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Abstract
Fish processing industries worldwide are discarding million kilograms of fish waste per year. The disposal of these wastes 
is an important handicap in fish processing industry. The thick eel skin is considered a waste product in the fish processing 
industry and in the home and is usually converted into low market-value products. The aims of this study were to evaluate the 
variations in the general chemical composition and amino acid content of eel skin in relation to body weight. The moisture 
content decreased and the lipid content increased with the weight of the eels. Eel skin had a high protein content, which did 
not vary significantly with eel weight. Glycine was the most abundant amino acid. The predominant essential amino acid was 
leucine. The smaller eels contained higher levels of threonine, valine, isoleucine, leucine, lysine, glutamic acid and tyrosine 
than the other groups. The larger eels contained higher levels of methionine, hydroxyproline, glycine, arginine, alanine and 
proline than the other groups. The protein indices showed that the skin from smaller eels was of higher nutritional quality.
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Introduction

The European eel (Anguilla anguilla L.) is a facultative 
catadromous fish, which undertakes a long transatlantic 
migration, develops in fresh water and eventually returns 
to the sea to spawn. The distribution area of the Euro-
pean eel covers all of the European coasts and part of the 
coasts of Africa [1]. In recent years, eels have suffered a 
significant decline in number. For this reason, this fish has 
been categorized as critically endangered by the European 
Union and the United Nations and has been included in 
the International Union for the Conservation of Nature 
(IUCN)’s Red List [2]. However, both fresh eels and pro-
cessed products are consumed worldwide.

The main producer of eel is China, which represented 
84% of world production in 2018, followed by Japan and 
the Republic of Korea. Japanese eel is produced in these 
three countries. The European Union ranks fourth and 
they only produce European eel. Although eel production 
in the EU has decreased by 19% over the last decade, in 
some countries such as Germany or Italy, eel production 
increased in the period from 2009 to 2018 [3]. A high per-
centage of these eels are used to make different products 
around the world such as smoked fish or kabayaki.

Eel processing generates large amounts of waste (scales, 
bone, skin, etc.). Eel skin is thick and is, therefore, consid-
ered a waste product in the fish processing industry and in 
the home. This type of waste is scarcely used in the fish 
processing industry [4]. However, use of eel skin would 
improve utilization of this scarce fish. Obtaining further 
information about the chemical composition of the eel skin 
and about the changes that occur throughout the biological 
cycle could help in the conservation and cultivation of the 
fish. During its life cycle, the European eel undergoes two 
periods of metamorphosis. The first, during its oceanic 
migration, involves transformation from the planktonic 
marine stage into the glass eel stage. The second occurs 
after the juvenile growth and differentiation phase in 
inland waters. During this second stage, eels change from 
yellow eels into silver eels, in a process called ‘silvering’ 
[5]. Growth involves a change in the color and thickness 
of the skin, accompanied by changes in skin components.

Discard and processing waste can represent between 
30 and 70% of the total weight of seafood catches [6], and 
∼30% of the waste occurs in the form of bones, skin and 
scales [7]. Fish waste is usually processed into low market-
value products (animal feed, fish meal) or is dumped in the 
ocean, thus causing environmental problems.

Valorization of fish skin is very important to reduce 
fishery waste. The skin consists of three layers, with the 
epidermis and dermis covering the subcutaneous hypoder-
mis. The structure, thickness and chemical composition of 

fish skin can vary due to the differences in species, age, 
weight, sex and environment and even the reproductive 
cycle stage [8, 9]. These characteristics reflect how the fish 
are adapted to the physical, chemical and biological condi-
tions of the aquatic environment and the natural history of 
the organism. Information about the chemical composition 
of fish skin is of interest for several reasons. One of these 
reasons is that when the skin is included in the final prod-
uct, it is also eaten, and its characteristics can affect the 
nutritional value, shelf life and taste of the product [10]. 
Fish skin is of enormous nutritional value. In fact, fish skin 
is known to be a natural source of useful proteins and pep-
tides. Protein is a major component of skin, and fish skin 
contains valuable amounts of proteins of high nutritional 
value in relation to essential amino acid composition. The 
protein is mainly made up of collagen, along with reticulin 
and elastin, which form the connective tissue matrix. The 
skin can be used as a substitute for bovine gelatin and for 
active coatings, helping to preserve food [11].

The nutritional value of proteins depends on their amino 
acid composition. The quality of proteins can be determined 
relative to the composition of a standard protein, which is 
accepted as the most important for the calculation of the pro-
tein quality in human nutrition. Protein quality is estimated 
from the amounts of limiting amino acids [12].

Considering the continued increasing demand for food, 
including fish, and the scarcity of eels, correct utilization of 
waste is of great importance. However, fish skin is seldomly 
used in the fish processing industry. It is well known that the 
proximate composition of fish is not constant, as it can vary 
throughout the life cycle and is affected by different factors. 
A significant portion of the eels remains unused or poorly 
used despite being in critical danger. On the other hand, 
further studies are required to describe the growth processes 
throughout the life cycle of European eels.

The purpose of this study was to evaluate how the gen-
eral chemical composition, the amino acid profile and the 
quality of protein in the skin from the wild European eel 
are affected by fish size (weight), with the overall aim of 
exploring the potential value of eel skin and developing a 
zero-waste process.

Materials and methods

Samples

European eels (Anguilla anguilla) were caught in the River 
Ulla (Galicia, NW Spain) during the authorized fishing sea-
son (late summer and fall). They were purchased at a local 
market (“Plaza de Abastos, Mariscos vivos del Grove”) 
in Ourense (Galicia, NW Spain). The eels were held in 
tanks connected to freshwater recirculation modules until 
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slaughter. The eels were sacrificed by ice water immersion. 
The eels were classified according to their body weight into 
four different groups (15 eels per group): A 10–100 g; B 
100–200 g; C 200–400 g; and C > 200 g. The mean total 
weights of the eels in groups A, B, C and D used in this 
study were 32.24, 172.94, 301.75 and 503.55 g, respec-
tively. The fish were eviscerated and washed, and the skin 
was manually removed with the aid of a knife and cut into 
small squares. The skin was divided into batches and stored 
in the freezer at − 20 °C until use.

Before the corresponding analyses, the frozen skin eel 
was defrosted at 4 ± 2 °C in a refrigerator.

Proximate composition analysis

Moisture, ash and protein content were determined as 
described in AOAC methods [13]. The moisture content 
was determined after obtaining a constant weight after dry-
ing in an oven at 105 °C. Ash content was determined after 
calcination of the samples in a muffle furnace at 500 °C. The 
nitrogen (N) content of fish skin samples was determined by 
the Kjeldahl method, and the value was multiplied by 6.25 to 
provide an estimate of the crude protein content.

The total fat was extracted from the eel skin with n-hex-
ane solvent (10 g of minced sample with 100 mL of hexane). 
The extraction was carried out for 18 h in darkness, with 
shaking (100 rpm). The extracts were evaporated to dryness 
in a rotary vacuum evaporator at 60 °C, and the fat content 
was calculated gravimetrically.

Amino acid analysis

The proteins were hydrolyzed according to the protocol 
described by Franco et al. [14]. The samples (100 mg) were 
first hydrolyzed by adding 5 mL of 6 N HCl and incubating 
the mixture at 110 °C for 24 h in a sealed glass ampoule. 
After hydrolysis, an aliquot of 0.625 mL of the sample 
was diluted to 25 mL with distilled water. The supernatant 
was filtered through a grease-free filter paper. The pH of 
the filtrates was adjusted to 7.1 ± 0.2 with a 30% potas-
sium hydroxide solution and then cooled to 2 °C for 10 to 
20 min. The amino acids were identified and quantified by 
HPLC, under the conditions described by Gómez-Limia 
et al. [15]. The liquid chromatography equipment consisted 
of a Thermo Finnigan chromatograph with UV/VISIBLE 
detector and a Spectrasystem UV6000LP photodiode matrix. 
The column was a reversed phase C18 Ultrasphere 5–ODS 
column (diameter of 4.6 mm and 25 cm of length) (Beck-
man, Fullerton, USA). The temperature of the column was 
held at 50 ± 1  °C with a column heater (Spectrasystem 
3000). The wavelength of the detector was 254 nm. Stand-
ards of the 17 different amino acids were supplied by Sigma 
Chemical Co. (St Louis, MO): L-alanine (Ala), L-arginine 

(Arg), L-aspartic acid (Asp), L-glutamic acid (Glu), gly-
cine (Gly), L-histidine (His), L-isoleucine (Ile), L-leucine 
(Leu), L-lysine (Lys), L-methionine (Met), L-phenylalanine 
(Phe), L-proline (Pro), L-serine (Ser), L-threonine (Thr), 
L-tyrosine (Tyr), L-valine (Val) and hydroxyproline (Hyp). 
As the hydrolysis conditions strongly affect the tryptophan 
content, this amino acid was not determined by this method. 
Cysteine was not evaluated in this work due to the fact that 
its recovery after protein hydrolysis is poor.

For derivatization, 0.2 mL of standard solution or hydro-
lyzed sample was dried in a vacuum centrifuge concentra-
tor at 37 °C. Twenty µL of the derivatizing solution (etha-
nol + Milli-Q water + triethylamine + phenyl isothiocyanate: 
PITC) was then added to each dried sample and the mixture 
were allowed to stand at room temperature for 20 min. Next 
the resulting mixture was evaporated in a vacuum centrifuge 
concentrator at 37 °C. The dry residue was dissolved with 
500 µL of diluent (disodium acid phosphate (675.4 mg) and 
Milli-Q water (950 mL). The mixture was filtered (Waters 
0.45 µm pore diameter filters) and transferred into a sample 
vial for HPLC analysis. A solution of anhydrous sodium ace-
tate in Milli-Q water, adjusted to pH 6.6 with glacial acetic 
acid, was mixed with acetonitrile (40:60) to produce eluent 
A. A solution of Milli-Q water and acetonitrile (40:60) was 
used as eluent B. All samples and standards were injected 
in the column at least in triplicate. Tests of repeatability and 
reproducibility of amino acid analysis did not reveal any 
significant differences in either parameter.

The results are expressed as g/100 g wet sample.

Evaluation of amino acid quality indices and scores

The protein quality and nutritional values of the essential 
amino acids scores (EAAS) determined for essential amino 
acids were calculated and expressed relative to the FAO/
WHO/UNU reference protein [12], as follows:

The essential amino acids index (EAAI) was determined 
by applying the following equation, as described by Fried-
man [16]:

where a, b, c,..., j = His, Thr, Val, Met, Ile, Leu, Phe + Tyr 
and Lys content of each sample (g/100 g protein); ae, be, 
ce,..., je = His, Thr, Val, Met, Ile, Leu, Phe + Tyr and Lys 
content of the protein standard (g/100  g protein) [12]; 
n = number of amino acids analyzed.

EAAS(%) =
Amount of AA in the sample (mg∕g)

Amount of AA of pattern protein (mg∕g)
× 100.

EAAI = 100x
n

√

a

ae
×

b

be
×

c

ce
…
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The predicted protein efficiency ratio (P-PER) was calcu-
lated using the equation proposed by Alsmeyer et al. [17], as 
adapted by Adeyeye [18]:

Statistical analysis

All analyses were carried out at least in triplicate. Statistical 
treatment of the data was carried out by analysis of variance 
(ANOVA). The least significant difference (LSD) test was 
applied with a 95% confidence interval (P ≤ 0.05) for com-
parison of the mean values, using the statistical software 
Statistica version 7.1 of Statsoft © Inc. (Tulsa, OK, USA). 
Data are presented as means ± standard deviation (SD).

Canonical discriminant analysis (CDA) was used to clas-
sify eels into the different groups according to weight. A 
stepwise selection procedure was first used to reduce the 
number of explanatory variables, and a canonical discrimi-
nation procedure was then used to determine the key point 
variables that would contribute to a discrimination function, 
in order to identify the relationships between these data, 
according to the variability in weight.

Results and discussion

Sample characteristics and proximate composition 
of eel skin

The average weight of the whole eels and percentage of skin 
in each group are shown in Fig. 1.

Eels increase in weight during development. Skin consti-
tuted between 8.45 and 9.35% of the whole eels. Although 
the percentage of skin increased with the size of the eels, 
no statistically significant differences between the groups 

P − PER = −0.468 + 0.454 × Leu − 0.105 × Tyr.

were observed in this variable. As eel skin is often treated 
as waste, a high percentage of skin would signify that a large 
part of eel is discarded and remains unexploited.

The body composition of the fish varies during the life 
cycle. The chemical composition of skin can vary with age, 
sex, season feeding and the treatment of the skin on removal 
from the carcass [19]. The moisture, protein, lipid, and ash 
contents of the skin of European eels of different weights 
are shown in Table 1.

The moisture content of the skin was between 
68.94 ± 0.13 and 63.73 ± 2.13%. The moisture content of the 
eel skin was lower than reported by Gómez-Limia, et al. [20] 
for eel muscle (74.5%). The skin of larger eels had a lower 
moisture content. The moisture content of eels in groups C 
and D (greater weight) differed significantly from those in 
group A (P < 0.05). Muyonga et al. [8], Rosmawati et al. [9] 
and Mahboob [21] observed that the skin of larger fish had 
a lower moisture content. During growth of the fish, changes 
occur in the moisture content in the fish body, especially the 
element of moisture bound by proteins, due to biochemical 
activities of the body [9].

Protein is the main component of skin, after water 
(20.88 ± 2.83 to 25.17 ± 5.34%). The protein content 
increased with the weight of the eels, although the differ-
ences were not significant. This is consistent with observa-
tions made by Veeruraj et al. [22] for outer skin from eel 
(21.71%). Muyonga et al. [8] also observed a protein content 
of 20–22% in skin of the Nile perch. Muralidharan et al. [23] 
reported that the skin of the leatherjacket fish (Oligoplites 
saurus) contained 21.65% of protein, which is consistent 
with our findings. Mahboob [21] did not observe any differ-
ences in protein content of South Asian carp (Catla catla) 
and white carp (Cirrhinus mrigala) in relation to weight.

The fat content of eel skin was quite high (7.30 ± 0.33 
to 10.57 ± 1.08%). Prior research yielded similar results for 
eel muscle [20]. The fat content in smaller eels (A and B) 
differed significantly from that in larger eels (C and D). Eels 

Fig. 1  Weight (g) of the whole 
eels and percentage (%) of skin 
in each group (mean ± standard 
deviation)
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accumulate lipid during development. Luzzana et al. [24] 
pointed out that significant fat deposition during growth is 
characteristic of eels. This may be due to the need to store 
energy for migration. Furthermore, the importance of lipids 
for survival during overwintering in freshwater and for sur-
vival at sea in some species such as salmonids has been 
pointed out [25]. Young fish generally have higher moisture 
and lower lipid contents than adults. Important variations 
in lipid content have been reported in many studies and 
attributed to factors such as season, temperature, diet, age, 
size and sex [26]. In Spain, eel fishing season is fixed every 
year. Depending on the fishing season, the fat content in the 
eel can vary as it is conditioned by factors such as water 
temperature. Lipids must be removed from some products 
obtained from skin, such as gelatin, as they can decrease the 
quality of these products.

The European eel skin was low in ash content. The ash 
content ranged from 2.30 ± 0.14 to 3.00 ± 0.30%, and the 
differences between large and small eels were not signifi-
cant. Our data are similar to those reported by Veeruraj et al. 
[22] for outer skin of eels (2.12%). The ash content of fish 
skin can be derived from the dermis layer. It is influenced 
by habitat, environmental, fish species, size, age, etc. It has 
also been observed that a higher ash content in the skin of 
adult fish may be due to increased mineralization with age, 
thickness of the skin and biochemical composition [8, 23].

Amino acid profile

A total of 17 amino acids were quantified in the eel skin. 
The results, expressed as g of amino acid/100 g of skin, are 
shown in Table 2.

Glycine was the most abundant amino acid in all groups 
(between 3.13 ± 0.55 and 5.02 ± 0.50 g/100 g). The contents 
increased significantly with body weight. High levels of gly-
cine indicate the presence of collagen, as glycine is thought 
to be essential in collagen formation. Different studies have 
revealed that glycine is the most abundant amino acid in fish 
skin [27, 28]. Rosmawati et al. [9] observed that the glycine 
content was highest in medium sized fish followed by large 
fish and small fish.

The glutamic acid content of the eel skin was also rela-
tively high and decreased (1.83 ± 0.24 to 1.65 ± 0.23 g/100 g) 
as the weight of the eel increased, although not significantly. 
This amino acid plays an important role in amino acid 
metabolism [29]; it is also an important source of nitrogen 
and contributes to the umami taste of foods.

Arginine and alanine were also detected in valuable 
amounts. These amino acids are non-essential, and their 
levels increased with increasing fish body weight. Arginine 
plays an important role in the production of hydroxyproline, 
which is used in the formation of connective tissue [9]. On 
the other hand, alanine plays an important role in gelatin 
viscosity and together with methionine is considered an indi-
cator of protein quality [30]. Glycine, arginine and alanine 
induce the formation of new tissues for wound healing [29].

Proline is classified as a non-essential amino acid, but 
it is very important for preserving collagen structure. In 
addition, nutritionally, proline is involved in wound heal-
ing, antioxidant reactions and immune responses [31]. The 
proline contents of eel skin were high and increased with 
the weight of the eels.

The hydroxyproline content was higher in larger 
eels (1.57 ± 0.11  g/100  g in C and 1.72 ± 0.31  g/100  g 
in D) than in smaller eels (0.99 ± 0.06 g/100 g in A and 
0.98 ± 0.04 g/100 g in B). As this amino acid is strongly 
represented in collagen and elastin, it is assumed that all of 
the hydroxyproline content of skin is due to collagen.

The sum of hydroxyproline and proline (imino acid con-
tent) is often used to explain some properties of collagen 
[32]. The combined content is related to the temperature at 
which collagen is denaturated. The imino acid content of the 
eel skin (2.61 ± 0.23 – 4.78 ± 0.58 g/100 g) increased with 
the weight of the eels. These results are consistent with the 
protein content of eel skin, as the higher protein concentra-
tion corresponds to a higher level of hydroxyproline. This 
may be due to higher collagen content in the skin of larger 
eels, as hydroxyproline is known to be a major constituent 
contributing to the stiffness of the collagen triple helix and to 
the intramolecular cross-links. The amounts of imino acids 
vary significantly among species, temperature and the eel 
habitat [8, 32].

Table 1  Proximate composition 
of European eel skin (%)

A: between 10 and 100 g; B: between 100 and 200 g; C: between 200 and 400 g; D: more than 400 g
a, b Mean values of at least three determinations ± standard deviation with different superscripts in the same 
row were significantly different (P < 0.05)

A B C D

Moisture 68.94 ± 0.13a 68.31 ± 3.36a,b 63.73 ± 2.13b 64.16 ± 0.76b

Protein 21.05 ± 2.10a 20.88 ± 2.83a 25.13 ± 5.56a 25.17 ± 5.34a

Lipid 7.32 ± 0.04a 7.30 ± 0.33a 10.57 ± 1.08b 8.24 ± 0.67b

Ash 2.58 ± 0.30a 2.79 ± 0.44a 2.30 ± 0.14a 3.00 ± 0.30a
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The predominant essential amino acid in eel skin was 
leucine, which, together with alanine, is often present in 
a higher proportion in collagen. The amount of leucine 
decreased with the weight of the eels. These findings are 
consistent with those reported by Rosmawati et al. [9].

Methionine was the amino acid present at lowest con-
centrations in small eels (0.25 ± 0.03 g/100 g). This amino 
acid increased as the fish body weight increased. However, 
other amino acids such as threonine, valine, isoleucine, 
phenylalanine, lysine and tyrosine decreased as the weight 
of fish increased.

On the other  hand,  the ant ioxidant  capac-
ity and functional properties of protein depend on 
amino acid composition and hydrophobicity [33]. 
The hydrophobic amino acid content of eel skin 

(Proline + alanine + valine + methionine + glycine + iso-
leucine + leucine + phenilalanine) was relatively high 
(between 53.95 and 61.79% of total amino acids). These 
amino acids can contribute to antioxidant and angioten-
sin-converting enzyme inhibitory activity [34]. Peña‐
Ramos et al. [35] pointed out that hydrophobic amino 
acid and histidine lowered lipid oxidation considerably. 
Gómez-Guillén et al. [36] reported that a higher content 
of hydrophobic amino acid residue effectively distributes 
hydrophilic/hydrophobic amino acids that improve gelatin-
emulsifying properties.

The hydrophilic amino acids (lysine, serine, arginine, 
hydroxyproline, and aspartic and glutamic acids) were 
present in lower amounts (between 37.10 and 38.82% of 
total amino acids) than hydrophobic amino acids. This is 

Table 2  Amino acid profiles 
(g/100 g sample), essential 
amino acid index ( EAAI ) and 
predicted protein efficiency ratio 
(P-PER) of the skin of European 
eel

A: from 10 and 100 g; B: from 100 and 200 g; C: from 200 and 400 g; D: more than 400 g. Hydropho-
bic amino acids: ∑ Proline + alanine + valine + methionine + glycine + isoleucine + leucine + phenylalanine. 
Hydrophilic amino acids: ∑ Lysine + serine + arginine + hydroxyproline + aspartic acid + glutamic acid. 
Aromatic amino acids: ∑ Tyrosine + phenylalanine
a–c Mean values of at least three determinations ± standard deviation with different superscripts in the same 
row were significantly different (P < 0.05)

A B C D

Essentials (E)
 Histidine 0.55 ± 0.08a 0.55 ± 0.08a 0.51 ± 0.06a 0.51 ± 0.07a

 Threonine 0.78 ± 0.06a 0.77 ± 0.08a 0.56 ± 0.08b 0.52 ± 0.06b

 Valine 0.73 ± 0.07a 0.74 ± 0.06a 0.55 ± 0.07b 0.60 ± 0.06b

 Methionine 0.25 ± 0.03a 0.25 ± 0.03a 0.28 ± 0.05a 0.40 ± 0.08b

 Isoleucine 0.62 ± 0.07a 0.62 ± 0.05a 0.41 ± 0.06b 0.44 ± 0.04b

 Leucine 1.36 ± 0.18a 1.33 ± 0.16a 0.85 ± 0.05b 0.92 ± 0.06b

 Phenylalanine 0.75 ± 0.10a 0.74 ± 0.08a 0.64 ± 0.04a 0.66 ± 0.03a

 Lysine 0.70 ± 0.05a 0.68 ± 0.08a 0.40 ± 0.03b 0.43 ± 0.04b

Non-essentials (NE)
 Hydroxyproline 0.99 ± 0.06a 0.98 ± 0.04a 1.57 ± 0.11b 1.72 ± 0.31b

 Aspartic acid 1.09 ± 0.06a 1.09 ± 0.06a 1.02 ± 0.19a 1.03 ± 0.15a

 Glutamic acid 1.83 ± 0.24a 1.76 ± 0.28a 1.69 ± 0.24a 1.65 ± 0.23a

 Serine 0.83 ± 0.09a 0.82 ± 0.10a 0.87 ± 0.05a 0.89 ± 0.14a

 Glycine 3.13 ± 0.55a 3.14 ± 0.51a 4.10 ± 0.49b 5.02 ± 0.50b

 Arginine 1.61 ± 0.25a 1.73 ± 0.34a,b 1.99 ± 0.20b,c 2.20 ± 0.34c

 Alanine 1.73 ± 0.28a 1.75 ± 0.31a 1.90 ± 0.22a,b 2.56 ± 0.48b

 Proline 1.59 ± 0.45a 1.54 ± 0.22a 2.17 ± 0.22b 2.97 ± 0.33c

 Tyrosine 0.43 ± 0.07a 0.43 ± 0.06a 0.31 ± 0.03b 0.30 ± 0.05b

Imino acids 2.70 ± 0.34a 2.61 ± 0.23a 3.69 ± 0.29b 4.78 ± 0.58c

Hydrophobic amino acids 10.31 ± 0.83a 10.23 ± 1.02a 10.77 ± 0.46a 13.41 ± 0.94b

Hydrophilic amino acids 7.10 ± 0.49a 7.18 ± 0.56a 7.48 ± 0.47a 8.05 ± 0.55a

Aromatic amino acids 1.20 ± 0.09a 1.22 ± 0.06a 0.95 ± 0.07b 0.97 ± 0.07b

Total essentials (E) 5.71 ± 0.52a 5.76 ± 0.43a 4.16 ± 0.24b 4.49 ± 0.25b

Total non-essentials (NE) 12.68 ± 1.44a 13.26 ± 1.19a 14.87 ± 1.05a,b 18.41 ± 1.01b

TOTAL 18.29 ± 2.16a 18.96 ± 1.34a 19.44 ± 1.13a 21.70 ± 2.17b

E/NE ratio 0.45 ± 0.07a 0.44 ± 0.04a 0.28 ± 0.03b 0.24 ± 0.02b

EAAI 110.86 ± 4.68a 114.09 ± 4.03a 83.21 ± 7.41b 81.50 ± 7.39b

P-PER 2.06 ± 0.32a 2.02 ± 0.47a 1.08 ± 0.17b 1.08 ± 0.23b
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important as the water holding capacity of some products 
such as gelatins and hydrolysates is affected by the amount 
of hydrophilic amino acids.

Aromatic amino acids (tyrosine and phenylalanine) can 
stabilize reactive oxygen species through direct electron 
transfer [37]. These amino acids, together with hydrophobic 
amino acids and methionine, have been reported to play an 
important role in antioxidative activities [38]. The contents 
of these amino acids in eel skin decreased as the weight of 
the fish increased.

The concentration of essential amino acids was higher in 
smaller eels than in larger eels. The sum of essential amino 
acids ranged between 5.71 ± 0.52, in the smallest eels (A), 
and 4.16 ± 0.24 in the largest eels (C). Although the sum of 
essential amino acids decreased during growth, the sum of 
non-essential amino acids increased.

Comparison of data on eels of different weights revealed 
significant differences (P < 0.05) in the E/NE ratio. The ratio 
was highest in the small eels (group A: 0.45 ± 0.07; group 
B: 0.44 ± 0.04).

The amino acids content in the fish skins is affected by 
differences factors as species, age, diet, habitat environment 
and especially temperature [39–41]. These factors can cause 
significant changes in the composition and properties of skin 
proteins [42]. The eels used in this study were caught in the 
same area and during the same time of year. Therefore, the 
differences observed in the content of some amino acids 
could be due to the changes that the collagen undergoes 
throughout the growth of the fish, the diet in each phase of 
development, or the physiological state of the eel.

Table 2 also shows the essential amino acid index (EAAI) 
and the predicted protein efficiency ratios (P-PER) for pro-
teins in eel skin. EAAI and PER are considered important 
parameters for comparison of quality based on estimation 
of protein quality. The EAAI was 110.86 ± 4.68 and 114.09 
in eels of groups A and B, showing that the sum of essential 

amino acids in the protein of smaller eels was higher than 
in the reference standard protein [12]. A similar value 
was reported for gilthead sea bream (Sparus aurata) skin 
(114.22) [43]. However, the EAAI decreased significantly as 
the weight of the eels increased (83.21 ± 7.41–81.50 ± 7.39).

The predicted protein efficiency ratio (P-PER) indicates 
the biochemical availability of protein through measurement 
of animal growth. This parameter is based on the concentra-
tions of Leu and Tyr. The standard reference for the P-PER 
is based on casein, a cow milk protein, which has a P-PER 
of 2.5 [44]. The P-PER in this study ranged between 2.06 
and 2.02 in smaller eels (groups A and B) to 1.08 in heavier 
eels (groups C and D). These values were lower than those 
obtained in a previous study in eel muscle [15]. However, the 
P-PER values of eel skin were higher than obtained in skin 
from other types of animals, such as dog, goat, pig and cane 
rat (− 0.20, − 0.19, − 0.11 and − 0.09, respectively) [45].

Food with P-PER values below 1.5 has been reported 
to have low quality protein, those with P-PER between 1.5 
and 2.0 have protein of intermediate quality, and those with 
P-PER higher than 2.0 have high quality protein [16, 46]. 
Thus, the skin of smaller eels has higher quality protein than 
the skin of larger eels.

The amino acid scores determine the effectiveness with 
which absorbed dietary nitrogen, by comparing the levels 
of essential amino acids between samples and standard pro-
teins. Protein quality depends on an appropriate essential 
amino acid score (EAAS) in the protein source considered. 
The mean EAAS values proposed by [12] for humans (catch-
up growth) are shown in Table 3. Analysis of the EAAS 
enables the order of the restrictive amino acids to be deter-
mined. Smaller eel yielded the best results. Histidine, threo-
nine and aromatic amino acids (phenylalanine + tyrosine) 
were the amino acids associated with the highest EAAS 
values. According to the results reported by other authors, 
histidine is one of the amino acids with the highest EAAS 

Table 3  Essential amino acid 
scores (EAAS) of European eel 
skin based on provisional amino 
acid scores

A: from 10 and 100 g; B: from 100 and 200 g; C: from 200 and 400 g; D: more than 400 g
*FAO/WHO/UNU (2007) (g/100 g protein). Indispensable amino acid requirements (catch-up growth)
a–c Means in the same row with different letters differ significantly (P < 0.05). Phe + Tyr: phenylala-
nine + tyrosine

A B C D Protein 
standard*

Histidine 177.53 ± 33.41a 172.24 ± 38.20a 171.06 ± 25.87a 152.15 ± 15.24a 1.50
Threonine 162.92 ± 19.84a 144.97 ± 29.43a 119.97 ± 19.66b 111.86 ± 19.50b 2.30
Valine 87.34 ± 9.43a 81.32 ± 15.32a,b 74.612 ± 5.87b,c 68.49 ± 11.16c 3.90
Methionine 79.86 ± 8.75a 78.97 ± 13.81a 85.06 ± 17.56a 88.23 ± 10.67a 1.60
Isoleucine 97.26 ± 9.34a 96.26 ± 15.80a 70.95 ± 10.72b 67.61 ± 10.70b 3.00
Leucine 105.58 ± 12.74a 100.29 ± 17.67a 73.75 ± 7.70b 70.04 ± 6.28b 5.90
Phe + Tyr 154.85 ± 12.09a 167.04 ± 23.42 128.03 ± 12.52b 121.18 ± 15.25b 3.80
Lysine 76.20 ± 7.54a 75.25 ± 10.52a 47.83 ± 3.54b 48.15 ± 5.72b 4.50
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values, while methionine is a limiting amino acid in fish 
by-products [43].

Methionine, valine, isoleucine and lysine were present 
in small amounts in all of the fish. The EAAS of these 
amino acids, except methionine, decreased with increas-
ing weight of fish. Leucine also was a limiting amino acid 
in larger fish.

Multivariate statistical techniques were used with the 
aim of discriminating between skins of eels of different 
size. The data on all amino acids studied were included in 

the factorial analysis to identify the variables that contrib-
uted most to the classification.

Nine selected significant parameters, i.e., threonine, 
valine, isoleucine, lysine, total amino acids, total non-
essential amino acids, total essential amino acids, hydro-
phobic amino acids and aromatic amino acids (Table 4), 
were subjected to linear discriminant analysis.

Two discriminating functions were statistically signifi-
cant (P < 0.05). The loading plot shows the involvement of 
different amino acids contributing to the groupings shown 
in Fig. 2. The skin of the two groups of larger eels (C and 
D) was clearly distinguished. However, separation between 
samples of groups A and B was not satisfactory, possibly 
due to the small differences in amino acid composition 
between these groups.

The most significant function (P < 0.05) was F1. The 
first principal component (F1) explained 88.83% and the 
second component (F2) explained 10.65% of the total 
variation.

Conclusions

Utilization of eel skin would valorize this waste product and 
improve use of this scarce fish species, while also reduc-
ing environmental pollution. The chemical composition of 
eel skin is related to the body size of the fish. The mois-
ture content was higher in skin from smaller eels; how-
ever, the percentage of lipid was higher in skin from larger 

Table 4  Results of canonical discriminant analysis: standardized 
canonical coefficients and discriminant functions (F1 and F2)

F1 F2

Threonine 0.403 − 0.250
Valine − 0.694 − 0.297
Isoleucine 0.229 − 0.217
Lysine 0.466 0.428
Total amino acids 9.865 12.89
No essential amino acids − 9.505 − 11.091
Essential amino acids − 1.988 − 2.484
Hydrophobic amino acids − 0.258 − 0.389
Aromatic amino acids − 0.750 − 1.1091
Statistics
 Canonical R 0.95 0.74
 Eigenvalue 9.95 1.19
 Cumulative proportion 0.89 0.99

Fig. 2  Scatter plot produced 
from linear discriminant 
analysis (LDA). A: from 10 and 
100 g; B: from 100 and 200 g; 
C: from 200 and 400 g; D: more 
than 400 g
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eels. Protein and ash contents did not undergo significant 
changes according to fish size. The high glycine, proline and 
hydroxyproline contents indicated that eel skin might be a 
good source of collagen. The results show that differences in 
eel body weight are associated with significant differences 
in hydroxyproline content, indicating that the amount of col-
lagen increases with eel weight. Eel skin may also be a good 
source of protein and some amino acids, and it could be used 
as an ingredient in different foods. In any case, variations 
in the composition of eel skin due to the weight of the fish 
should be taken into account. These changes may also be 
related to the biology and life cycle of the fish.
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