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This study presents, for the first time, the nutritional and health promoting aspects of four selected Azorean
macroalgae (Ulva compressa, Ulva rigida, Gelidium microdon and Pterocladiella capillacea) in terms of total lipids,
fatty acids (FA) profile, n6/n3 and hypocholesterolemic (h)/hypercholesterolemic (H) FA ratios, minerals, total
essential amino acids (AA), anti-ageing and anti-phenylketonuria AA content, coenzyme Q10, α-tocopherol,
total phenolics, antioxidant properties and energy value, on a dryweight basis. The results revealed low lipid con-
tent (1.02–4.32%) but significant PUFA content (29.57–69.22% of total FA), suitable FA ratios (0.48–9.49 for n6/n3
and 1.26–4.22 for h/H), balancedmacromineral ratios (0.27–1.91 for Na/K and 0.15–1.07 for Ca/Mg), appreciable
amount of essential AA (45.27–58.13% of total AA), high amount of anti-ageing AA, low Phe content, coenzyme
Q10 (1.25–8.27 μg/g), α-tocopherol (2.61–9.14 mg/100 g), high total phenolic content (27.70–55.07 mg of gallic
acid equivalents/g extract), significant free radical scavenging activity (29.32–47.73%) and valuable energy con-
tent (6.80–9.80 kJ/g). A regular consumption of these algae either directly or through food supplements may im-
prove human health or may have a protective effect on some diseases and ageing process. They can also be used
for producing pharmaceuticals and cosmeceuticals with potential economic value.

© 2016 Published by Elsevier Ltd.
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1. Introduction

In Asian countries, marine macroalgae (seaweeds) have been con-
sumed as sea vegetables for centuries (documented since 600 BCE)
while in the Western countries they are traditionally used as sources
of phycocolloids (e.g. agar, carrageenans and alginates) or meal for ani-
mal nutrition. Nowadays, edible seaweeds are increasingly consumed in
Europe, especially in France, the first European country to regulate the
use of Ulva species as foods and condiments for humans. In Spain, sea-
weeds are considered novel foods (Bocanegra, Bastida, Benedí,
Ródenas, & Sánchez-Muniz, 2009; Lordan, Ross, & Stanton, 2011;
Smith, 2004). In fact, seaweeds are increasingly being recognized as an
excellent source of health-promoting compounds, including proteins
with high nutritional value (Fleurence, 1999), bioactive peptides
(Harnedy & FitzGerald, 2013), dietary fiber with good balance of
both insoluble and soluble fibers (Ortiz et al., 2006), polysaccharides,
polyunsaturated fatty acids, minerals, vitamins and polyphenols, that
may have protective effects against cancer, allergy, diabetes, oxidative
stress, inflammation, thrombosis, obesity, lipidemia, hypertension and
other degenerative disorders. However, besides the numerous research
reports on their therapeutic properties, seaweeds remain a relatively
).
underutilized sustainable resource for use as a natural complementary
and alternative therapy to commercial synthetic drugs against certain
chronic diseases (Mohamed, Hashim, & Rahman, 2012). Taking into ac-
count the current increasing demand for seaweed food products, sever-
al reports have appeared on the nutritional composition of edible
seaweeds from some coastal areas. However, limited published data is
available on the amount of important nutrients and their potential
use. It is well known that among the various compounds found in sea-
weeds, antioxidants (such as carotenoids, tocopherols and polyphenols)
have been attracted the attention of scientific community (Mohamed et
al., 2012). However, the available information on coenzyme Q10 content
is scarce (Klein, Walter, Lange, & Buchholz, 2012) despite its strong
antioxidant properties. Concerning the macroalgal mineral composi-
tion, the dietary intake ratios of Na/K and Ca/Mg are also rarely
highlighted, as well as the h/H fatty acids ratios, despite its importance
on human health. Macroalgal specific amino acids, such as phenylala-
nine content, with impact on the diet of phenylketonuria patients, and
the anti-ageing amino acids content are also poorly explored in previous
reports. Rarely mentioned is also the macroalgal energy value (Renaud
& Luong-Van, 2006), despite its importance in human and animal
nutrition.

The Azores Islands (Portugal), due to their isolation in the middle of
the Atlantic Ocean, are a very promising location for marine natural re-
sources that may produce unique bioactive compounds. Indeed, like
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most flora, the chemical composition of seaweeds, and consequently
their nutritional and medicinal value, depends on many factors, includ-
ing species and its developmental stage, geographical location, habitat,
season, climate and environmental conditions, among others (e.g.
Fleurence, 1999). Seaweeds are abundant and structuring organisms
on the coastal areas of the Azores Islands, known as environmentally
healthy habitats (Neto et al., 2009). Some species have a markedly sea-
sonal pattern whereas others are available throughout the year (Neto,
Tittley, & Raposeiro, 2006). Traditionally, the Azorean population
have gathered seaweeds to use as fertilizers in local agriculture and/or
horticulture, and also to eat (e.g. Fucus spiralis, Porphyra, Laurencia,
Osmundea and Ulva) or for agar production (e.g. Gelidium microdon
and Pterocladiella capillacea) (Neto et al., 2006). However, little informa-
tion is available on their nutritional and/or pharmacological value. To
the best of our knowledge, there is only one full report on the nutritional
composition of F. spiralis, Porphyra sp. and O. pinnatifida (Paiva, Lima,
Patarra, Neto, & Baptista, 2014) and two detailed pharmacological
studies: one dealing with the isolation of secondary metabolites from
U. rigida and G. microdon and the evaluation of their antitumor and an-
timicrobial activities (Silva et al., 2013), and the other reporting the iso-
lation and characterization of angiotensin I-converting enzyme (ACE)
inhibitory peptides from U. rigida protein hydrolysate (Paiva, Lima,
Neto, & Baptista, 2016).

As a result, the aim of the present study was to investigate, for the
first time, the nutritional aspects, the health promoting ingredients con-
tent and the antioxidant activity of the Azorean locally abundant Ulva
compressa, Ulva rigida, G. microdon and P. capillacea, in order to evaluate
their use as functional foods and/or for producing health-care products
for the pharmaceutical, medical, cosmetic and food industries.

2. Material and methods

2.1. Chemicals and reagents

Acetonitrile (ACN), dichloromethane, methanol and hexane, HPLC
grade, were purchased from Fluka Chemika (Steinheim, Switzerland).
Ethanol, acetone, sodium chloride, sodium sulphate anhydrous, potassi-
um hydroxide, phenol, triethylamine (TEA), ascorbic acid, boric acid,
Kjeldahl catalyst, sulphuric acid, standard glucose, ammonium acetate,
hydrochloric acid and trichloroacetic acid (TCA) were obtained from E.
Merck (Darmstadt, Germany). Derivatization reagent (14% boron
trifluoride in methanol) and certified preformulated multi-standard
cation kit were purchased from Alltech Associates (Deerfield, IL, USA).
Fatty acids methyl esters standards “FAME Mix C4-C24 (18919
Supelco)” and “PUFA No. 1 Marine Source (47033 Supelco)”, coenzyme
Q10, α-tocopherol, 2,2-diphenyl-1-picrylhydrazyl (DPPH), butylated
hydroxyltoluene (BHT), gallic acid, Folin-Ciocalteu reagent (2 N), sodi-
um carbonate anhydrous, sodiumacetate trihydrate (CH3COONa.3H2O),
disodium hydrogen phosphate (Na2HPO4), sodium hydroxide, ammo-
nium sulphate andmethanosulfonic acidwere obtained from Sigma-Al-
drich (St. Louis, MO, USA). Amino acid (AA) standard mixture, sequanal
grade 6 N HCl and phenyl isothiocyanate (PITC) were purchased from
Pierce Chemicals (Rockford, IL, USA). All other reagents used in this
study were reagent grade chemicals. Deionised water was obtained
from a Milli-Q water purification and filtration system with an 18
MΏ.cm resistivity (Millipore, Bedford, MA, USA). All reagents, eluents
and buffers were filtered through 0.2 μm membranes.

2.2. Macroalgae collection

All samples used in this study were collected from the littoral of São
Miguel Island (37°40′ N and 25°31′ W), and voucher specimens were
prepared and deposited in the Herbarium AZB – Ruy Telles Palhinha of
the Department of Biology at the University of Azores. The Rhodophyta
Gelidium microdon Kϋtzing (SMG-13-03) and Pterocladiella capillacea
(S.G. Gmelin) Santelices & Hommersand (SMG-13-05) were collected
in January 2013, and the Chlorophyta Ulva compressa Linnaeus (SMG-
13-15) and Ulva rigida C. Agardh (SMG-13-12) in April 2013.

2.3. Macroalgae samples preparation

Within 24 h of collection the algal samples were first washed in sea-
water to remove encrusting material and epiphytes, carefully rinsed
with distilled water to remove salts, partially dried with a paper
towel, and then air-dried and stored in an air-tight container in a freezer
(−80 °C) for not N6months until further analysis. Prior to the analytical
procedures, the samples were defrosted and dried at 40–45 °C during
48 h (avoiding overheating that could lead to oxidation). Dried triplicate
samples were grounded into a fine powder of 0.5 mm particle size, re-
dried at 40 °C and stored in dark under N2 in desiccators at a refrigerated
temperature of 4–5 °C. The moisture content of the fresh algal samples
U. compressa, U. rigida, G. microdon and P. capillacea were 90.00 ±
0.91%, 84.50 ± 0.70%, 83.20 ± 0.88% and 86.00 ± 0.65%, respectively,
calculated by subtracting theweight of dry sample from thewetweight.

2.4. Nutrient analysis

2.4.1. Total lipid determination and fatty acids (FA) profile
The crude lipid contentwasdetermined gravimetrically after soxhlet

extraction (AOAC, 2000) during 4 h of refluxwith chloroform:methanol
2:1 (v/v) following the Folch, Lees, and Solam-Stanley (1957) method-
ology. To characterize the lipid profile, a cold extraction with
chloroform:methanol (2:1, v/v) in the absence of light to minimize
lipids oxidationwas adopted (Folch et al., 1957). For FA profile determi-
nation, the sample was transmethylated using 0.5 N potassium hydrox-
ide methanol solution and derivatized with 14% boron trifluoride in
methanol according to the modified protocol of Leite, Lima, and
Baptista (2007). Fatty acids methyl esters (FAME) were analysed by
GC and GC/MS on a fused silica CP-Wax 58 (FFAP) CB column
(25 m × 0.25 mm i.d., 0.20 μm film thickness) from Varian (Palo Alto,
CA, USA), using the analytical conditions previously described by Paiva
et al. (2014).

2.4.2. Mineral determination
For mineral determination the macroalgae samples (dry powder)

were prepared as previously described by Paiva et al. (2014), digested
with hydrochloric acid followed by SCAN 1000 to neutralize the acid
(Alltech Associates protocol – Deerfield, IL, USA), and then analysed by
ion chromatography on an universal cation exchange free-metal col-
umn (10 cm × 4.6 mm i.d., 7 μm particle size) from Alltech Associates
(Deerfield, IL, USA), using the conditions described by the referred au-
thors. Calibration curves were obtained from the pre-formulated cation
mixture (Li 0.2 ppm, Na 1.3 ppm, NH4 5 ppm, K 2.5 ppm, Mg 2.0 ppm
andCa 2.0 ppm) and the corresponding equations provided by linear re-
gression analysis were used for the quantification of the algae mineral
content.

2.4.3. Amino acids (AA) determination
The protein was precipitated with TCA and the protein pellet was re-

covered by centrifugation following the Barbarino and Lourenço (2005)
methodology. The protein pellet was hydrolyzed using 6 N HCl and
derivatized with PITC, as previously described (Paiva et al., 2014;
Sánchez-Machado, López-Cervantes, López-Hernández, Paseiro-Losada,
& Simal-Lozano, 2003). The AA profile was performed by HPLC analysis
on a HP Aminoquant reverse-phase column (20 cm × 2.1 mm i.d., 5 μm
particle size), using the analytical conditions described by Paiva et al.
(2014), and the AA content was expressed as mg/g of protein.

2.4.4. Coenzyme Q10 determination
For coenzyme Q10 determination the macroalgae samples were

prepared according to Rujiralai, Raekasin, Cheewasedtham, and
Cheewasedtham (2014), and then analysed by HPLC on a Zorbax Eclipse



434 L. Paiva et al. / Food Research International 89 (2016) 432–438
XBD-C18 reverse phase analytical column (25 cm × 4.6 mm i.d., 5 μm
particle size) (Agilent Technologies, Santa Clara, CA, USA) using an
isocratic elution of MeOH:Ethanol (50:50, v/v) at a constant flow-rate
of 0.8 mL/min and UV detection at 275 nm. Peak identification was
assigned by retention time, chromatographic pattern, spiked of the au-
thentic standard to the sample and also confirmed by superimposing
the UV spectra of the peak with the corresponding coenzyme Q10 stan-
dard spectrum. The detector signal was recorded and processed (peak
area determination) by Agilent Technologies ChemStation software,
using an external standard methodology.

2.4.5. Vitamin E (α-tocopherol) determination
For vitamin E determination themacroalgae sampleswere prepared

as previously described by Paiva et al. (2014), and then analysed by
HPLC on a Zorbax Eclipse XBD-C18 reverse phase analytical column
(25 cm × 4.6 mm i.d., 5 μm particle size) (Agilent Technologies, Santa
Clara, CA, USA) using a linear gradient of phase (A) MeOH:H2O (90:10,
v/v) and phase (B) ACN (t = 0–3 min – 10% B, t = 12 min – 80% B
and t = 17 min – 99% B) at a constant flow-rate of 0.6 mL/min and UV
detection at 280 nm. The quantification method as referred in Section
2.4.4.

2.4.6. Total phenolic content (TPC) determination
The finely powdered dry samples were extracted with methanol, in

the ratio of 1:10 (g/mL), at room temperature using a magnetic stirring
bar for 2 h. The residue was re-extracted twice with methanol in the
same conditions and extracts were combined and concentrated to dry-
ness at 40 °C using a rotary evaporator under reduced pressure. TPC in
macroalgae methanolic extracts was determined by using Folin–
Ciocalteu colorimetric methodology according to Waterhouse (2002)
with modifications, as previously described (Rainha et al., 2013). The
TPC values were expressed as mg of gallic acid equivalents (GAE) per
g of dry weight (DW) extract, after the reducing sugars interferences
correction as stated by Waterhouse (2002).

2.4.7. Energy value determination
The energy content of the selected Azorean macroalgal biomass was

determined following the methodology of Renaud and Luong-Van
(2006) (a modification of the Brett and Groves (1979) method), multi-
plying the values obtained for protein (15.66–23.40% of DW), soluble
carbohydrate (14.45–19.76% of DW) and lipid (1.02–4.32% of DW) by
23.86, 17.16 and 36.42 kJ/g, respectively. The protein and soluble carbo-
hydrate contents of the macroalgae samples were determined as de-
scribed by Paiva et al. (2014), and the lipid content as described in
Section 2.4.1.

2.5. Biological activity assay

2.5.1. Free radical scavenging activity (FRSA) determination
The FRSA of the macroalgae samples was determined according to

the method of Molyneux (2004) with slight modifications. An aliquot
of 2.0 mL of the macroalgae sample solution or BHT at 2.0 mg/mL con-
centration was added to a test tube, with 1 mL of DPPH methanol solu-
tion (4.5 mg/100 mL in methanol, w/v). BHT was used as reference
sample and a mixture without macroalgae sample or BHT was used as
the control. The absorbance (Abs) was measured at 517 nm after
30min in the dark. The FRSA of themacroalgae sampleswere calculated
as a percentage of DPPH decolouration using the following equation:
%FRSA = (1− Abssample / Abscontrol) × 100.

2.6. Statistical analysis

All determinations were performed at least in triplicate and the re-
sults were expressed as means ± standard deviations (SD). One-way
analysis of variance test (ANOVA) was carried out to assess for any
significant differences between the means. Differences between
means at the 5% (P b 0.05) level were considered significant.

The Pearson correlation analysis was performed between antioxi-
dant activity and total phenolic contents.
3. Results and discussion

3.1. Nutrient analysis

3.1.1. Crude lipid content and fatty acids (FA) profile
The lipid content of the studied algae (see Table 1) showed a narrow

range (1.02–4.32% of DW), that is within the range (0.30–7.20%) re-
ferred for severalmarine seaweed (Yuan, 2008). Although the lipid con-
tent of the studied macroalgae is relatively low, they contain a relative
higher level of PUFA as compared to land vegetables (Darcy-Vrillon,
1993). The Table 1 shows the FA profiles and the different FA groups,
in percentage of the total FAME (tFAME). The total SFA content was
higher in U. rigida (46.79% of tFAME) followed by P. capillacea and U.
compressa (39.09 and 37.57% of tFAME, respectively), and lower in G.
microdon (23.27% of tFAME), being the palmitic acid (C16:0) the most
abundant FA in the first three species. This acid was also reported to
be the most abundant FA in Tunisian U. rigida (Frikha et al., 2011) and
in other macroalgae (e.g. Sánchez-Machado, López-Cervantes, López-
Hernández, & Paseiro-Losada, 2004). Concerning the total unsaturated
FA (the dominant FA group in all studied algae), the MUFA content
was higher in U. compressa (32.85% of tFAME) followed by U. rigida
and P. capillacea (22.11 and 17.87% of tFAME, respectively), and lower
in G. microdon (7.50% of tFAME). Within this group, cis-7-octadecenoic
acid (C18:1n11) was the predominant FA for U. compressa (19.42% of
tFAME) and G. microdon (4.19% of tFAME), while the oleic acid
(C18:1n9), reported to decrease the level of LDL-cholesterol, was the
major MUFA in U. rigida (15.99% of tFAME) and P. capillacea (9.15% of
tFAME). Frikha et al. (2011) also reported that oleic acid was the
major MUFA for Tunisian U. rigida. The PUFA content was higher in G.
microdon (69.22% of tFAME) followed by P. capillacea (44.43% of
tFAME), and lower in U. rigida and U. compressa (31.69 and 29.57% of
tFAME, respectively). Among this group, γ-linolenic acid (C18:3n6)
and arachidonic acid (C20:4n6), an eicosanoid precursor, were only
found in the two Ulva species, being the γ-linolenic acid themost abun-
dant PUFA in these algae (ca 17.0% of tFAME, for each algae). Dihomo-γ-
linolenic acid (C20:3n6) and eicosatrienoic acid (C20:3n3) were the
predominant PUFA in G. microdon (35.61 and 23.86% of tFAME, respec-
tively) and P. capillacea (11.55 and 28.26% of tFAME, respectively). The
eicosapentaenoic acid (EPA, C20:5n3), another eicosanoid precursor,
was found only in traces and docosahexaenoic acid (DHA, C22:6n3)
was found in all studied algae. Additionally, α-linolenic acid (ALA,
C18:3n3) was only found in G. microdon (2.99% of tFAME). This amount
is twice-higher than the linoleic acid (LA, C18:2n6) value, considered
suitable for normal metabolism (optimal intake of LA relative to ALA)
(Simopoulos, 1999).

The dietary n6/n3 FA ratio affects the regulation of metabolic func-
tions and the development of metabolic syndrome, including insulin
sensitivity, inflammation, lipid profiles and adiposity (Burghardt et al.,
2010). The n6/n3 FA ratio values of 0.48, 1.46, 8.43 and 9.49 found for
P. capillacea, G. microdon, U. rigida and U. compressa, respectively, are
within the currently recommended values by WHO (Ortiz et al.,
2006). Sánchez-Machado et al. (2004) also reported very low n6/n3 ra-
tios for redmacroalgae (0.13 to 1.21). Similar resultswere also reported
earlier by Patarra, Leite, Pereira, Baptista, and Neto (2013) for P.
capillacea (0.88). A healthy h/H FA ratio was also found for all species,
namely 1.26, 1.90, 2.09 and 4.22 for U. rigida, U. compressa, P. capillacea
andG.microdon, respectively. This h/H FA ratio is of fundamental impor-
tance because the hypocholesterolemic FA (h) reduces the low density
lipoproteins (LDL) cholesterol, also known as bad cholesterol, whereas
the hypercholesterolemic FA (H) increases it.



Table 1
Total lipid content (% dry weight) and gas chromatography determination of fatty acid composition (% of total FAME) of the studied macroalgaea.

Total lipid and fatty acids contents TR of FAME (min) Macroalgae species

Ulva compressa Ulva rigida Gelidium microdon Pterocladiella capillacea

Total lipids – 1.67 ± 0.16 1.02 ± 0.09 2.44 ± 0.09 4.32 ± 0.33
Fatty acid – – – – –
Lauric, C12:0 3.556 tc tc tc tc
Tridecanoic, C13:0 4.525 0.83 ± 0.07 2.02 ± 0.06 1.81 ± 0.14 5.27 ± 0.49
Myristic, C14:0 5.75 1.72 ± 0.12 tc 0.86 ± 0.10 tc
Myristoleic, C14:1 c9 (n5) 6.271 tc tc tc tc
Pentadecanoic, C15:0 7.207 tc 0 tc tc
Pentadecenoic, C15:1 c10 (n5) 7.811 tc 0 tc tc
Palmitic, C16:0 8.903 31.21 ± 1.98 42.76 ± 2.98 17.33 ± 1.50 29.79 ± 1.67
Palmitoleic, C16:1 c9 (n7) 9.309 1.24 ± 0.09 2.25 ± 0.21 1.66 ± 0.12 1.66 ± 0.14
Heptadecanoic, C17:0 10.623 2.41 ± 0.19 0 tc tc
Heptadecenoic, C17:1 c10 (n7) 11.087 8.13 ± 0.56 0 tc tc
Stearic, C18:0 12.487 0.62 ± 0.08 0 1.32 ± 0.09 2.52 ± 0.16
Oleic, C18:1 c9 (n9) 12.845 3.11 ± 0.12 15.99 ± 1.31 1.65 ± 0.33 9.15 ± 0.42
Cis-7-Octadecenoic, C18:1 c7 (n11) 12.939 19.42 ± 1.53 0 4.19 ± 0.40 3.04 ± 0.21
Linolelaidic, C18:2 t9,12 (n6) 13.666 7.35 ± 0.61 4.89 ± 0.41 1.34 ± 0.11 1.47 ± 0.11
Linoleic (LA), C18:2 c9,12 (n6) 13.759 tc 1.56 ± 0.10 1.45 ± 0.13 1.39 ± 0.09
Arachidic, C20:0 14.233 0.78 ± 0.10 0 tc tc
γ-Linolenic (GLA), C18:3 c6,9,12 (n6) 14.868 16.76 ± 1.56 17.11 ± 1.03 tc tc
Eicosenoic, C20:1 c11 (n9) 16.196 0.95 ± 0.05 2.7 ± 0.24 tc 4.02 ± 0.31
α-Linolenic (ALA), C18:3 c9,12,15 (n3) 16.516 tc tc 2.99 ± 0.33 tc
Heneicosanoic, C21:0 17.381 tc 2.01 ± 0.19 1.95 1.51 ± 1.29
Eicosadienoic, C20:2 c11,14 (n6) 17.871 tc tc tc tc
Behenic, C22:0 18.004 tc 0 tc tc
Dihomo-γ-linolenic (DHGLA), C20:3 c8,11,14 (n6) 18.289 1.94 ± 0.30 tc 35.61 ± 2.56 11.55 ± 0.86
Erucic, C22:1 c13 (n9) 18.577 tc 1.17 ± 0.08 tc tc
Eicosatrienoic, C20:3 c11,14,17 (n3) 19.484 2.16 ± 0.43 2.11 ± 0.27 23.86 ± 1.51 28.26 ± 1.42
Arachidonic (AA), C20:4 c5,8,11,14 (n6) 19.812 0.70 ± 0.04 2.76 ± 0.30 tc tc
Tricosanoic, C23:0 20.143 tc tc tc 0
Docosadienoic, C22:2 c13,16 (n6) 20.991 tc 2.01 ± 0.21 2.63 ± 0.22 0
Lignoceric, C24:0 21.526 tc 0 tc 0
Eicosapentaenoic (EPA), C20:5 c5,8,11,14,17 (n3) 23.263 tc tc tc 0
Nervonic, C24:1 c15 (n9) 23.579 tc tc tc 0
Docosahexaenoic (DHA), C22:6 c4,7,10,13,16,19 (n3) 35.159 0.66 ± 0.03 1.25 ± 0.07 1.34 ± 0.09 1.76 ± 0.12
Total saturated fatty acids (SFA) – 37.57 ± 2.19 46.79 ± 2.18 23.27 ± 1.41 39.09 ± 2.44
Total monounsaturated fatty acids (MUFA) – 32.85 ± 1.84 22.11 ± 1.17 7.5 ± 0.81 17.87 ± 1.10
Total polyunsaturated fatty acids (PUFA) – 29.57 ± 1.52 31.69 ± 1.42 69.22 ± 3.30 44.43 ± 2.17
Total C18 PUFA – 24.11 ± 1.12 23.56 ± 0.99 5.78 ± 0.78 2.86 ± 0.11
Total C20 PUFA 4.80 ± 0.48 4.87 ± 0.49 59.47 ± 3.02 39.81 ± 2.22
Total trans fatty acids (TFA) – 7.35 ± 0.63 4.89 ± 0.26 1.34 ± 0.20 1.47 ± 0.09
Total n3 fatty acids – 2.82 ± 0.35 3.36 ± 0.18 28.19 ± 1.72 30.02 ± 2.01
Total n6 fatty acids – 26.75 ± 1.55 28.33 ± 1.39 41.03 ± 2.54 14.41 ± 0.94
Total n9 fatty acids – 4.06 ± 1.21 19.86 ± 1.05 1.65 ± 0.66 13.17 ± 0.73
Ratio n6/n3 – 9.49 8.43 1.46 0.48
Ratio h/H – 1.90 1.26 4.22 2.09

a Values are mean ± SD (n= 3). tc, trace. 0, compound not detected in sample. RT, retention time. FAME, fatty acids methyl esters. c, cis. t, trans. n, omega. n6/n3, omega 6 to omega 3
PUFA ratio. h/H, hypocholesterolemic (MUFA + PUFA) to hypercholesterolemic (C14:0 + C16:0) FA ratio.

435L. Paiva et al. / Food Research International 89 (2016) 432–438
The obtained results for P. capillacea and G. microdon indicated that
they may be used in diets to improve a balanced n6/n3 FA ratio in
order to prevent inflammatory, cardiovascular and nervous system dis-
orders (Ortiz et al., 2006). Ulva species are more indicated for diets di-
rected to reduce the LDL-cholesterol plasma (Taboada, Millán, &
Míguez, 2010).

3.1.2. Mineral composition
In general the mineral content of marine algae is high, relatively to

the most common vegetables (Ortega-Calvo, Mazuelos, Hermosín, &
Saiz-Jimenez, 1993), due to the diversity of minerals in marine habitats
(MacArtain, Gill, Brooks, Campbell, & Rowland, 2007). Significant
differences in the amount of the macrominerals Na, K, Mg and Ca of
the studied algae are shown in Table 2. The U. rigida and U. compressa
show a superior content of Mg and Ca as comparedwith the other stud-
ied algae, andwith some common foods. Similar findingswere reported
by Frikha et al. (2011) for Tunisian U. rigida. It is known that Ca helps to
produce the heartbeat, and Mg regulates it. In other words, Ca and Mg
require each other for their functions in heart muscle and must be pro-
vided to our body in balanced amounts (Rosanoff, 2010; Seelig &
Heggtveit, 1974). The results of our study show that the red algae G.
microdon and P. capillacea presented a well-balanced Ca/Mg ratio
(approx. 1:1) as compared to some common foods. Our study also re-
vealed a significant content of K, particularly for P. capillacea and G.
microdon. In addition, the Na/K ratio of all studied algae shows a low
value (b2), specially the P. capillacea (0.27), G. microdon (0.35) and U.
rigida (0.70). Rupérez (2002) also reported low Na/K ratios, below 1.5,
for the red macroalgae Porphyra tenera (1.04) and Chondrus crispus
(1.34). It is well known that food intake of high Na/K ratio have been re-
lated to higher incidence of hypertension (Ortega-Calvo et al., 1993).
Consuming P. capillacea, G. microdon and U. rigida as food supplement
may, therefore, exert hypotensive effects.

3.1.3. Selected amino acids (AA) with specific functional properties

3.1.3.1. The algae with anti-ageing AA. Resulting frommethionine and ly-
sine (two essential AA), carnitine helps to boost mitochondrial function
(Liu, Killilea, & Ames, 2002), and plays an important role during themi-
tochondrial decline contributing to anti-ageing activity within the body
(Cao et al., 2011). Arginine, another essential AA during the first months
of a baby life, is involved in manymetabolic processes and is important
in the treatment of heart diseases and high blood pressure. Arginine also



Table 2
Mineral content in the studied macroalgae (mg/100 g dry weight)a compared to some common whole foods, and Na/K and Ca/Mg ratios.

Macroalgae and foods

Minerals Mineral ratios

Na K Ca Mg Na/K Ca/Mg

Ulva compressa 1322.49 ± 3.17 693.32 ± 2.27 242.57 ± 1.15 1594.12 ± 3.11 1.91 0.15
Ulva rigida 576.08 ± 2.34 817.46 ± 3.81 324.93 ± 1.94 1775.13 ± 4.74 0.70 0.18
Gelidium microdon 433.08 ± 2.60 1238.98 ± 3.00 74.73 ± 0.15 127.01 ± 0.39 0.35 0.59
Pterocladiella capillacea 635.62 ± 3.26 2369.52 ± 10.45 174.00 ± 1.45 162.72 ± 1.25 0.27 1.07
Brown riceb 28.0 1160.0 110.0 520.0 0.02 0.21
Whole milkb 55.0 140.0 115.0 11.0 0.39 10.45
Cheddar cheeseb 670.0 77.0 720.0 25.0 8.70 28.80
Sirloin steakb 49.0 260.0 9.0 16.0 0.19 0.56
Bananasb 1.0 400.0 6.0 34.0 0.003 0.02
Peanutsb 2.0 670.0 60.0 210.0 0.003 0.29

a Values are mean ± SD (n = 3).
b Values for whole foods from McCance, Widdowson, and Holland (1993) in mg/100 g weight.
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improves the circulation and strengthens the immune system (Gad,
2010), having, according to this author, a better anti-ageing benefits
than any other specific nutraceutical or pharmaceutical product. Table
3 shows the selected AA of the studied algae and their potential impact
on the ageing process.U. compressa presents the highest amount of me-
thionine followed by P. capillacea and G. microdon (6.55, 4.21 and
4.17 mg/g protein, respectively). A similar result was observed for the
amount of lysine (11.34, 5.34 and 5.32 mg/g protein, respectively). U.
compressa presents also the highest amount of arginine followed by G.
microdon and P. capillacea (14.11, 8.48 and 5.46 mg/g protein, respec-
tively). Thus, supplements made of these three species may have an
anti-ageing benefit.

3.1.3.2. Selected algae for patients with phenylketonuria disorder. It is well
known that phenylketonuria (PKU) is a disorder that occurswhen “phe-
nylalanine hydroxylase” (PAH) enzyme is either not working properly
or missing. Phenylalanine (Phe) is found in almost every food, except
pure fat and sugar. The function of the PAH is to change the Phe into
other substances. When a child with PKU eats food containing Phe, it
builds up in the blood and causes problems such as intellectual disabil-
ities, and treatment is necessary to preventmental retardation (Sheard,
2000). Results on U. rigida (Table 3) reveal a very low Phe content
(1.78 mg/g protein) and a reasonable content of total essential AA
(48.38%) indicating that U. rigida can be an excellent food supplement
for PKU patients.

3.1.4. Coenzyme Q10 content
Coenzyme Q10 (CoQ10) is a lipid-soluble compound found in virtual-

ly all cells of human body (Battino et al., 1990) and is also supplied to
the organism by various foods. CoQ10, an antioxidant, hasmany positive
effects: strengthens the heart muscle and the immune system, raises
work capacity, prolongs life and acts as an essential electron carrier in
the mitochondrial respiratory chain. With age, the amount of CoQ10 in
our cells decreases and with most people over 35–40 there is a deficit.
Table 3
Selected amino acids content of the studied macroalgae (mg amino acid/g protein)a and conte

Amino acid (AA) Macroalgae species

Ulva compressa Ulva rigida

Arginineb 14.11 ± 0.07 2.99 ± 0.02
Lysineb 11.34 ± 0.09 2.38 ± 0.04
Methionineb 6.55 ± 0.13 1.43 ± 0.04
Phenylalanineb 8.45 ± 0.06 1.78 ± 0.03
Total AAc 228.08 59.67
Total EAAc 110.77 28.87
EAA (%) 48.57 48.38

a Values are mean ± SD (n = 3).
b Essential amino acid (EAA).
c Unpublished results.
CoQ10 is now widely used as an important nutritional supplement and
cosmetic additive (e.g. Ernster & Dallner, 1995; Jeya, Moon, Lee, Kim,
& Lee, 2010). The assessed CoQ10 content of the studied algae
(Table 4) shows values of 8.27, 1.59, 1.42 and 1.25 μg/g of DW for
P. capillacea, U. rigida, U. compressa and G. microdon, respectively,
comparable or superior to those of common foods (Mattila &
Kumpulainen, 2001), such as some vegetables, fruits, dairy products
and eggs. Thus, these algae can be used as complementary dietary
sources of CoQ10 with beneficial health effects. P. capillacea, due to the
superior CoQ10 content, may also be used in the development of
pharmaceutical and/or cosmeceutical products.

3.1.5. Vitamin E (α-tocopherol) content
It is well known that vitamin E, which is exclusively obtained from

the diet, is a powerful lipophilic antioxidant, like the referred CoQ10

compound (Ernster & Dallner, 1995), that help to inhibit LDL oxidation,
and prostaglandin and tromboxan formation. According to some
authors, brown algae contain α-, β- and γ-tocopherols, while green
and red algae contains only α-tocopherol (Bocanegra et al., 2009). The
content of α-tocopherol in the studied algae (Table 4) reveals values
of 9.14, 4.22, 3.25 and 2.61 mg/100 g of DW for U. compressa,
G. microdon, U. rigida and P. capillacea, respectively. These values are
comparable or superior to those reported for some common foods
(Sheppard, Weihrauch, & Pennington, 1992) and the level in U. rigida
is also higher than the one reported for the same species from other
location (1.97 mg/100 g of DW) (Taboada et al., 2010). All species may
supplement diets improving the vitamin E intake.

3.1.6. Total phenolic content (TPC)
It is well known that natural antioxidants, like phenolic compounds,

play an important role against various diseases (atherosclerosis, cancer,
chronic inflammation, cardiovascular disorders, hypertension) and age-
ing process, directly related to oxidative stress (Oroian & Escriche,
2015). According to some studies (Heo, Cha, Lee, Cho, & Jeon, 2005;
nt of essential amino acids (on a dry weight basis).

Gelidium microdon Pterocladiella capillacea

8.48 ± 0.09 5.46 ± 0.06
5.32 ± 0.08 5.34 ± 0.06
4.17 ± 0.06 4.21 ± 0.09
4.42 ± 0.05 5.24 ± 0.06
90.78 129.53
52.77 58.64
58.13 45.27



Table 4
Coenzyme Q10 and vitamin E (α-tocopherol) contents in the studied macroalgae (dry
weight)a compared to some common whole foods.

Macroalgae and Foods Lipophilic antioxidants

Coenzyme Q10 (μg/g) α-Tocopherol (mg/100 g)

Ulva compressa 1.42 ± 0.09 9.14 ± 0.27
Ulva rigida 1.59 ± 0.08 3.25 ± 0.20
Gelidium microdon 1.25 ± 0.04 4.22 ± 0.15
Pterocladiella capillacea 8.27 ± 0.11 2.61 ± 0.11
Olive oil – 11.9b

Fish 8.5–15.9c 7.5–22.0b

Egg 1.2c 0.99b

Apple 1.3c 0.4b

Cauliflower 2.7c –
Potato 0.5c 0.05b

Tomato 0.9c –
Carrot 1.7c 0.4b

a Values are mean ± SD (n = 3).
b Values for whole foods from Sheppard et al. (1992) in mg/100 g product.
c Values for whole foods from Mattila and Kumpulainen (2001) in μg/g fresh weight.

Fig. 1.Calculated energy value of the studiedmacroalgae (dryweight). Values aremean±
SD (n = 3).
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Heo, Cha, Lee, & Jeon, 2006) the TPC is lower in green than in brown and
red algaemethanolic extracts.Within this context, the present study on
the TPC of methanolic extracts (see Table 5) revealed higher value in G.
microdon (55.07 mg GAE/g extract) followed by U. compressa, U. rigida
and P. capillacea (31.10, 29.90 and 27.70 mg GAE/g extract, respective-
ly). Frikha et al. (2011) presented an inferior value for TunisianU. rigida
(10.77mgGAE/g extract). Heo et al. (2006) presented similar results for
Korean P. capillacea (23.97 mg GAE/g extract), but a lower value for
another species of Gelidium (G. amansii, 24.06 mg GAE/g extract).
Thus, supplements or cosmetics based onG.microdonmay act as natural
antioxidants.

3.1.7. Calculated energy value
As shown in Fig. 1, the Rhodophyta species P. capillacea and G.

microdon presented significantly higher nutritive value (P b 0.05), in
terms of higher calculated energy values (9.8 ± 0.29 and 9.5 ±
0.29 kJ/g, respectively) as compared with the Chlorophyta species U.
rigida and U. compressa (7.1 ± 0.22 and 6.8 ± 0.21 kJ/g, respectively).
Renaud and Luong-Van (2006) reported similar calculated energy
values for some Chlorophyta that ranged from 2.1 to 8.8 kJ/g collected
in the summer and from 2.2 to 5.8 kJ/g for the winter season and for
Rhodophyta ranged from 5.2 to 8.9 kJ/g for the summer and from 5.4
to 10.3 kJ/g collected in the winter season.

3.2. Biological activity assay

3.2.1. DPPH free radical scavenging activity (FRSA)
Results on the in vitro evaluation of algae antioxidant activity

through the ability of their crude methanolic extracts to scavenge
DPPH radicals are presented in Table 5. The greatest activity after
30min of reaction timewas observed for G. microdon (47.73%) followed
by U. compressa (40.21%), whereas the lowest activity was found in U.
rigida (29.32%) and P. capillacea (26.14%). The BHT, used in the same
Table 5
Free radical scavenging activity (FRSA) after 30min reaction and total phenolic content of
the studied macroalgae methanolic dry extractsa.

Macroalgae and BHT FRSA (%) Total phenolic content
(mg GAE/g dry extract)

Ulva compressa 40.21 ± 2.84 31.10 ± 1.25
Ulva rigida 29.32 ± 0.02 29.90 ± 1.20
Gelidium microdon 47.73 ± 3.01 55.07 ± 2.13
Pterocladiella capillacea 26.14 ± 1.90 27.70 ± 1.12
BHT 91.22 ± 4.88 –

a Values aremean± SD (n=3). BHT (butylated hydroxyltoluene)was used as positive
control. GAE, gallic acid equivalents.
conditions, as a positive control, presents a FRSA of 91.22%. Similar re-
sults were obtained by Frikha et al. (2011) for Tunisian U. rigida
(23.0%) and by Heo et al. (2006) for Korean P. capillacea (24.14%) and
Gelidium amansii (33.63%), using all a similar methodology. However,
it is very difficult to compare data of antioxidant activities inmacroalgae
species because each author used different extraction protocol methods
and units (for a review see Tierney, Croft, & Hayes, 2010). Concerning
the relationship between FRSA and TPC in algae extracts, several re-
searchers reported a positive correlation (e.g. Heo et al., 2006), that is
in agreement with our study (r = 0.850, P b 0.01).

4. Conclusions

The algae species evaluated in this study clearly represent a rich
source of beneficial nutrients and bioactive compounds (e.g. MUFA,
PUFA, EAA, macrominerals, phenolics and lipophilic antioxidants), and
energy content. This justifies its direct use as a nutritionally balanced
functional diet. In addition, the low total lipids content, the balanced
n3/n6 and h/H FA ratios (higher than one) and Na/K and Ca/Mgmineral
ratios, may have a potential impact in hypertension and cardiovascular-
disorder patients. Furthermore, the significant FRSA activity, allied with
pristine seawaters in the Azores region, lends them for use as an excel-
lent low-fat healthy promoting ingredients and/or pharmaceutical and
cosmeceutical products. Additionally, the studied algae also showed a
higher content of anti-ageing AA and also U. rigida revealed to be an ex-
cellent source of EAA and low Phe content for patients with PKU
disorder.
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