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Abstract

The common octopus (Octopus vulgaris) supports one of the most valuable small-scale
fisheries in Portugal, particularly in the Algarve region, with substantial socioeconomic
implications. This species holds significant potential for human consumption due to its low
lipid content, favorable fatty acid profile, high-quality protein, and essential microelements.
This study aimed to provide a comprehensive characterization of octopus specimens
landed in two key Algarve fishing areas—Barlavento/Windward (Alvor Harbour) and
Sotavento/Leeward (Fuzeta Harbour). We assessed their nutritional value, focusing on
protein quality, lipid indexes, trace minerals, and essential vitamins, as well as overall safety
and quality. All regulated contaminants and additional potential risks were also evaluated,
yielding fully satisfactory safety results. The research was conducted within the framework
of the European Sea2See project, which aims to enhance consumer trust and acceptance
of sustainably harvested or farmed seafood in Europe. Our findings demonstrate that
Algarve octopus is a nutritionally rich seafood product, promoting cardiovascular health
and general well-being.

Keywords: nutritional value; Octopus vulgaris; lipids quality; amino acids; Fisher ratio;
micronutrients; protein efficiency ratio

1. Introduction
Octopus is a marine resource of considerable economic and nutritional value as a food

product. Within the European Union, the common octopus (Octopus vulgaris) is the primary
octopus species harvested for commercial purposes [1].

The common octopus’s fishery is one of the most important and valuable small-scale
fisheries in Portugal and has important socioeconomic implications [2–4]. This fishery uses
pots and traps to capture octopus [5,6] and constitutes a particularly relevant activity in the
Algarve region, where the largest national fleet dedicated to this resource is settled [2,4].
In this region, the common octopus is the most important species not only in terms of
landings but also in terms of first sale value. In 2023, 2.401 tons of octopus were landed
at the first auction places of the Algarve, reaching a total first-sale value of 19.5 million
euros. This quantity of octopus landings accounted for 38.4% of the total reported catches
in Portugal and 40.0% of the total first-sale revenue generated nationwide [7]. The common
octopus inhabits continental-shelf waters (0–150 m), occupying rocky, sandy, and seagrass
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habitats where it constructs dens for shelter and ambush predation [8,9]. With a short,
semelparous life cycle of 12–15 months, individuals mature quickly and reproduce once
before dying, typically during spring and summer spawning periods [10]. O. vulgaris are
generalist predators, feeding on crustaceans, mollusks, and small fish, and playing a key
ecological role in coastal marine food webs [11].

As an important component of human nutrition, seafood helps prevent health disor-
ders due to the presence of polyunsaturated fatty acid (PUFA) in the lipid composition. It
is known that octopus has potential as a marine resource fit for human consumption with
a very low lipid content (less than 2% total lipids) but containing the most important fatty
acids. Also, this cephalopod has a high protein content, significant levels of both major and
trace minerals, and essential vitamins [12].

Most recent studies on octopus caught in this region focus on the size of the catches
and their environmental impact; however, data on the nutritional properties and safety
of this resource are scarce and are usually extrapolated from other areas [9,12,13]. In this
context, the main objective of this work was to evaluate the nutritional quality of common
octopus (Octopus vulgaris) from fisheries in the Algarve (south Portugal), with special
emphasis on lipid and protein indexes, as well as the content of micronutrients. Knowing
the nutritional benefits of cephalopods from this region of Portugal will help promote their
consumption and have a positive impact on the fisheries economy. Furthermore, providing
analytical and research data on this resource will contribute to the overall growth of the
octopus’ market [12].

2. Materials and Methods
2.1. Sample Collection and Parameters Analyzed Without Shown Results

Samples were collected by fishers from the small-scale octopus fishing fleet of the
Algarve. Two areas of the Algarve were considered for sampling purposes: Barlaven-
to/Windward (samples collected by vessels registered at Alvor harbour) and Sotaven-
to/Leeward (samples collected by vessels registered at the Fuzeta harbour) and analyzed
separately due to the well-known differences in the fishing grounds of the two areas [5,14],
with western Algarve more exposed to the Atlantic coast and eastern Algarve to the
Mediterranean Sea [15–17]. A total of eight samples (three to four individuals per sample)
of octopus were collected every three months in each region, from December 2022 to
December 2023, with an approximate weight of 1.5 kg per individual. Octopus were
eviscerated and frozen immediately after landing, replicating the common practice of the
industry, and shipped properly to prevent defrosting. The analysis was carried out in
ANFACO-CECOPESCA laboratories that work under the UNE-EN ISO/IEC 17025:2017
standard [18], and it is accredited by the National Accreditation Entity (ENAC) that is
a member of the European Accreditation (EA).

To simplify the understanding of the work and visualize the most relevant results, no
values or tables referring to the quality of the octopus have been included. However, all
the contaminants established in the legislation were analyzed, as well as those that could
be considered a risk. Then, we have analyzed microbiological parameters as total viable
count (TVC), Enterobacteriaceae, Escherichia coli, Salmonella spp., Vibrio parahaemolyticus,
V. cholerae and V. vulnificus; chemical contaminants: mercury, cadmium and lead, inorganic
arsenic, dioxins, polychlorinated biphenyls (PCBs) and dioxins like PCBs; biogenic amines,
histamine, cadaverine and spermidine; nutritional compounds as fatty acids, moisture,
proteins, ash, salt, carbohydrates; fresh and quality parameters: trimetilamine (TMA), thio-
barbituric acid (TBA), peroxides index, K index and marine biotoxins including, lipophilic,
paralytic shellfish poisoning (PSP), amnesic shellfish poisoning (ASP), and tetrodotoxin
(TTX). In this context, it is worth mentioning that all contaminants evaluated are either
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absent or found in an extremely low concentration and very well below the legislated limit.
The results obtained in those parameters that are not regulated were also in all cases below
those levels published as a reference in the bibliography.

2.2. Proximal Composition, Minerals, Vitamins and Amino Acids Analyses

Moisture was determined by oven drying at 105 ± 2 ◦C until reaching constant
weight. Total protein content was determined using the Kjeldahl method [19,20], which
involves acid digestion in the presence of catalysts and heat treatment. The ammonium ions
generated from the organic nitrogen in the sample were captured in a boric acid solution
for subsequent volumetric analysis using hydrochloric acid.

Sodium and minerals were analyzed by ICP-MS (Inductively Coupled Plasma Mass
Spectrometry): after acid digestion, the sample is introduced into an integrated sample
introduction system (ISIS) for nebulization and subsequent transfer to the inductively
coupled argon. The ions produced are separated according to their charge/mass ratio and
simultaneously detected for more than 70 elements.

The amino acid profile is performed by acid hydrolysis for IC-UV (ISO 13903:2005) [21].
Vitamins were analyzed by LC-FLD: Vit. B1-Thiamin (EN 14152:2014 mod. [22]), B2-

Rivoflavin (EN 14152:2014 mod. [22]), B-3-Niacin (EN 15652:2009 [23]), and B6-Piridoxin
(EN 14164:2014 [24]); by LC-MS Vit. B5-Pantothenic acid (AOAC 2012,16); by microbiologi-
cal method—Nephelometry Vit. B8-Biotin (LST AB 266.1,1995) and B9-Folic acid (NMKL
111:1985 [25]); and by LC-UV/DAD Vit. B12-Cyanocobalalmin [26].

2.3. Nutritional Quality

In order to evaluate the nutritional quality of octopus, several indicators, such as
total proteins, amino acid content, Fischer ratio (FR), and protein efficiency ratio (PER),
were estimated.

FR is the molar ratio of branched-chain amino acids (aa) (valine, leucine, isoleucine)
to aromatic aa (phenylalanine, tyrosine), as shown in the equation below. It is impor-
tant for assessing liver metabolism, hepatic functional reserve, and the severity of liver
dysfunction [9,10].

Fisher Ratio = ([Val + Leu + Ile])/([Phe + Tyr])

On the other hand, the estimation of protein efficiency ratio (PERest) was calculated
based on the amino acid profile according to the following equation [27,28]:

PERest = [0.00632 × (Ile + Lue + Lys + Met + Phe + Thr + Val + Arg + Hys + Tyr)] − 0.1538

The abbreviations correspond to valine, isoleucine, leucine, lysine, methionine, pheny-
lalanine, threonine, valine arginine, histidine, and tyrosine. The amount of amino acids
was expressed in g/kg protein.

In order to get more nutrition information on octopus, the amino acid score was
estimated. Amino acid score determines how effectively the absorbed dietary nitrogen can
meet the requirements of indispensable or essential amino acids (IAAs or EAAs) at the
level of protein intake. This parameter is calculated by comparing the content of EAAs in
the protein with its content in a reference standard [29]. The following formula is used to
calculate this value:

AA score% = (mg of AA per g of protein)/(mg of AA in the reference standard) × 100
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2.4. Determination of Fatty Acids Profiles
2.4.1. Lipids Characterization

Fatty acids were analyzed by gas chromatography (GC/FID), based on the preparation
of their methyl esters (by cold methylation of the sample dissolved in hexane and mixed
with 2 N potassium hydroxide in methanol) and their subsequent separation.

Dietary lipids, composed of fatty acids, can exert either beneficial or detrimental effects
on human health, influencing the onset or prevention of various diseases. Given that these
fatty acids naturally exist as a mix of saturated (SFA), monounsaturated (MUFA), and
polyunsaturated fatty acids (PUFA), it becomes essential to assess their overall nutritional
and therapeutic implications. In this study, we analyzed the fatty acid profile of octopus
samples collected across four seasonal periods at each sampling site throughout a one-year
span. From these data, we calculated several nutritional indices and reported the results as
the mean ± SEM.

2.4.2. Atherogenicity Index (AI)

The AI reflects the balance between pro-atherogenic saturated fatty acids—excluding
stearic acid (C18:0), which is generally considered neutral due to its conversion to oleic
acid in humans—and unsaturated fatty acids. It is computed using the formula [11]:

AI = [C12:0 + (4 × C14:0) + C16:0]/(∑UFA)

2.4.3. Thrombogenicity Index (TI)

The TI quantifies the potential of fatty acids to promote thrombus formation. This
index differentiates between pro-thrombogenic fatty acids (C12:0, C14:0, C16:0) and those
with anti-thrombogenic properties, such as MUFAs and ω-3 and ω-6 PUFAs. The equation
is as follows [30]:

TI = [(C14:0 + C16:0 + C18:0)/(0.5 × MUFA) + (0.5 × ∑ω-6 PUFA) + (3 × ∑ω-3 PUFA) + (∑ω-3 PUFA/∑ ω-6 PUFA)]

2.4.4. Hypocholesterolemic/Hypercholesterolemic (hH) Fatty Acids Ratio

This ratio evaluates the impact of dietary fats on plasma cholesterol levels, particularly
the balance between fatty acids that lower (C18:1n-9, PUFA) and those that raise (C12:0,
C14:0, C16:0) LDL cholesterol [30]:

hH ratio = (C18:1 + ∑ PUFA)/(C12:0 + C14:0 + C16:0)

2.4.5. Ratio Omega 6/Omega 3 (ω-6/ ω-3)

This measure assesses the nutritional quality of food in terms of essential fatty acid
balance. It is calculated by [30]:

ω-6/ω-3 = (C18:2n-6 + C20:2n-6 + C20:3n-6 + C20:4n-6)/(C18:3n-3 + C20:3n-3 + C20:5n-3 + C22:5n-3 + C22:6n-3)

2.4.6. PUFA/SFA and UFA/SFA Ratios

These two indices serve as direct indicators of cardiovascular health implications by
comparing unsaturated to saturated fatty acids [30]:

PUFA/SFA = (∑ PUFA)/(∑ UFA)

UFA/SFA = (∑ UFA)/(∑ UFA)
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2.4.7. EPA and DHA

Eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) are long-chain ω-3
PUFAs integral to numerous physiological functions. The combined proportion of EPA and
DHA is often used as a biomarker for cardiovascular and neurological health benefits [30].

Linoleic (LA)/Alpha-linolenic acid (ALA) ratio

This index is particularly relevant in estimating long-chain PUFA synthesis potential
and has been employed in evaluating the nutritional adequacy of infant formulas [30]:

LA/ALA = (C18:2n-6)/(C18:3n-3)

2.5. Statistical Analyses

Sample data were treated separately according to the origin of the samples, leeward
and windward, and periods of the year.

Results are expressed as the average ± SEM. Statistical significance was assessed using
Student’s t-test (p < 0.05) to find out if there are significant differences between the octopus
captured from leeward or windward.

3. Results
3.1. Proximal Composition and Amino Acids Analyses

Table 1 shows the chemical composition of octopus from the two origins. The amount
of protein is between 16.2 and 17.7 g/100, leeward vs. windward, respectively. Moisture
was found to be very similar for both batches: 79 vs. 81 g/100 g (windward vs. leeward).
The concentration of sodium, as an essential element, was 0.35–0.51 g/100 g, and the
amount of salt was 0.88–1.19 g/100 g (windward vs. leeward). Energy value was estimated
to be 75–65 Kcal/100 g (windward vs. leeward), indicating that this species is low in calories.
The values for total fat and carbohydrates have also been included. When presented in
accordance with their usual expression in a nutritional analysis (g/100 g), a result of less
than 1 and 2, respectively, was observed, which corresponds to the method’s detection
limit. Significant differences in the content of sodium, salt, and energy value regarding
the origin of the octopus were found. In contrast, the rest of the parameters were not
statistically significant.

Table 1. Nutritional composition of windward and leeward common octopus (Octopus vulgaris).

Common Octopus Windward Leeward

Nutritional Parameters
(g/100 g) Average SEM Average SEM

Protein 17.75 0.55 16.23 1.08
Na 0.35 0.01 0.51 0.02
Salt 0.875 0.01 1.19 0.07

Moisture 79.5 0.65 81.25 0.85
Ash 1.88 0.09 2.04 0.08

Carbohydrates <2 - <2 -
Total fats <1 - <1 -

Energetic value (Kcal/100 g) 75.5 2.60 64.73 2.47

3.2. Characterization of Nutritional Quality

We evaluated the amino acid composition and the content (g/100 g) in each batch of
octopus, as shown in Table 2. Glutamic acid (2.25–2.33 g/100 g, leeward vs. windward)
was found to be the major component within muscle proteins, followed by ornithine and
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taurine, aspartic, arginine, leucine, and lysine. Tryptophan was not analyzed. No significant
statistical differences were found based on the octopus origin.

Table 2. Composition and amount of amino acids (g/100 g) analyzed in windward and leeward
common octopus (Octopus vulgaris). Average ± SEM (n = 3).

Octopus vulgaris Windward Leeward

Amino acids (g/100 g) Average SEM Average SEM

Cysteine 0.025 0 0.032
Methionine 0.28 0.09 0.24 0.03

Alanine 0.45 0.16 0.75 0.18
Arginine 1.08 0.4 1.7 0.16

Aspartic acid 0.99 0.38 1.6 0.32
Glutamic acid 2.33 0.34 2.25 0.31

Glycine 1.07 0.14 0.94 0.88
Histidine 0.5 0.06 0.47 0.01

Hydroxyproline 0.26 0.06 0.15 0.03
Isoleucine 0.78 0.11 0.77 0.09
Leucine 1.28 0.22 1.25 0.2
Lysine 1.23 0.22 1.19 0.19

Ornithine/Taurine 1.5 0.2 1.39 0.06
Phenylalanine 0.58 0.04 0.53 0.02

Proline 0.76 0.12 0.70 0.07
Serine 0.79 0.15 0.71 0.10

Threonine 0.97 0.17 0.95 0.11
Tyrosine 0.45 0.04 0.43 0.03

Valine 0.75 0.07 0,75 0.06

Figure 1 illustrates the amino acid composition of octopus essential amino acids (EAA),
those that our organism cannot synthesize, and the non-essential amino acids (NEAA)
that humans can produce. In both cases, the percentage of essential amino acids is high,
near 40%.

0 20 40 60 80 100

Leeward octopus

Windward octopus

Essential vs. Non-Essential Amino acids (%)

% EAA % NEAA

Figure 1. Percentage of essential (EAA) vs. non-essential (NEEA) amino acids in octopus, both
windward and leeward. Average of three samples for each origin.

Other nutritional quality indicators, such as FR and PER, were estimated. The values
obtained were very high in both batches of octopus, as shown in Table 3.

Table 3. Estimation of FR and PERest in windward and leeward octopus.

Windward Octopus Leeward Octopus

Fischer ratio 2.59 2.89
PERest 5.06 3.68
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To provide more nutrition information, the octopus amino acid score was estimated
by comparing it with the recommended amino acid score.

Results show that octopus contain all essential amino acids (EAAs) required to meet
the recommended amino acid concentrations per unit protein for children older than three
years, adolescents, and adults (aa score > 100%), Figure 2A,B. However, results show that it
seems to be deficient in methionine and cysteine (aa score 75%) (Figure 2B). Nevertheless,
it is known that cys is highly unstable; it forms oxidized compounds or is lost in acid
hydrolysis, so with this method, the concentration tends to be underestimated. Work is
being done to optimize the method for a more accurate estimation.

Figure 2. (A,B) Essential amino acid content of octopus and recommended amino acid scoring pattern
for children > 3, adolescent and adult.

3.3. Fatty Acid Composition

Lipids play positive or negative roles in human metabolism, health, and disease. The
average amount of each fatty acid was used to calculate the sum of the SFAs, MUFAs,
PUFAs, EPA + DHA, ω-3, ω-6, and trans-SFAs. The lipid content of octopus is very low.
As shown in Table 4, the obtained value for saturated fatty acids is below 0.1 g/100, which
is a very healthy result. Trans-fatty acids were not detected, as expected. The sum of EPA
and DHA is around 50–65 mg/100 g.

Table 4. Fatty acid composition of windward and leeward common octopus (Octopus vulgaris).

Octopus vulgaris Windward Leeward

Fatty acids (g/100 g) Average SEM Average SEM

Saturated fatty acids <0.1 - <0.1 -
Monounsaturated fatty acids 0.0325 0.002 0.03 0.007
Polyunsaturated fatty acids 0.075 0.017 0.085 0.011

EPA + DHA 0.05 0.015 0.065 0.009
Omega-3 0.065 0.017 0.0775 0.011
Omega-6 0.01 0 0.01 0.0

Trans polyunsaturated fatty acids <0.01 - <0.01 -

3.4. Qualitative and Nutritional Indexes of Lipids

Lipids are present in foods as mixtures of SFA, MUFA, and PUFA, having different
roles in the human body. Then, to evaluate the nutritional and medicinal values of octopus
as food, it was appropriate to estimate some qualitative and nutritional indexes that give
information about the effect on human health:
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3.5. AI and TI

The Atherogenicity Index (AI) serves to quantify the potential of dietary fatty acids to
promote atherogenesis by comparing specific saturated fatty acids (SFAs) with unsaturated
fatty acids (UFAs). Stearic acid (C18:0) is excluded from this index due to its metabolic
conversion into oleic acid in the human body, which renders it non-atherogenic. In con-
trast, lauric (C12:0), myristic (C14:0), and palmitic (C16:0) are recognized for enhancing
lipid accumulation in vascular and immune cells, fostering plaque formation, and dimin-
ishing levels of phospholipids and esterified fatty acids. Compared to broader indices
like the PUFA/SFA ratio, AI provides a more targeted and refined measure of a food’s
atherogenic potential.

The Thrombogenicity Index (TI) evaluates the tendency of fatty acids to contribute to
thrombus (blood clot) formation. It classifies fatty acids based on their derived eicosanoid
activity into pro-thrombogenic components—primarily C12:0, C14:0, and C16:0—and anti-
thrombogenic agents such as monounsaturated fatty acids (MUFAs) and polyunsaturated
fatty acids (PUFAs), particularly from the n-3 (omega-3) and n-6 (omega-6) series. However,
emerging research suggests that certain n-6 PUFAs may also play a role in promoting
thrombogenesis, calling into question their exclusively protective classification.

Figure 3 shows that values obtained for AI and TI in octopus are very low, indicating
positive effects on health. In our hands, AI-obtained value is lower than 0.5 and TI is lower
than 0.01. There were no significant differences in any case.

Figure 3. Representation of atherogenicity and thrombogenicity indexes estimated in leeward and
windward octopus, captured in different seasons. Average ± SEM (n = 4).

3.6. hH and ω-6/ω-3

The hH focuses on the ratios between dietary fatty acids and plasma low-density
lipoproteins that relate hypocholesterolemic and hypercholesterolemic fatty acids. It is
a direct index; the higher this index, the greater the effects on health.

The ω-6/ω-3 ratio is an indicator of the biomedical importance of marine fish, and
the correct balance between both figures is recommended.

Figure 4 shows that values obtained for the h/H ratio in octopus are high, close to
3, consistent with the bibliography and indicating good effects on health. In contrast,
the ω-6/ω-3 ratio is extremely low (0.1–0.2), and even lower regarding the reference
values. The value obtained in the ratio ω-6/ω-3 is quite different between the leeward
and windward octopus, being in the former half of that obtained in the windward octopus.
However, it should be noted that these differences are not statistically significant.
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Figure 4. Hypocholesterolemic/hipercholesterolemic and omega 6/omega 3 ratios obtained in
leeward and windward octopus, captured in different seasons. Average ± SEM (n = 4).

3.7. PUFA/SFA and UFA/SFA Radios

The PUFA/SFA ratio reflects the balance between polyunsaturated and saturated fatty
acids in each food source. Polyunsaturated fatty acids (PUFAs) are generally associated
with cholesterol-lowering effects, particularly in reducing levels of low-density lipoprotein
(LDL) and overall serum cholesterol. In contrast, saturated fatty acids (SFAs) are known
to elevate serum cholesterol, thereby increasing cardiovascular risk. A higher PUFA/SFA
ratio is therefore considered favorable for cardiovascular health. Similarly, the UFA/SFA
ratio, which encompasses both monounsaturated and polyunsaturated fatty acids relative
to saturated fatty acids, serves as another key nutritional index. This ratio has been
linked to the risk profile for coronary artery disease, with higher values suggesting a more
cardioprotective fatty acid composition.

The values obtained for the PUFA/SFA ratio as well as the UFA/SFA are high and
higher than the recommended in the bibliography, as shown in Figure 5. So, these results
indicate that these products have positive effects to prevent cardiovascular disease. No
significant differences were observed between leeward and windward octopus.

Figure 5. PUFA/UFA ratio and UFA/SFA ratio obtained in leeward and windward octopus, captured
in different seasons. Average ± SEM (n = 4).

3.8. EPA + DHA (%) and LA/ALA Ratio

The sum of EPA and DHA, as a percentage of fatty acids, is a direct index that correlates
with human health. The dietary ratio of LA/ALA is a controversial subject since the role of
these fatty acids on inflammation and obesity.

We observed that in both octopus, the sum of EPA and DHA is higher than 30%,
which means a protective effect against coronary disease. However, the LA/ALA ratio is
high, according to the high values obtained for LA compared to ALA, which are much
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lower (Figure 6). The LA average values obtained in the leeward octopus correspond to
6.75 mg/100 g, while those of ALA are almost 10 times lower, 0.875 mg/100 g. In relation
to the windward octopus, even higher values were reached for LA, 10 mg/100 g, and again
much lower values for ALA, 0.575 mg/100 g. In relation to this result, we cannot state
conclusive results since the role of LA is controversial due to it being converted to ARA
(pro-inflammatory), but at a very low rate [31].

Figure 6. Sum of EPA and DHA (%) and LA/ALA ratio obtained in leeward and windward octopus,
captured in different seasons. Average ± SEM (n = 4).

No seasonal differences in indexes of lipids were observed in downward octopus
regarding the seasonality. However, in windward octopus, we detected significant differ-
ences between samples from warm seasons with respect to the colder in four lipid quality
indexes. Better results were obtained in AI, TI, h/H, and ω-6/ω-3 fatty acids in the winter
samples compared to the summer ones.

3.9. Minerals and Vitamins Content

Healthy and nutritional properties related to octopus depend on the presence of
certain minerals and vitamins as well. Then, micronutrients, susceptible to being present in
these products, were analyzed in both windward and leeward batches of octopus; results
are presented as average ± SEM of 2 or 3 samples, as shown in Table 5. No significant
differences were obtained between the two types of samples.

Table 6 compiles the results obtained for both sets of octopus samples, considering the
origin. In the first column on the left, the type of mineral or vitamin and the units (according
to EU Regulation 1169/2011) were included. Following the information established in the
legislation, the second column presents the nutrient reference value (NRV) for each vitamin
or mineral; the third column, the value calculated to be able to label the food as “rich in”;
and the fourth, the estimated value to label the food as “high content in”. The fifth and
sixth columns present the average data obtained for the octopus, windward and leeward,
respectively. In this context, we can highlight that both octopuses are rich in Mg and P
and have a high content of vitamin B12 and Se. Moreover, octopus from windward is rich
in biotin and has a high content of Cu and octopus from leeward is rich in Cu. However,
values are very similar for octopus from both origins, so these measures should be taken
with caution since they could be modified if more samples were analyzed.



Appl. Sci. 2025, 15, 8235 11 of 18

Table 5. Results of vitamins and minerals analyzed in leeward and downward common octopus
(Octopus vulgaris). Average ± SEM (n = 2/3 samples).

Octopus vulgaris Windward Leeward

Minerals and Vitamins Average SEM Average SEM

Se (mg/kg) 0.26 0.01 0.26 0.02
K (mg/100 g) 262.7 17.1 277.0 17.2
Zn (mg/kg) 13.3 0.38 14.7 0.35

P (mg/100 g) 157.7 12.99 164.0 11.9
Mg (mg/kg) 673.3 60.1 590.7 6.36

Ca (mg/100 g) 18.5 2.5 18.0 1.0
I (mg/kg) 0.08 0.02 0.1 0.001

Cu (mg/kg) 2.17 0.35 3.73 0.55
Thiamin-B1 (mg) <0.015 0.0 <0.015 0.0

Riboflavin-B2 (mg) 0.03 0.0 0.03 0.0
Niacin-B3 (mg) 1.56 0.17 1.74 0.05

Pantothenic acid-B5 (mg) 0.31 0.0 0.39 0.0
Piridoxin-B6 (mg) 0.06 0.0 0.07 0.0

Biotin-B8 (µg) 6.63 3.08 8.15 0.61
Folic acid-B9 (µg) <5 0.0 <5 0.0

Cyanocobalalmin-B12 (µg) 1.05 0.3 1.20 0.26
Vitamin E (mg) 1.05 0.35 1.50 0.40

Table 6. Results of minerals or vitamins obtained in windward and leeward common octopus
(Octopus vulgaris); the nutrient reference value (NRV); the value calculated to be able to label as “rich
in” and as “high content in”.

Vitamins and Minerals Nutrient Reference
Value (NRV)

Significant Amount
15%/100 g/mL

Significant
Amount 30%

Octopus
Windward

Octopus
Leeward

Rich In High Content In Average Average
Thiamin-B1 (mg) 1.1 0.165 0.33 <0.015 <0.015

Riboflavin-B2 (mg) 1.4 0.21 0.42 0.03 0.03
Niacin-B3 (mg) 16 2.4 4.8 1.74 1.56

Piridoxin-B6 (mg) 1.4 0.21 0.42 0.07 0.06
Biotin-B8 (µg) 50 7.5 15 8.15 6.63

Folic acid-B9 (µg) 200 30 60 <5 < 5
Cyanocobalalmin-B12 (µg) 2.5 0.375 0.75 1.20 1.05
Pantothenic acid-B5 (mg) 6 0.9 1.8 0.39 0.31

Vitamin E (mg) 12 1.8 3.6 1.5 1.05
Magnesium (mg) 375 56.25 112.5 59 67

Zinc (mg) 10 1.5 3 1.47 1.33
Copper (mg) 1 0.15 0.3 0.37 0.22

Selenium (µg) 55 8.25 16.5 26 26
Ca (mg) 800 120 240 18 18.5

Iodine (microg) 150 22.5 45 9.5 8.15
Potassium (mg) 2000 300 600 277 263

Phosphorus (mg) 700 105 210 164 158

4. Discussion
4.1. Nutritional Profile

Octopus is a good source of essential nutrients with a genuine sensorial profile. In
this study, we focused on common octopus (Octopus vulgaris) captured by the Portuguese
small-scale fishing fleet of the Algarve.

The obtained proximal composition of octopus agrees with other authors [32,33]. This
cephalopod has a high protein content (16–17 g/100 g) and an excellent profile of amino
acids, with glutamic acid (>2 g/100 g) being the most abundant. When considering the
origin of the octopus, windward vs. leeward, respectively, significant differences in the
content of sodium (0.35–0.5 g/100 g), salt (0.9–1.2 g/100 g), and energetic value (75.5 to
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64.7 Kcal/100 g) were found. This result is probably due to the different habitats in which
the octopuses live, two geographically distinct areas. Indeed, the leeward region of the
Algarve is predominantly composed of sandy substrates, and the windward region of the
Algarve is dominated by erosional landforms [34]. The rest of the parameters evaluated
were not statistically significant.

The nutritional value regarding the quality of structurally different proteins depends
in part on amino acid composition and ratios of essential amino acids. The greater the ratio
of indispensable amino acids, the greater the biological value or quality [31]. In this study,
a characterization of nutritional quality, focusing on different indicators published in the
literature, was performed. Either in leeward or in windward octopus, the percentage of es-
sential amino acids, those that our organism cannot synthesize and need to be incorporated
through diet, is higher than the recommended values of ideal protein intake for adults
(11%) and for children (26%) and very close to the ones recommended for infants (39%) [35].
In other seafood products, the results are quite similar; in raw Scomber scrombus and Clupea
harengus, the percentage of essential amino acids is 46% and 44%, respectively [36]. This
result, together with the fact that amino acids, generally regarded as essential for humans,
are present in octopus (except for tryptophan, not analyzed), indicates that this product has
important nutritional value since it is a good source of quality proteins and amino acids.

Another nutritional quality indicator is the FR, important for assessing liver metabolism,
hepatic functional reserve, and the severity of liver dysfunction [9,10]. The plasma levels
of branched-chain amino acids decrease when liver dysfunction progresses, while the
aromatic amino acids increase, decreasing Fischer’s ratio. Additionally, some studies have
shown that a diet rich in branched-chain amino acids is associated with a lower prevalence
of obesity and a lower risk of diabetes [37]. Originally, FR was observed in some plants or
animal proteins, achieving for Antarctic krill or pearl oyster, values of 2.22 [38] or 3.05 [31],
respectively. FR values higher than 3.0 contribute to significant improvement in clinical
findings, helping normalization of plasma amino acids and the maintenance of appropriate
protein intake [30,39], and it has been shown that proteins with high FR can be a source of
bioactive peptides with significant physiological activities [40]. In fact, some studies have
been especially developed in pearl oyster Pinctada martensii and other seafood products to
obtain high Fischer ratio oligopeptides via proteolysis for the treatment of patients with
hepatic disease [40]. In the raw octopus meat FR, the obtained values were close to 3 (>2.5),
which ensures a protein source of high biological value.

According to [41], a PER below 1.5 is described as a protein of low quality; between
1.5 and 2.0, intermediate quality; and above 2.0, good or high quality. PER estimation
of octopus indicated high levels of PER (>3.7) and higher values than casein, assuming
a standard PER of 2.5 for this protein. So, octopus can be considered to have a protein of
high quality with higher value than casein [31,36].

Regarding these nutritional parameters, some differences were observed between both
origins of octopus; however, they were not statistically significant.

4.2. Indexes of Lipids

Marine resources are a good source of PUFAs, although these can vary depending
on the diet, season, species characteristics, etc. The octopus fatty acid composition shows
that PUFA are the most abundant in octopus (75–85 mg/100 g, windward vs. leeward),
followed by MUFA (30 g/100 g) and SFA (with a level lower than 0.1 g/100 g). Concerning
total PUFA, ω-3 fatty acids are the most common (65–77 mg/100 g, windward vs. leeward),
and ω-6 is present in low amounts (10 mg/100 g). The lipids that contributed most to total
PUFA were EPA and DHA (50–65 mg/100 g as the sum of both, windward vs. leeward).
It is known that these fatty acids cause important health benefits to humans because they
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decrease factors associated with cardiovascular disease, hypertension, and inflammation,
among others. In comparison with publications referring to octopus, minor differences are
observed in the results of types of fatty acids, probably due to the species, geographical
location, and season of capture [32,39].

Considering that the determination of the fatty acid profile, especially if expressed as
a percentage, is not sufficient to explain the nutritional properties of a food resource, we
have calculated some lipid nutritional and quality indexing, taken from the bibliography,
that more effectively explores the octopus’s nutritional characteristics and significance
regarding health effects [30].

The atherogenicity (IA) and thrombogenicity (IT) indexes indicate the potential to
stimulate the aggregation of platelets. Thus, the smaller the IA and IT levels, the higher
the protective effect for coronary artery disease. AI has been used extensively to evaluate
algae, crops, meat, fish, and dairy products. This value ranges from 0.21 to 1.41 for fish
and 0.29–0.37 for shellfish. The ranges of TI values for fish and shellfish are 0.14–0.87 and
0.09–0.17, respectively [42]. In our case, the values obtained for AI and TI were very low,
consistent with the bibliography and indicating very good positive effects on health [43].
These indexes are within the range of expected values; the AI obtained value is lower than
0.5, and TI is lower than 0.01; therefore, from this point of view, the consumption of octopus
is valued for human health due to its cardioprotective effects.

The index h/H is related to cholesterol metabolism, so nutritionally, lower h/H values
are considered to have greater effects on health. For fish, the values range from 1.54 to
4.83, and for shellfish, from 0.21 to 4.75 [42]. In octopus, we obtained values lower than 3,
consistent with the bibliography [39] and indicating a protective role on human health by
equilibrating the effects derived from cholesterol ingestion.

The ω-3/ω-6 ratio is an indicator of the biomedical importance of marine fish, and the
correct balance between both figures is recommended. A reduced omega-6 to omega-3 fatty
acid ratio is considered more beneficial for health, as it is linked to a decreased incidence
of numerous chronic conditions that are commonly observed in both industrialized and
developing regions. Large amounts of ω-6 in the human diet have been reported to cause
health disorders, while ω-3 appears to alter the adverse effects of ω-6. Adjusting the
ω-6/ω-3 ratio in the diet is essential to prevent chronic inflammation and cardiovascular
diseases by lowering plasma lipids. According to the authorities, a ratio of ω-6/ω-3 fatty
acids within the range of 0.2–1.15 would contribute to a healthy human diet. If the ratio of
ω-6/ω-3 is less than 4, then the diet has a desirable quantity of ω-3 and ω-6 fatty acids
and reduces cardiovascular diseases [44,45].

In our study, the ω-6/ω-3 ratio is extremely low (0.1–0.2), and even lower that the ref-
erence values, which means that eating octopus can help decrease the risk of cardiovascular
disease. For instance, in raw Nile tilapia, this ratio was 4.76, almost within the standard,
but in fried fish, this value increased considerably to 19.98%. So, the culinary preparation of
seafood should be taken into account when the effects on health are considered. The value
obtained in the ratio ω-6/ω-3 is quite different between the leeward and windward octo-
pus, being in the former half of that obtained in the windward octopus. However, it should
be noted that these values are very low, and differences are not statistically significant.

It is clear that both total fat content and unsaturated-to-saturated FA ratio of the diet
are highly important. The polyunsaturated fatty acids are characterized by the presence of
multiple double bonds. In contrast to saturated fats, which have no double bonds and form
solid structures, unsaturated fatty acids are more fluid, and their bonds keep molecules
flexible and prevent them from packing closely together. This provides appropriate mem-
brane permeability and is essential for the operation of cell membranes, including the
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signaling pathways processes. This characteristic is key for the recommendation of PUFAs
in preventive diets to improve human health [46].

PUFA/SFA is a direct index based on the fact that all PUFAs are able to reduce
low-density lipoprotein cholesterol and serum cholesterol, while all SFAs can contribute
to increasing serum cholesterol. In addition, the UFA/SFA ratio of the diet is highly
important to reduce the risk of coronary heart disease. Indeed, the ratio of UFA/SFA and
PUFA/SFA greater than 0.45 is recommended in human diets for cardiovascular disease
(CVD) and chronic disease prevention [44]. In contrast, a diet with a ratio of UFA/SFA and
PUFA/SFA below 0.45 is considered unsuitable due to its potential to induce an increase in
cholesterol in the blood. In this study, PUFA/SFA and UFA/SFA are 1.6 and 2, respectively,
without differences regarding the origin, indicating that consumption of this cephalopod is
beneficial for human health.

It is an accepted industry standard that the oil intended for human consumption
should contain 30% of EPA plus DHA, where an 18/12 ratio is the most preferred and
valuable profile [47]. In this study, the sum of EPA and DHA is higher than 30%, which
means it has a protective effect and is beneficial for heart, cardiovascular, and brain function.

Taking into consideration the fact that the omega-3 fatty acids, EPA, DHA, and ALA
are three forms of lipids essential for health that must be obtained from the diet, and their
modulatory effects on inflammation, neuroprotective properties, and role in mitigating
cardiovascular risk factors, it is fair to assume that including octopus in our diets has
important benefits for human health. We also evaluated possible content differences
depending on the season of the year (autumn–winter vs. the spring–summer seasons) in
which the tested octopuses were caught. No differences were observed in the leeward
octopus regarding seasonality. However, in windward octopus, we detected significant
differences between samples from warm seasons concerning to the colder in four lipid
quality indexes. In particular, better results were obtained in AI, TI, h/H, and ω-6/ω-3
fatty acids in the winter samples compared to the summer ones. Octopus fatty acid
composition is affected by diet and depends on prey, so feeding habits are connected with
the geographical region and water temperature; in cold water, octopuses store more fat [40].

As aforementioned, in the windward region of the Algarve, rocky outcrops are com-
mon, with a characteristic faunistic composition of, e.g., shrimps and crabs. Conversely,
in the leeward region, fishing grounds are typically composed of sandy areas where, e.g.,
bivalves, gastropods, and hermit crabs abound and, therefore, are more available as food
sources [48–51]. Further, the western coast of the Algarve is more exposed to the influence
of the Atlantic Ocean, which results in generally cooler water. Conversely, the eastern coast
of the Algarve is more affected by Mediterranean currents and higher inland temperatures,
which can lead to warmer coastal waters [15–17].

4.3. Microelements

The main objective of Regulation (EU) 1169/2011 is to ensure and guarantee that
consumers are appropriately informed as regards the food they consume in order to
achieve a high level of health protection [42]. According to this regulation, a product can
be “rich in (...)”, if it contains more than 15% of the nutrient reference value (NRV) or ha
a “high content in (. . .)”, if it contains more than 30% of an NRV in a particular nutrient. In
this study, we can assess that octopuses from both origins are rich in Mg and P and have
a high content of vitamin B12 and Se. Despite all values being very similar for octopus
from both origins, slight differences can be seen. The samples from windward are rich in
biotin and have high content of Cu, and octopus from leeward is rich in Cu.

In this species, the high content of certain micronutrients, vitamins, and minerals
also stands out, highlighting vitamins B8 and B12, magnesium, copper, selenium, and
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phosphorus. Several studies have shown that the combination of B-group vitamins, omega-
3 fatty acids, and minerals supports cognitive health, memory, and may reduce the risk of
neurodegenerative diseases [52]. In addition, the content of Se, a powerful antioxidant that
protects cells from damage, supports thyroid function [52].

In our study, the analyzed octopuses do not present any risk to human health from
the sanitary point of view since all the contaminants evaluated are either absent or in
an extremely low concentration and very well below the legislated limit. All not regulated
parameters with non-established limits were also found in concentrations below the ones
published in the bibliography [53]. These findings also reflect the good environmental
condition of the Algarve coastal area.

Regarding consumer acceptance, from an organoleptic point of view, both octopuses
seem to offer excellent quality, with a particularly good assessment of their sensory at-
tributes by the expert panel of tasters (Supplementary Materials).

This was the first study assessing the nutritional profile of the octopus captured in
Algarve small-scale fishing, a vital component of the Portuguese economy and gastronomy.
The comprehensive analysis reveals that Algarve-caught octopus represents an exceptional
seafood choice, characterized by its remarkable nutritional density and sustainability
credentials. The species presents notable nutritional properties, characterized by elevated
protein content, with high-quality, diverse mineral profiles, and important vitamins. Also,
octopus contain a beneficial fatty acid composition, collectively contributing to enhanced
cardiovascular health and overall physiological well-being.

Our findings validate the premium market position of Algarve octopus, evidenced
by its substantial first-sale average value of 7.76 EUR/kg in 2023 [7], while underscoring
its crucial role in maintaining the economic vitality of Portugal’s seafood sector. The
integration of these nutritional findings with economic metrics reinforces the importance
of preserving traditional small-scale fishing practices in the Algarve region, highlighting
their dual contribution to both public health and regional economic sustainability.

Supplementary Materials: The supporting information regarding Organoleptic analysis can be
downloaded at: https://www.mdpi.com/article/10.3390/app15158235/s1. Figure S1: Sensorial
attributes in frozen (general aspect/colour and odour) and thawed (external colour, odour and texture)
windward octopus. Average obtained in 4 samples captured in different seasons and evaluated by
testers. Figure S2: Sensorial attributes in boiled windward octopus. Average obtained in 4 samples
evaluated by testers and captured in different seasons. Figure S3: Sensorial attributes in frozen
(general aspect/colour and odour) and thawed (external colour, odor and texture) leeward octopus.
Average obtained in 4 samples captured in different seasons and evaluated by testers. Figure S4:
Sensorial attributes in boiled leeward octopus. Average obtained in 4 samples captured in different
seasons and evaluated by testers.
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