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ABSTRACT. The chemical profiles of Desmapsamma anchorata, Hymeniacidon heliophila (Porifera),
Bunodosoma caissarum, Renilla muelleri (Cnidaria), Aplysia brasiliana, Eledone massyae, Isognomon bicolor
(Mollusca), Echinaster brasiliensis, Echinometra lucunter, Holothuria grisea, Lytechinus variegatus
(Echinodermata), and Phallusia nigra (Chordata) were determined. Hydrosoluble protein was the most
abundant class of substances for all species, except for the ascidian Phallusia nigra, in which the carbohydrate
content was higher. The percentages of hydrosoluble protein (dry weight, dw) varied widely among the
invertebrates, ranging from 5.88% (R. muelleri) to 47.6% (Eledone massyae) of the dw .The carbohydrate
content fluctuated from 1.3% (R. muelleri) to 18.4% (Aplysia brasiliana) of the dw. For most of the species,
lipid was the second most abundant class of substances, varying from 2.8% (R. muelleri) to 25.3% (Echinaster
brasiliensis) of the dw. Wide variations were also found for the invertebrates nitrogen content, with the lowest
value recorded in the cnidarian R. muelleri (2.02% of the dw) and the highest in the molluscan E. massyae
(12.7% of the dw). The phosphorus content of the dw varyed from 0.24% (R. muelleri) to 1.16% (E. massyae).
The amino acid composition varied largely among the species, but for most of the species glycine, arginine,
glutamic acid, and aspartic acid were the most abundant amino acids, with histidine and tyrosine among the
less abundant amino acids. The actual content of total protein in the samples was calculated by the sum of
amino acid residues, establishing dw values that fluctuated from 11.1% (R. muelleri) to 66.7% (E. massyae).
The proteinaceous nitrogen content was high in all species, with an average value of 97.3% of the total
nitrogen. From data of total amino acid residues and total nitrogen, specific nitrogen-to-protein conversion
factors were calculated for each species. The nitrogen-to-protein conversion factors ranged from 5.10 to 6.15,
with an overall average of 5.45. The use of the specific nitrogen-to-protein conversion factors established here
is recommended, since it would yield more accurate determinations of total protein in the species tested in this
study.
Keywords: nitrogen-to-protein conversion factors, total protein, amino acid composition, lipid, carbohydrate,
tropical Atlantic.

Composición proximal de invertebrados marinos de aguas costeras tropicales,
con énfasis en la relación entre los contenidos de nitrógeno y proteína
RESUMEN. Se determinaron los perfiles químicos de Desmapsamma anchorata, Hymeniacidon heliophila
(Porifera), Bunodosoma caissarum, Renilla muelleri (Cnidaria), Aplysia brasiliana, Eledone massyae,
Isognomon bicolor (Mollusca), Echinaster brasiliensis, Echinometra lucunter, Holothuria grisea, Lytechinus
variegatus (Echinodermata), y Phallusia nigra (Chordata). La clase más abundante de sustancias para todas
las especies fueron las proteínas hidrosolubles, excepto para la ascidia Phallusia nigra, en la que el contenido
de carbohidratos fue mayor. Los porcentajes de proteínas hidrosolubles (peso seco, ps), variaron ampliamente
entre los invertebrados, de 5,88% (R. muelleri) a 47,6% (Eledone massyae) del ps. El contenido de
carbohidratos fluctuó de 1,3 % (R. muelleri) a 18,4% (Aplysia brasiliana) del ps. Para la mayoría de las
especies, los lípidos fueron la segunda clase más abundante de sustancias, que varió de 2,8% (R. muelleri) a
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25,3% (Echinaster brasiliensis) del ps. También se encontraron grandes variaciones en el contenido de
nitrógeno de los invertebrados, con el valor más bajo registrado en el cnidario R. muelleri (2,02% del ps) y el
más alto en el molusco E. massyae (12,7% del ps). El contenido de fósforo varió de 0,24% (R. muelleri) a
1,16% (E. massyae) del ps. La composición de aminoácidos varió ampliamente entre las especies, pero en la
mayoría de las especies la glicina, arginina, ácido glutámico y ácido aspártico fueron los aminoácidos más
abundantes, siendo histidina y tirosina los menos abundantes. El contenido total de proteína total en las
muestras se calculó mediante la suma de residuos de aminoácidos, estableciendo valores de ps que fluctuaron
de 11,1% (R. muelleri) a 66,7% (E. massyae). El contenido de nitrógeno proteínico fue alto en todas las
especies, con un valor promedio de 97,3% del nitrógeno total. De los datos de los residuos de aminoácidos
totales y nitrógeno total, se calcularon los factores específicos de conversión nitrógeno-proteína para cada
especie. Los factores de conversión de nitrógeno-proteína variaron de 5,10 a 6,15, con un promedio general de
5,45. Se recomienda el uso de los factores específicos de conversión nitrógeno-proteína establecidos aquí, ya
que produciría determinaciones más precisas de la proteína total en las especies sometidas a prueba en este
estudio.
Palabras clave: factores de conversión de nitrógeno a proteína, proteínas totales, composición de
aminoácidos, lípidos, hidratos de carbono, Atlántico tropical.
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INTRODUCTION
Marine invertebrates involve a huge assemblage of
animal lineages of high taxa. They represent the core
of the known marine biodiversity, since the number of
species of benthic invertebrates is the highest among
all organisms in the sea, according to the results
gathered by the Census of Marine Life (Costello et al.,
2010). Despite decades of research on marine
invertebrates, there are still significant gaps in our
basic knowledge about these organisms. For example,
studies on the chemical composition of marine
organisms are still scarce, compared to other
traditional fields, such as ecology, biogeography,
effects of pollution, and conservation of species (e.g.,
Barbeitos et al., 2010; O'Dor et al., 2010; McCall &
Pennings, 2012), among others. In general,
information on the chemical composition of marine
invertebrates is restricted to taxa with economic
importance, such as some species of crustaceans and
molluscs, particularly species that are useful as food or
feed (e.g., Karakoltsidis et al., 1995; Orban et al.,
2002; Sriket et al., 2007; Nurnadia et al., 2011;
Sánchez-Camargo et al., 2011). Invertebrates have
also been studied in the context of bioprospection of
natural products, a search for bioactive molecules that
can be used in pharmaceuticals and in potential
biotechnological applications (e.g., Faulkner, 1984;
Haygood et al., 1999; Haefner, 2003; Newman &
Cragg, 2004; Leal et al., 2012; Yang et al., 2013).
Information on the gross chemical composition of
marine organisms contributes remarkably to our
understanding of the species. Analyses of substances
such as proteins, lipids and carbohydrates, as well as
total nitrogen and phosphorus, have great importance,

since they are major constituents of living matter
(Barbarino & Lourenço, 2009; Diniz et al., 2012).
Carbohydrates are complex biomolecules that perform
structural roles in cells, but they also serve as a
fundamental reservoir of chemical energy (Lairson et
al., 2008). Lipids are a diverse set of hydrophobic
substances that work as important energy reserves for
marine animals, contribute for floating and they are
structural components of cell membranes and
organelles (Subramaniam et al., 2011). Proteins play
extremely important roles in most biological processes
of living beings, such as enzymatic catalysis, transport
and storage, coordinated motion, mechanical support,
immune protection, generation and transmission of
nerve impulses, and control of growth and
differentiation (Zaia et al., 1998). The properties and
functions of a certain type of proteins depend on their
particular amino acid sequence (Sumar et al., 1994).
Phosphorus is present in organisms predominantly in
organic forms as a constituent of phospholipids,
nucleic acids, and ATP. Nitrogen is an essential
element embedded in fundamental structural and
functional macromolecules of organisms: proteins,
peptides, free amino acids, nucleotides, nucleic acids,
and photosynthetic pigments (Karl et al., 2002).
The gross chemical composition of living
organisms can be influenced by many factors, such as
physiological characteristics, habitat and life cycle, in
addition to environmental characteristics (Diniz et al.,
2012). The chemical composition of heterotrophic
organisms is also influenced by the food that they
ingest, age and reproductive traits (Zaboukas et al.,
2006; Dubischar et al., 2012).
In particular, studies of proteins in marine
organisms have broad applications. Such data can
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provide important information about physiological
processes in cells, nutritional value of organisms, and
exploitation of resources in biotechnological and
commercial activities (Lourenço et al., 2004), among
others. Many methods have already been developed
over the years for the determination of protein, but in
view of the diversity of materials/species and their
composition of proteins, there is not a method
universally used in a sucessfull form for all kinds of
samples and organisms (Zaia et al., 1998). The
extraction of the protein content is one of the main
problems in protein analysis, since it presents varying
degrees of efficiency, depending on the method used
and the characteristics of the species studied
(Barbarino & Lourenço, 2005).
In contrast to protein analysis, total nitrogen (TN)
is relatively simple to measure, and it is very accurate
(Barbarino & Lourenço, 2009). For virtually all
species chemically known, most of the nitrogen
content is found in proteins, which means that both
total protein and TN tend to vary in a proportional
fashion (Huet et al., 1988; Mariotti et al., 2008). This
also means that nitrogen-to-protein conversion factors
(N-Prot factors) can be calculated to estimate the total
protein content of a biological sample from its
nitrogen content (Mossé, 1990). The use of N-Prot
factors is a practical, cheep and fast way to estimate
total protein content of biological samples (Lourenço
et al., 2004). The first and most widly used N-Prot
factor is 6.25, which was established by Jones (1931)
to estimate the protein content of bovine meat
(muscles). However, a nitrogen-to-protein conversion
factor is influenced by the composition of amino acids
in the proteins and by the presence of non-protein
nitrogen in the sample (Lourenço et al., 1998). Thus,
specific N-Prot factors must be calculated to
determine total protein content of different biological
samples (Mariotti et al., 2008). In the last years, NProt factors have been calculated for wheat - 5.47
(Fujihara et al., 2008), mushrooms - 4.70 (Mattila et
al., 2002), seaweeds - 4.92 (Lourenço et al., 2002),
microalgae - 4.44 (González-López et al., 2010), and
fishes - 5.71 (Diniz et al., 2013), among others. These
studies confirm that the use of the traditional factor of
6.25 is unsuitable for many organisms, and indicate
the importance of establishing specific N-Prot factors.
The use of N-Prot factors is still uncommon in sea
science, possibly because most of the scientific
community ignores this useful methodological
alternative (Diniz et al., 2012). A wide range of
organisms has not been addressed with specific N-Prot
factors, especially marine organisms. There is scarce
information in this field and studies are needed to
provide new data to fill the existing gaps.
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In the present study, we characterized and
compared contents of carbohydrate, lipid, protein,
nitrogen, and phosphorus of 12 species of marine
invertebrates sampled in tropical coastal areas of
Brazil. We also established specific N-Prot factors for
each invertebrate species. The calculation of the new
N-Prot factors was based on the ratio of the sum of
amino acid residues (the amino acids recovered after
an acid hydrolysis) to total nitrogen content measured
in the samples. For most of the species studied here,
our data represent the first gross chemical analysis
ever performed in Brazil.
MATERIALS AND METHODS
Marine invertebrates
In this study 12 species of marine invertebrates
distributed in five different phyla were analyzed. The
identification of the species was carried with experts’
supervision. Cnidaria: Renilla muelleri (Köelliker,
1872-Renillidae) and Bunodosoma caissarum (Correa,
1987-Actiniidae); Echinodermata: Echinaster brasiliensis (Muller & Troschel, 1842-Echinasteridae),
Echinometra lucunter (Linnaeus, 1758-Echinometridae),
Holothuria grisea (Selenka, 1867-Holothuriidae) and
Lytechinus variegatus (Lamarck, 1816-Toxopneustidae);
Mollusca: Aplysia brasiliana (Rang, 1828-Aplysiidae),
Eledone massyae (Voss, 1964-Octopodidae) and
Isognomon bicolor (C.B. Adams, 1845-Isognomonidae);
Porifera: Desmapsamma anchorata (Carter, 1882Desmacididae) and Hymeniacidon heliophila (Parker,
1910-Halichondriidae); and Chordata: Phallusia nigra
(Savigny, 1816-Ascidiidae). The animals were selected
due to their ecological importance in the region and
abundance in the field.
Sampling
B. caissarum, E. lucunter, E. massyae, and L.
variegatus were collected in Arraial do Cabo
(22°57’S, 42°01”W). D. anchorata, E. brasiliensis,
and P. nigra were collected in Angra dos Reis
(23°12’S, 44°41’W). A. brasiliana was collected in
Armação dos Búzios (22°44’S, 41°52’W). H. grisea,
H. heliophila, and I. bicolor were collected in Niterói
(22°52’S, 43°06’W). R. muelleri was collected in Rio
de Janeiro (22°54’S, 43°12’W). All sampling sites are
located in Rio de Janeiro State, southeastern Brazil
(Fig. 1).
All animals were packed in plastic bags and kept
on ice until the arrival in the laboratory, in Niterói,
where the samples were washed with distilled water
and treated according to the characteristics of each
species (e.g., corporal size, part of the body used in
the analyses).
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Figure 1. Map
M showing the
t sampling sites
s
in Rio dee Janeiro Statee, Brazil. 1: Angra
A
dos Reiss, 2: Rio de Janeiro
J
(in
Guanabara Bay),
B
3: Niterói, 4: Arraial doo Cabo, 5: Arm
mação dos Búziios.

The sam
mples for chem
mical analysess were obtainned
from differeent individualls, randomly selected. Entiire
bodies of B.
B caissarum, D. anchorataa, H. grisea, H.
H
heliophila, P. nigra, and
d R. muelleri were analyzeed.
Each samplle was formeed by one unnique specimeen,
except forr the samples of the small-sized B.
caissarum, which consisted of two specimens per
p
nal contents of
o L. variegatuus,
sample. Thee whole intern
E. brasiliennsis, E. lucu
unter, and I.. bicolor weere
analyzed. For
F the first two species,, samples weere
formed by individual
i
speecimens, wherreas samples for
f
E. lucunter and I. bicolorr were compossed of three annd
twenty indiividuals, respectively. The muscles of E.
massyae annd A. brasilia
ana were analyzed and eaach
sample form
med by one un
nique specimenn.
The sam
mples were frozen
f
at -188°C and subssequently freeeze-dried in a Terroni Fauvel, moddel
LB1500TT device. The dried
d
materiall was powderred
manually ussing a mortar and pestle, annd it was kept in
dessicators containing silica-gel,
s
undder vacuum at
room tempeerature, until the chemicall analyses weere
carried out.
a
Chemical analyses
Four samplees were analy
yzed (n = 4) foor carbohydrate,
protein, lipiid, nitrogen, and
a phosphoruus. Due the higgh
cost of thee amino acid analysis usiing the methood
employed here,
h
only threee replicates were analyzed for
f
each speciess (n = 3), a widely acceptedd procedure.

T
The
Lowry et al. (1951) method wass used to
evaluuate the hydroosoluble proteein in the sampples, with
bovine serum albuumin as a prottein standard, following
the extraction
e
proocedures propposed by Barrbarino &
Lourrenço (2005). Spectrophotoometric determ
minations
weree done at 7500 nm, 35 minn after the staart of the
chem
mical reaction..
T
Total
carbohyddrate was extraacted with 80%
% H2SO4,
accoording to Mykklestad & Hauug (1972). Thhe carbohydrrate concentraation was dettermined specctrophotometrrically at 485 nm, 30 minn after the staart of the
chem
mical reactionn, using thee phenol-sulfu
furic acid
methhod (Dubois et al., 19566), and glucoose as a
standdard.
T
Total
lipid wass extracted acccording to Foolch et al.
(1957), and deterrmined gravim
metrically afteer solvent
(chlooroform) evapporation.
T
Total
nitrogen and phosphorrus were deterrmined in
the samples
s
after peroxymonosu
p
ulphuric acid digestion,
d
usingg a Hach digeestor (Digesdhhal®, Hach Co.) (Hach
et all., 1987). Sampples were digeested with conncentrated
sulfuuric acid at 4440ºC and treatted with 30% hydrogen
peroxide. Total nitrogen
n
and phosphorus
p
coontents in
the samples
s
weree determined spectrophotom
metrically
afterr specific chem
mical reactionns. See Lourennço et al.
(20005) for analyticcal details.
T
Total
amino acid was determined by high
perfoormance liquiid chromatogrraphy with prre-column
derivvatization witth AccQ.Fluoor® reagent (6-amino(
quinolyl-N-hydroxxysuccinimidyyl carbamate)), reverse
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phase column C18AccQ.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 percentage 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, 2013).
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, an
N-Prot factor of 4.66 is calculated.
The amino acid residues of the samples were
calculated by summing up the amino acid masses
retrieved after acid hydrolysis (total amino acids),
minus the water mass (18 H2O mol-1 of amino acid)
incorporated into each amino acid after the disruption
of the peptide bonds (Mossé, 1990). See Shuuluka et
al. (2013) for detailed information on the calculation
of different types of N-Prot factors.
Statistical analysis
The results were analyzed by one-way analysis of
variance (One Way ANOVA) with significance level
α = 0.05 (Zar, 1996), followed, where applicable, with
a Tukey’s multiple comparison test. The raw data
were tested for normality and homoscedasticity and no
transformation was needed.
RESULTS
The percentage of total nitrogen showed wide
fluctuations among species, varying in the octocoral R.
muelleri from 2.02% of the dry weight (dw), to 12.7%
dw in the octopus E. massyae (Table 1). The
poriferans showed similar concentrations of N, about
3.6% dw A significant difference was found in N
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content of the two species of cnidarians analyzed (P <
0.001), with the sea anemone B. caissarum showing a
higher concentration of nitrogen (9.71% dw) compared to the octocoral R. muelleri (2.02% dw). The sea
urchins E. lucunter and L. variegatus showed similar
concentrations of N in their bodies (5.42% dw and
5.09% dw, respectively), whereas the sea cucumber H.
grisea had the lowest (3.66% dw) and the starfish E.
brasiliensis the highest value of TN among all
echinoderms analyzed (P < 0.001). The nitrogen
concentration in the ascidian P. nigra (4.70% dw) was
an intermediate value compared to the other invertebrate species.
The total phosphorus in the tissues varied widely,
with the lowest concentration observed in R. muelleri
(0.24% dw) and the highest in E. massyae (1.16% dw)
(Table 1). The poriferans showed no significant
differences in their P contents, with values close to
0.43% d.w. A significant difference in P concentrations was found for the cnidarians (P < 0.001), with
higher concentration recorded in the anemone B.
caissarum (1.0% dw) in comparison to R. muelleri
(0.24% dw). In molluscs, the octopus E. massyae
showed the highest concentrations of P (1.16% dw),
while I. bicolor and A. brasiliana showed statistically
similar lower values (ca. 0.85% dw). The sea
cucumber H. grisea had the lowest P concentration
among echinoderms (0.54% dw), whereas the sea star
E. brasiliensis showed the highest content of
phosphorus (0.86% dw) recorded in this study. The P
concentration of the ascidian P. nigra was the second
lowest (0.33% dw) among all species.
Results for total carbohydrate indicated predominantly low concentrations in the marine invertebrates
analyzed. Ten out of 12 species showed values lower
than 7.50% dw of carbohydrate, but the mollusc A.
brasiliana exhibited 18.4% dw of total carbohydrate
(Table 1). The amount of carbohydrate recorded in the
ascidian P. nigra (17.4% dw) was statistically not
different from that observed in A. brasiliana. Among
all species, the lowest concentration of carbohydrate
was recorded in the octocoral R. muelleri. The
poriferans showed slight differences in their
carbohydrate contents (P < 0.01), which were close to
5% dw. The octopus E. massyae had the lowest
concentration of carbohydrate among the molluscs
(1.85% dw), and E. brasiliensis showed the lowest
value for carbohydrate (3.70% dw) among the
echinoderms.
Results for total lipid also indicated a wide
variation among species, ranging from 2.80% dw (R.
muelleri) to 25.3% dw (E. brasiliensis) (Table 1).
Among the molluscs, I. bicolor showed the highest
concentration of lipid (13% dw). B. caissarum (with
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Table 1. Gross chemical composition of twelve species of marine invertebrates sampled in tropical sites of Brazil. Values
are expressed as percentage of the dry mass and represent the mean of four replicates ± standard deviation (n = 4).
Statistical analysis was done within taxonomic groups. Mean values significantly different: * P < 0.05; ** P < 0.01; *** P
< 0.001, a > b > c > d > e. Identical superscript letters (a, a; b, b) or absence of letters indicate that mean values are not
significantly different.

Taxonomic groups/species
Porifera
Desmapsamma anchorata
Hymeniacidon heliophila
Cnidaria
Bunodosoma caissarum
Renilla muelleri
Mollusca
Aplysia brasiliana
Eledone massyae
Isognomon bicolor
Echinodermata
Echinaster brasiliensis
Echinometra lucunter
Holothuria grisea
Lytechinus variegatus
Chordata
Phallusia nigra

Total nitrogen

Total
phosphorus
0.41 ± 0.03
0.45 ± 0.03
***
1.00 ± 0.08ª
0.24 ± 0.02b
***
0.84 ± 0.05b
1.16 ± 0.03a
0.85 ± 0.03b
**
0.86 ± 0.04a
0.82 ± 0.23ab
0.54 ± 0.05b
0.59 ± 0.18ab

Total
carbohydrate
**
4.67 ± 0.26b
5.76 ± 0.43a
***
6.88 ± 0.61a
1.30 ± 0.10b
***
18.4 ± 1.83a
1.85 ± 0.15c
6.98 ± 0.38b
*
3.70 ± 0.25b
7.22 ± 0.12a
6.24 ± 0.56ab
6.53 ± 2.65ab

***
4.92 ± 0.29b
7.95 ± 0.78a
***
8.78 ± 0.66a
2.80 ± 0.23b
***
5.02 ± 0.40b
3.80 ± 0.15c
13.0 ± 0.40a
***
25.3 ± 1.09a
8.59 ± 0.92b
10.5 ± 0.80b
8.34 ± 0.27b

Hydrosoluble
protein
***
12.2 ± 0.69b
18.2 ± 0.66a
***
29.6 ± 0.72a
5.88 ± 0.60b
***
25.4 ± 1.35b
47.6 ± 3.12a
28.0 ± 0.99b
*
24.7 ± 1.57a
22.5 ± 2.69ab
20.4 ± 0.82ab
20.0 ± 2.55b

3.79 ± 0.32
3.38 ± 0.31
***
9.71 ± 0.36a
2.02 ± 0.16b
***
7.53 ± 0.31c
12.7 ± 0.50a
8.90 ± 0.33b
***
7.62 ± 0.15a
5.42 ± 0.32b
3.66 ± 0.13c
5.09 ± 0.05b
4.70 ± 0.12

0.33 ± 0.03

17.4 ± 1.50

3.88 ± 0.48

12.7 ± 0.36

8.78% dw) and H. heliophila (with 7.95% dw) had the
highest lipid concentrations for cnidarians and
poriferans respectively. The concentration of lipid
recorded in the octopus E. massyae (3.80% dw) was
the second lowest among all species. Three
echinoderms (E. lucunter, H. grisea, and L.
variegatus) exhibited similar concentrations of total
lipid, which were significantly lower (P < 0.001) than
that showed by the starfish E. brasiliensis.
For most of the species, hydrosoluble protein was
the most abundant substance, except for the starfish E.
brasiliensis and the ascidian P. nigra, which presented
more lipid and carbohydrate respectively. Overall
species, hydrosoluble protein ranged from 5.88% dw
(R. muelleri) to 47.6% dw (E. massyae) (Table 1). The
molluscs A. brasiliana and I. bicolor showed similar
concentrations of hydrosoluble protein, around 26.5%
dw. Significant differences for hydrosoluble protein
were observed in the cnidarians (P < 0.001). For the
echinoderms, the values found for hydrosoluble
protein had small variation among the species (P <
0.05), ranging from 20.0% dw (L. variegatus) to
24.7% dw (E. brasiliensis).
The amino acid profiles of the invertebrates are
presented in Table 2. Glycine was the most abundant
amino acid in six out of twelve species. The highest
concentration of glycine (17.6% of total amino acid -

Total lipid

TAA) was found in the sponge D. anchorata, while
the sea star E. brasiliensis had the lowest concentration (5.40% TAA). For five out of twelve species,
arginine was the abundant amino acid, with E.
brasiliensis recording the highest (20.6% TAA)
concentration among all species. The most abundant
amino acid in the sea cucumber H. grisea was
glutamic acid (12.8% TAA). Aspartic acid, glutamic
acid and and leucine also showed high concentrations
in most of the invertebrates. The percentage of
histidine was the lowest in all species, and it was not
detected in D. anchorata, A. brasiliana, and P. nigra,
whereas the highest concentration of histidine (2.14%
TAA) was found in H. heliophila and E. lucunter.
Percentages of threonine, serine, valine and isoleucine
were similar among all species.
The poriferans showed a very similar pattern of
amino acids, except for proline (higher values in D.
anchorata, 6.27% TAA), and high concentrations of
glycine (17.6% TAA and 16.1% TAA). In cnidarians,
B. caissarum had a high concentration of arginine
(13.3% TAA), while R. muelleri had higher
concentrations of glycine (15.2% TAA) and aspartic
acid (14.7% TAA). In molluscs, I. bicolor and E.
massaye showed elevated levels of arginine (both with
17.9% TAA) and lysine (10.3% TAA and 8.36% TAA
respectively) compared to A. brasiliana. However, the
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sea hare A. brasiliana had a greater concentration of
glycine (15.1% TAA), aspartic acid (9.46% TAA),
and proline (8.38% TAA) among the molluscs. In
echinoderms, a high concentration of arginine (20.6%
TAA) was observed in the starfish E. brasiliensis. The
sea cucumber H. grisea and the sea urchin L.
variegatus had markedly high concentrations of
glycine (10.8% TAA and 16.9% TAA, respectively).
E. lucunter showed similar concentrations of the most
representative amino acids: glutamic acid (11.3%
TAA), arginine (11.6% TAA) and glycine (11.9%
TAA). The ascidian P. nigra showed a high
concentration of arginine (14.9% TAA).
The actual total protein content of the samples is
showed in Table 3 as total amino acid residues (AAres). These values are estimated from the sum of the
masses of the total amino acids after the acid
hydrolysis. The values of total protein were higher
than those for hydrosoluble protein for all species
analyzed (Tables 1 and 3).
The analysis of AA-res displays a large variation
among invertebrates, ranging from 11.1% dw (R.
muelleri, octocoral) to 66.7% dw (E. massyae,
octopus) (Table. 3). Low concentrations of total
protein were recorded in poriferans, which had total
protein around 19% dw. A large variation in total
protein was observed with the cnidarians, with the sea
anemone B. caissarum (52.6% dw) showing a higher
concentration than the octocoral R. muelleri (P <
0.001). The mollusc A. brasiliana and I. bicolor had
similar total protein concentrations (42.2% and 46.7%
dw, respectively). The same was observed for the two
sea urchins analyzed (E. lucunter and L. variegatus,
with 29.6% and 27.6% dw of total protein
respectively).
The invertebrates showed a wide variation in the
quantification of nitrogen recoverd from amino acids
residues (amino acid-N or AA-N), with values between
1.93% dw (R. muelleri) and 12.7% dw (E. massyae).
Similarly to the results for total protein, low
concentrations of AA-N were recorded in poriferans
and a large variation was observed in cnidarians. The
relative percentage of protein-N (PN) was estimated as
the ratio of nitrogen recovered from amino acid residues
(Table 3) to total nitrogen (Table 1). The relative
percentage of PN was high and varied slightly
between species of invertebrates. Protein nitrogen was
higher than 90% for all species, except for the poriferan
D. anchorata (with 89.2% of PN). The octopus E.
massyae and the sea urchin L. variegatus exbited more
than 99% of total nitrogen incorporated into protein.
Through the ratio of AA-res and TN, specific
nitrogen-to-protein conversion factors were calculated
for each species. The N-Prot factors calculated for the
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marine invertebrates ranged from 5.10 (D. anchorata)
to 6.15 (H. grisea), with an overall average factor of
5.45 (Table 3). It was observed for the molluscs that
the A. brasiliana (5.61) had a higher N-Prot factor
than E. massyae (5.25) and I. bicolor (5.25). Similar
N-Prot factors were calculated for the two cnidarians,
but the poriferan H. heliophila (5.72) had a N-Prot
factor higher than that of D. anchorata (5.10). Among
echinoderms, the sea cucumber H. grisea had a
nominal N-Prot factor higher (6.15) than those
calculated for the sea urchins (~5.44) and for the
starfish (5.21). The N-Prot factor calculated for the
ascidian P. nigra (5.27) was the second lowest among
all species.
DISCUSSION
Gross chemical profile
General points
The chemical composition of marine organisms can be
influenced by a large number of factors, including
physiological characteristics, habitat and life cycle, as
well as oceanographic and environmental conditions.
The chemical composition of primary producers, such
as algae and plants, seems to be more directly
influenced by the environmental conditions in which
they are inserted (e.g., Kamer et al., 2004; Frankovich
et al., 2009), in particular by abiotic factors, such as
the availability of light and dissolved inorganic
nutrients (e.g., nitrate, phosphate). However, the
environment does not affect marine animals exactly in
the same way. The chemical composition of
heterotrophic organisms is more directly influenced by
diet, stage of life and reproductive cycle, for instance
(Karakoltsidis et al., 1995; Miles & Clark, 2002;
Thatje et al., 2004).
Studies involving chemical composition of marine
animals are found predominantly in the food science
field, that mostly express results in wet weight. In
order to compare our data with other studies, it was
decided to convert the data from the literature to dry
weight (dw), from the indication of the amount of
moisture in the sample provided in the studies.
According to Ogawa & Maia (1999), in muscles of
fish humidity is around 80%. Depending on the
species/taxonomic group, in marine invertebrates the
humidity varies between 65% and 85% (e.g., Mol et
al., 2008; Kechaou et al., 2009; Sykes et al., 2009;
Zlatanos et al., 2009; Karthikeyan et al., 2011), with
some exceptions such as jellyfish, which can reach
levels of 95% humidity (Larson, 1986).
The expressive differences in chemical composition among species in the present study may be
explained, in addition to the characteristics mentioned

Desmapsmma
anchorata

8.52 ± 0.23
5.85 ± 0.85
5.00 ± 0.28
10.7 ± 0.19
6.27 ± 0.62
17.6 ± 0.50
5.25 ± 0.08
5.61 ± 0.02
4.95 ± 0.21
7.26 ± 0.07
3.23 ± 0.99
5.11 ± 0.67
n.d.
5.53 ± 1.06
8.99 ± 0.34

99.8 ± 6.10

Amino acid

Aspartic acid
Threonine
Serine
Glutamic acid
Proline
Glycine
Alanine
Valine
Isoleucine
Leucine
Tyrosine
Phenylalanine
Histidine
Lysine
Arginine

Total

99.8 ± 3.25

10.5 ± 0.85
4.86 ± 0.02
5.20 ± 0.05
11.5 ± 0.50
3.88 ± 0.02
16.1 ± 0.42
4.87 ± 0.06
5.51 ± 0.09
4.83 ± 0.05
7.12 ± 0.11
4.44 ± 0.08
4.97 ± 0.11
2.14 ± 0.17
6.33 ± 0.33
7.46 ± 0.42

Hymeniacidon
heliophila

Porifera

99.7 ± 17.4

9.47 ± 3.09
5.19 ± 0.59
5.07 ± 0.46
12.9 ± 3.34
4.82 ± 2.44
10.8 ± 0.92
4.70 ± 0.37
5.00 ± 0.40
4.46±0.34
6.72 ± 0.50
3.71 ± 0.77
4.37 ± 0.58
1.36 ± 1.22
7.68 ± 1.01
13.3 ± 1.35

Bunodossoma
caissarum

Renilla
muelleri

98.2 ± 19.7

14.7 ± 4.86
5.52 ± 1.64
4.90 ± 0.32
14.4 ± 3.53
3.45 ± 0.96
15.2 ± 0.80
5.25 ± 0.82
4.68 ± 1.00
4.26 ± 0.68
6.11 ± 0.91
1.46 ± 0.46
3.36 ± 0.49
0.49 ± 0.69
5.28 ± 0.73
9.09 ± 1.77

Cnidaria

99.7 ± 11.5

9.46 ± 1.73
3.33 ± 0.41
5.44 ± 0.86
14.3 ± 1.42
8.38 ± 0.25
15.1 ± 2.89
5.93 ± 0.24
4.32 ± 0.08
3.75 ± 0.15
7.21 ± 0.29
3.52 ± 0.12
4.47 ± 0.72
n.d.
4.83 ± 0.19
9.64 ± 2.15

Aplysia
brasiliana

99.9 ± 12.2

6.27 ± 1.02
4.39 ± 0.51
6.04 ± 1.33
9.34 ± 0.97
5.54 ± 0.44
7.59 ± 0.10
5.55 ± 0.33
5.11 ± 0.18
5.74 ± 0.26
8.77 ± 0.35
3.12 ± 0.18
5.09 ± 0.47
1.05 ± 1.00
8.36 ± 0.35
17.9 ± 4.68

Eledone
massyae

Mollusca

99.6 ± 1.56

6.92 ± 0.03
5.80 ± 0.14
4.34 ± 0.13
11.1 ± 0.10
5.20 ± 0.08
6.33 ± 0.17
4.53 ± 0.12
5.19 ± 0.09
4.81 ± 0.11
7.61 ± 0.08
5.08 ± 0.08
3.83 ± 0.09
0.67 ± 0.07
10.3 ± 0.10
17.9 ± 0.17

Isognomon
bicolor

99.8 ± 11.2

7.97 ± 0.49
4.79 ± 0.37
5.20 ± 0.95
10.2 ± 0.34
4.20 ± 0.50
5.40 ± 1.98
4.41 ± 0.13
5.58 ± 0.09
4.90 ± 0.15
7.70 ± 0.15
4.10 ± 0.35
5.38 ± 0.41
1.62 ± 1.40
7.68 ± 0.63
20.6 ± 3.27

Echinaster
brasiliensis

99.9 ± 7.52

8.31 ± 0.99
4.84 ± 0.15
4.87 ± 0.33
11.3 ± 0.54
4.32 ± 0.02
11.9 ± 0.35
6.20 ± 1.01
5.65 ± 0.55
5.05 ± 0.35
7.45 ± 0.33
3.80 ± 0.19
4.14 ± 0.41
2.14 ± 0.07
8.31 ± 0.81
11.6 ± 1.41

Echinometra
lucunter

Echinodermata

99.6 ± 6.20

8.96 ± 0.79
5.69 ± 0.28
4.92 ± 0.16
12.8 ± 0.44
6.72 ± 0.36
10.8 ± 1.44
6.37 ± 0.23
5.72 ± 0.22
4.67 ± 0.24
7.04 ± 0.31
3.65 ± 0.28
4.75 ± 0.30
1.60 ± 0.38
6.97 ± 0.73
8.94 ± 0.06

Holothuria
grisea

99.7 ± 18.2

7.40 ± 2.61
4.77 ± 0.37
4.97 ± 1.14
9.32 ± 1.86
4.12 ± 0.24
16.9 ± 3.15
6.19 ± 1.03
5.37 ± 0.69
4.86 ± 0.66
7.22 ± 1.00
3.94 ± 0.23
4.73 ± 1.03
1.18 ± 1.07
8.19 ± 1.13
10.5 ± 2.09

Lytechinus
variegatus

99.8 ± 10.7

11.5 ± 1.75
4.65 ± 0.81
4.53 ± 0.20
13.1 ± 1.48
4.56 ± 0.06
7.81 ± 0.25
4.82 ± 0.19
5.70 ± 0.09
5.20 ± 0.08
7.04 ± 0.21
3.96 ± 1.02
5.48 ± 0.07
n.d.
6.56 ± 0.14
14.9 ± 4.34

Phallusia
nigra

Chordata

Table 2. Total amino acid composition of twelve species of marine invertebrates sampled in tropical sites of Brazil. Results are expressed as grams of amino acid measured
in 100 g of invertebrate protein and represent the actual recovery of amino acid after acid hydrolysis. Values are the mean of three replicates ± SD (n = 3). n.d. = not
detected.

339
6
Latin American Journal of Aquatic Research

Chemical composition of some marine invertebrates

3409

Table 3. Calculation of nitrogen-to-protein conversion factors for twelve species of marine invertebrates based on the
amino acid residues to total nitrogen ratio. Values are expressed as percentage of the dry matter, except for the nitrogento-protein factors (no unit). Results represent the mean of three replicates ± SD (n = 3).
Species
Porifera
Desmapsmma anchorata
anchorata
Hymeniacidon heliophila
Cnidaria
Bunodosoma caissarum
Renilla muelleri
Mollusca
Aplysia brasiliana
Eledone massyae
Isognomon bicolor
Echinodermata
Echinaster brasiliensis
Echinometra lucunter
Holothuria grisea
Lytechinus variegatus
Chordata
Phallusia nigra

Total amino
acid

Amino acid
residues

Amino
acid-N

Protein-N

N-Prot
factor

Taxonomic mean
N-Prot factors

22.9 ± 1.30

19.4 ± 1.10

3.38 ± 0.19

89.2 ± 5.05

5.10 ± 0.29

22.8 ± 0.81

19.4 ± 0.69

3.34 ± 0.12

98.7 ± 3.51

5.72 ± 0.20

5.41 ± 0.44

61.5 ± 9.99
13.1 ± 2.50

52.6 ± 8.54
11.1 ± 2.12

9.51 ± 1.55
1.93 ± 0.37

98.0 ± 15.9
95.8 ± 18.2

5.41 ± 0.88
5.52 ± 1.05

5.46 ± 0.08

49.8 ± 6.62
77.7 ± 12.1
54.2 ± 0.82

42.2 ± 5.61
66.7 ± 10.4
46.7 ± 0.70

7.30 ± 0.97
12.7 ± 1.97
8.78 ± 0.13

96.9 ± 12.9
99.7 ± 15.5
98.7 ± 1.49

5.61 ± 0.75
5.25 ± 0.82
5.25 ± 0.08

5.37 ± 0.21

46.0 ± 6.65
34.7 ± 2.84
26.4 ± 1.79
32.6 ± 6.28

39.7 ± 5.75
29.6 ± 2.42
22.5 ± 1.52
27.6 ± 5.32

7.49 ± 1.08
5.37 ± 0.44
3.60 ± 0.24
5.05 ± 0.97

98.3 ± 14.2
98.9 ± 8.08
98.2 ± 6.66
99.1 ± 19.1

5.21 ± 0.75
5.46 ± 0.45
6.15 ± 0.42
5.42 ± 1.04

5.56 ± 0.41

28.8 ± 3.95

24.8 ± 3.39

4.39 ± 0.60

93.3 ± 12.8

5.27 ± 0.72

above, by the great taxonomic diversity of the
organisms analyzed. The animals were grouped by
their respective taxonomic phyla, but many species
that belong to different orders or classes of a same
phylum were analyzed. Thus, within the same phylum,
part of the variations in chemical profiles can be
assumed as a consequence of phylogenetic traits
(Barbarino & Lourenço, 2009).
It is also important to point out that our results are
expressed as percentage of substance to the total mass,
thus the occurrence of large amounts of structural
inorganic contents contribute to diminish the tissue
concentrations of nitrogen and all other substances
measured here (phosphorus, protein, carbohydrate,
and lipid). Carbonate skeletons in octocorals and
siliceous and calcareous spicules in poriferans (Brusca
& Brusca, 2003) are examples of inorganic structural
components of some marine invertebrates. Ash is also
important, in most marine invertebrates it typically
comprises 10 to 15% of dry tissue (Clarke, 2008), but
ash may achieve concentrations as high as 40% dw in
some animals, such as sea cucumbers (Wen et al.,
2010; Sicuro et al., 2012). Thus, the presence of
abundant inorganic components contributes to the
measurement of low percentages of substances (e.g.,
in whole bodies of poriferans), which intensifies
differences of concentration in comparison to species
in which only soft parts were analyzed (e.g., mantle of
cephalopods).

Nitrogen and phosphorus
Most of the analyzed animals showed high concentrations of total nitrogen, typically higher than 4% dw.
The high concentration of nitrogen may be related to
the presence of great amounts of protein, which is in
general the most abundant substance in marine
animals (Tomanek, 2011). On the other hand, high
concentrations of TN are also influenced by the
presence of TMAO (trimethylamine N-oxide), a
nitrogenous substance widely present in marine
animals that is partially responsible for the
characteristic smell of seafood (Ogawa & Maia,
1999). In our study, some species showed low
concentrations of TN, such as the octocoral R.
muelleri and the poriferan H. heliophila. These species
contain high concentrations of inorganic materials
within their tissues.
The octopus E. massyae showed N concentrations
higher than those recorded in all other animals, which
may be related to the body part examined. For most of
the animals, whole bodies were analyzed, which
means that muscles, viscera, skeletons, and other parts
together generated the results of chemical composition. In the octopus, the largest animal studied here,
small pieces of the body were needed to run the
analyses and the samples were prepared using the
mantle only, which is composed predominantly of
muscles (Brusca & Brusca, 2003). Muscles are
especially rich in protein, and the use of the mantle
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certainly contributed to the higher N content recorded
in the octopus in comparison to the other
invertebrates. In contrast, for the bivalve I. bicolor
both mantle and viscera were analyzed. Viscera tend
to show lower concentrations of N, since there is less
protein and more substances that work as energy
reserves, such as carbohydrate and lipid (Mathew et
al., 1999; Arafa et al., 2012; Valverde et al., 2013).
Taxonomic differences may also contribute to
accentuate differences in the concentrations of
nitrogen. For instance, the three mollusc species
analyzed belong to distinct classes: I. bicolor
(Bivalvia), A. brasiliana (Gastropoda), and E.
massyae (Cephalopoda). The most intense difference
in the concentration of TN was observed in cnidarians.
The lower concentration of TN in R. muelleri
(Octocorallia) is probably related to the relatively
heavier calcareous skeleton of octocorals (Brusca &
Brusca, 2003).
The analysis of phosphorus in tissues of organisms
generates clues about metabolic rate. According to
Ogawa & Maia (1999), fast-moving animals such as
fish, squid, octopus and shellfish, spend more energy
and consequently use more ATP. This means that
animals with fast mobility tend to require a higher P
supply than animals with narrower or restrict
locomotion. This interpretation is in accordance with
our data, since the lowest concentrations of P were
found in the ascidian P. nigra and in the sea cucumber
H. grisea (besides the sponges and the octocoral R.
meulleri, which have abundant inorganic components
in their bodies), animals that show minor energy
expenditures for locomotion. In contrast, higher
concentrations of phosphorus were found in
invertebrates with fast mobility, such as the
cephalopod E. massyae. High concentrations of
phosphorus (>0.9% dw) were also found by Diniz et
al. (2013) in a study on the gross chemical
composition of nine species of marine fish. In
addition, our measurements of phosphorus in the
sponge D. anchorata, one of the species with lower
percentages of P in our study, are similar to the data
presented by Hadas et al. (2005) for the sponge
Negombata magnifica (0.40% dw), a member of
Demospongiae sampled in northern Red Sea.
According to Dong et al. (2011), starfish are rich in
phospholipids, which can contribute to explain the
high concentration of phosphorus (as well as lipid)
found in E. brasiliensis, an animal of moderate
mobility.
In our study, it was remarkable that the three
molluscs exhibited high concentrations of phosphorus
in their soft tissues. This same trend was reported by
Jurkiewicz-Karnkowska (2002), who studied six

species of molluscs (three gastropod and three
bivalves) from Poland and found concentrations of P
varying from 0.63 and 2.68% dw. Shells of molluscs
also contain phosphorus (e.g., calcium phosphate), and
the phosphorylated protein conchiolin is abundant in
their soft tissues, playing a key role in the aggregation
of minerals and organic compounds to produce shells
(Cariolou & Morse, 1988). Thus, the presence of
conchiolin is crucial to raise the tissue concentrations
of P in molluscs.
Carbohydrate
In general carbohydrate concentrations in the
invertebrates were low, typically lower than 7.5% dw
The low concentration of carbohydrate recorded in the
octopus E. massyae is probably related to the use of
the mantle for the analysis, a tissue enriched in protein
(Lee, 1995). On the other hand, the high concentrations of carbohydrate in the sea hare A. brasiliana
and in the ascidian P. nigra may indicate that these
animals stockpile energy mainly in the form of
glycogen, unlike other animals analyzed. The high
amounts of carbohydrate in A. brasiliana may be
related to the secretion of mucopolysaccharides, a
typical characteristic of members of the subclass
Opistobranchia (Brusca & Brusca, 2003). However, in
ascidians high concentrations of carbohydrate can be
explained by the presence of a protective coat,
characteristic of tunicates, composed of tunicin, a
substance similar to cellulose (EOL, 2013). There are
few studies in the literature on the chemical
composition of sea squirts, and most of them are
related to the bioprospection of bioactive compounds
(e.g., Orts et al., 2013). McClintock et al. (1991)
analyzed the chemical composition of the various
organs of the ascidian Cnemidocarpa verrucosa, an
Antarctic species, and found much lower
concentrations of carbohydrate in the species (values
ranging from 0.5% to 1.3% dw). Such differences in
comparison to our data may be related to specific traits
and/or differences of the environments where the
ascidians were collected. The concentration of
carbohydrate recorded in P. nigra is three times higher
than that found by Karthikeyan et al. (2011) for the
solitary ascidian Microcosmus exasperatus, and twice
higher than the maximum value recorded by Ananthan
et al. (2012) for 10 ascidians sampled in southern
India. The remarkable content of carbohydrate in P.
nigra deserves further studies.
Among the molluscs, the high concentration of
carbohydrate in I. bicolor compared to the octopus E.
massyae is probably due to the participation of the
gonads, organs that store carbohydrate (Mathew et al.,
1999; Arafa et al., 2012). Cephalopods typically
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exhibit less than 5% dw of carbohydrate (Lee, 1995),
which is in accordance with our data for E. massyae.
The poriferans analyzed also showed remarkable
differences in the concentration of carbohydrate. The
lowest concentrations of carbohydrate in D. anchorata
(Halichondrida) can be related to the abundance of
silica spicules in this species, more than in H.
heliophila (Poecilosclerida). According to Brusca &
Brusca (2003), members of the order Halichondrida
have a heavier skeleton composed of spicules than
members of the order Poecilosclerida. Besides the
presence of spicules, D. anchorata has a thin dark
layer on the surface that aggregates fine sediments,
which can contribute to underestimate the amounts of
carbohydrate (in dry weight) and other substances
analyzed by us. The cnidarians also showed low
contents of carbohydrate, which seem to be influenced
by the presence of abundant inorganic components in
their bodies.
Among the echinoderms, the sea cucumbers are the
most studied group regarding to their chemical
composition, since many species are edible, being
particularly consumed in Asian countries (Wen et al.,
2010). The concentration of carbohydrate of H. grisea
was 30% lower than that reported by Bechtel et al.
(2013) for the giant sea cucumber Parastichopus
californicus from Alaska (USA). Sea urchins are poor
in carbohydrate, but this substance has a significant
role in both body coating and fertilization events
(Ghazarian et al., 2010). Mol et al. (2008) reported a
concentration of 2.8% dw of carbohydrate in the roe
of the sea urchin Paracentrotus lividus, which
represents a carbohydrate content ~50-60% lower than
those we found in the bodies of E. brasiliensis and L.
variegatus. A significant part of the carbohydrate
content in adult sea urchins is in a layer of connective
tissue attached to the shells (Amarowicz et al., 2012).
We used the whole internal components of the sea
urchins in the chemical analyses, but the connective
tissue may have been avoided in other studies, which
could contribute to diminish the measured
concentration of carbohydrate.
Lipid
Except for two species (P. nigra and A. brasiliana), all
invertebrate species analyzed here showed higher
concentrations of lipid in comparison to carbohydrate.
This relationship indicates that most animal stocks
energy as fat, converting the excess of sugar into fat.
In the present study we observed a wide variation in
lipid concentrations among species. According to
Mathew et al. (1999), Zaboukas et al. (2006), and
Özogul & Özogul (2007) concentrations of lipid vary
more than the carbohydrate and protein in marine
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animals, as responses to environmental conditions,
physiological traits and feeding. For instance, Prato et
al. (2010) reported wide seasonal fluctuations in total
lipid in the mussel Mytilus galloprovincialis, with
variations from 3.5% dw (winter) to 24.7% dw
(summer) in samples collected from a commercial
mussel culture farm in southern Italy.
H. heliophila and B. caissarum showed higher
concentrations of lipid than D. anchorata and R.
muelleri respectively. High concentrations of lipid in
some species may indicate a greater ability to store
lipid than the other species in the same phylum. On
the other hand, the lower values of lipid recorded for
some species of poriferans and cnidarians is probably
related to the presence of great amounts of inorganic
substances in their bodies (Brusca & Brusca, 2003;
Clarke, 2008), a topic previously discussed by us. In
comparison to our results, Eno et al. (2008) recorded
14.7% dw of total lipid in the sea anemone
Bunodosoma cavernata sampled in Nigeria, a value
higher than that we found in B. caissarum. Hadas et
al. (2005) recorded percentages of total lipid
fluctuating around 10.6% dw in the poriferan
Negombata magnifica from southern Israel (Red Sea),
which represents twice lipid than we found in the
sponge D. anchorata and ~1/4 more lipid than in H.
heliophila.
Among the molluscs, the octopus E. massyae was
the species with the lowest concentration of lipid.
According to Rosa et al. (2005) cephalopods stockpile
lipid in the digestive tract and have low concentrations
of lipid in muscles (concentrations around 5% of the
dry weight). Zlatanos et al. (2006) and Ben-Youssef et
al. (2008) reported ca. 6.0% (converted to dw) of lipid
in the muscles of the octopus Octopus vulgaris from
the Mediterranean Sea. Other authors, such as Lee
(1995) and Sykes et al. (2009) have already reported
that concentrations of lipid in cephalopods are
typically lower than 5% dw. The higher
concentrations of lipid found for the other species of
molluscs (A. brasiliana and I. bicolor) are in accordance with the use of whole bodies in the chemical
analyses, since more lipid tend to be found in other
tissues than in muscles (Kechaou et al., 2009;
Monroig et al., 2013).
The sea hare A. brasiliana and the ascidian P.
nigra had lower levels of fat than carbohydrate,
suggesting that these animals probably stockpile more
energy in the form of polysaccharides. This interpretation is supported by the analysis of carbohydrate,
since A. brasiliana and P. nigra showed the highest
concentrations of carbohydrate among all species
tested in this study. In addition, the low concentration
of lipid found in P. nigra is similar to that recorded by
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Karthikeyan et al. (2011) in the solitary ascidian
Microcosmus exasperatus from southern India.
Among the echinoderms, the high concentration of
lipid in the starfish E. brasiliensis was remarkable. In
a review on the bioactive substances of starfish, Dong
et al. (2011) state that sea stars have a great diversity
of classes of lipids, such as sterols and phospholipids,
and that some species show these substances in
abundance. The presumable abundance of phospholipids in starfish has support in our data, since high
concentrations of phosphorus were also recorded in E.
brasiliensis (0.86% dw). McClintock et al. (1990) also
observed higher concentrations of lipid than
carbohydrate in the starfish Ophidiaster alexandri, and
Wang et al. (2013) recorded ca. 24.5% dw of lipid in
Asterias amurensis collected in Hokkaido, Japan, a
result similar to our data for E. brasiliensis. However,
other authors found low concentrations of lipid in
starfish, such as Luo et al. (2011), who recorded less
than 1% dw of lipid in the crown-of-thorns starfish
Acanthaster planci. We hypothesize that the high
concentration of lipid in the starfish E. brasiliensis
may be species-specific, taking into account that lipid
contents of different species of starfish vary widely.
For the two sea urchins analyzed here, the
concentrations of total lipid were slightly lower than
the lipid content recorded by Zlatanos et al. (2009) for
the Mediterranean sea urchin Paracentrotus lividus
(~10% dw). Our results for lipid contents of sea
urchins are similar to the values recorded by Mills et
al. (2000) in the guts of Echinometra mathaei sampled
in French Polynesia. Holothuria grisea showed ca.
twice more lipid than the sea cucumber Cucumaria
frondosa analized by Zhong et al. (2007). Total lipid
of H. grisea was slightly higher than the lipid content
(8% dw) recorded by Betchel et al. (2013) in the giant
red sea cucumber Parastichopus californicus, and
similar to the contents reported by Wen et al. (2010)
for Thelenota anax (9.9% dw) and Actinopyga
caerulea (10.1% dw), two edible sea cucumbers from
China.
Protein
The analysis of hydrosoluble and total protein in
animal tissues resulted in high values, indicating
proteins as the most abundant organic compounds in
these heterotrophic organisms. In contrast, protein
concentrations recorded for seaweeds tend to be lower
than the values found for carbohydrate (e.g., Renaud
& Luong-Van, 2006; Diniz et al., 2011). The
quantification of protein by the method of Lowry et al.
(1951) and by the sum of the residues of amino acids
(Spackman et al., 1958) showed significant
differences for the invertebrates. For all animal

species examined, the values of protein obtained
through the Lowry method were lower than those
recorded by the sum of AA-res. The possible cause of
discrepancies in values is related to the difficulty of
extracting protein from freeze-dried samples,
according to Barbarino & Lourenço (2005). In
addition, analysis of total protein also involves a
fraction of the protein content that is associated to
biological membranes. Membrane-associated proteins
are quantified without restrictions through the sum of
the residues of amino acids, since the samples are
hydrolyzed under acidic conditions and virtually all
amino acids become available to be quantified, except
tryptophan and fractions of sulfur-containing amino
acids (Lourenço et al., 2002). For all species, the
values estimated for hydrosoluble protein by the
method of Lowry et al. (1951) were typically 25% to
50% lower in comparison to the values of total
protein. This trend is in accordance with results
reported by Diniz et al. (2012) in a study of 23 species
of marine organisms, also including fish,
spermatophytes, and seaweeds.
The octopus E. massyae presented the highest
protein concentration among all species, which is
probably related to the characteristics of the muscle
fibers of cephalopods (Lee, 1995). According to Rosa
et al. (2005) the levels of total and hydrosoluble
protein in cephalopods range from 50% to 75% of the
dry weight of the muscle. Ogawa & Maia (1999)
report a relationship between lipid and protein in fish
muscles, so that when there is an accumulation of
large amounts of lipid, the protein content decreases
proportionately. This interpretation also seems to be
valid for the cephalopod E. massyae, a species that
exhibited a small content of lipid. The protein
concentration reported by Zlatanos et al. (2006) for
the common octopus, Octopus vulgaris, was ca. 75%
dw. This value is ca. 35% higher than the
concentration of hydrosoluble protein estimated by us
for E. massyae, and ca. 10% higher than the total
protein estimated by the sum of amino acid residues
for the same species. However, Zlatanos et al. (2006)
estimated the crude protein of O. vulgaris by the use
of the traditional N-Prot factor 6.25, which probably
overestimated the actual protein content of the octopus
(see the discussion on nitrogen-to-protein conversion
factors). High concentrations of protein (63-81% dw)
were also recorded by Valverde et al. (2013) in
different species of molluscs, including mussel, squid,
and octopus, using the N-Prot factor 6.25. Studies
regarding protein concentration in sea hares are
concentrated on the ink composition (e.g., Bezerra et
al., 2004), on the effects of their seaweed diet on
growth and physiology (e.g., Barile et al., 2004), and
more frequently on neurochemistry aspects of Aplysia,
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a model organism in neurosciences (e.g., Hansen et
al., 2004). Studies on I. bicolor in Brazil are
concentrated on ecological aspects of this invasive
species (e.g., Ignacio et al., 2010). However, it is
possible to compare data on its chemical composition
with those of other bivalve species. For instance, the
protein content recorded by us in I. bicolor is similar
and it is within the range of temporal variation found
by Srilatha et al. (2013) for the clam, Meretrix casta,
sampled in southern India (30-45% dw). The protein
content of I. bicolor is also similar to those reported
for edible bivalves, such as Mytilus galloprovincialis
(Fuentes et al., 2009) and Crassostrea rhizophorae
(Lira et al., 2013), among others.
The higher concentration of hydrosoluble protein
found in H. heliophila in comparison to D. anchorata
can be explained by the greater presence of spongin, a
collagen constituent of the organic skeleton, a feature
more representative in mass for members of the order
Halichondrida than the inorganic skeleton (Brusca &
Brusca, 2003). It is remarkable that both species
showed the same amount of total protein, estimated
from the amino acid residues: 19.4% dw. This means
that the protein extraction in H. heliophila was
particularly efficient, promoting the full solubility of
its protein content. On the other hand, the difference
between hydrosoluble and total protein in D.
anchorata suggests that ~1/3 of its protein might not
be soluble. However, both species showed less protein
than the poriferan Negombata magnifica (~47% dw
protein) studied by Hadas et al. (2005). The high
content of protein in N. magnifica is probably
influenced by the fact that Hadas et al. (2005)
performed a controlled cultivation in the sea,
preventing the accumulation of fouling and sediments,
contrasting with our sponges, which were sampled
from the natural environment.
A few data on proximate composition of cnidarians
is available in the literature, for instance, most studies
on chemical composition of cnidarians focus on
secondary metabolities (e.g., Leal et al., 2012),
calcification (e.g., Madin et al., 2012), and chemical
interactions with symbionts (e.g., Garrett et al., 2013).
Regarding octocorals such as Renilla, studies on
bioluminescence are also found (e.g., Loening et al.,
2006). Eno et al. (2008) recorded 39.4% dw of protein
in the sea anemone Bunodosoma cavernata sampled in
southern Nigeria. This value is higher than our data
for hydrosoluble protein (29.6% dw), but it is lower
than our results for total protein (52.6% dw) in B.
caissarum. The low content of protein (and all other
substances analyzed by us) in R. muelleri is attributed
to its heavy inorganic components its tissues.
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Our data of hydrosoluble protein were similar for
the four echinoderms analyzed, with values around
22% dw. For total protein, the data for echinoderms
were more disperse, with a peak recorded in the
starfish E. brasiliensis and the lowest value recorded
in the sea cucumber H. grisea. These data suggest that
E. brasiliensis possesses a relevant fraction of nonsoluble protein and, in contrast, that more than 90% of
the protein content of H. grisea is probably
hydrosoluble (Barbarino & Lourenço, 2005). The
protein content of H. grisea was low in comparison
with other sea cucumbers, such as Parastichopus
californicus (47% dw; Bechtel et al., 2013),
Holothuria polii (37% dw; Sicuro et al., 2012),
Cucumaria frondosa (45% dw; Zhong et al., 2007),
and 10 species analyzed by Wen et al. (2010), all of
then with >40% dw protein. H. grisea seems to be one
of the poorest known sea cucumbers regarding protein
content. Our data for sea urchins show 30-35% less
protein than the values recorded by Zlatanos et al.
(2009) for the Mediterranean P. lividus. Protein
concentrations of whole soft parts of E. lucunter and
L. variegatus were relatively low, exhibiting higher
percentages of protein when the comparison is done
with studies that focused gonads of sea urchins only
(e.g., Mol et al., 2008; Arafa et al., 2012). Besides
differences among species (we did not find studies
performed with the same sea urchins and sea
cucumber analyzed bu us), the contrasting data on
protein contents may also result from methodological
issues. For instance, data on protein presented by
Zlatanos et al. (2009) result of the use of the N-Prot
factor 6.25, a procedure that tend to overestimate the
actual protein content, a topic discussed forward in
this paper. On the other hand, the protein content of E.
brasiliensis was ~50% higher than that presented by
Luo et al. (2011) for the starfish Acanthaster planci.
Ananthan et al. (2012) studied 10 species of
ascidians from southern India in a seasonal
assessment, and found concentrations of hydrosoluble
protein fluctuating from 3.8% to 20% dw. Each one of
the 10 ascidians showed its own range of variation,
but an overall value for protein concentration would
be ca. 12% dw, which is similar to the concentration
of hydrosoluble protein that we recorded in P. nigra.
Karthikeyan et al. (2011) measured 24.7% dw of
protein in the solitary ascidian Microcosmus
exasperatus, a value similar to our estimate of total
protein in P. nigra. The difference between hydrosoluble and total protein recorded by us in P. nigra
was one of the greatest among all species tested. This
means that the protocol of extraction of hydrosoluble
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protein might be unsuitable for the ascidian. Barbarino
& Lourenço (2005) reported that the extraction of
hydrosoluble from some seaweed rich in agar is more
difficult, because the abundant carbohydrate seems to
trap the protein. In a parallel interpretation, we
hypothesize that the protective coat of tunicin could
represent a possible constraint to the full extraction of
protein of P. nigra, but this topic should be further
assessed in new studies.
Amino acids
All organisms analyzed had high concentrations of
glutamic acid and low concentrations of histidine. The
high concentrations of glutamic acid in many
organisms occur due to the fact that this amino acid is
the precursor of the synthesis of all other amino acids.
The amino groups of glutamic acid are allocated
through transamination reactions to form other amino
acids necessary for protein synthesis and other
compounds (Noctor et al., 2002). On the other hand,
low concentrations of histidine are widespread among
many species (e.g., Galland-Irmouli et al., 1999;
Villanueva et al., 2004; Valverde et al., 2013), and
may be related to the more complex process of the
formation of this essential amino acid in comparison
to other non-essential amino acids. This interpretation
is supported by many examples of studies in which
low concentrations of histidine were found in diverse
organisms, including seaweeds (Lourenço et al.,
2002), fish (Diniz et al., 2013), leaves (Yeoh &
Watson, 1982), and mushrooms (Mattila et al., 2002).
High concentrations of glutamic acid and low
concentrations of histidine have already been reported
for many marine invertebrates, such as sea urchins
(Mol et al., 2008), cuttlefish (Nurjanah et al., 2012),
paralarvae of octopus (Villanueva et al., 2004),
starfish (Luo et al., 2011), coral mucus (Ducklow &
Mitchell, 1979), and ascidian (Zlatanos et al., 2009),
for instance.
Considerable differences were observed in the
concentrations of some amino acids as glycine, lysine
and arginine in the invertebrates. Some of the
invertebrates showed particularly high concentrations
of glycine and arginine, a trend previously recorded by
other authors (e.g., Luo et al., 2011; Sicuro et al.,
2012). The highest concentrations of glycine were
recorded in poriferans and echinoderms, with the
exception of the starfish E. brasiliensis. High
concentrations of glycine were also found in R.
muelleri and A. brasiliana. The highest concentrations
of arginine were observed in molluscs and in the
anemone B. caissarum.
Our results for molluscs differ from those found by
Srilatha et al. (2013), who reported moderate concen-

trations of arginine and high concentrations of lysine,
glycine, and phenilalanine in the clam Meretix casta
from the southeast coast of India. The octopus E.
massyae showed similarities in its amino acid
composition in comparison to some species of fish
analyzed by Diniz et al. (2013), such as the high
concentrations of lysine and leucine. However, the
data also show that E. massyae is particularly richer in
arginine (which comprised almost 18% of the amino
acids), glycine and serine, in comparison to fish. Rosa
et al. (2005) analyzed the amino acid composition of
the giant squid Architeuthis sp. and found glutamic
acid as the most abundant amino acid, followed by
four amino acids (aspartic acid, leucine, glycine, and
arginine) in similar concentrations. The composition
described for Architeuthis sp. differs widely from the
amino acid composition of E. massyae reported in the
present study. In comparison to the amino acid
composition of Octopus vulgaris (Zlatanos et al.,
2006), E. massyae showed higher concentrations of
serine, glycine, isoleucine, leucine, lysine, and
arginine, lower concentrations of aspartic acid,
glutamic acid, and histidine, and similar concentrations of of threonine, alanine, valine, and tyrosine.
As the protein conchiolin in abundant in molluscs, the
concentrations of its main amino acids, such as
glycine, arginine, valine, and lysine (Bowen & Tang,
1996), presumably influence the total amino acid
budget of the samples.
According to Zlatanos et al. (2009), glycine was
the most representative amino acid in the sea urchin P.
lividus, while histidine and tyrosine were amino acids
found in smaller concentrations. Present data for the
sea urchin L. variegatus agree with Zlatanos et al.
(2009), since the species showed the same trends for
glycine, histidine, and tyrosine. However, the second
species of sea urchin studied by us, E. brasiliensis,
showed arginine as the most abundant amino acid, and
also glutamic acid, glycine, aspartic acid and lysine as
major amino acids. The amino acid composition of E.
brasiliensis was similar to that presented by Mol et al.
(2008) for P. lividus roe. Wen et al. (2010) found
glycine as the dominant amino acid in eight species of
edible sea cucumbers obtained in fish markets of
Guangzhou, China. Sicuro et al. (2012) also recorded
glycine as the most abundant amino acid in two
species of Holothuria found in southern Adriatic Sea.
Our results indicate that glycine was the second most
abundant amino acid in H. grisea, after glutamic acid.
The amino acid composition of E. brasiliensis differs
from that recorded by Luo et al. (2011) for the crownof-thorns starfish Acanthaster planci. E. brasiliensis is
richer in arginine and leucine in comparison to
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Acanthaster planci, a species with high concentrations
of glycine and alanine. However, both species of
starfish show high concentrations of glutamic acid,
aspartic acid, and lysine and moderate concentrations
of valine and proline.
Unlike what was observed for other substances
analyzed in this work, the profile of amino acids in
poriferans was very similar for the two species
studied, with a marked difference observed in the
concentration of proline only. However, the small
number of poriferan species analyzed does not allow a
more incisive conclusion on a similarity in the amino
acids profile as a feature common to members of the
phylum. Our results for the ascidian P. nigra showed
similarity with those recorded by Zlatanos et al.
(2009) for Microcosmus sulcatus: both species are rich
in arginine, glutamic acid, aspartic acid, and leucine,
and have moderate concentrations of phenylalanine,
lysine, and valine. In contrast, Jumeri & Kim (2011)
reported high concentrations of valine and threonine in
the solitary tunicate Styela clava from Gangwon
Province, South Korea. S. clava showed high
concentrations of aspartic acid and leucine (Jumeri &
Kim, 2011), a characteristic also found in P. nigra and
M. sulcatus.
Nitrogen-to-protein conversion factors
The traditional factor of 6.25 (Jones, 1931), widely
used in many fields of science, is based on the
assumption that intracellular nitrogen is almost or
fully distributed in proteins and that 16% of the
molecular weight of proteins consists of nitrogen
(IDF, 2006). The determination of specific N-Prot
factors is influenced by the individual contribution of
each amino acid. Organisms that possess proteins rich
in highly nitrogenous amino acids (e.g., arginine,
histidine) tend to give lower conversion factors. In
contrast, if the total protein contains high amounts of
amino acids with low concentration of nitrogen (e.g.,
tyrosine, phenylalanine), the corresponding N-Prot
factor is higher (Lourenço et al., 2004). In addition,
the presence of non-protein nitrogen (NPN) also
influences greatly the N-Prot factors, since in general
NPN is not distinguished from protein-nitrogen (Diniz
et al., 2011).
The literature indicates that there are different
ways to calculate specific N-Prot factors. Most of the
studies established N-Prot factors either by the ratio
between AA-res and TN in the sample or analyzing
the relative proportion between AAs and the recovery
of nitrogen from the amino acids (AA-N). A recent
and excellent discussion on this subject can be found
in Shuuluka et al. (2013) and Sriperm et al. (2011), as
well as in older studies (e.g., Mossé, 1990; Sosulski &
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Imafidon, 1990; Lourenço et al., 1998). We estimate
N-Prot factors by the ratio between AA-res and TN in
the sample, because it is more practical and corrects in
a simple way the influence of NPN. Different ways to
calculate N-Prot factors yield remarkable different
values. For instance, Fujihara et al. (2001) determined
the factor 6.0 to convert the nitrogen content into total
protein of various vegetables (onion, cucumber,
tomato, carrot, etc.) common in Japan, considering
only the relative proportion between AAs and the
recovery of AA-N. However, in the same study
Fujihara et al. (2001) proposed an average factor of
4.39, called net conversion factor, to convert the
contents of the TN into total protein, calculating the
conversion factor by the ratio between AA-res and TN
in the sample. Fujihara et al. (2001) determined that
the average contribution of NPN in the tested
vegetables is 27% of the TN. The high concentration
of NPN explains why the conversion factor that uses
TN is lower than the N-Prot factors calculated from
AA-N. In another study, Fujihara et al. (2008)
compared the conversion factors based on TN and
AA-N in samples of rice, wheat and other cereals and
found that lower N-Prot factors were calculated using
TN: 5.26 (wheat), 5.47 (rice) and 5.54 (other cereals),
compared to factors calculated using the AA-N (5.75,
5.81 and 5.95, respectively). From these data Fujihara
et al. (2008) have proposed an adjustment in the NProt factors, recommending the use of N-Prot factors
calculated from the ratio between AA-res and TN.
Sosulski & Imafidon (1990) and Tacon et al.
(2009) compared the conversion factors calculated for
animal and plant products and found that higher NProt factors were calculated for animals. These
observations can be explained mainly by the higher
concentration of NPN in photosynthetic organisms
compared to animals. The presence of photosynthetic
pigments and the accumulation of inorganic nitrogen
in the cells increase the relative importance of NPN in
plants and algae (Lourenço et al., 1998; Diniz et al.,
2011). Yeoh & Wee (1994) indicated that in plant
leaves the NPN represents about 24% of the NT.
Lourenço et al. (2004) determined the concentration
of NPN in 12 species of microalgae in laboratory
cultures, with values ranging from 0.8 to 39% of the
NT and proposed an average N-Prot factor for all
microalgae of 4.78. According to Mattila et al. (2002),
NPN represents 23-40% on the TN in mushrooms
cultured in Finland, and an average N-Prot factor of
4.70 was established in their study. Diniz et al. (2013)
determined a small influence of NPN (an average of
only 3.2%) in nine species of marine fish from Brazil
and established an overall N-Prot factor of 5.67 for the
fishes.
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The non-protein nitrogen in marine animals is
present in the constitution of various substances. The
NPN in fish is mainly in the form of TMAO, but
amines, guanidines, nucleotides and their degradation
products, such as urea and ammonium salts, are also
found (Puwastein et al., 1999). Other non-protein
nitrogen compounds which may be present in marine
animals are glycine betaine, carnitine and homarin
(Ogawa & Maia 1999). The presence of these
substances, even in small amounts, contributes to a
trend of overestimation of the actual protein content of
heterotrophic organisms if the N-Prot factor 6.25 is
used.
The invertebrates showed an overall average NProt factor of 5.45. The N-Prot factors observed
among species of animals ranged from 5.10 (D.
anchorata) to 6.15 (H. grisea). The high N-Prot
factors calculated for animals reflect the reduced
concentrations of NPN in these organisms, which
recorded an average of 6.7% in their tissues. A large
amount of protein nitrogen present in animal tissues
raises the specific conversion factors to near 6.25,
since almost the entire intracellular N is incorporated
into protein.
Among the invertebrate groups, the average N-Prot
factors calculated for the phyla were similar (Table 3).
In general, echinoderms showed the highest N-Prot
factors (5.56), followed by cnidarians (5.46)
poriferans (5.41), and molluscs (5.37). The high
concentration of NPN in D. anchorata prompted this
species to show a lower N-Prot factor than that
calculated for H. heliophila. The echinoderm H.
grisea was the only animal to present an N-Prot factor
greater than 6.0. It is important to emphasize that this
paper proposes the use of specific factors for the
species covered and does not propose the use of
average factors calculated for the different phyla, in
view of the small number of analyzed species by
phylum. Thus, to calculate the total protein of species
of marine invertebrates that have not been
contemplated by their conversion factors specific NProt, we recommend using the average conversion
factor 5.45, the overall average N-Prot factor derived
from all invertebrates analyzed in this study.
As shown in this work, the best estimate for
determining the protein value is the sum of the
residues of amino acids (Spackman et al., 1958),
which represents the actual value of protein in the
samples (Mossé, 1990). A comparison of the amounts
of protein estimated by the use of the factor 6.25
indicated that there are expressive differences with
respect to the values obtained by the sum of AA-res.
For instance, the calculation of total protein in the

ascidian P. nigra using the traditional factor 6.25
would lead the estimate of the protein concentration to
29.4% dw (6.25x4.70% of TN, Table 1), a value
higher than the sum of the amino acid residues (24.8%
dw, Table 3). The use of the specific N-Prot proposed
here (5.27) would lead to an estimate of 24.77% dw
(5.27x4.70% of TN). Similar relationships were found
for all other species, showing that the specific N-Prot
factors calculated in our study provide more accurate
estimates of total protein.
The present study shows that even for animals
showing low concentrations of NPN the use of the NProt factor 6.25 overestimates the actual protein
concentration. This means that the animals’ proteins
analyzed here are richer in nitrogen than other
materials/species, which in turn result of the presence
of high concentrations of nitrogen-rich amino acids,
such as arginine. It is recommended that the specific
N-Prot factors calculated in this work are used in
research involving the species studied here.
CONCLUSIONS
Concentrations of nitrogen, phosphorus, carbohydrate,
protein, and lipid show wide variations among species
and in most cases they seem to be species-specific,
without clear taxonomic trends. Protein is the most
abundant class of substances in virtually all
invertebrates, and protein holds an average of 93.3%
of the total nitrogen in the animals. Despite
remarkable differences in the amino acid composition,
glycine, arginine, glutamic acid, and aspartic acid
were the most abundant amino acids in most of the
species. Specific-nitrogen-to-protein conversion factors
ranged from 5.10 to 6.15, with an overall average
value of 5.45 for the invertebrates.
ACKNOWLEDGEMENTS
Authors are indebted to Brazil’s National Council for
Scientific and Technological Development (CNPq)
and Research Support Foundation of Rio de Janeiro
State (FAPERJ) for the financial support of this study.
GSD thanks Coordination of Improvement of Higher
Education Personnel (CAPES) and EB thanks
FAPERJ for their fellowships. Authors thank Dr.
Renato C. Pereira, Dr. Aguinaldo N. Marques Jr. and
Dr. Emmanoel V. Silva Filho (UFF) for the use of
laboratory facilities and to Dr. Carlos Renato R.
Ventura (UFRJ), Dr. Manuel Haimovici (FURG), Dr.
Rosana M. Rocha (UFPR), and Dr. Fabio B. Pitombo
(UFF) for the identification of the invertebrates.

Chemical composition of some marine invertebrates

REFERENCES
Amarowicz, R., J. Synowiecki & F. Shahidi. 2012.
Chemical composition of shells from red
(Strongylocentrotus
franciscanus)
and
green
(Strongylocentrotus droebachiensis) sea urchin. Food
Chem., 133(3): 822-826.
Ananthan, G., M.M. Karthikeyan, P.A. Selva & C.
Raghunathan. 2012. Studies on the seasonal
variations in the proximate composition of ascidians
from the Palk Bay, southeast coast of India. Asian
Pac. J. Trop. Biomed., 2(10): 793-797.
Arafa, S., M. Chouaibi, S. Sadok & A. El Abed. 2012.
The influence of season on the gonad index and
biochemical composition of the sea urchin
Paracentrotus lividus from the Gulf of Tunis. Sci.
World J., Article ID 815935, doi:10.1100/2012/
815935.
Barbarino, E. & S.O. Lourenço. 2005. An evaluation of
methodologies for extraction and quantification of
protein of marine macro- and microalgae. J. Appl.
Phycol., 17(5): 447-460.
Barbarino, E. & S.O. Lourenço. 2009. A comparison of
CHN elemental composition and Hach acid digestion
to quantify total nitrogen in marine organisms.
Limnol. Oceanogr. Meth., 7: 751-760.
Barbeitos, M.S., S.L. Romano & H.R. Lasker. 2010.
Repeated loss of coloniality and symbiosis in
scleractinian corals. Proc. Natl. Acad. Sci. USA,
107(26): 11877-11882.
Barile, P.J., B.E. Lapointe & T.R. Capo. 2004. Dietary
nitrogen availability in macroalgae enhances growth
of the sea hare Aplysia californica (Opisthobranchia:
Anaspidea). J. Exp. Mar. Biol. Ecol., 303(1): 65-78.
Bechtel, P.J., A.C.M. Oliveira, N. Demir & S. Smiley.
2013. Chemical composition of the giant red sea
cucumber, Parastichopus californicus, commercially
harvested in Alaska. Food Sci. Nutr., 1(1): 63-73.
Ben-Youssef, S., S. Selmi, S. Ezzeddine-Najai & S.
Sadok. 2008. Total lipids and fatty acids composition
of the coastal and the deep-sea common octopus
(Octopus vulgaris) populations: a comparative study.
Nutr. Health, 19(3): 195-201.
Bezerra, L.E.A., A.F.U. Carvalho, L.A. Barreira, V.L.R.
Nogueira, J.R.F. Silva, I.M. Vasconselos & V.M.M.
Melo. 2004. The relationship between seaweed diet
and purple ink production in Aplysia dactylomela
Rang, 1828 (Gastropoda: Opisthobranchia) from
Northeastern Brazil. J. Shellfish Res., 23(2): 581-584.
Bowen, C.E. & H. Tang. 1996. Conchiolin-protein in
aragonite shells of mollusks. Comp. Biochem. Phys.
A, 115(4): 269-275.
Brusca, R.C. & G.J. Brusca. 2003. Invertebrates. Sinauer,
Sunderland, 936 pp.

17
348

Cariolou, M.A. & D.E. Morse. 1988. Purification and
characterization of calcium-binding conchiolin shell
peptides from the mollusc, Haliotis rufescens, as a
function of development. J. Comp. Physiol. B,
157(6): 717-729.
Clarke, A. 2008. Ecological stoichiometry in six species
of Antarctic marine benthos. Mar. Ecol. Prog. Ser.,
369: 25-37.
Cohen, S.A. & K.M. De Antonis. 1994. Applications of
amino acid derivatization with 6-aminoquinolyl-Nhydroxysuccinimidyl carbamate. Analysis of feed
grains, intravenous solutions and glycoproteins. J.
Chromatogr., 661: 25-34.
Costello, M.J., M. Coll, R. Danovaro, P. Halpin, H.
Ojaveer & P. Miloslavich. 2010. A census of marine
biodiversity knowledge, resources, and future
challenges. PLoS ONE, 5(8): e12110. doi:10.1371/
journal.pone.0012110.
Diniz, G.S., E. Barbarino, J. Oiano-Neto, S. Pacheco &
S.O. Lourenço. 2013. Gross chemical profile and
calculation of nitrogen-to-protein conversion factors
for nine marine fishes from coastal waters of Brazil.
Lat. Am. J. Aquat. Res., 41(2): 254-264.
Diniz, G.S., E. Barbarino, J. Oiano-Neto, S. Pacheco &
S.O. Lourenço. 2011. Gross chemical profile and
calculation of nitrogen-to-protein conversion factors
for five tropical seaweeds. Am. J. Plant Sci., 2(3):
287-296.
Diniz, G.S., E. Barbarino & S.O. Lourenço. 2012. On the
chemical profile of marine organisms from coastal
subtropical environments: gross composition and
nitrogen-to-protein conversion factors. In: M.
Marcelli (ed.). Oceanography. InTech, Rijeka,
Croatia, pp. 297-320.
Dong, G., T. Xu, B. Yang, X. Lin, X. Zhou, X. Yang &
Y. Liu. 2011. Chemical constituents and bioactivities
of starfish. Chem. Biodivers., 8(5): 740-791.
Dubischar, C., E. Pakhomov, L. Von Harbou, B. Hunt &
U. Bathmann. 2012. Salps in the Lazarev Sea,
Southern Ocean: II. Biochemical composition and
potential prey value. Mar. Biol., 159(1): 15-24.
Dubois, M., K.A. Gilles, J.K. Hamilton, P.A. Reberts &
F. Smith. 1956. Colorimetric method for
determination of sugars and related substances. Anal.
Chem., 28: 350-356.
Ducklow, H.W. & R. Mitchell. 1979. Composition of
mucus released by coral reef coelenterates. Limnol.
Oceanogr., 24(4): 706-714.
Encyclopedia of Life (EOL). 2013. Ascidiacea. Sea
squirts. Available at: [http://eol.org/pages/1486/
details]. Reviewed: 4 November 2013.

349
18

Latin American Journal of Aquatic Research

Eno, A.E., R.S. Konya, O.E. Ofem & E.I. Itam. 2008.
Chemical and biological characterization of a crude
venom extract from the sea anemone Bunodosoma
cavernata. Port Harcourt Med. J., 3(1): 15-26.
Faulkner, D.J. 1984. Marine natural products:
metabolites of marine invertebrates. Nat. Prod. Rep.,
1(6): 551-598.
Folch, J., M. Lees & G.H. Sloanne-Stanley. 1957. A
simple method for the isolation and purification of
total lipid from animal tissue. J. Biol. Chem., 226:
497-509.
Frankovich, T.A., A.R. Armitage, A.H. Wachnicka, E.E.
Gaiser & J.W. Fourqurean. 2009. Nutrient effects on
seagrass epiphyte community structure in Florida
Bay. J. Phycol., 45(5): 1010-1020.
Fuentes, A., I. Fernández-Segovia, I. Escriche & J.A.
Serra. 2009. Comparison of physico-chemical
parameters and composition of mussels (Mytilus
galloprovincialis Lmk.) from different Spanish
origins. Food Chem., 112(2): 295-302.
Fujihara, S., A. Kasuga & Y. Aoyagi. 2001. Nitrogen-toprotein conversion factors for common vegetables in
Japan. J. Food Sci., 66(3):412-415.
Fujihara, S., H. Sasaki, Y. Aoyagi & T. Sugahara. 2008.
Nitrogen-to-Protein conversion factors for some
cereal products in Japan. J. Food Sci., 73(3): 204-209.
Galland-Irmouli, A.-V., J. Fleurence, R. Lamghari, M.
Luçon, C. Rouxel, O. Barbaroux, J.-P. Bronowicki,
C. Villaume & J.-L. Guéant. 1999. Nutritional value
of proteins from edible seaweed Palmaria palmata
(dulse). J. Nutr. Biochem., 10(6): 353-359.
Garrett, T.A., J.L. Schmeitzel, J.A. Klein, J.J. Hwang &
J.A. Schwarz. 2013. Comparative lipid profiling of
the cnidarian Aiptasia pallida and its dinoflagellate
symbiont. PLoS ONE, 8(3): e57975. doi:10.1371/
journal.pone.0057975.
Ghazarian, H., C. Coyle-Thompson, W. Dalrymple, V.
Hutchins-Carroll, S. Metzenberg, Z. Razinia, E.J.
Carroll Jr. & S.B. Oppenheimer. 2010. Exogenous
hyalin and sea urchin gastrulation. Part IV: a direct
adhesion assay - progress in identifying hyalin's
active sites. Zygote, 18(1): 17-26.
González-López, C.V., M.C. Cerón-García, F.G. AciénFernández, C. Segovia-Bustos, Y. Chisti & J.M.
Fernández-Sevilla. 2010. Protein measurements of
microalgal and cyanobacterial biomass. Bioresource
Technol., 101(19): 7587-7591.
Hach, C.C., B.K. Bowden, A.B. Kopelove & S.T.
Brayton. 1987. More powerful peroxide Kjeldhal
digestion method. J. Assoc. Anal. Chem., 70: 783787.

Hadas, E., M. Shpigel & M. Ilan. 2005. Sea ranching of
the marine sponge Negombata magnifica (Demospongiae, Latrunculiidae) as a first step for latrunculin
B mass production. Aquaculture, 244(1-4): 159-169.
Haefner, B. 2003. Drugs from the deep: marine natural
products as drug candidates. Drug Discov. Today,
8(12): 536-544.
Hansen, S.B., T.T. Talley, Z. Radić & P. Taylor. 2004.
Structural and ligand recognition characteristics of an
acetylcholine-binding protein from Aplysia californica.
J. Biol. Chem., 279(23): 24197-24202.
Haygood, M.G., E.W. Schmidt, S.K. Davidson & D.J.
Faulkner. 1999. Microbial symbionts of marine
invertebrates: Opportunities for microbial biotechnology. J. Mol. Microb. Biotech., 1(1): 33-43.
Huet, J.-C., J. Baudet, L. Bettaieb, B. Kaab & J. Mossé.
1988. Variation of the amino acid scores and of the
nitrogen-to-protein conversion factors in barley grain
as a function of nitrogen content as compared with
wheat and rye. Plant Foods Hum. Nutr., 38(2): 175188.
Ignacio, B.L., L.M. Julio, A.O.R. Junqueira & M.A.G.
Ferreira-Silva. 2010. Bioinvasion in a Brazilian bay:
filling gaps in the knowledge of southwestern
Atlantic biota. PLoS ONE, 5(9): e13065.
doi:10.1371/journal.pone.0013065.
International
Dairy
Federation
(IDF).
2006.
Comprehensive review of scientific literature
pertaining to nitrogen protein conversion factors.
Bulletin of the International Dairy Federation
405/2006, International Dairy Federation, Brussels,
11 pp.
Jones, D.B. 1931. Factors for converting percentages of
nitrogen in foods and feeds into percentages of
protein. USDA Circ., 183: 1-21.
Jumeri & S.M. Kim. 2011. Antioxidant and anticancer
activities of enzymatic hydrolysates of solitary
tunicate (Styela clava). Food Sci. Biotechnol., 20(4):
1075-1085.
Jurkiewicz-Karnkowska, E. 2002. Differentiation of
phosphorus concentration in selected mollusc species
from the Zegrzyński Reservoir (Central Poland):
Implications for P accumulation in mollusc
communities. Pol. J. Environ. Stud., 11(4): 355-359.
Kamer, K., P. Fong, R. Kennison & K. Schiff. 2004. The
relative importance of sediment and water column
supplies of nutrients to the growth and tissue nutrient
content of the green macroalga Enteromorpha
intestinalis along an estuarine resource gradient.
Aquat. Ecol., 38: 45-56.
Karakoltsidis, P.A., A. Zotos & S.M. Constantinides.
1995. Composition of the commercially important

Chemical composition of some marine invertebrates

Mediterranean finfish, crustaceans, and molluscs. J.
Food Compos. Anal., 8(3): 258-273.
Karl, D., A. Michaelis, B. Bergman, D. Capone, E.
Carpenter, R. Letelier, F. Lipschultz, H. Paerl, D.
Sigman & L. Stal. 2002. Dinitrogen fixation in the
world’s oceans. Biogeochemistry, 57/58: 47-98.
Karthikeyan, M.M., G. Ananthan & T. Balasubramanian.
2011. Biochemical components of a solitary ascidian
Microcosmus exasperatus Heller, 1878 (Ascidiacea:
Pyuridae). J. Mar. Biol. Assoc. India, 53(1): 139-141.
Kechaou, E.S., J. Dumay, C. Donnay-Moreno, P. Jaouen,
J.-P. Gouygou, J.-P. Bergé & R.B. Amar. 2009.
Enzymatic hydrolysis of cuttlefish (Sepia officinalis)
and sardine (Sardina pilchardus) viscera using
commercial proteases: Effects on lipid distribution
and amino acid composition. J. Biosci. Bioeng.,
107(2): 158-164.
Lairson, L.L., B. Henrissat, G.J. Davies & S.G. Withers.
2008. Glycosyltransferases: structures, functions, and
mechanisms. Annu. Rev. Biochem., 77(1): 521-555.
Larson, R.J. 1986. Water content, organic content, and
carbon and nitrogen composition of medusae from
the northeast Pacific. J. Exp. Mar. Biol. Ecol., 99(2):
107-120.
Leal, M.C., J. Puga, J. Seródio, N.C.M. Gomes & R.
Calado. 2012. Trends in the discovery of new marine
natural products from invertebrates over the last two
decades - Where and what are we bioprospecting?
PLoS ONE, 7(1): e30580. doi:10.1371/journal.
pone.0030580.
Lee, P.G. 1995. Nutrition of cephalopods: fueling the
system. Mar. Freshw. Behav. Phy., 25(1-3): 35-51.
Lira, G.M., J.C.M. Pascoal, E.A.F.S. Torres, R.A.M.
Soares, S. Mendonça, G.R. Sampaio, M.S. Correia,
C.C.V.Q. Cabral, C.R. Cabral Júnior & A.M.Q.
López. 2013. Influence of seasonality on the chemical
composition of oysters (Crassostrea rhizophorae).
Food Chem., 138(2-3): 786-790.
Loening, A.M., T.D. Fenn, A.M. Wu & S.S. Gambhir.
2006. Consensus guided mutagenesis of Renilla
luciferase yields enhanced stability and light output.
Protein Eng. Des. Sel., 19(9): 391-400.
Lourenço, S.O., E. Barbarino, A. Nascimento & R.
Paranhos. 2005. Seasonal variations in tissue nitrogen
and phosphorus of eight macroalgae from a tropical
hypersaline coastal environment. Cryptog. Algol.,
26(4): 355-371.
Lourenço, S.O., E. Barbarino, J.C. De-Paula, L.O.S.
Pereira & U.M. L. Marquez. 2002. Amino acid
composition, protein content, and calculation of
nitrogen-to-protein conversion factors for nineteen
tropical seaweeds. Phycol. Res., 50(3): 233-241.
Lourenço, S.O., E. Barbarino, P.L. Lavín, U.M.L.
Marquez & E. Aidar. 2004. Distribution of

19
350

intracellular nitrogen in marine microalgae:
calculation of new nitrogen-to-protein conversion
factors. Eur. J. Phycol., 39(1): 17-32.
Lourenço, S.O., E. Barbarino, U.M.L. Marquez & E.
Aidar. 1998. Distribution of intracellular nitrogen in
marine microalgae: basis for the calculation of
specific nitrogen-to-protein conversion factors. J.
Phycol., 34(5): 798-811.
Lowry, O.H., N.J. Rosebrough, A.L. Farr & R.L.
Randall. 1951. Protein measurement with the folin
phenol reagent. J. Biol. Chem., 193: 265-275.
Luo, P., C. Hu, J. Xia, C. Ren & X. Jiang. 2011.
Chemical constituent analysis of the crown-of-thorns
starfish Acanthaster planci and potential utilization
value of the starfish as feed ingredient for animals.
Afr. J. Biotechnol., 10(62): 13610-13616.
Madin, J.S., T.P. Hughes & S.R. Connolly. 2012.
Calcification, storm damage and population resilience
of tabular corals under climate change. PLoS ONE,
7(10): e46637. doi:10.1371/journal.pone.0046637.
Mariotti, F., D. Tomé & P.P. Mirand. 2008. Converting
nitrogen into protein - Beyond 6.25 and Jones'
factors. Crit. Rev. Food Sci. Nutr., 48(2): 177-184.
Mathew, S., K. Ammu, P.G. Viswanathan-Nair & K.
Devadasan. 1999. Cholesterol content of Indian fish
and shellfish. Food Chem., 66: 455-461.
Mattila, P., P. Salo-Väänänen, K. Könkö, H. Aro & T.
Jalava. 2002. Basic composition and amino acid
contents of mushrooms cultivated in Finland. J. Agr.
Food Chem., 50: 6419-6422.
McCall, B.D. & S.C. Pennings. 2012. Disturbance and
recovery of salt marsh arthropod communities
following BP Deepwater Horizon oil spill. PLoS
ONE, 7(3): e32735. doi:10.1371/journal.pone.0032
735.
McClintock, J.B., J.L. Cameron & C.M. Young. 1990.
Biochemical and energetic composition of bathyal
achinoids and an asteroid, holothuroid and crinoid
from the Bahamas. Mar. Biol., 105: 175-183.
McClintock, J.B., J. Heine, M. Slattery & J. Weston.
1991. Biochemical and energetic composition,
population biology, and chemical defense of the
antarctic ascidian Cnemidocarpa verrucosa Lesson. J.
Exp. Mar. Biol. Ecol., 147(2): 163-175.
Miles, C.M. & K.B. Clark. 2002. Comparison of
biochemical composition and developmental mode in
two populations of Costasiella [Opisthobranchia:
Ascoglossa (= Sacoglossa)]. J. Mollus. Stud., 68:
101-109.
Mills, S.C., M. Peyrot-Clausade & M.F. Fontaine. 2000.
Ingestion and transformation of algal turf by
Echinometra mathaei on Tiahura fringing reef

351
20

Latin American Journal of Aquatic Research

(French Polynesia). J. Exp. Mar. Biol. Ecol., 254(1):
71-84.
Mol, S., T. Baygar, C. Var-Lik & S.Y. Tosun. 2008.
Seasonal variations in yield, fatty acids, amino acids
and proximate compositions of sea urchin (Paracentrotus lividus) roe. J. Food Drug Anal., 16(2): 6874.
Monroig, Ó., D. Tocher & J. Navarro. 2013. Biosynthesis
of polyunsaturated fatty acids in marine invertebrates:
recent advances in molecular mechanisms. Mar.
Drugs, 11(10): 3998-4018.
Mossé, J. 1990. Nitrogen to protein conversion factor for
ten cereals and six legumes or oilseeds. A reappraisal
of its definition and determination. Variation
according to species and to seed proteic content. J.
Agric. Food Chem., 38: 18-24.
Myklestad, S. & A. Haug. 1972. Production of
carbohydrates by the marine diatom Chaetoceros
affinis var. willei (Gran) Hustedt. I. Effect of the
concentration of nutrients in the culture medium. J.
Exp. Mar. Biol. Ecol., 9: 125-136.
Newman, D.J. & G.M. Cragg. 2004. Marine natural
products and related compounds in clinical and
advanced preclinical trials. J. Nat. Prod., 67(8): 12161238.
Noctor, G., L. Novitskaya, P.J. Lea & C.H. Foyer. 2002.
Co-ordination of leaf minor amino acid contents in
crop species: significance and interpretation. J. Exp.
Bot., 53(370): 939-945.
Nurjanah, A., M. Jacoeb, R. Nugraha, S. SulastriNurzakiah & S. Karmila. 2012. Proximate, nutrient
and mineral composition of cuttlefish (Sepia
recurvirostra). Adv. J. Food Sci. Technol., 4(4): 220224.
Nurnadia, A.A., A. Azrina & I. Amin. 2011. Proximate
composition and energetic value of selected marine
fish and shellfish from the west coast of Peninsular
Malaysia. Int. Food Res. J., 18: 137-148.
O'Dor, R., P. Miloslavich & K. Yarincik. 2010. Marine
biodiversity and biogeography - Regional comparisons of global issues, an introduction. PLoS ONE,
5(8): e11871.doi:10.1371/journal.pone.0011871.
Ogawa, M. & E.L. Maia. 1999. Manual de pesca ciência e tecnologia do pescado. Vol 1, Editora
Varela, São Paulo, 430 pp.
Orban, E., G. Di Lena, T. Nevigato, I. Casini, A.
Marzetti & R. Caproni. 2002. Seasonal changes in
meat content, condition index and chemical
composition of mussels (Mytilus galloprovincialis)
cultured in two different Italian sites. Food Chem.,
77(1): 57-65.

Orts, D.J.B., S. Peigneur, B. Madio, J.S. Cassoli, G.G.
Montandon, A.M.C. Pimenta, J.E.P.W. Bicudo, J.C.
Freitas, A.J. Zaharenko & J. Tytgat. 2013. Biochemical and electrophysiological charac-terization of
two sea anemone type 1 potassium toxins from a
geographically distant population of Bunodosoma
caissarum. Mar. Drugs, 11(3): 655-679.
Özogul, Y. & F. Özogul. 2007. Fatty acid profiles of
commercially important fish species from the
Mediterranean, Aegean and Black seas. Food Chem.,
100: 1634-1638.
Prato, E., A. Danieli, M. Maffia & F. Biandolino. 2010.
Lipid and fatty acid compositions of Mytilus
galloprovincialis cultured in the Mar Grande of
Taranto (Southern Italy): feeding strategies and
trophic relationships. Zool. Stud., 49(2): 211-219.
Puwastien, P., K. Judprasong, E. Kettwan, K.
Vasanachitt, Y. Nakngamanong & L. Bhattacharjee.
1999. Proximate composition of raw and cooked Thai
freshwater and marine fish. J. Food Comp. Anal., 12:
9-16.
Renaud, S.M. & J.T. Luong-Van. 2006. Seasonal
variation in the chemical composition of tropical
Australian marine macroalgae. J. Appl. Phycol., 18(35): 381-387.
Rosa, R., J. Pereira & M.L. Nunes. 2005. Biochemical
composition of cephalopods with different life
strategies, with special reference to giant squid,
Architeuthis sp. Mar. Biol., 146: 739-751.
Sánchez-Camargo, A.P., M.Â.A. Meireles, B.L.F. Lopes
& F.A. Cabral. 2011. Proximate composition and
extraction of carotenoids and lipids from Brazilian
redspotted
shrimp
waste
(Farfantepenaeus
paulensis). J. Food Eng., 102(1): 87-93.
Shuuluka, D., J.J. Bolton & R.J. Anderson. 2013. Protein
content, amino acid composition and nitrogen-toprotein conversion factors of Ulva rigida and Ulva
capensis from natural populations and Ulva lactuca
from an aquaculture system, in South Africa. J. Appl.
Phycol., 25: 677-685.
Sicuro, B., M. Piccinno, F. Gai, M.C. Abete, A. Danieli,
F. Dapra, S. Mioletti & S. Vilella. 2012. Food quality
and safety of Mediterranean sea cucumbers
Holothuria tubulosa and Holothuria polii in southern
Adriatic Sea. Asian J. Anim. Vet. Adv., 7(9): 851859.
Sosulski, F.W. & G.I. Imafidon. 1990. Amino acid
composition and nitrogen-to-protein conversion
factors for animal and plant foods. J. Agr. Food.
Chem., 38: 1351-1356.
Spackman, D.H., W.H. Stein & S. Moore. 1958.
Automatic recording apparatus for use in the

Chemical composition of some marine invertebrates

chromatography of amino acids. Anal. Chem., 30:
1190-1206.
Sriket, P., S. Benjakul, W. Visessanguan & K.
Kijroongrojana. 2007. Comparative studies on
chemical composition and thermal properties of black
tiger shrimp (Penaeus monodon) and white shrimp
(Penaeus vannamei) meats. Food Chem., 103(4):
1199-1207.
Srilatha, G., K. Chamundeeswari, K. Ramamoorthy, G.
Sankar & D. Varadharajan. 2013. Proximate, amino
acid, fatty acid and mineral analysis of clam, Meretrix
casta (Chemnitz) from Cuddalore and Parangipettai
coast, south east coast of India. J. Mar. Biol.
Oceanogr., 2(2): http://dx.doi.org/10.4172/2324-86
61.1000111.
Sriperm, N., G.M. Pesti & P.B. Tillman. 2011.
Evaluation of the fixed nitrogen-to-protein (N:P)
conversion factor (6.25) versus ingredient specific
N:P conversion factors in feedstuffs. J. Sci. Food
Agr., 91(7): 1182-1186.
Subramaniam, S., E. Fahy, S. Gupta, M. Sud, R.W.
Byrnes, D. Cotter, A.R. Dinasarapu & M.R. Maurya.
2011. Bioinformatics and systems biology of the
lipidome. Chem. Rev., 111(10): 6452-6490.
Sumar, S., T.P. Coultate & J. Davies. 1994. Food and
nutrition update-an analysis of macronutrients in the
diet. Nutr. Food Sci., 6: 31-35.
Sykes, A.V., A.R. Oliveira, P.M. Domingues, C.M.
Cardoso, J.P. Andrade & M.L. Nunes. 2009.
Assessment of European cuttlefish (Sepia officinalis,
L.) nutritional value and freshness under ice storage
using a developed Quality Index Method (QIM) and
biochemical methods. LWT-Food Sci. Technol.,
42(1): 424-432.
Tacon, A.G.J., M. Metian & M.R. Hasan. 2009. Feed
ingredients and fertilizers for farmed aquatic animals.
Sources and composition. FAO Fish. Aquacult. Tech.
Paper No. 540: 209 pp.
Thatje, S., G.A. Lovrich, G. Torres, W. Hagen & K.
Anger. 2004. Changes in biomass, lipid, fatty acid
and elemental composition during the abbreviated
larval development of the subantarctic shrimp
Campylonotus vagans. J. Exp. Mar. Biol. Ecol.,
301(2): 159-174.
Tomanek, L. 2011. Environmental proteomics: changes
in the proteome of marine organisms in response to
environmental stress, pollutants, infection, symbiosis,
and development. Annu. Rev. Mar. Sci., 3(1): 373399.
Valverde, J.C., S. Martínez-Llorens, A.T. Vidal, M.
Jover, C. Rodríguez, J. Estefanell, J. Gairín, P.M.
Domingues, C.J. Rodríguez & B.G. García. 2013.

Received: 22 May 2013; Accepted: 17 January 2014

352
21

Amino acids composition and protein quality
evaluation of marine species and meals for feed
formulations in cephalopods. Aquacult. Int., 21(2):
413-433.
Villanueva, R., J. Riba, C. Ruíz-Capillas, A.V. González
& M. Baeta. 2004. Amino acid composition of early
stages of cephalopods and effect of amino acid
dietary treatments on Octopus vulgaris paralarvae.
Aquaculture, 242(1-4): 455-478.
Wang, Q., K. Ikegame, K. Takahashi, C. Xue, W. Zhang,
H. Wang, W. Hou & Y. Wang. 2013. Comparison of
lipids in organs of the starfish Asterias amurensis
associated with different treatments. J. Ocean Univ.
Pekín, 12(3): 413-417.
Wen, J., C. Hu & S. Fan. 2010. Chemical composition
and nutritional quality of sea cucumbers. J. Sci. Food
Agr., 90(14): 2469-2474.
Yang, Y.J., Y.S. Choi, D. Jung, B.R. Park, W.B. Hwang,
H.W. Kim & H.J. Cha. 2013. Production of a novel
silk-like protein from sea anemone and fabrication of
wet-spun and electrospun marine-derived silk fibers.
NPG Asia Mater., 5: e50; doi:10.1038/am.2013.19.
Yeoh, H.H. & L. Watson. 1982. Taxonomic variation in
total leaf protein amino acid compositions of grasses.
Phytochemistry, 21(3): 615-626.
Yeoh, H.H. & Y.C. Wee. 1994. Leaf protein contents and
nitrogen-to-protein conversion factors for 90 plant
species. Food Chem., 49: 245-250.
Zaboukas, N., H. Miliou, P. Megalofonou & M.
Moraitou-Apostolopoulou. 2006. Biochemical composition of the Atlantic bonito Sarda sarda from the
Aegean Sea (eastern Mediterranean Sea) in the
different stages of sexual maturity. J. Fish Biol., 69:
347-362.
Zaia, D.A.M., C.T.B.V. Zaia & J. Lichting. 1998.
Determinação de proteínas totais via espectrofotometria: vantagens e desvantagens dos métodos
existentes. Quim. Nova, 21(6): 787-793.
Zar, J.H. 1996. Biostatistical analysis. Prentice Hall,
Upper Saddle River, 662 pp.
Zhong, Y., M.A. Khan & F. Shahidi. 2007. Compositional characteristics and antioxidant properties of
fresh and processed sea cucumber (Cucumaria
frondosa). J. Agr. Food Chem., 55(4): 1188-1192.
Zlatanos, S., K. Laskaridis & A. Sagredos. 2009.
Determination of proximate composition, fatty acid
content and amino acid profile of five lesser-common
sea organisms from the Mediterranean Sea. Int. J.
Food Sci. Tech., 44(8): 1590-1594.
Zlatanos, S., K. Laskaridis, C. Feist & A. Sagredos.
2006. Proximate composition, fatty acid analysis and
protein digestibility-corrected amino acid score of
three Mediterranean cephalopods. Mol. Nutr. Food
Res., 50(10): 967-970.

