies have found that fiber is the most abundant
component of seaweeds [9,10,30,33]. However, in the present work,
fiber contents were less than 20% in all macroalgae. In fact, the highest
value was observed in Saccorhiza polyschides (16.6%) followed by Ulva
spp. (9.5%), and the lowest values were in Codium spp. and Halymenia
foresia (1.4% and 1.7%, respectively). Norziah and Ching [11]
observed that the fiber content may be related to geography, water

temperature, and collection time and collection depth. More specific
studies [10] have shown that the fiber content decreases in nitrogen-
rich areas. Seaweeds collected in the studied area had significantly
lower fiber contents than samples reported in other studies, a finding
that could again be related to the high nitrogen content in the
collection area [36].

Ash contents of Ulva spp., Codium spp. and Saccorhiza polyschides
were high and ranged from 30.7-50.2% (Codium spp. and .
polyschides) (H. floresia). These results were similar to those obtained
by Gressler et al. [20] in G. domingensis, G. birdiae, L. filiformisand L.
Intricate (ranged 22.5-38.4%) and by Aguilera-Morales et al. [7] in
Enteromorpha sp. (36.8%). The ash content varies between species,
geography and seasons, but a general feature of macroalgae are their
high ash contents [10]. The Barbate Estuary is an area that promotes
accumulation fluvial sediments rich in minerals [37] and, therefore,
their accumulation in algae. However, accumulation in our samples
depended on the species because Halymenia floresia (50.2%) contained
the highest amount of ash.

Caloric values of the studied macroalgae were calculated from
protein, fat and carbohydrate contents following a previously reported
method [28]. As shown in Table 1, caloric values ranged between 106.5
and 210.6 kcal/100 g of dry sample and were determined by the protein
content. Halymenia floresia had the highest value (210.6 kcal/100 g dry
sample) because of its high lipid and carbohydrate contents, followed
by Codium spp. (161.4 Kcal/100 g), in which the caloric value was
primarily determined by the protein content. Ulva spp. and Saccorhiza
polyschides had the lowest caloric values because of their low protein
contents, but they were rich in fiber.

Free amino acid composition

Free amino acids (mg/g protein) in the four species are shown in
Table 2.

Amino acids Ulva spp. sC::ium H. floresia | S. polyschides
Aspartic acid 340.3+1.5 285+1.4 n.d. n.d.
Threonine? 19.1£0.8 75+1.2 8.3+0.2 n.d.
Serine n.d. 105.1+2.1 n.d. 28+1.1
Glutamic acid 8.8+0.3 152+1.4 8.1+0.1 n.d.
Lysine® 55+0.5 0.2+0.0 10.1+0.3 |0.7+0.3
Arginine 210.2+0.9 56.8 +2.7 424+09 | 10807
Glycine 1.50+1.0 0.5+0.9 14+00 0.2+0.0
Phenylalanine® | 18.4 + 0.1 29.8+1.6 49+0.0 156.5+0.8
Tryptophan® 89.8+1.1 419+26 176+03 | 43+1.2
MethionineP 0.1£0.0 nd. 6.1+0.1 nd.
Cysteine 29.1+0.9 8321 6.6+0.1 04+0.0
Isoleucine® 236+05 11.1+1.9 3400 6.6+0.8
LeucineP 26.3+0.5 31+16 5.3+0.0 109+1.4
Histidine 14.7+0.1 84+09 49+0.2 17.6 £ 0.6
ValineP 1.1+£0.0 34+1.1 0.1+0.0 54+0.7
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TAA 788.5 + 7.2 3198454 | 1192+4.8 | 752+ 6.1 macroalgae, including the intense flavor and taste. Therefore, the high
level of aspartic acid in Ulva spp. (340.3 mg/g protein) could be related
TEAA 198.6+2.3 105442 |558+61 |61.0£37 to its intense flavor and characteristic aroma.
TEAAITAA 0.25 0.33 0.47 0.81 . .
Fatty acid composition

Table 2: Amino acid contents of seaweeds studied (mg/g protein)?.
TAA, total amino acids; TEAA, total essential amino acids; n.d., not
detectable. * All values given are means of three determinations (§
+ SD); SD: standard deviation. Y Essential amino acid (EAA).

Seventeen amino acids were detected including essential amino
acids such as threonine, lysine, phenylalanine, tryptophan, methionine,
cysteine, isoleucine, leucine, histidine and valine. Alanine and tyrosine
were not detected in any of the macroalga samples studied.
Nevertheless in other studies if they were detected [8,33].

Levels of the different amino acids varied according to species and
ranged from 0.1 + 0.0 to 340.3 £ 1.5 (mg/g protein) in Ulva spp., from
0.2 £ 0.0 to 105.1 + 2.1 (mg/g protein) in Codium spp., from 0.1 £ 0.0
to 42.4 + 0.9 (mg/g protein) in H. floresia, and from 0.2 + 0.0 to
17.6 £ 0.6 (mg/g protein) in S. polyschides.

Total free amino acids (TAA) were highest in Ulva spp. (788.5 mg/g
protein), followed by Codium spp. (319.8 mg/g protein), Halymenia
floresia (119.2 mg/g protein) and Saccorhiza polyschides (75.2 mg/g
protein). The total free amino acids in Ulva spp. were significantly
higher than those reported by Wong & Cheung [33] in other species.
However, Codium spp., Halymenia floresia and Saccorhiza polyschides
had lower values than those reported by Wong & Cheung [33] (range
from 7.1-19.0% of protein), Ortiz et al. [8] (range from 10.4-12.6% of
protein) and Dawczynski et al. [9] (range from 7.5-31.4% of protein).

The total protein and free amino acid contents of the different
species are shown in Tables 1 and 2, respectively. The free amino acid
contents in Ulva spp. and Codium spp. were 5.7 g/kg and 5 g/kg of dry
weight sample, respectively, and nitrogen in both species principally
consisted of free amino acids (78.9% and 32.0%, respectively).
However, in Saccorhiza polyschides and Halymenia floresia, the
contents of nitrogen present as free amino acids were 1.1 g/kg and
0.5 g/kg of dry weight sample, respectively (12.0% and 7.5%,
respectively).

All macroalgae studied showed pronounced differences between the
amino acid profiles and high levels of essential amino acids (TEAA),
especially in Ulva spp. (382.5 mg/g protein), which stands out with its
high level of tryptophan, followed of cysteine, isoleucine and leucine.
Codium spp. contained high amounts of tryptophan (41.9 mg/g
protein) and phenylalanine (29.8 mg/g protein), while H. floresia stood
out for its lysine and methionine contents (17.6 mg/g and 6.1 mg/g
protein, respectively). S. polyschides had the highest histidine and
valine levels (17.6 mg/g and 5.4 mg/g protein, respectively).

Although the higher TEAA contents were observed in Ulva spp. and
Codium spp., the relative TEAA/TAA value was higher in Halymenia
floresia (0.8) because of its low amount of non-essential amino acids.

In terms of the non-essential free amino acids, Ulva spp. had the
most complete amino acid profile and the highest levels of aspartic
acid and arginine (340.3 mg/g and 210.2 mg/g, respectively). Codium
spp. stood out for its serine, arginine and aspartic and glutamic acid
contents (105.1, 56.8, 28.5 and 15.2 mg/g, respectively).

According to several authors [38,39], high levels of aspartic and
glutamic acids may be responsible for organoleptic characteristics in

The fatty acid compositions of the macroalgae under study are given
in Table 3.

Methyl ester (%)

Fatty aclds Ulva spp Codium H. floresia S.
) spp. : polyschides

C 14:0 n.d. n.d. n.d. n.d.
C 16:0 0.6+1.0 0.3+0.1 1.2+05 0.5+0.1
C17:0 54+18 0.9+0.9 54+0.7 1.9+0.7
C 18:0 6.4+0.2 39+04 52+0.3 8.7+04
C 20:0 10.7+2.3 11.5+7.6 56+37 7.3+0.6
C22:.0 n.d. n.d. 14+04 n.d.
C24:0 09+17 04+0.7 n.d. 21+18
C 1415 446+26 48477 326+29 35.8+0.4
C 16:14,7 09+14 n.d. 4429 1.8+0.8
C18:1y7 n.d. n.d. n.d. n.d.
C 20:1,9 n.d. n.d. n.d. n.d.
C 2419 n.d. 0.3+0.1 n.d. n.d.
C 18:246 14718 19.3+1.0 28.6+23 21.8+09
C 20:2,6 n.d. n.d. n.d. n.d.
C 18:3y3 n.d. n.d. n.d. 0.6+0.2
C 20:3,9 59+37 1.1+04 29+0.1 39+1.0
C 20:4 6 n.d. n.d. n.d. n.d.
C 20:5,,3 3617 6.6 +£0.0 1.1+07 1.4+0.2
C 22:6,3 n.d. 02+04 n.d. n.d.
SFA 24.0+1.1 17.0+2.3 18.8+0.8 205+25
MUFA 455+ 1.6 48.7+26 37.0+£3.3 37.6+0.6
PUFA 242+36 27.2+01 326+1.7 27.7+0.1
Z(MUFA+PUFAY/ZsFA | 2.9 0.3 45%0.9 3.7+0.1 32+0.2
PUFAS 5 147+18 19.3+1.0 28.6+23 21.8+0.9
PUFASs,3 36+1.8 6.8+0.4 1107 20+1.0
Ratioyg/w3 4.1+01 28+0.3 26.0+04 10.9+0.9

Table 3: Fatty acid composition of seaweeds studied (g/100 g of total
fatty acid)®. SFA, saturated fatty acids; MUFA, monounsaturated fatty
acids; PUFA, polyunsaturated fatty acids; nd, not detectable. 2All
values given are means of three determinations (X + SD); SD: standard

deviation.
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The saturated fatty acid content (SFA) was between 17.0% and
24.0%, and monounsaturated fatty acids (MUFA) and polyunsaturated
fatty acids (PUFA) ranged from 37.0-48.7% and 24.2-32.6%,
respectively. SFA levels in these macroalgae were lower than those
found by Johns et al. [12] in green (23.9%), brown (27.9%) and red
(33.8%) macroalgae or by Ortiz et al. [8] in U /Jactuca and D.
Antarctica (33.7% and 36.3%, respectively).

However, levels of MUFAs ranging 37.0-48.7% were higher than
those observed in other species [8,12], while PUFA levels ranging
24.2-32.6% were similar to those found by other authors [8,9]. All
macroalgae under study had higher total levels of polyunsaturated fatty
acids (MUFA+PUFA) than saturated fatty acids (SFA) due to the high
MUFA levels, and the unsaturated/saturated ratios (Z(nura+pura)/
Yspa) ranged from 2.9 in Ulva spp. to 4.5 in Codium spp. The fatty acid
content and proportion of saturated and unsaturated fatty acids vary
with seasons, geography [14], weather conditions and genetic
variability [8,39]. According to Khairy and El-Shafay, MUFA levels in
three macroalgae were highest in autumn. In the present study,
seaweeds were collected in autumn, which could explain the high
levels of fatty acids observed and the high 6/3 ratio, especially in A.
floresia (26.0) and S. polyschides (10.9).

The four macroalgae studied contained C14:15 (myristoleic acid)
and the essential fatty acid C18:26 (linoleic acid) as the major
monounsaturated and polyunsaturated fatty acids, respectively.
Arachidic acid (C20:0), followed by stearic acid (C18:0), were the main
saturated fatty acids found in the studied species, ranging from
5.6-11.5% and 3.9-8.7%, respectively. These fatty acids levels were
higher than those found in other macroalgae [8,9,30], in which the
major fatty acids were C16:0 (palmitic acid), C18:1 (oleic acid) and
C20:5 (eicosapentaenoic acid, EPA). However, C18:3 (linolenic acid)
was only found in Saccorhiza polyschides, C22:0 (Behenic acid) only in
Halymenia floresia and C22:6 (docosahexaenoic acid, DHA) and C24:1
(nervonic acid) only in Codium spp., indicating that some fatty acids
seem to be species-specific in algae.

Overall, the algal species in the present study had low amounts of
SFAs, high levels of MUFAs and a relationship with the w6/w3 fatty
acids >1, which could be related to the species, conditions in collection
area and season.

Mineral content

As shown in Table 4, the macroalga samples were rich in
macrominerals (i.e, Na, K, Ca and Mg), with values ranging from
9690-14500 mg/100 g dry weight. These results are similar to those
obtained by Rupérez (2002) in different species of brown (Fucus
vesiculosus, Laminaria digitata, Undaria pinnatifida) and red
(Chondrus crispus, Porphyra tenera) macroalgae, with values ranging
from 8097-17885 mg/100 g dry weight.
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Fe 36.28+0.49 | 4514+0.82 | 14.34+0.39 | 25.12+1.52
Zn 1.91£0.65 0.78+0.14 | 2.11+£0.01 8.57 +£0.39
Cu 0.71£0.37 045+0.25 | 0.62+0.23 0.94+0.4
z . 38.9+0.50 46.4 £ 0.40 17.1+0.21 34.6+0.19
microelements

Table 4: Mineral composition and trace elements of seaweeds studied
(mg/100 g dry weight)2. 2All values given are means of three
determinations (X + SD); SD: standard deviation.

However, the concentrations of Na, K, Ca and Mg varied slightly
depending on the algal species. Na and K were the most abundant
elements in all macroalgae, ranging from 2650 to 5540 and 3770-10170
mg/g dry weight, respectively, but Na/K ratios were below 1.0 in all
samples (0.26-0.97). These ratios are similar to those found by Rupérez
[10] in brown and red macroalgae. According to this author, a low
ratio Na/K is interesting from a nutritional point of view. Since the
instability of mineral salts of sodium and potassium is one of the most
frequent causes of hypertension appears [40].

Sodium (5540 mg/100 g dry weight) was the most abundant
element in Halymenia floresia, followed by potassium (10170 mg/100 g
dry weight) in Saccorhiza polyschides and magnesium (2040 mg/100 g
dry weight) in Ulva spp., whereas Ca contents were similar
(0.7-1.1 mg/100 g dry weight) in the four species.

Microelement concentrations (i.e., Fe, Zn and Cu) also varied with
the species. Halymenia floresia had the lowest levels (17.1 mg/100 g
dry weight), and Codium spp. had the highest (46.4 mg/100 g dry
weight). According to Ryan et al., these variations could be due to
morphological and physiological differences in macroalge and their
affinities for different metals [41].

Among the microelements analyzed, Fe was highest in all samples,
ranging from 14.3 to 45.1 mg/100 g dry weight. This amount conforms
to that reported by Yaich et al. [30] for Ulva lactuca and some of the
species analyzed by Subba et al. [16].

Ulva spp. and Codium spp. contained significant amounts of Fe
(36.3 and 45.1 mg/100 g dry weight, respectively), whereas Saccorhiza
polyschides had the highest contents of Zn (8.57 mg/100 g dry weight)
and Cu (0.9 mg/100 g dry weight). The ability of the four macroalga
species to concentrate metals varied according to both species and type
of metal accumulated. Similar results were obtained by Besada et al.
[17] and Ryan et al,, [41] that highlighted the complexity of the inter-
relationships between metabolism, growth rate and metal uptake [17].

The high concentrations of macro and microminerals in Ulva spp.,
Codium spp., Halymenia floresia and Saccorhiza polyschides could be
explained by the consumption and accumulation of nutritive elements
in the collection medium. Studies by Martinez-Velasco et al. [36]
showed that the mouth of the Barbate River is rich in minerals, and the
presence of Zn and Cu in both water and sediments was demonstrated
by Gutiérrez-Mas et al. [37]. There are wealth of trace elements
associated with fluvial mineral accumulation in the Barbate River and
existing wetlands in the area, likely resulting in the richness of minerals
found in macroalgae sampled.

. Codium . S.

Mineral Ulva spp. spp. H. floresia polyschides
Na 3670 £216.4 | 3960 + 106.8 | 5540 + 763.5 | 2650 + 176.9
K 3770+ 114.6 | 4500 + 182.4| 5960 + 861.3 | 10170 + 112.4
Ca 1030 £321.5 | 820 £+253.6 | 730+ 283.4 | 1120 + 94.2
Mg 2040+34.7 | 410£18.8 | 900+ 162.7 | 560 + 32.4
z Maclo| 40510 + 171.8 | 9690 + 140.4| 13130 + 517.7| 14500 + 103.9
elements
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Conclusion

The moisture content of fresh macroalgae (84.3-98.6%) could be
related to the morphology and structure of the species. Macroalgae
with tubular structures such as Codium spp. had the highest moisture
content, while the other seaweeds, which had laminar structures, had
lower contents. Protein contents exhibited high variability (7.2-15.6%),
which could be related to the species and their ability to assimilate
nitrogen. Lipid levels were greater than 7% in all species studied,
except Ulva spp. These high contents could be related to the particular
conditions of the collection area (i.e., salinity, water temperature and
nitrate content). Carbohydrate and fiber concentrations were lower
than in samples reported in other studies because of the high nitrogen
content in our collection area. This area is characterized by fluvial
accumulation of sediments, and therefore, the ash content and macro
and microelements were especially high. Na, K, Fe, Zn and Cu
concentrations varied between species, which could be due to
morphological and physiological differences in the macroalgae and
their affinities for different metals [41-44].

All macroalgae studied contained high levels of essential amino
acids (75.2-788.5 mg/g protein) and different amino acid profiles.

Levels of MUFAs in these macroalgae (37.0-48.7%) were higher
than those observed in other species. The main saturated fatty acids
were arachidic acid (5.6-11.5%) and stearic acid (3.9-8.7%).

These results highlight the nutritional potential of these macroalgae
as food, either as fresh produce or as a processed food ingredient, and
development of seaweed farming in this area should be evaluated.
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