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1. Introduction 

After more than a century of predominance of more traditional studies in marine biology 
(e.g. ecology, reproduction, distribution, feeding, taxonomy), in the last decades the 
scientific community has been diversifying tremendously research approaches (Duarte et al., 
2011). In this context, studies on the chemical composition of marine organisms have been 
becoming more common in the world (e.g. Amsler, 2009; Hedges et al., 2002; Janecki & 
Rakusa-Suszczewski, 2004). Information on chemical characteristics can offer important 
subsidies for the study of physiology, biochemistry, ecology, and conservation of marine 
species, for example (Barbarino & Lourenço, 2009), as well as in applied science.  
Despite the recognition of the importance of data on the chemical composition of organisms 
in marine biology, there are still significant constraints in the basic knowledge of species, 
especially in tropical and subtropical environments. Studies in this field are very necessary 
to fulfill the existing gap. Data on the chemical components of the primary metabolism 
(such as nitrogen, phosphorus, protein, carbohydrate and lipid) are not available for many 
species, especially for non-edible organisms (Barbarino & Lourenço, 2009). 
Nitrogen is an essential element which is incorporated into fundamental macromolecules of 
the primary metabolism, such as proteins, peptides, nucleic acids, pigments and amino acids 
(Karl et al., 2002). Phosphorus is a key component of the ATP and many molecules, such as 
phospholipids. Information on the tissue concentrations of nitrogen and phosphorus allows 
interpretations on the availability of dissolved inorganic nutrients in the environment, 
especially when primary producers are analyzed (Lobban & Harrison, 1994). 
Proteins exert fundamental roles in all biological processes: enzymatic catalysts, transport 
and storage of substances, movements, mechanical support, immunological protection, 
generation and transmission of nerve impulses, control of growth and cell differentiation 
(Zaia et al., 1998). The amino acids are the basic structural units of the proteins. 
Carbohydrates exert a structural role in the cells and act as a reserve of chemical energy. 
They are particularly abundant in plant materials. Lipids have important functions in the 
cells, as structural components of biological membranes, reserve of chemical energy, and 

www.intechopen.com



 
Oceanography 

 

298 

diverse metabolic activities, such as activation of enzymes and participation in the transport 
of electrons, for example (Carvalho & Recco-Pimentel, 2007).  
Moreover, measurements of proteins, carbohydrates and lipids have important applications 
in to characterize organisms which serve as food (Tacon et al., 2009). Chemical 
characterization of macromolecules of marine organisms are also very relevant for other 
applied uses, such as in industry, agriculture, aquaculture and health care. 
The need for data on the chemical composition of marine organism is evident, but some 
methodological constraints still limit the progress in this field. In general, many basic 
chemical analyses must be adapted to the characteristics of the marine organisms, regarding 
the effects of moisture, salt content and differences in algae cell wall composition, for 
example (Barbarino & Lourenço, 2009). This is particularly relevant in protein analysis, 
because differences procedures used for protein extraction establish remarkable influence 
on final results.  
Some of the most common methods used for protein determination in marine organisms, 
Lowry’s method (Lowry et al., 1951) and Bradford method (Bradford, 1976), are subject to 
interferences from many factors. The interferences are a consequence of the effects of some 
substances on specific amino acids, since that the chemical reactions which produce the 
protein quantification depends on the reactivity of the amino acid side groups (Legler et al., 
1985). By contrast, the total nitrogen analysis is relatively simple and easy to perform, and 
nitrogen-to-protein conversion factors (N-Prot factors) can be used to estimate the crude 
protein content. The use of N-Prot factors has some important advantages if compared to 
other methodologies: accuracy, low cost and no need of a laborious protein extraction before 
the analysis.  
A few studies on the protein content of marine organisms used N-Prot factors. In addition, 
the factor predominantly used in these studies was the traditional factor 6.25, calculated by 
Jones (1931) from bovine muscles. The use of the factor 6.25 is based on two assumptions: i) 
that the average protein contains about 16 percent nitrogen by weight (6.25 x 16 = 100) 
(Tacon et al., 2009); and ii) that an insignificant amount of non-protein nitrogen (NPN) is 
present in the samples (Coklin-Brittain et al., 1999). However, the percentage of nitrogen in 
protein depend on the amino acid composition, which is variable from one protein source to 
another, and in practice a variation of between 12 and 19 percent nitrogen is possible 
between individual proteins (Tacon et al., 2009). Moreover, several organisms contain high 
concentrations of other nitrogenous compounds, such as nucleic acids, amines, urea, 
inorganic intracellular nitrogen, vitamins and alkaloids (Lourenço et al., 2004). The 
contribution of non-protein nitrogenous compounds to the total crude protein content of 
different kinds of marine biological samples ranges from 10% to 40%, according to 
Venugopal & Shahidi (1996).  
The use of specific N-Prot factors is widely recommended in order to get more accurate 
estimates of protein content (Sosulski & Imafidon, 1990). The nitrogen:protein ratio does vary 
according to the source considered (Mariotti et al., 2008). The use of N-Prot factors is 
particularly wide in food science, such as certain cereals (e.g 5.26 for rise, 5.47 for wheat; 
Fujihara et al., 2008), legumes (e.g. 4.75-5.87 for cassava root; Yeoh & Truong, 1996), 
mushroom (4.70; Mattila et al., 2002), and fish and fish products (4.94, Salo-Väänänen & 
Koivistoinen, 1996), among other products. The use of N-Prot factors is still unusual in sea 
science, possibly because most of the scientific community ignores this methodological 
alternative.  
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The use of the factor 6.25, in case of NPN-rich samples, tends to overestimate the protein 
data. Despite this, several authors continue to use the factor 6.25 to estimate the protein 
content of aquatic organisms (e.g. Nurnadia et al., 2011; Undeland et al., 1999; Zaboukas et 
al., 2006). Except for a short list of specific N-Prot factors available for marine organisms, the 
general factor 6.25 is still used for most plant and animal sources from the sea.  
The purpose of this study was to determine specific N-Prot factors for 23 species of marine 
organisms from coastal areas of Rio de Janeiro State, Brazil, based on the ratio of amino acid 
composition to total nitrogen (TN) content. In addition, we also characterized and compared 
the organisms regarding their carbohydrate, lipid, nitrogen and phosphorus contents. 

2. Material and methods 

2.1 Organisms and sampling 

The organisms studied in this work were collected at different locations in the State of Rio 
de Janeiro, distributed by the municipalities of Arraial do Cabo, Armação dos Búzios, 
Niteroi, Rio de Janeiro and Angra dos Reis (Figure 1). The organisms were chosen regarding 
their local abundance and taxonomic diversity, including species that live in the transition 
between land and sea. Seaweeds, spermatophytes, invertebrates and fishes were assessed in 
this study, totalizing 23 species (Table 1). 
 

 
Fig. 1. Sampling sites in Rio de Janeiro State, Brazil: Armação dos Búzios (1), Arraial do 
Cabo (2), Niterói (3), Rio de Janeiro (4) and Angra dos Reis (5). 

Red (Asparagopsis taxiformis and Centroceras clavulatum), green (Chaetomorpha aerea) and brown 
(Sargassum filipendula) algae were analyzed. Whole thalli of adult seaweeds were collected and 
washed in the field with local seawater in order to remove epiphytes, sediment and organic 
matter. Plants were packed in plastic bags and kept on ice until returned to the laboratory, 
where the samples were gently brushed under running seawater, rinsed with distilled water, 
dried with paper tissue and frozen at -18°C. Subsequently, the samples were freeze dried in a 
Terroni Fauvel, model LB1500TT device. Statistically, each seaweed sample resulted of more 
than a single specimen, because of the small size of the individuals. 
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Organisms Family Sampling sites 

Seaweeds   
Asparagopsis taxiformis (Delile) Trevisan de 
Saint-Léon, 1845 

Bonnemaisoniaceae Angra dos Reis 

Centroceras clavulatum (C. Agardh) Montagne, 
1846 

Ceramiaceae Arraial do Cabo 

Chaetomorpha aerea (Dillwyn) Kützing, 1849 Cladophoraceae Arraial do Cabo 
Sargassum filipendula (Agardh, 1824) Sargassaceae Arraial do Cabo 
Spermatophytes   
Acrostichum aureum (Linnaeus, 1753) Polypodiaceae Rio de Janeiro 
Avicennia schaueriana (Stapft & Leechman) 
Moldenke, 1939 

Avicenniaceae Rio de Janeiro 

Blutaparon portulacoides (St. -Hill) Mears, 1982 Amaranthaceae Rio de Janeiro 
Halodule wrightii (Ascherson, 1868) Cymodoceaceae Arm. Búzios 
Laguncularia racemosa (Linnaeus) Gaertner, 
1807 

Combretaceae Rio de Janeiro 

Ruppia maritima (Linnaeus, 1753) Ruppiaceae Rio de Janeiro 
Spartina alterniflora (Loiseleur-Deslongchamps, 
1807) 

Poaceae Rio de Janeiro 

Typha domingensis (Persoon) Steudel, 1807 Typhaceae Rio de Janeiro 
Invertebrates   
Aplysia brasiliana (Rang, 1828) Aplysiidae Arm. Búzios 
Bunodossoma caissarum (Correa, 1964) Actiniidae Arraial do Cabo 
Desmapsamma anchorata (Carter, 1882) Desmacidadae Angra dos Reis 
Echinaster (Othilia) brasiliensis (Muller & 
Troschel, 1842) 

Echinasteridae Angra dos Reis 

Echinometra lucunter (Linnaeus,1758) Echinometridae Arraial do Cabo 
Eledone massyae (Voss, 1964) Octopodidae Arraial do Cabo 
Fishes   
Dactylopterus volitans (Linnaeus, 1758) Dactylopteridae Niterói 
Genypterus brasiliensis (Regan, 1903) Ophidiidae Arraial do Cabo 
Mullus argentinae (Hubbs & Marini, 1933) Mullidae Arraial do Cabo 
Rhizoprionodon lalandii (Muller & Henle, 1839) Carcharhinidae Niterói 
Rhizoprionodon porosus (Poey, 1861) Carcharhinidae Niterói 

Table 1. Organisms studied, with indication of taxonomic details and sampling sites in Rio 
de Janeiro State, Brazil. Arm. Búzios = Armação dos Búzios. 

The spermatophytes analyzed here included two mangrove plants (Laguncularia racemosa 
and Avicennia schaueriana), one salt marsh plant (Spartina alterniflora), two wetland plants 
(Acrostichum aureum and Typha domingensis), a sand dune plant (Blutaparon portulacoides), 
and two seagrasses (Halodule wrightii and Ruppia maritima). Only mature and healthy leaves 
were used in this study: both young and senescent leaves were not collected. Leaves were 
collected and prepared similarly to the description presented for seaweeds. Each statistical 
sample resulted from leaves collected from a single plant. 
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Six species of marine invertebrates belonging to four phyla were analyzed: Desmapsamma 

anchorata (Porifera), Bunodossoma caissarum (Cnidaria), Aplysia brasiliana, Eledone massyae 
(Mollusca), Echinaster brasiliensis and Echinometra lucunter (Echinodermata). The animals 
were collected in the inter-tidal region or by free diving in small depths (< 5.0 m). The 
animals were washed in the field with seawater, packed in plastic bags and kept on ice until 
returned to the laboratory. In the laboratory samples were washed with distilled water, cut, 
frozen and freeze-dried. Internal soft parts of the bodies were used for echinoderms, and for 
mollusks only the mantle was used. For other invertebrates (e.g. sponge) whole bodies were 
processed. Each statistical sample resulted from a single individual. 
Five species of not-sexed adult fishes (with similar body sizes) were collected with bottom 
trawls and washed and transported as described for the invertebrates. In the laboratory 
samples were cut and only the muscles were used. Each statistical sample resulted from a 
single individual. 
For all samples, the freeze-dried material was powdered manually using a mortar and 
pestle, and it was kept in desiccators containing silica-gel, under vacuum and at room 
temperature, until the chemical analyses were carried out. Four statistical samples were 
prepared for each species assessed in this study. 

2.2 Chemical analyses 

Total nitrogen and phosphorus were determined after peroxymonosulphuric acid digestion, 
using a Hach digestor (Digesdhal®, Hach Co.). Total N and P contents were determined 
spectrophotometrically, following analytical details provided by Lourenço et al. (2005). 
The Lowry’s method (Lowry et al., 1951) was used to analyze hydrosoluble protein in the 
samples, using bovine serum albumin as a protein standard. Spectrophotometric 
determinations were performed at 750 nm, 35 min after the start of the chemical reaction. 
Total carbohydrate was extracted with 80% H2SO4, according to Myklestad & Haug (1972). 
The carbohydrate concentration was determined spectrophotometrically at 485 nm, 30 min 
after the start of the chemical reaction, by the phenol-sulfuric acid method (Dubois et al., 
1956), using glucose as a standard. Total lipid was extracted according to Folch et al. (1957), 
and determined gravimetrically after solvent (chloroform) evaporation. 
Total amino acid (AA) was determined by high performance liquid chromatography  
with pre-column derivatization with AccQ.Fluor® reagent (6-aminoquinolyl-N-
hydroxysuccinimidyl carbamate), reverse phase column C18 AccQ.Tag® Nova-Pak (150x3.9 
mm; 4 µm), ternary mobile phase in gradient elution composed by sodium acetate 140 mM + 
TEA 17 mM pH 5.05 (solvent A), acetonitrile (solvent B) and water (solvent C), flow 1 
ml.min-1 (Cohen & De Antonis, 1994). A Waters, model Alliance 2695 chromatograph was 
used, equipped with a fluorescence detector Waters® 2475 (µex. 250 nm, µem. 395 nm). 
Analytical conditions were suitable to determine all amino acids, except tryptophan, 
cysteine + cistine and methionine. The percent of nitrogen in each amino acid was used to 
calculate nitrogen recovered from total amino acid analysis. Aspartic acid, threonine, serine, 
glutamic acid, proline, glycine, alanine, valine, isoleucine, leucine, tyrosine, phenylalanine, 
histidine, lysine, and arginine contents were multiplied by 0.106, 0.118, 0.134, 0.096, 0.123, 
0.188, 0.158, 0.120, 0.108, 0.108, 0.078, 0.085, 0.271, 0.193, and 0.322, respectively (Diniz et al., 
2011). The sum of amino acid residues was used to estimate total protein in the samples 
(Fujihara et al., 2008; Yeoh & Truong, 1996). 
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2.3 Calculation of N-Prot factors 

N-Prot factors were determined for each species by the ratio of amino acid residues (AA-
Res) to total nitrogen (TN) of the sample: N-Prot factor = AA-Res / TN. Thus, for a 100 g 
(dry weight) sample having 16.21 g of amino acid residues and 3.48 g of TN, a N-Prot factor 
of 4.66 is calculated.  
The amino acid residues of the samples was calculated by summing up the amino acid 
masses retrieved after acid hydrolysis (total amino acids), minus the water mass (18 
H2O/mol of amino acid) incorporated into each amino acid after the disruption of the 
peptide bonds (Fujihara et al., 2008).  

2.4 Statistical analysis 

The results were analyzed by one-way analysis of variance (ANOVA) with significance level 
α = 0.05, followed, where applicable, with a Tukey’s multiple comparison test (Zar, 1996). 
The statistical analysis was applied within a given category of organisms (ex.: invertebrates), 
thus comparisons of chemical composition between seaweeds and fishes, for instance, were 
not performed. 

3. Results 

3.1 Nitrogen and phosphorus 

The percentage of nitrogen showed wide variations among seaweeds, ranging from 1.75% 
(S. filipendula, a brown alga) to 5.56% (A. taxiformis) of the dry weight. Red algae showed 
higher total nitrogen concentrations in the thalli, with significant differences (p < 0.001) to 
the other algae (Table 2). The green alga C. aerea showed an intermediate concentration of N 
in comparison to red and brown algae. Spermatophytes also showed a great variation in the 
nitrogen concentration among the species. Values ranged from 0.99% (L. racemosa) to 3.83% 
(R. maritima). The highest concentrations of nitrogen were observed in seagrasses, followed 
by the wetland plant T. domingensis (Table 2). 
The animals present more nitrogen concentration in their tissues than the photosynthetic 
organisms. In addition, remarkable variations in N concentrations were observed among the 
invertebrate species, ranging from 3.79% (D. anchorata, sponge) to 12.7% (E. massyae, an 
octopus). Fishes tended to show higher values of total N, ranging from 11.6% (M. argetinae) 
to 14.9% (R. porosus) of the d.w., with minor variations among the fish species (Table 2). 
Wide concentrations of phosphorus occurred in seaweeds. C. clavulatum showed the highest 
value (0.54%, p < 0.001) and S. filipendula and A. taxiformis showed the lowest concentrations 
(0.27% and 0.30% respectively). The lowest values for phosphorus were observed in 
spermatophytes, especially in the sand dune plant B. portulacoides (0.13%). The seagrasses 
showed the highest phosphorus concentrations among the spermatophytes, circa 0.58%. 
The concentrations of phosphorus in animals were typically higher than in algae and plants. 
Values found for invertebrates showed wide variations, ranging from 0.41% in the sponge 
D. anchorata to 1.16% in the octopus E. massyae. Narrower variations in P concentrations 
were found in fishes, ranging from 0.94% (D. volitans) to 1.29% (G. brasiliensis). 

3.2 Hydrosoluble protein, carbohydrate and lipid 

The hydrosoluble protein contents in seaweeds ranged from 8.72% (S. filipendula) to 16.1% 
(C. aerea) of the d.w. with intermediate and similar concentrations (p > 0.05) in the red algae. 
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The concentrations of hydrosoluble protein also varied widely among spermatophytes. 
Peaks were found in T. domingensis (21.4%, p < 0.001) and the seagrass H. wrightii showed 
the lowest concentrations (4.94%). Wide variations in protein content were recorded for the 
invertebrates, with lower values in the sponge D. anchorata (12.2%) and highest percentages 
in the octopus E. massyae (47.6%). Contents of hydrosoluble protein were similar among the 
fish species, always higher than 45% of the dry weight (Table 2). 
 
Groups /  
species 

Total 
Nitrogen 

Total 
Phosphorus

Hydrosoluble 
protein 

Total 
Carbohydrate

Total lipid 

Seaweeds *** *** *** *** *** 
A. taxiformis 5.56 ± 0.29a 0.30 ± 0.04c 11.7 ± 0.58b 22.9 ± 1.35b 4.80 ± 0.24b 
C. clavulatum 4.63 ± 0.15b 0.54 ± 0.03a 11.3 ± 0.64b 27.1 ± 1.73ª 2.78 ± 0.23c 
C. aerea 2.56 ± 0.13c 0.43 ± 0.04b 16.1 ± 0.25a 29.4 ± 0.78ª 5.49 ± 0.09ª 
S. filipendula 1.75 ± 0.03d 0.27 ± 0.02c 8.72 ± 0.54c 16.8 ± 0.97c 2.92 ± 0.13c 
Spermatophytes *** *** *** *** *** 
H. wrightii 2.72 ± 0.09b 0.57 ± 0.18a 4.94 ± 0.29f 19.0 ± 1.17d 4.14 ± 0.33c 
R. maritima 3.83 ± 0.04a 0.59 ± 0.02a 6.44 ± 0.30e 26.8 ± 0.71b 6.11 ± 0.53a 
A. aureum 1.73 ± 0.06c 0.21 ± 0.01b 12.7 ± 0.52c 24.2 ± 0.99c 4.69 ± 0.39c 
B. portulacoides 1.75 ± 0.10c 0.13 ± 0.01c 7.73 ± 0.17e 20.3 ± 0.58d 3.71 ± 0.22d 
T. domingensis 2.51 ± 0.10b 0.16 ± 0.01c 21.4 ± 1.05a 35.8 ± 1.81a 5.34 ± 0.54b 
A. schaueriana 1.95 ± 0.07c 0.14 ± 0.01c 9.53 ± 0.34d 19.1 ± 1.21d 6.76 ± 0.54a 
L. racemosa 0.99 ± 0.19d 0.14 ± 0.05c 14.7 ± 0.69c 9.68 ± 0.70e 6.07 ± 0.51a 
S. alterniflora 1.94 ± 0.07c 0.24 ± 0.01b 17.0 ± 1.00b 22.4 ± 1.74cd 4.88 ± 0.46c 
Invertebrates *** *** *** *** *** 
D. anchorata 3.79 ± 0.32e 0.41 ± 0.03c 12.2 ± 0.69e 4.67 ± 0.26c 4.92 ± 0.29c 
B. caissarum 9.71 ± 0.36b 1.00 ± 0.08ª 29.6 ± 0.72b 6.88 ± 0.61b 8.78 ± 0.66b 
A. brasiliana 7.53 ± 0.31c 0.84 ± 0.05b 25.4 ± 1.35c 18.4 ± 1.83a 5.02 ± 0.40c 
E. massyae 12.7 ± 0.50a 1.16 ± 0.03a 47.6 ± 3.12a 1.85 ± 0.15d 3.80 ± 0.15d 
E. brasiliensis 7.62 ± 0.15c 0.86 ± 0.04b 24.7 ± 1.57cd 3.70 ± 0.25c 25.3 ± 1.09a 
E. lucunter 5.42 ± 0.32d 0.82 ± 0.23b 22.5 ± 2.69d 7.22 ± 0.12b 8.59 ± 0.92b 
Fishes *** *** *** *** *** 
D. volitans 11.7 ± 0.23b 0.94 ± 0.05d 47.1 ± 1.32b 3.45 ± 0.25a 7.81 ± 0.84b 
G. brasiliensis 14.0 ± 0.67a 1.29 ± 0.08ab 56.0 ± 1.79a 1.11 ± 0.03de 8.28 ± 0.72b 
M. argentinae 11.6 ± 0.72b 1.12 ± 0.08c 47.7 ± 2.24b 1.03 ± 0.10e 16.1 ± 3.68a 
R. lalandii 14.4 ± 0.41a 1.15 ± 0.04bc 48.2 ± 1.39b 1.40 ± 0.09bc 4.40 ± 0.37c 
R. porosus 14.9 ± 0.28a 1.10 ± 0.01cd 45.7 ± 0.30b 1.17 ± 0.04cde 5.28 ± 0.33bc 

Table 2. Gross chemical composition of 23 species of marine organisms sampled in 
subtropical sites of Brazil. Values are expressed as percentage of the dry weight and 
represent the mean of four replicates ± standard deviation (n = 4). Mean values significantly 
different: ***p < 0.001, a > b > c > d > e. Identical superscript letters (a, a; b, b; c, c) indicate 
that mean values are not significantly different. 

Total carbohydrate was abundant in all photosynthetic organisms, typically achieving 
concentrations higher than 19% (except in the mangrove plant L. racemosa, with only 9.68%), 
with a peak of 35.8% in the wetland plant T. domingensis. The seaweeds showed values ranging 
from 16.8% (S. filipendula) to 29.4% (C. aerea) of the d.w. Carbohydrate was the less abundant 
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organic substance measured in all animals, except for sea slug A. brasiliana, which showed a 
high content of carbohydrate (18.4%). In the other invertebrates, the values of carbohydrates 
ranged from 1.85% (E. massyae, octopus) to 7.22% (E. lucunter, sea urchin). In fish species, the 
low carbohydrate content ranged from 1.03% (M. argentinae) to 3.45% (D. volitans) of the d.w. 
Algae and plants exhibited low concentrations of lipid. In seaweeds, the peak was recorded 
in C. aerea (5.49%, d.w.) and the lowest value occurred in C. clavulatum (2.78%) (p < 0.001). In 
spermatophytes the values ranged from 3.71% (B. portulacoides) to 6.76% (A. schaueriana).  
The concentration of lipid varied widely among the animals. In invertebrates, the values 
ranged from 3.8% in the octopus E. massyae to 25.3% in the starfish E. brasiliensis. In fishes, 
the lowest lipid concentrations were registered in elasmobranch fishes (R. porosus and R. 
lalandii), with less than 5.5% of the d.w. M. argentinae showed a significantly higher lipid 
concentration (16.1%) than the other species (p < 0.001). 

3.3 Amino acid composition 

In order to save space, results for the amino acid profiles presented in the Table 3 involve 
some selected organisms only.  
In seaweeds, the highest concentration of glutamic acid (16.3% of total amino acids) was 
found in S. filipendula, while A. taxiformis had the lowest (10.3%). Aspartic acid was the 
second most abundant AA, varying from 9.59% (A. taxiformis) to 12.7% (C. aerea). Histidine 
was the less abundant amino acid in all species, and only S. filipendula achieved values close 
to 2%. A. taxiformis showed higher concentrations of valine, phenylalanine and arginine than 
the other seaweeds. Peaks of tyrosine were observed in C. clavulatum, with values close to 
5%. Percentages of leucine and threonine were similar among all seaweeds. 
In spermatophytes, the highest concentration of glutamic acid (12.2% of total amino acids) 
was found in the seagrass R. maritima, while the seagrass H. wrightii had the lowest (9.26%) 
concentrations. Aspartic acid and leucine were other abundant amino acids. Histidine and 
tyrosine were the less abundant amino acids among the plant species. The concentration of 
proline was also high in the seagrass H. wrightii (12.8%) 
The amino acid profiles were remarkably different among invertebrates. For the anemone B. 
caissarum, the octopus E. massyae and the starfish E. brasiliensis the major amino acid was 
arginine, with values ranging from 13.3% to 20.6%. For the sea urchin E. lucunter, the sponge 
D. anchorata and the sea slug A. brasiliana the most abundant AA was glycine, with values 
ranging from 11.9% to 17.9%. Glutamic acid was the second most abundant amino acid in all 
species and histidine and tyrosine were the less abundant. 
Fish species showed similar amino acid profiles, with glutamic acid as the most abundant 
amino acid, which fluctuate from 12.5% (M. argentinae) and 14.8% (R. porosus). Fishes were 
also rich in lysine, with values fluctuating from 9.63% (D. volitans) to 10.7% (R. porosus). The 
percentage of histidine was the lowest in all species, with an overall average value of 2.12%. 
D. volitans showed the higher concentration of arginine (11.0%) and the percentages of the 
other amino acids were typically similar among all species.  

3.4 Total protein and nitrogen-to-protein conversion factors 

The total protein content of the samples is showed in Table 4 as the sum of the total amino 
acid residues. Values of total protein were higher than hydrosoluble protein for most of the 
species analyzed (all animal samples), except for two seaweeds and five spermatophytes 
(Tables 2 and 4). The seaweeds showed wide variations in total protein concentrations, 
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varying from 8.62% (S. filipendula) to 25.1% (A. taxiformis) of the d.w. Peaks of total protein in 
seaweeds were found in rhodophytes. For spermatophytes, concentrations of total protein 
varied from 5.56% (L. racemosa) to 19.2% (R. maritima).  
The animals presented higher concentrations of total protein. For invertebrates, the values 
ranged from 19.4 % (D. anchorata, sponge) to 66.7% (E. massyae, octopus). Fishes showed 
higher total protein concentrations than invertebrates, with values varying from 66.2% (M. 

argentinae) to 81.5% (G. brasiliensis) of the d.w. 
 

Amino acids 
C. 

clavulatum
R. 

maritima
A. 

schaueriana
S 

alterniflora
E. massyae

E. 
brasiliensis

M. 
argentinae 

R. lalandii 

Aspartic acid 11.1 ± 0.49 12.8 ± 1.17 8.62 ± 0.13 9.68 ± 0.15 6.27 ± 1.02 7.97 ± 0.49 9.20 ± 0.45 8.96 ± 0.12 

Threonine 5.24 ± 0.11 4.95 ± 0.14 5.35 ± 0.04 5.07 ± 0.17 4.39 ± 0.51 4.79 ± 0.37 4.44 ± 0.13 4.72 ± 0.05 

Serine 5.15 ± 0.06 4.91 ± 0.36 4.48 ± 0.19 5.03 ± 0.30 6.04 ± 1.33 5.20 ± 0.95 4.32 ± 0.08 4.59 ± 0.05 

Glutamic acid 11.8 ± 0.39 12.2 ± 0.73 9.78 ± 0.14 11.1 ± 0.12 9.34 ± 0.97 10.2 ± 0.34 12.5 ± 0.17 13.3 ± 0.27 

Proline 4.95 ± 0.18 5.93 ± 0.33 5.40 ± 0.09 5.00 ± 0.27 5.54 ± 0.44 4.20 ± 0.50 3.63 ± 0.08 3.54 ± 0.03 

Glycine 5.18 ± 0.09 6.60 ± 1.75 8.93 ± 0.27 6.42 ± 1.52 7.59 ± 0.10 5.40 ± 1.98 4.77 ± 0.25 5.14 ± 0.16 

Alanine 6.76 ± 0.14 6.16 ± 0.16 6.30 ± 0.03 6.74 ± 0.92 5.55 ± 0.33 4.41 ± 0.13 6.14 ± 0.02 5.69 ± 0.07 

Valine 6.18 ± 0.17 6.00 ± 0.11 6.84 ± 0.03 6.56 ± 0.32 5.11 ± 0.18 5.58 ±0.09 5.68 ± 0.08 5.50 ± 0.13 

Isoleucine 5.46 ± 0.14 5.10 ± 0.41 5.50 ± 0.02 5.33 ± 0.16 5.74 ± 0.26 4.90 ± 0.15 5.41 ± 0.10 5.76 ± 0.09 

Leucine 7.39 ± 0.18 8.87 ± 0.12 9.84 ± 0.05 9.33 ± 0.34 8.77 ± 0.35 7.70 ± 0.15 8.74 ± 0.15 8.78 ± 0.13 

Tyrosine 4.96 ± 0.14 3.69 ± 0.58 3.77 ± 0.19 3.80 ± 0.58 3.12 ± 0.18 4.10 ± 0.35 3.53 ± 0.12 2.45 ± 0.08 

Phenylalanine 5.02 ± 0.09 6.13 ± 0.48 6.09 ± 0.12 6.04 ± 0.11 5.09 ± 0.47 5.38 ± 0.41 5.12 ± 0.06 5.73 ± 0.01 

Histidine 1.84 ± 0.17 1.90 ± 0.26 1.94 ± 0.03 1.73 ± 1.06 1.05 ± 1.00 1.62 ± 1.40 2.48 ± 0.07 2.47 ± 0.01 

Lysine 6.80 ± 0.10 6.15 ± 0.16 5.45 ± 0.30 6.22 ± 0.94 8.36 ± 0.35 7.68 ± 0.63 10.4 ± 0.15 10.6 ± 0.14 

Arginine 7.31 ± 0.09 6.28 ± 0.15 7.17 ± 0.20 6.66 ± 0.17 17.9 ± 4.68 20.6 ± 3.27 10.2 ± 0.08 8.16 ± 0.05 

Total 95.1 ± 2.52 97.6 ± 6.93 95.5 ± 1.81 94.7 ± 7.12 99.9 ± 12.2 99.8 ± 11.2 96.6 ± 1.99 95.4 ± 1.39 

Table 3. Total amino acid composition of eight organisms from coastal environments of Rio 
de Janeiro State, Brazil. Results are expressed as grams of amino acid measured in 100 g of 
protein and represent the actual recovery of amino acids after acid hydrolysis. Values are 
the mean of three replicates ± SD (n = 3). 

The Table 4 also presents the nitrogen mass within total amino acid (Amino acid–N), the 
percentage of N present in protein (protein-N) and the N-Prot factors calculated for each 
species. The relative percentage of protein nitrogen was estimated as the ratio of nitrogen 
recovered from amino acid (Table 4) to total nitrogen (Table 2). From the ratio of the mass of 
amino acid residues to total nitrogen specific N-Prot factors were calculated. 
Nitrogen mass within total amino acid in seaweeds ranged from 1.36% (S. filipendula) to 
4.14% (A. taxiformis). Protein nitrogen ranged from 69.5% (C. clavulatum) to 78% (S. 

filipendula) and the red algae tended to show higher percentages of non-proteinaceus 
nitrogen (NPN). The N-Prot factors calculated for seaweeds ranged between 4.51 (A. 

taxiformis) to 4.98 (C. clavulatum). An overall average N-Prot factor of 4.78 was calculated for 
all seaweed species.  
For spermatophytes, amino acid-N ranged from 0.92% (L. racemosa) to 3.08% (R. maritima). 
The percentage of protein-N varied widely among the species, from 63.8% (T. domingensis) 
to 97% (A. aureum). The species that presented more protein-N showed the highest N-Prot 
factors; conversely, the species with lower protein-N showed the smaller values for N-Prot 
factors. The N-Prot factors ranged from 3.97 (T. domingensis) to 6.00 (A. aureum). An overall 
average N-Prot factor of 4.82 was calculated from the data for all spermatophytes.  
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Groups/species Amino acid 
residues 

Amino acid-
N 

Protein-N N-Prot factor 

Seaweeds 
Asparagopsis taxiformis 25.1 ± 2.07 4.14 ± 0.34 74.5 ± 6.14 4.51 ± 0.37 
Centroceras clavulatum 23.0 ± 0.68 3.22 ± 0.09 69.5 ± 2.04 4.98 ± 0.15 
Chaetomorpha aerea 12.01 ± 0.82 1.94 ± 0.13 75.8 ± 5.20 4.69 ± 0.32 
Sargassum filipendula 8.62 ± 0.33 1.36 ± 0.05 78.0 ± 2.96 4.93 ± 0.19 
 Average: 4.78 
Spermatophytes 
Halodule wrightii 12.8 ± 0.36 2.13 ± 0.06 78.2 ± 2.19 4.69 ± 0.13 
Ruppia maritima 19.2 ± 3.08 3.08 ± 0.22 80.4 ± 5.73 5.02 ± 0.36 
Acrostichum aureum 10.4 ± 0.98 1.68 ± 0.16 97.0 ± 9.15 6.00 ± 0.57 
Blutaparon portulacoides 8.74 ± 0.73 1.37 ± 0.11 78.5 ± 6.56 5.01 ± 0.42 
Typha domingensis 9.96 ± 1.34 1.60 ± 0.21 63.8 ± 8.56 3.97 ± 0.53 
Avicennia schaueriana 8.08 ± 0.17 1.34 ± 0.03 68.9 ± 1.46 4.16 ± 0.09 
Laguncularia racemosa 5.56 ± 0.34 0.92 ± 0.06 93.0 ± 5.75 5.62 ± 0.35 
Spartina alterniflora 7.97 ± 0.73 1.29 ± 012 66.7 ± 6.13 4.10 ± 0.38 
 Average: 4.82 
Invertebrates 
Desmapsamma anchorata 19.4 ± 1.10 3.38 ± 0.19 89.2 ± 5.05 5.10 ± 0.29 
Bunodosoma caissarum 52.6 ± 8.54 9.51 ± 1.55 98.0 ± 15.9 5.41 ± 0.88 
Aplysia brasiliana 42.2 ± 5.61 7.30 ± 0.97 96.9 ± 12.9 5.61 ± 0.75 
Eledone massyae 66.7 ± 10.4 12.7 ± 1.97 99.7 ± 15.5 5.25 ± 0.82 
Echinaster brasiliensis 39.7 ± 5.75 7.49 ± 1.08 98.3 ± 14.2 5.21 ± 0.75 
Echinometra lucunter 29.6 ± 2.42 5.37 ± 0.44 98.9 ± 8.08 5.46 ± 0.45 
 Average: 5.34 
Fishes 
Dactylopterus volitans 70.2 ± 7.82 11.9 ± 1.33 101.4 ± 11.3 5.98 ± 0.67 
Genypterus brasiliensis 81.5 ± 1.70 13.9 ± 0.29 99.3 ± 2.08 5.80 ± 0.12 
Mullus argentinae 66.2 ± 1.26 11.4 ± 0.22 98.5 ± 1.87 5.69 ± 0.11 
Rhizoprionodon lalandii 79.3 ± 1.06 13.4 ± 0.18 92.9 ± 1.24 5.50 ± 0.07 
Rhizoprionodon porosus 80.5 ± 9.69 13.6 ± 1.64 91.4 ± 11.0 5.39 ± 0.65 

Average: 5.67 

Table 4. Calculation of nitrogen-to-protein conversion factors for twenty three marine 
organisms based on the amino acid residues to total nitrogen ratio. Values are expressed as 
percentage of the dry weight. Results represent the mean of three replicates ± SD (n = 3). 

Nitrogen mass within total amino acid in invertebrates ranged from 3.38% (D. anchorata) to 
12.7% (E. massyae). High values of protein nitrogen were estimated in invertebrates, ranged 
from 89.2% (D. anchoratta) to 99.7% (E. massyae). The N-Prot factors registered for 
invertebrates ranged from 5.10 to 5.61, with an overall average N-Prot factor of 5.34. 
N mass in total amino acid of fishes ranged from 11.4% (M. argentinae) to 13.9% (G. 
brasiliensis). High values of protein-N were recovered, ranging from 91.4% (R. porosus) to 
101.4% (D. volitans). The elasmobranch fishes (R. porosus and R. lalandii) showed the higher 
percentages of non proteinaceus nitrogen (NPN) (average 7.85%). The N-Prot factors ranged 
between 5.39 (R. porosus) to 5.98 (D. volitans). The elasmobranchs exhibited the lowest values 
of N-Prot factors. An overall average N-Prot factor of 5.67 was calculated for all fish species. 
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4. Discussion 

The chemical composition of marine organisms in general may be influenced by a number 
of factors such as physiological characteristics, habitat and life cycle, and environmental 
conditions. The chemical composition of algae and plants is directly influenced by 
environmental conditions of the site where they live (Kamer et al., 2004; Larcher, 2000), 
especially the availability of inorganic nutrients and light. On the other hand, the abiotic 
conditions seem to be less influential on animals: the chemical composition of invertebrates 
and vertebrates is more influenced by biological factors, such as diet, stage of life and 
reproductive cycle (Ogawa & Maia, 1999). 

4.1 Nitrogen and phosphorus 

Wide differences in N and P tissue concentrations of seaweeds are related to taxonomic 
traits and species-specific capacities of taking up dissolved nutrients (Martínez-Aragón et 
al., 2002). Red algae tend to show higher N tissue concentrations than green and brown 
algae (Lourenço et al., 2002). Red algae contain phycoerithrin, a N-rich pigment that 
increases their nitrogen budget (Lobban & Harrison, 1994), and the two red algae tested here 
are fast-growing species, which account for a higher N content in comparison to other 
species. Conversely, S. filipendula has a complex thallus and low rate of growth, showing a 
typically low content of N (Hwang et al., 2004). A similar trend can be extended to 
Chaetomorpha aerea, an alga that dwells a sandy substrate and it is partially burred.  
Low concentrations of leaf nitrogen in spermatophytes (overall average of 2.18%) can be 
considered as a general characteristic of plants, since several studies provided leaf N values 
similar to those reported in this study. According to Larcher (2000) leaves of herbaceous 
plants contain 2-4% in average N, while leaves of deciduous plants contain 1.5 to 3% N and 
leaves of sclerophyllous plants contain 1 to 2%N. Leaves of T. domingensis reached one of the 
largest concentrations of N among all plants tested. According to Lorenzen et al. (2001), 
Typha species are typically distributed in habitat rich in nutrients, which may explain the 
high levels of N. The mangrove plants had low leaf N concentrations (and also low 
concentrations of carbohydrates, protein and total phosphorus). According to Erickson et al. 
(2004) leaves of Rhizophora mangle, Avicennia germinans and Laguncularia racemosa have N 
concentrations of 1.2, 1.8 and 1.0% (d.w.) respectively. Ellis et al. (2006) reported N 
percentages ranging from 0.75 to 1.25% in sheets of L. racemosa. Low percentages of N in 
mangrove plants may be related to the high concentration of salt in the leaves, since these 
plants accumulate salt in the leaves and then eliminate them (Hogarth, 1999). In addition, 
mangrove plants also have high concentration of tannin, polyphenols of plant origin that 
inhibit herbivory of the leaves. Erickson et al. (2004) estimated that tannin is an average of 
20% of the d.w. of leaves of mangrove plants.  
The high concentration of nitrogen observed in the animals is related with the abundance of 
protein in the tissues, its main component, and by the presence of OTMA (oxyde of 
trimethylamine), a nitrogenous substance widely found in marine animals (Ogawa & Maia, 
1999). The fishes and the octopus E. massyae showed N concentrations significantly higher 
than the other animals, which may be related to the part of the body used in the analysis. 
We analyzed only the muscles of fishes, a procedure that reflects in the high protein 
concentration in the samples. In octopus, the mantle was the organ considered, which is 
predominantly composed of muscle (Brusca & Brusca, 2003). Total N described in the 
muscles of fish, according to Ogawa & Maia (1999) and Puwastien et al. (1999), varies circa 
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15% of the d.w. The highest concentrations of N were observed in the cartilaginous fish R. 
lalandii and R. porosus, which may be related to higher concentration of OTMA in 
elasmobranchs, where the substance associated with urea in the control of osmotic pressure 
(Ogawa & Maia, 1999). Dantas & Attayde (2007) and Sterner & George (2000) also found 
high values of TN in freshwater fishes, with values fluctuating from 9.5% to 10.35% of d.w.  
The peak in P concentration of seaweeds was recorded in C. clavulatum, a fast-growing red 
algae. S. filipendula showed the lowest P concentrations in its thallus, and this trend can also 
be interpreted as a consequence of its low growth rates. Chaetomorpha aerea showed the 
second highest P concentration. The occurrence of high tissue concentrations of phosphorus 
was recorded in three seaweeds that also live partially burred in sediments (Chaetomorpha 
crassa, Gracilaria cervicornis and Gracilariopsis tenuifrons) in a seasonal study in Araruama 
Lagoon, a hypersaline coastal environment of Brazil (Lourenço et al., 2005). 
In spermatophytes, the highest concentrations of total P were found in seagrasses. These 
fast-growing plants experience a greater contact with dissolved nutrients, since they take up 
phosphorus from both soil and water. According to Reich & Oleksyn (2004), herbs have 
higher concentrations of N and P than trees and shrubs. This observation may explain the 
higher contents of N and P in seagrasses, as well as in the salt marsh plant S. alterniflora. 
Analysis of the phosphorus content in animals may be useful to interpret their metabolic 
speed. The highest concentration of P was recorded in fish and these high concentrations 
could be related to the characteristics of the tissues. Muscles of vertebrates store high 
potential phosphoryls in the form of creatinine-phosphate, which can quickly transfer its 
phosphate group to the ATP (Zeleznikar et al., 1995). Ogawa & Maia (1999) state that 
animals that move fast spend more energy and use more ATP; this requires a greater supply 
of phosphorus in the muscles than animals of limited movements. In invertebrates, the 
wider variations in P content reflect their different capacities of locomotion. The low 
concentration of P in the sponge D. anchorata may be related to a possible lower energy 
demand for (non-existing) locomotion, contrasting with the peak of phosphorus in the 
octopus E. massayae. 

4.2 Hydrosoluble protein, carbohydrate and lipid 

The availability of N is considered the most important factor influencing the levels of 
proteins in algae. N-poor environments tend to influence algal species to show low 
concentrations of protein, and the opposite is found in environments with high availability 
of N (Lobban & Harrison, 1994; Lourenço et al., 2005, 2006). Measurements ranging from 3% 
to more than 60%of the d.w. are documented in the literature. Methodological problems also 
contribute largely to enhance the differences among the results. Differences in cell wall 
composition and procedures used to extract proteins generate remarkable influence on the 
final results (Barbarino & Lourenço, 2005; Fleurence, 1999).  
Protein content of macroalgae from tropical and subtropical coastal environments 
frequently show low concentrations (Kaehler & Kennish, 1996; Wong & Cheung, 2000). Our 
data indicate low protein concentrations in the algae, which agrees with the predominantly 
oligotrophic condition of the Brazilian coastal waters (Lourenço et al., 2005, 2006). In 
general, the protein content of brown seaweeds is low (3-15% of d.w.) compared to green 
and red seaweeds (10-47% of the d.w.) (Fleurence, 1999; Rúperez & Saura-Calixto, 2001), 
despite differences in species composition and seasonal periods (Fleurence, 1999). The level 
of hydrosoluble protein recorded in S. filipendula agrees with results found for the protein 
content of Sargassum species (Lourenço et al., 2002; McDermid & Stuercke, 2003) and with 
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the low TN content found in its thallus (Table 2). On the other hand, the red algae showed 
both protein content and TN concentrations higher than the other species tested here.  
In general, plant leaves have lower concentrations of protein than macroalgae. Yeoh & Wee 
(1994) analyzed the protein content of many angiosperms, and observed an average of 11% 
protein in their leaves. The value of protein described for the grass Spartina alterniflora is in 
agreement with the values reported by Yeoh & Watson (1982), about 7.5% dry weight. 
Seagrasses had the highest concentrations of TN protein in the leaves (average of 16%). The 
opposite can be observed for mangrove and marsh plants, in which low concentrations of 
foliar N agree with low concentrations of leaf proteins. 
Hydrosoluble protein in animal tissues was higher than in primary producers, indicating 
the protein as the main organic compound in the heterotrophic species tested, especially in 
fishes and in the octopus E. massyae. According to Rosa et al. (2005) the levels of soluble 
protein in cephalopods range from 50 to 75% of the d.w. of muscle. Concentrations of 
protein in fishes were similar to the results reported by Simões et al. (2007) and Zaboukas et 
al. (2006), who found values ca. 75% of d.w. The lowest protein concentration was found in 
M. argentinae, which can be related to the high lipid content of this species. Ogawa & Maia 
(1999) state that there is a relationship between lipid and protein: if a large content of lipid 
are accumulates in fishes, the percentage of protein tend to decrease. 
Carbohydrates are the most abundant substances in most photosynthetic organisms, since 
they occur in cell wall (e.g. cellulose, agar) and as storage products (ex.: starch, laminaran). 
In seaweeds, brown algae tend to show lower carbohydrate concentrations than other algal 
groups (Dawczynski et al., 2007) and the presence of less reactive carbohydrates may 
generate underestimates of total carbohydrate (Lobban & Harrison, 1994). This might 
contribute to increase differences in comparison to both green and red algae. Kumari et al. 
(2010) investigated the carbohydrate contents in eighteen species of tropical seaweeds, and 
found contents ranging from 15 to 43; the value reported for Chaetomorpha spp. (30%) was 
very similar to our data for C. aerea (29.4%). The low concentration of carbohydrates in the 
mangrove plant L. racemosa, less than 10%, may be related to high salt concentration in the 
leaves. Larcher (2000) states that plants that inhabit saline soils have high values of ash (up 
to 55% of the d.w.), and Na, Mg, Cl and S in quantities far above average. 
All animal species analyzed showed low content of carbohydrate, especially the fishes and 
the octopus E. massyae. According to Ogawa & Maia (1999) the presence of glycogen in the 
fish muscles is low, varying from 1.5 to 5% of carbohydrate (d.w.). There is a remarkable 
lack of data in the literature on carbohydrate in fishes, probably due the small importance of 
these substances for the nutritional value of fishes. The majority of the chemical studies with 
fish focus on the composition of protein and lipid (e.g. Puwastien et al., 1999; Simões et al., 
2007). Invertebrates had more carbohydrate than fishes. The high levels of carbohydrate in 
Aplysia may be related to the secretion of mucopolysaccharides, characteristic of the subclass 
members Opisthobranchia (Brusca & Brusca, 2003). 
The fat concentration of seaweeds tended to be a little lower than in spermatophytes. The fat 
content of seaweeds typically accounts for 1-6% of the d.w. (Fleurence et al., 1994; Gressler 
et al., 2010). The metabolism of benthic seaweeds involves the production of large amounts 
of carbohydrates as storage products (Lobban & Harrison, 1994). The production of lipid is 
greater in planktonic algal species, in which they contribute for floating mechanisms. 
Altogether, seaweed species were low in fat and high in carbohydrate. Both lipid and 
carbohydrate contents recorded here agree with previous studies (e.g. Dawczynski et al., 
2007; McDermid & Stuercke, 2003; Rúperez & Saura-Calixto, 2001). These studies reported 
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crude lipid values in most seaweed predominantly lower than 5% of d.w. In our study, all 
seaweeds showed less than 5.5% of lipids.  
Similarly to algae, spermatophytes stock carbohydrates in their tissues, especially 
polysaccharides. Fats and oils are important forms of carbon storage in seeds and fruits 
(Taiz & Zeiger, 1998), but the present study focus on leaves only. The high concentration of 
carbohydrates, coupled with the trend that most plants stock lipids mainly in other organs, 
explain the low concentrations of lipids in leaves, an overall average of 5.21%. 
The concentrations of lipid were higher than the carbohydrate for all animal species, with 
exception of A. brasiliana. This trend results of the fact that animals store energy as fat 
content, converting the excess of sugar in fatty tissues. The highest concentration of lipids 
among all animals tested was found in the starfish E. brasiliensis. Moreover, Mathew et al. 
(1999), Özogul & Özogul (2007), and Zaboukas et al. (2006) point that the percentages of 
lipid in animals are more influenced by the environmental conditions, feeding and 
physiological traits than the percentages of carbohydrate and protein. Mathew et al. (1999) 
and Ramos Filho et al. (2008) affirm that the concentrations of lipid in fish muscles vary 
from 0.3 to 20% (fresh weight). In our study, the average value for lipid content for the five 
fishes was 8.37% (d.w.) and M. argentinae showed a high lipid concentration (16.1%, d.w.). 
The lowest concentrations of lipid were recorded in elasmobranch fishes (R. lalandii and R. 

porosus), fishes that store fat mainly in the liver (Ogawa & Maia, 1999). Among the 
invertebrates, the octopus E. massyae had the lowest concentration of lipids. Cephalopods 
stock lipids in the digestive tract and typically have low concentrations of lipids in muscles 
(ca. 5% d.w.) (Rosa et al., 2005). McClintock et al. (1990) also recorded high concentrations of 
lipids in the starfish Ophidiaster alexandri.  

4.3 Amino acids and total protein 

All organisms analyzed in this study had high concentrations of glutamic acid and low 
concentrations of histidine. The high concentrations of glutamic acid tend to occur because 
this AA is the precursor of the synthesis of all other AAs. The complexity of the biosynthesis 
of histidine usually leads to lower concentrations than non-essential AAs in plants, as 
reported by Noctor et al. (2002). 
In general, algae and plants showed a similar pattern in the composition of AAs. Algae and 
plants showed high concentrations of aspartic acid, leucine, and glutamic acid and low 
levels of histidine and tyrosine. The main findings of amino acid composition of algal 
proteins described here are in agreement with previous studies (Dawczynski et al., 2007; 
Fleurence, 1999; Lourenço et al., 2002; Ramos et al., 2000; Wong & Cheung, 2000). In general, 
all species are rich in the acidic amino acids, glutamic and aspartic acid and poor in 
histidine. Aspartic and glutamic acid constituted a substantial amount of total AA of 
seaweeds, ranging from 19.9% (A. taxiformis) to 27.6% (S. filipendula). These two amino acids 
contribute to the flavour-related properties characteristic of the marine products and are 
responsible for the special taste of seaweeds. The concentration of these two AA was higher 
in the brown alga S. filipendula than in red algae, as previously described by Dawczynski et 
al. (2007). The level of glutamic and aspartic acid together can represent up 26% and 32% of 
the total AA of the green algae Ulva rigida and U. rotundata (Fleurence et al, 1995). Lourenço 
et al. (2002) showed that values for aspartic and glutamic acid together varied from 20.8 to 
31.1% in 19 species of seaweeds. The highest value of lysine was observed in C. aerea 
(7.33%), in contrast to Ramos et al. (2000) who found in red algae higher values for lysine.  
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The AAs found in higher concentrations in the leaves (glutamic acid and aspartic acid) 
together account for about 20% of total amino acids. Yeoh & Watson (1982) reported that 
values of glutamic acid plus aspartic acid represent about 24% of the total content of AAs in 
leaves of grasses. The plant species analyzed had amino acid composition very similar. 
However, it is worth noticing the high concentration of proline recorded in leaves of H. 
wrightii and B. portulacoides. This may be related to the physiological adaptations to inhabit 
salt sites. According to Little (2000), some halophyte plants maintain their cytoplasm in the 
same osmotic pressure as the cell vacuole, accumulating free AAs such as proline. Martinelli 
et al. (2007) indicate that this feature in Sporobolus stapfianus, a halophilic grass, which 
accumulate AAs in vaculoes, especially proline, for adaptation to water stress. 
The amino acid profiles of animals were more heterogeneous than that observed in algae 
and plants, since significant differences were observed in the concentrations of some AAs as 
glycine, lysine and arginine. The main findings of AA composition of fish proteins described 
here are in agreement with previous studies (Ogawa & Maia, 1999; Uhe et al., 1992). In 
general, all fish species are rich in glutamic acid and lysine and poor in histidine. The sum of 
the most representative AAs (lysine and glutamic acid) in fish, indicate that these two amino 
acids represent more than 20% of all AAs. The octopus E. massyae showed similarities with 
the chemical composition of fish. However, the analysis of AAs allowed to observe that the 
mollusk are very rich in arginine, totaling nearly 18% of AAs. The starfish E. lucunter also 
showed a higher content of lysine (8.31% of the total AA), while glycine achieved high 
concentration in the sponge D. anchorata. The remarkable differences in AA profiles of 
invertebrates possibly reflect phylogenetic traits (Dincer & Cakli, 2007; Rosa et al., 2005). 
Total protein was estimated by the sum of amino acid residues, which represents the actual 
protein in each sample (Aitken et al., 1991; Lourenço et al., 2004; Mossé, 1990). A remarkable 
difference between the protein concentrations obtained with Lowry’s method and the sum 
of AA-Res was observed for photosynthetic organisms. The protein concentration estimated 
with Lowry’s method achieved only about 50% in red algae in comparison with protein 
concentration estimated with total AA-Res. The possible cause for these differences could be 
related to difficulties in extraction of protein from freeze-dried samples, as demonstrated by 
Barbarino & Lourenço (2005). Total amino acid analysis involves an acidic hydrolysis of the 
samples, which eliminates problems with protein extraction. 
For three plant species (H. wrightii, R. maritima and B. portulacoides), the protein values 
calculated by the sum of AAs were higher than those recorded on Lowry et al. (1951). This 
trend could be faced as “normal”, since not all protein can be extracted from the samples, 
especially in freeze-dried plant materials (Barbarino & Lourenço, 2005). However, for leaves 
of mangrove and salt marsh species, the wetland plants A. aureum and T. domingensis, and 
the seaweed C. aerea the Lowry’s method yielded a higher protein content. Recording higher 
concentrations of protein by Lowry’s method compared to the estimate of total protein by 
the sum of AAs is not coherent. The need of a tricky extraction of protein in Lowry’s 
method reduces the chances of recovering 100% of the protein content in a sample. In 
addition, the high concentration of protein indicated by the method of Lowry et al. (1951) 
in these species would be unsustainable, given the low concentration of N in these 
organisms (Table 2). Thus, it is assumed the presence of some interference in the sample 
that artificially raised the quantification of proteins. According to Zaia et al. (1998) the 
method of Lowry is subject to many interferences, where the presence of phenolic 
compounds, sugars, uric acid and melamine react with Folin-Ciocalteu reagent resulting 
in false positive. This method also receives interference by some inorganic ions such as 
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potassium and magnesium (Stoscheck, 1990). As mentioned above, leaves of mangrove 
plants have high concentrations of tannin, which may be interfering in protein analysis by 
the method of Lowry. Abundant literature data support the interpretation that the sum of 
AA-Res yields a closer estimate of the actual protein content of plants, including 
mangrove samples. Erickson et al. (2004) reported that Rhizophora mangle, Avicennia 
germinans and Laguncularia racemosa have low concentrations of total protein, with 
respective figures of 6.5%, 8.5% and 6.5%. These values were very similar to those 
reported in this study for total protein estimated by the sum of AAs. 
Differences were also found for protein data in animals, with values protein obtained by the 
method of Lowry always lower (ca. 35%) than that obtained by the sum of AA-Res. This 
trend is coherent with the nature of animal samples, which contents of protein are easier to 
extract and react, compared with plant materials. In addition, animal samples typically have 
less chemical interferences than algal and plant sources (Zaia et al., 1998). 

4.4 Nitrogen-to-protein conversion factors 

There are different ways to calculate N-Prot conversion factors. Several studies calculate the 
N-Prot factors as the ratio between AA-Res and TN (Fujihara et al., 2008; Levey et al., 2000; 
Matilla et al., 2002), such as it has been done in the present study. Other studies determined 
conversion factors taking into account the proportion between AAs and the recovery of N 
from the amino acids (AA-N) (Mossé, 1990; Sosulski & Imafidon, 1990; Yeoh & Wee, 1994). 
The conversion factor calculated based in N-AAs are higher than the factor calculated using 
TN, thus the application of the conversion factor calculated only by AA-N can overestimate 
the actual protein content in the case of species with high NPN. This happens because the 
factor would multiply the TN content for calculating the percentage of protein, and TN does 
not distinguish between protein-N and NPN. For correct use of the conversion factor 
calculated with AA-N it is necessary to quantify protein-N from TN. However, this analysis 
is laborious and the use of this conversion factor would lose its practicability.  
The total amino acid content represents not only amino acids derived from proteins, but also 
those AAs in free form. Free amino acids typically account for less than 7% of the total AA 
(Yeoh & Watson, 1982). The presence of free amino acids contributes to an overestimation of 
the total protein. However, according to Mossé (1990), the use of data of total amino acid, 
without determination of free amino acids, is a widely accepted procedure to estimate 
protein, since in acid hydrolysis some not-abundant amino acids are partially or totally 
destroyed (e.g. tryptophan, cystine, methionine and serine). The loss during acid hydrolysis 
might compensate for the influence of free amino acids in the quantification of protein by 
the sum of the total amino acid residues. 
It can be seen that the conversion factors N-Prot calculated for algae and plants were similar 
and lower than the factors calculated for the animals. Sosulski & Imafidon (1990) and Tacon 
et al. (2009) compared the conversion factors in animal and vegetable products and found 
that the highest factors were calculated for animals. These observations can be explained 
mainly by the high concentration of NPN in photosynthetic organisms compared to the 
animals. The presence of photosynthetic pigments and the accumulation of inorganic 
nitrogen in the cells increase the relative importance of NNP in photosynthetic organisms. 
Lourenço et al. (2004) determined the concentration of NPN in 12 species of microalgae, 
with values ranging from 0.8% to 39% of the TN. Yeoh & Wee (1994) indicated that the NNP 
represents about 24% of the TN in leaves. On the other hand, the quantity of NPN in 
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muscles can vary from 6 to 14% of the total N (Puwastein et al., 1999). NPN in animals is 
present in the constitution of several substances, such as OTMA, amines, guanidines, 
nucleotids and their degrading products such as urea and ammonia. Other non-
proteinaceous substances with nitrogen that can be present are glycilbetaine, carnitine and 
homarine (Ogawa & Maia, 1999). The flavour of seafoods depends on the species, the fat 
content, and the presence and type of NPN compounds (Venugopal & Shahidi, 1996).  
Despite the great scientific and practical importance of this issue, so far only Aitken et al. 
(1991) and Lourenço et al. (2002) established specific N-Prot conversion factors for 
seaweeds. The overall mean N-Prot factor calculated in this report for four seaweeds was 
4.78. Lourenço et al. (2002) reported an average N-Prot factor of 4.92 for 19 seaweeds, with 
average specific factors for groups: 5.13 for green algae; 5.38 for brown algae and 4.59 for 
red algae. Aitken et al. (1991) proposed mean N-Prot factor of 5.0 obtained for two species of 
Porphyra. Red algae tend to show larger amounts of NPN (30.5% in C. clavulatum and 25.5 in 
A. taxiformis) than brown and green algae (22% and 24.2%, respectively). Current N-Prot 
factors are similar to those proposed by Lourenço et al. (2002) and Aitken et al. (1991).  
Clear relationships were found between NPN and the conversion factors for 
spermatophytes. Plants with higher NPN had the lowest conversion factors (e.g. T. 
domingensis, A. schaueriana and S. alterniflora) and plants with less NPN had the highest 
conversion factors (e.g. A. aureum and L. racemosa). We observed a wide variation in the N-
Prot factors calculated for plants, with an average of 4.82. Among the spermatophytes, we 
observed a wide variation in levels of NPN, with values ranging from 3% (A. aureum) to 
36.2% (T. domingensis) of the TN, with an average of 21.7%. This variation of NPN may be 
related to the hypothetical presence of abundant N compounds not measured here (e.g. 
inorganic nitrogen, chlorophylls). Alkaloids and glycosides also contain N and take part of 
the complex secondary products of plants (Fowden, 1981). The N-Prot factors calculated in 
this study are consistent with those described in the literature for plant species. Several 
studies have shown that for plant tissues, the conversion factor N-Prot varies from 3.7 to 6.0 
(Fujihara et al. 2008; Levey et al. 2000; Mossé, 1990; Tacon et al., 2009; Yeoh & Wee, 1994). 
Yeoh & Wee (1994) proposed the use of average factor of 4.43 as a reliable estimate for the 
determination of proteins in plant leaves. 
The animals showed higher conversion factors to those reported in photosynthetic 
organisms, a reflex of reduced concentrations of NPN in these organisms. An overall 
average of 3.6% of NPN was found in invertebrate and fish samples. Conversion factors 
calculated in this study for animals were similar among the species, where the factors 
ranged from de 5.10 (D. anchorata) to 5.98 (D. volitans). The overall mean N-Prot factors 
calculated in this report for invertebrates and fishes were 5.34 and 5.67, respectively. Among 
fishes, elasmobranchs had smaller N-Prot factors, achieving 5.39 and 5.50, for R. porosus e R. 
lalandii, respectively. This is possibly related to the higher concentration of NPN than in the 
other species. In cartilaginous fish, a smaller concentration of protein-N was estimated, 
which may be related to the high concentration of OTMA; a high concentration of urea can 
be found in muscles of elasmobranchs, achieving up to 2% (Ogawa & Maia, 1999). Despite 
the general high concentrations of protein-N in animals, all conversion factors calculated by 
us were lower than the traditional factor 6.25. 
For animals, there were minor differences between the use of the factor 6.25 and the sum of 
AA-Res for the calculation of total protein. The factor 6.25 overestimates the protein content 
in fish samples in ca. 9%. For elasmobranchs the overestimation is higher: 14%. For 
invertebrates, the 6.25 factor overestimate the protein content between 10 and 20%. Such 
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differences are not neglectable, which means that the presence of NPN does affect the use of 
nitrogen-to-protein conversion factors in samples of marine animals.  
Our results show clearly that the use of the traditional N-Prot factor of 6.25 overestimates 
the protein content of marine organisms. This statement can be illustrated by a simple 
hypothetical analysis, if someone estimates the content of protein of a given species of 
marine spermatophyte not studied here (e.g. a seagrass) from its N content. If the N 
percentage of this hypothetical plant is 2.0%, the use of the traditional N-Prot factor (6.25) 
would give an estimate of protein content of 12.5%. By the use of the specific N-Prot factors 
calculated by us (4.82), the estimate of the protein content would be 9.64%. 
In addition, specific N-Prot factors calculated here would receive minor influences of 
environmental conditions, despite possible changes in internal nitrogen budget. As the N-
Prot factors result from the ratio of protein-N to total N, organisms in N-rich 
environments tend to accumulate more nitrogen and also more protein-N. In 
environments with scarce availability of nitrogen species would show lower contents of 
both total N and protein-N (Lourenço et al., 2002, 2005). These trends point for the wide 
use of specific N-Prot factors, which could be applied to species in different 
environmental conditions without restrictions.  

5. Conclusions 

This study shows wide variations in the gross chemical composition of organisms from 
coastal subtropical environments of Brazil. Seaweeds and spermatophytes showed higher 
concentrations of carbohydrate, but animals tended to show higher concentrations of 
protein, lipid, total nitrogen and total phosphorus. 
Acidic amino acids dominate the profile of seaweeds and spermatophytes. In animals, other 
amino acids also show high concentrations, such as lysine in echinoderms and some species 
of fish.  
In animals, more than 89% of the nitrogen is found in protein. Photosynthetic organisms 
show high and variable percentages of non-protein nitrogen, which may achieve more than 
35% of the total nitrogen budget.  
We recommend the use of the specific nitrogen-to-protein conversion factors calculated for 
each species studied here. For organisms not assessed in this study, we recommend the use 
of overall N-Prot factors estimated for the corresponding taxonomic groups (e.g. 
spermatophytes, fishes). The traditional factor 6.25 should be avoided, since it overestimates 
the protein concentration of marine organisms. The use of the N-Prot conversion factors 
calculated would yield more accurate protein analysis of marine organisms, contributing for 
better protein analysis in marine science. 
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