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ABSTRACT. The amino acid composition and contents of nitrogen, phosphorus, lipid, carbohydrate and
protein were determined in muscles of Dactylopterus volitans, Genypterus brasiliensis, Mullus argentinae,
Paralichthys patagonicus, Percophis brasiliensis, Pinguipes brasilianus, Rhizoprionodon lalandii,
Rhizoprionodon porosus, and Urophycis cirrata. The samples showed low carbohydrate content (<3.5% dry
weight in all species) and were rich in protein (>66% dry weight in all species). The percentage of total lipid
varied widely among species, and M. argentinae showed the highest concentrations (16%). The percentage of
nitrogen and phosphorus was high and similar among species, with overall average values of 13.3% and 1.2%,
respectively. The amino acids composition was similar among the animals, with glutamic acid and lisine as the
most abundant amino acid and histidine in low concentrations. Among species, the content of proteinaceous
nitrogen was high, with an average of 96.8% of the total nitrogen. From data of total amino acid and total
nitrogen, specific nitrogen-to-protein conversion factors were calculated for each species. The nitrogen-to-
protein conversion factors ranged from 5.39 to 5.98, with an overall average of 5.71. These findings showed
that the traditional conversion factor of 6.25 overestimates the actual protein content and should be avoided.

Keywords: nitrogen-to-protein conversion factors, protein, amino acid, fish, tropical environment.

Perfil quimico bruto y célculo de los factores de conversion de nitrégeno a proteina
en nueve especies de peces de aguas costeras de Brasil

RESUMEN. Se determind la composicion de aminoacidos y el contenido de nitrégeno, fosforo, lipidos,
carbohidratos y proteinas en los musculos de Dactylopterus volitans, Genypterus brasiliensis, Mullus
argentinae, Paralichthys patagonicus, Percophis brasiliensis, Pinguipes brasilianus, Rhizoprionodon lalandii,
Rhizoprionodon porosus y Urophycis cirrata. Las muestras mostraron un contenido bajo en carbohidratos
(<3,5% en peso seco para todas las especies) y alto en proteinas (>66% en peso seco para todas las especies).
El porcentaje de lipidos totales vario ampliamente entre las especies, y M. argentinae presentd las mayores
concentraciones (16% en peso seco). El porcentaje de nitrogeno y fosforo fue alto y similar entre las especies,
con valores promedios de 13,3% y 1,2%, respectivamente. La composicion de aminoacidos fue similar entre
los animales, los aminoacidos mas abundantes fueron acido glutamico y lisina e histidina la de menor
concentracion. Entre las especies, el contenido de nitrégeno proteico fue alto, con un promedio de 96,8% de
nitrogeno total. En consecuencia, los peces mostraron una concentracion muy baja de nitrégeno no proteico. A
partir de los datos de aminodacidos totales y nitrogeno total para cada especie, se calcularon factores de
conversion de nitrégeno a proteina especificos para cada especie de pez. Los factores de conversion de
nitrogeno a proteina variaron de 5,39 hasta 5,98, con un promedio general de 5,71. Estos hallazgos muestran
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que el factor de conversion tradicional de 6,25 sobreestima el contenido de proteina real de peces y deberia ser

evitado.

Palabras clave: factores de conversion de nitrogeno a proteina, proteinas, aminoacidos, peces, ambiente

tropical.
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INTRODUCTION

Studies on the chemical composition of marine
organisms can offer important subsidies for the
development of research in the fields of physiology,
biochemistry, ecology, and conservation of the
species, for example (Barbarino & Lourenco, 2009).
These approaches are particularly uncommon in
marine biology.

Studies on the biochemical composition of wild
fish populations are rarely undertaken, possibly
because others are more traditional in fish studies,
such as ecological research and fisheries. The
knowledge on chemical composition of fish species
has fundamental importance in the application of
different technological processes. The chemical
composition of the organisms, in general, can be
influenced by many factors, such as physiological
characteristics, habitat and life cycle, in addition to
environmental characteristics. The chemical compo-
sition of heterotrophic organisms is also influenced by
the food that they ingest, age and reproductive traits
(Childress et al., 1990; Zaboukas et al., 2006).

Fish is an important component in the diet, not
only as a source of protein of high nutritional quality,
but as a significant source of polyunsaturated fatty
acids of the omega-3 series (»-3). These substances
are thought to be very beneficial to human health
(Venugopal & Shahidi, 1996; Ramos Filho et al.,
2008). Studies with focus on the chemical compo-
sition of fish are predominantly found in food science,
and in general the results are available in fresh weight
basis. According to Ogawa & Maia (1999), the
moisture in muscles reaches typically 80% of the
weight, but Ramos-Filho et al. (2008) recorded values
for moisture from 60 to 80%. The use of fresh weight
makes comparisons and interpretations on chemical
composition among different studies more difficult.

Particularly, protein data of marine fishes present
many applications, involving both basic and applied
research. However, comparisons of protein content
among species are difficult because of methodological
differences. The most common methods used for
protein determination are Lowry et al. (1951),
Bradford (1976) and the use of conversion factor of

nitrogen-protein 6.25 (Jones, 1931). These two first
methods are subject to interferences from many
factors (Stoscheck, 1990), which are a consequence of
the protein extraction and effects of some substances
on specific amino acids. This happens bacause the
chemical reactions which produce the protein
quantification depends on the reactivity of the amino
acid side groups (Legler et al., 1985). Although the
problems with protein analyses have been known for
many decades, they are very hard to avoid. In general,
adaptations of the traditional techniques to specific
species are necessary to run the analysis (Barbarino &
Lourengo, 2005).

The total nitrogen (TN) analysis is relatively
simple and easy to perform, and nitrogen-to-protein
conversion factors (N-Prot factors) can be used to
estimate crude protein content. The use of N-Prot
factors to determine protein content has some
important advantages if compared to other metho-
dologies. Total nitrogen analysis, carried out by
Kjeldhal’s method (AOAC, 1990), Hach techniques
(Hach et al., 1987) or CHN analysis, eliminates the
necessity of extracting the protein content of the
sample to be analyzed.

The use of specific N-Prot factors is widely
recommended in order to get more accurate estimates
of protein content (Sosulski & Imafidon, 1990). The
nitrogen: protein ratio does vary according to the
source considered (Mariotti et al., 2008). The use of
N-Prot factors is particularly wide in food science,
such as those calculated for certain cereals (e.g. 5.26
for rise, 5.47 for wheat; Fujihara et al., 2008), legumes
(e.g. 4.75-5.87 for cassava root; Yeoh & Truong,
1996), mushrooms (4.70; Mattila et al., 2002),
Cheddar cheese (6.38; Rouch et al., 2008) and fish
and fish’s products (4.94; Salo-Vididninen &
Koivistoinen, 1996), among other products. The use of
N-Prot factors is still uncommon in sea science,
possibly because most of the scientific community
ignores this methodological alternative. A few studies
using N-Prot factors in sea science were performed
with seaweeds (Aitken et al., 1991; Lourenco et al.,
2002) and microalgae (Lourengo et al., 2004), which
yielded specific N-Prot factors lower than 5.0.

The use of the factor 6.25, in case of high
concentration of non-protein nitrogen (NPN), tends to
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overestimate the protein data, since NPN and protein-
N can not be distinguished in TN analysis. Despite
this, several authors continue to use the factor 6.25 to
estimate the content of fish protein (Polvi & Ackman,
1992; Maia et al.,, 1999; Undeland et al., 1999;
Zaboukas et al., 2006; Ramos- Filho et al., 2008).
Except for a short list of specific N-Prot factors
available for marine organisms, the factor 6.25
calculated by Jones (1931) is still used for most plant
and animal sources from the sea. Studies in this field
are needed for fishes, since very limited information is
available.

The purpose of our study was to determine specific
N-Prot factors for nine species of marine fishes from
coastal areas, based on the ratio of amino acid
composition to total nitrogen (TN) content. In
addition, we also characterized and compared the fish
species regarding carbohydrate, lipid, nitrogen and
phosphorus contents.

MATERIALS AND METHODS

Fishes

In this study nine fish species were analyzed. The
identification of the species was carried with experts’
supervision. Dactylopterus volitans (Linnaeus, 1758 -
Dactylopteridae; common name: “flying gurnard”),
Genypterus brasiliensis (Regan, 1903 - Ophidiidae;
“cusk eels”), Mullus argentinae (Hubbs & Marini,
1933 - Mulidae; “Argentine goatfish”), Paralichthys
patagonicus (Jordan, 1889 - Paralichthydae; “Pata-
gonia flounder”), Percophis brasiliensis (Quay &
Gaimard, 1825 - Percophidae; “Brazilian flathead”),
Pinguipes brasilianus (Cuvier, 1829 - Pinguipedidae;
“Brazilian sandperch”), Rhizoprionodon lalandii
(Muller & Henle, 1839 - Carcharhinidae; “Brazilian
sharpnose shark™), Rhizoprionodon porosus (Poey,
1861 — Carcharhinidae; “Caribbean sharpnose shark™),
and Urophycis cirrata (Goode & Bean, 1896 -
Phycidae; “gulf hake”). These species were selected
given their ecological importance and abundance in
the field.

Sampling

For each analysis, the samples were obtained from
different individuals, randomly selected. Six to ten
individuals were sampled, but only four of them (n =
4), were chemically analyzed for carbohydrate,
protein, lipid, nitrogen, and phosphorus. Due the high
cost of the amino acid analysis using the method
employed here, only three replicates were analyzed for
each fish species (n = 3), a widely accepted procedure.

D. volitans, R. lalandii, and R. porosus were

collected in May 2004 at Niteréi (ltaipu Beach,
22°52’S, 43°06°W). M. argentinae, P. patagonicus, P.

brasiliensis, P. brasilianus, U. cirrata, and G.
brasiliensis were sampled in June 2007 at Arraial do
Cabo (22°57’S, 42°01’W). Both sites are located in
Rio de Janeiro State, southeastern Brazil (Fig. 1).

Not-sexed adult fishes (with similar body sizes)
were collected with bottom trawls. The animals were
packed in plastic bags and kept on ice until returned to
the laboratory. In the laboratory, samples were cut and
the muscles were frozen at -18°C. Subsequently, the
samples were freeze dried in a Terroni Fauvel, model
LB1500TT device. The dried material was powdered
manually using a mortar and pestle, and it was kept in
desiccators containing silica-gel, under vacuum and at
room temperature, until the chemical analyses were
carried out.

Tissue analysis

Total carbohydrate was extracted with 80% H,SO,,
according to Myklestad & Haug (1972). The
carbohydrate concentration was determined spectro-
photometrically at 485 nm, 30 min after the start of the
chemical reaction, by the phenol-sulfuric acid method
(Dubois et al., 1956), using glucose as a standard.

Total lipids was extracted according to Folch et al.
(1957), and determined gravimetrically after solvent
(chloroform) evaporation.

Total nitrogen and phosphorus were determined in
muscle after peroxymonosulphuric acid digestion,
using a Hach digestor (Digesdhal®, Hach Co.) (Hach
et al., 1987). Samples were digested with concentrated
sulfuric acid at 440°C and treated with 30% hydrogen
peroxide. Total nitrogen and phosphorus contents in
the samples were determined spectrophotometrically
after specific chemical reactions. See Lourenco et al.
(2005) for analytical details.

Total amino acid was determined by high
performance liquid chromatography with pre-column
derivatization with AccQ.Fluor® reagent (6-amino-
quinolyl-N-hydroxysuccinimidyl carbamate), reverse
phase column CigAccQ.Tag® Nova-Pak (150x3.9 mm:;
4 um), 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™ (Cohen & De Antonis,
1994). A Waters, model Alliance 2695 chromatograph
was used, equipped with a fluorescence detector
Waters® 2475 (Uey. 250 N, Hem. 395 nm). Analytical
conditions were suitable to determine all amino acids,
except tryptophan, cysteine + cistine and methionine.
The percent of nitrogen in each amino acid was used to
calculate nitrogen recovered from total amino acid
analysis. Aspartic acid, threonine, serine, glutamic acid,
proline, glycine, alanine, valine, isoleucine, leucine,
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Figure 1. Map showing the sampling sites in Rio de Janeiro State, Brazil. 1: Arraial do Cabo, 2: Niteroi.

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).

Calculation of N-Prot factors

N-Prot factors were determined for each species by the
ratio of amino acid residues (AA-Res) to total nitrogen
(TN) of the sample: N-Prot factor = AA-Res / TN. Thus,
for a 100 g (dry weight) sample having 16.21 g of amino
acid residues and 3.48 g of TN, a N-Prot factor of 4.66 is
calculated.

The amino acid residues of the samples was
calculated by summing up the amino acid masses
retrieved after acid hydrolysis (total amino acids),
minus the water mass (18 H,O mol™ of amino acid)
incorporated into each amino acid after the disruption
of the peptide bonds (Mossé, 1990).

Statistical analysis

The results were analyzed by one-way analysis of
variance (One Way ANOVA) with significance level o =
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

Carbohydrate was the less abundant organic substance
measured in all species, ranging from 1.03% (M.
argentinae) to 3.45% (D. volitans) of the dry weight
The value of D. volitans was significantly higher than
the other species (P < 0.001). The percentage of total
lipid showed wide variations among species, ranging
from 4.40% (R. porosus) to 16.1% (D. volitans). The
lowest lipid concentrations were recorded in
elasmobranch fishes (R. porosus and R. lalandii). M.
argentinae  showed significantly  higher lipid
concentration than other species (P < 0.001) (Table 1).

The fishes showed high values of total nitrogen,
ranging from 11.6% (M. argetinae) to 14.9% (R.
porosus) of the dry weight. Elasmobranch fishes
showed the highest concentrations of total nitrogen in
the muscles (Table 1). The concentrations of
phosphorus also varied widely among species. P.
brasiliensis showed the highest value (1.45%, P <
0.001) and D. volitans showed the lowest concen-
trations (0.94%, P < 0.001).

Following the trends described for nitrogen
concentration, the muscles showed high values of
hydrosoluble protein. The values ranging from 45.7%
(R. porosus) to 56% (G. brasiliensis). The higher
concentrations were recorded in G. brasiliensis and
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Table 1. Gross chemical composition of nine species of fishes 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)".

Species Total nitrogen ~ Total phosphorus ~ Total carbohydrate Total lipid Hydrosoluble protein
skksk skkesk skksk skksk skksk
Dactylopterus volitans 11.7+0.23° 0.94 + 0.05¢ 3.45+025° 7.81 +0.84° 47.1£132°
Genypterus brasiliensis 14.0 £0.67° 1.29 + 0.08% 1.11 +0.03% 8.28 £0.72" 56.0 = 1.79*
Mullus argentinae 11.6+0.72° 1.12 £ 0.08° 1.03 +£0.10° 16.1 + 3.68° 47.7+2.24°
Paralichthys patagonicus 13.4 £0.33" 1.21+0.06™ 1.38 £ 0.09™ 5.62+0.55" 53.9+0.75"
Percophis brasiliensis 13.7 +£0.08" 1.45+0.10° 1.15+0.07°* 5.50 £ 1.42" 55.9+1.23%
Pinguipes brasilianus 12.6 +0.53° 1.30 +0.10%® 1.46 £0.21° 8.03+1.19° 53.3+3.11°
Rhizoprionodon lalandii 14.4 £0.41° 1.15 £ 0.04% 1.40 £ 0.09™ 4.40 £0.37° 48.2 £1.39°
Rhizoprionodon porosus 14.9 £0.28° 1.10+0.01% 1.17 £ 0.04% 5.28+0.33% 457 £0.30°
Urophycis cirrata 13.8+0.67° 1.41 £0.09° 1.36 £ 0.10°¢ 5.54 + 1.30™ 55.5+ 1.62°

*Mean values significantly different: ***P < 0.001, a > b > ¢ > d > e. Identical superscript letters (a, a; b, b) or absence of letters

indicate that mean values are not significantly different

P. brasiliensis. The lower concentrations of hydro-
soluble protein were observed in the elasmobranch
fishes R. porosus and R. lalandii and to bone fishes M.
argentinae and D. volitans.

The amino acid profiles of the samples were very
similar and are presented in Table 2. Glutamic acid
was the most abundant amino acid in all species. The
highest concentration of glutamic acid (14% of total
amino acid) was found in D. volitans, while M.
argentinae had the lowest (12.5%) concentrations.
The fish muscles were also rich in lysine. These
values varied from 9.63% (D. volitans) to 11.1% (P.
patagonicus). The sum of the most abundant amino
acids (glutamic acid and lysine) represented more than
20% of total amino acid. The percentage of histidine
was the lowest in all species, with an average value of
2.12%. The higher concentration of arginine was
recorded in D. volitans. Percentages of the other
amino acids were similar among all species.

The total protein content of the samples is showed
in Table 3 as total amino acid residues. The marine
fish muscles showed high protein concentration,
varying from 66.2% (M. argentinae) to 81.5% (G.
brasiliensis) of the dry weight.

Nitrogen mass within total amino acid ranged from
11.4% (M. argentinae) to 13.9% (G. brasiliensis). The
relative percentage of protein nitrogen was estimated
as the ratio of nitrogen recovered from amino acid to
total nitrogen (Table 1). High percentages of protein
nitrogen were estimated, ranging from 91.4% (R.
porosus) to 101.4% (D. volitans). The elasmobranch
fishes showed the higher percentages of NPN (average
= 7.85%, estimated from Table 3, as [100% - protein-
ND.

From the ratio of the mass of amino acid residues
to total nitrogen we calculated specific N-Prot factors
for the species. The N-Prot factors ranged from 5.39
(R. porosus) to 5.98 (D. volitans). The elasmobranch
species (R. porosus and R. lalandii) recorded the
lowest values of N-Prot factors. An overall average N-
Prot factor = 5.71 was calculated from the data for all
species (Table 3).

DISCUSSION

Despite the remarkable importance of marine fishes,
these organisms use to be chemically studied only in
food science, covering species of commercial impor-
tance as food. The present study is also potentially
useful in food science, but it includes ecologically
important fish species, independent of their possible
use as food. In addition, despite the low number of
replicates used, the interpretation of the results is
strengthened by the low dispersion of the data, as
shown in Tables 1-3.

All fish species analyzed showed low content of
carbohydrate. According to Ogawa & Maia (1999), in
general, the presence of glycogen in the muscles is
low, varying from 1.5 to 5% of carbohydrate (values
converted into a dry mass basis). There is a remar-
kable lack of data in the literature on carbohydrates in
fishes, probably due the small importance of carbohy-
drate for the nutritional value of fishes. The majority
of the chemical studies on fishes are focused on both
protein and lipid composition (Puwastien et al., 1999;
Vila-Nova et al., 2005; Simdes et al., 2007).
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Table 3. Calculation of nitrogen-to-protein conversion factors for nine species of fishes based on the amino acid residues to
total nitrogen ratio. Values are expressed as percentage of the dry matter, except for the nitrogen-to-protein factors (no units).

Results represent the mean of three replicates £ SD (n = 3).

Species Total amino acid ~ Amino acid residues ~ Amino acid-N Protein-N N-Prot factor
Dactylopterus volitans 81.5+9.08 70.2+£7.82 11.9+1.33 101.4+11.30 5.98 £0.67
Genypterus brasiliensis 94.7+1.98 81.5+1.70 13.9+£0.29 99.3+2.08 5.80+£0.12
Mullus argentinae 76.9 + 1.46 66.2+1.26 114+0.22 98.5+1.87 5.69+0.11
Paralichthys patagonicus 91.7+7.16 789 +6.16 12.9+1.00 95.8 +7.48 5.88 +0.46
Percophis brasiliensis 91.0+1.29 781+ 1.11 13.2£0.19 96.2+1.37 5.69 +0.08
Pinguipes brasilianus 86.0+1.19 74.0 £1.02 125+0.17 99.0+1.37 5.85+0.08
Rhizoprionodon lalandii 923+1.24 79.3 +1.06 13.4+0.18 929+1.24 5.50+0.07
Rhizoprionodon porosus 93.6+11.3 80.5+9.69 13.6+1.64 91.4+11.0 5.39+0.65
Urophycis cirrata 91.0+8.01 78.2+6.89 13.5+£1.19 97.2+8.56 5.65+0.50

The lipid concentrations were higher than the
carbohydrates for all species. This trend suggests that
the animals concentrations store energy as fat content,
converting the excess of sugar in fatty tissues. In
general, data for lipid showed wider variations among
the species. According to Mathew et al. (1999),
Zaboukas et al. (2006) and Ozogul & Ozogul (2007),
the lipid percentages are more influenced by the
environmental conditions, physiological conditions
and feeding than the carbohydrate and protein
percentages. Henderson & Tocher (1987), Ramos-
Filho et al. (2008) and Mathew et al. (1999) state that
the concentration of lipids in the muscles vary from
0.3 to 20% fresh weight. In the present study, the
average value for the lipid content of the nine species
was 6.3% (dry weight). Only M. argentinae showed a
high lipid concentration (16.1% dry weight), which
possibly reflects species-specific physiological traits.
The lowest concentrations of lipid were recorded in
elasmobranch fishes (R. lalandii and R. porosus),
which may be related to the fact that these fishes store
fat mainly in the liver (Ogawa & Maia, 1999).
According to Pigott & Tucker (1990), fish can be
classified by their percentage of fat (fresh weight) as
fish with low (< 2% fresh weight), moderate (from 2
to 5%), and high (> 5%) content of fat. Following this
classification, the species analyzed in the present
study would be of low fat content, except M.
argentinae, with moderate content of fat.

Analysis of the phosphorus content in the
organisms may be useful to interpret metabolic speed.
High concentrations of phosphorus could be related to
the characteristics of muscle tissues. Muscles of
vertebrates have storage of high potential phosphorus
in the form of creatinine-phosphate, which can quickly
transfer its phosphate group to ATP (Stryer, 1996).

Ogawa & Maia (1999) state that the animals that move
fast spend more energy and consequently use more
ATP, requiring a greater supply of phosphorus in the
muscles than animals of more limited movements. The
use of muscles in our analysis explains the typical
high content of phosphorus found for all fish species
analyzed here.

Our data indicate high protein concentrations in the
species, and this agrees with the typical muscle
characteristics. Concentrations of total protein were
similar to the results reported by Zaboukas et al.
(2006) and Simoes et al. (2007), who state that total
protein in fish fluctuates ca. 75% of dry weight. The
lowest protein concentration was found in M.
argentinae, which can be related to the high lipid
content recorded in this species. According to Ogawa
& Maia (1999) there is an inverse relationship
between lipid and protein contents in fishes.

The protein quantification, by the method of
Lowry et al. (1951), and by the sum of the amino acid
residues, showed remarkable differences. For all
species, the values for protein measured by the method
of Lowry et al. (1951) were lower (ca. 35%) than
results estimated by the sum of AA-Res. The possible
cause for these differences could be related to the
more difficult extraction of protein from freeze-dried
samples according to Barbarino & Lourenco (2005).
This could suggest a lower efficiency on extraction
with the Lowry method. On the other hand, total
amino acid analysis involves the acidic hydrolysis of
the samples, which eliminates problems with protein
extraction. It is widely accepted in the literature that
the best estimation of protein content is the sum of
AA-Res, which represents the actual protein in each
sample (Sosulski & Imafidon, 1990; Yeoh & Truong,
1996; Fujihara et al., 2008; Diniz et al., 2011).
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Proteins are composed of one or more chains of
amino acids and the nutritional quality of a protein is
basically determined by their content, proportion and
availability of amino acids (Taboada et al., 2010). The
main findings of amino acid composition of fish
proteins described here are in agreement with previous
studies (Uhe et al., 1991; Ogawa & Maia, 1999). All
fish samples exhibited similar amino acid patterns. In
general, all species are rich in glutamic acid and
lysine, and poor in histidine.

The high nitrogen concentration observed in the
muscles can be related with the high proportion of
protein in the tissues, and by the presence of OTMA
(oxydeoftrimethylamine), a nitrogenous substance
widely found in marine animals (Ogawa & Maia,
1999). Sterner & George (2000) and Dantas &
Attayde (2006) found similar values of TN in
freshwater fishes compared to those recorded in the
present study, with values fluctuating from 9.5% to
10.35% of dry weight.

More than 90% of the total nitrogen present in fish
muscles are in proteins. In cartilaginous fishes, a
smaller concentration of protein nitrogen (PN) was
found, which may be related to the high concentration
of OTMA. This substance is associated to urea in the
control of the osmotic pressure; a high concentration
of urea can be found in the muscles, achieving up to
2% (Ogawa & Maia, 1999). As a consequence of a
high NPN, the budget of nitrogen is particularly
affected in these species.

According to Puwastein et al. (1999), the quantity
of NPN in muscles can vary from 6 to 14% of the total
nitrogen. NPN in animals is present in the constitution
of several substances, such as OTMA, amines,
guanidines, nucleotides and their degrading products
such as urea and ammonia. Other non-proteinaceous,
substances with nitrogen that can be present are
glycilbetaine, carnitine and homarine (Ogawa & Maia,
1999). The flavor of seafoods depends on the species,
the fat content, and the presence as well as the type of
nonprotein nitrogenous compounds (Venugopal &
Shahidi, 1996).

In most studies of the protein content of fishes N-
Prot factors were used. However, the factor used in
these studies was the traditional factor 6.25 calculated
by Jones (1931), from animal muscles. The use of the
factor 6.25 is based on the assumption that samples
contain protein with 16% nitrogen and an insignificant
amount of non-protein nitrogen (Coklin-Brittain et al.,
1999). However, the amino acid composition varies
from one protein source to another, existing different
N content in each amino acid. Moreover, this
assumption is invalid for organisms that contain high
concentrations of other nitrogenous compounds, such

as nucleic acids, amines, urea, inorganic intracellular
nitrogen (ammonium, nitrate and nitrite), vitamins and
alkaloids (Fujihara et al., 2001). The contribution of
non-protein nitrogenous compounds to the total crude
protein content of different kinds of seafood depends
on the composition (species) of the raw material, and
ranges from 10 to 40% (Venugopal & Shahidi, 1996).

There are different ways to calculate N-Prot
conversion factors. Several studies calculate the N-
Prot factors as the ratio between AA-Res and NT
(Levey et al., 2000; Matilla et al., 2002; Fujihara et
al., 2008), such as it has been done in the present
study. On the other hand, many studies determined
conversion factors taking into account the proportion
between total amino acid and the recovery of nitrogen
from the amino acids (AA-N) (Mossé, 1990; Sosulski
& Imafidon, 1990; Yeoh & Wee, 1994). Salo-
Viédndnen & Koivistoinen (1996) calculated a
conversion factor of 4.94 for fish and fish products
based on AA-N. However, the application of the
conversion factor calculated only by AA-N can
overestimate the actual protein content of species with
high NPN. This happens because the factor would
multiply the total nitrogen content to calculate the
percentage of protein: it is not possible to distinguish
protein nitrogen and NPN in total nitrogen. For a more
accurate determination of protein using conversion
factors, the quantity of TN should be corrected
according to the NPN. Thus, the use of conversion
factors based on AA-N does not have a practical
value.

The total amino acid content represents not only
amino acids derived from proteins but also those in
free form. Thus. the presence of free amino acids
contributes to an overestimation of the total protein.
However, according to Mossé (1990), the use of data
of total amino acid, without determination of free
amino acids, is a widely accepted procedure to
estimate protein, since in acid hydrolysis some amino
acids are partially or totally destroyed (e.g.
tryptophan, cystine, methionine and serine). The loss
during acid hydrolysis might compensate for the
influence of free amino acids in the quantification of
protein by the sum of the total amino acid residues

The overall mean N-Prot factors calculated in this
report was 5.71. Conversion factors calculated in this
study were very similar among the species. Values for
the elasmobranch fishes were smaller, achieving 5.39
and 5.5, in R. porosus e R. lalandii, respectively. This
is possibly related to the higher concentration of NPN
than in the other species. The high N-Prot factors
calculated in this study reflect the low concentrations
of NPN in the muscles. Despite the high concen-
trations of PN, all conversion factors were lower than
the traditional factor 6.25.
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The best estimate of the protein content is the sum
of AA-Res, representing the actual protein content in
the samples. A comparison of the values obtained
using the N-Prot factor and the values obtained by the
sum of AA-Res shows clearly that the factor 6.25
overestimates the protein content in fish samples in ca.
9% (14% for elasmobranchs). Such differences are not
negligible, which means that the presence of non-
proteinaceous substances with nitrogen affects the use
of nitrogen-to-protein conversion factors in fish
samples.
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