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Abstract

Cooking liquor (CL) from marine species processing has been reported to include a wide
range of valuable constituents. In this study, the chemical composition of CL from octopus
(Octopus vulgaris) processing, with and without a filtration process, was analysed. Regard-
ing non-filtered CL, values of 15.30, 0.29, 8.85 and 174.53 g~L’1 CL for protein, lipids, ash,
and total volatile base-nitrogen (TVB-N), respectively, were detected. The most abundant
fatty acids (FAs) (g-100 g’l total FAs) were C16:0 (37.8), C18:0 (20.8), and C22:6w3 (13.4).
Values of 0.40 and 2.10 were obtained for polyunsaturated FA /saturated FA and w3 FA/w6
FA ratios. Macroelement content varied from 0.036 (Ca) to 1.81 (Na) g-L’1 CL. For microele-
ments, values ranged between 0.0015 (Co) and 1.95 (As) mg-L’1 CL. Industrial filtration
of CL led to decreased values of protein, lipid, ash, TVB-N, and C22:5w?3; in contrast, an
increased presence of C14:0, C18:1w9, C20:1w9, and C22:1w9 was detected. Filtration led
to a ca. 50% decrease in macroelement presence. For microelements, this process led to
losses of 20-40% (Ba, Pb), 40-60% (As, Fe, Mn), 60-70% (Co, Zn), and 84% (Cd). This study
provides a first comprehensive characterisation of octopus cooking liquor as a potential
source of bioactive compounds.

Keywords: cephalopod processing; wastewater; filtration; proximate composition; fatty
acid profile; macroelements; microelements; TVB-N value; valorisation; sustainability

1. Introduction

Seafood is known to be rich in highly valuable protein (i.e., essential amino acids) and
lipid (i.e., w3 fatty acids, FAs, and lipophilic vitamins) constituents [1,2]. Furthermore, as
living in a mineral-rich medium, marine organisms accumulate macro- and microelements
from the diet and the marine medium and incorporate them in their tissues and organs [3,4].
However, as a consequence of marine species processing, the seafood industry gives rise
to a great quantity of discards and waste substrates that include many nutritional and
healthy constituents (proteins, lipids, vitamins, and minerals) [5,6]. Consequently, great
attention is accorded nowadays to their recovery, taking into account commitments for
circular economy, environmental sustainability and for being used in pharmaceutical and
nutraceutical industries [7,8].

Among undervalued seafood by-products, wastewaters generated by processing
have also been reported to include valuable constituents [9,10]. However, wastewater
resulting from seafood processing is considered an important source of pollution due to its
high organic matter content and potential pathogen presence. Treating this wastewater is
considered crucial to prevent environmental damage and protect public health. Therefore,
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a wide range of physico-chemical [11,12] and biological [13,14] processing strategies have
been developed in order to remove inconvenient constituents from wastewater and provide
a sustainable recovery of valuable biomolecules.

Octopus species constitute a popular seafood that is commonly commercialised in
a wide range of products [15,16]. Notably, octopus species represent nutritional seafood,
including highly nutritious and medicinal products [17-19]. However, octopus processing
gives rise to a wide range of by-products, including nutritional and functional values,
which constitute a promising possibility for the use and integrated exploitation of bioac-
tive molecules [20,21]. Among octopus processing by-products, cooking liquor (CL) or
juice has acquired the interest of technologists and nutritionists. Thus, previous research
regarding this abundant valueless by-product accounts for the extraction of some valuable
constituents such as proteins, polyphenols [22] and peptone [23]. Meantime, an antihy-
pertensive behaviour [24] and antioxidant properties in in vitro [25] and seafood [26,27]
systems have been reported. However, an integrative study focused on the chemical com-
position of octopus CL has not been conducted up to now. Contrary to this, and based
on the commercial interest of tuna canning, great efforts for employing wastewaters from
seafood processing have been addressed to tuna canning juices [28-30].

Therefore, the present study focused on the possible recovery and subsequent use
of the liquor waste substrate resulting from octopus (Octopus vulgaris) cooking. For it,
proximate composition, the fatty acid (FA) profile, and levels of phospholipids (PLs),
volatile amines, and minerals (macro- and microelements) present in the octopus CL
were determined. Special attention was accorded to biomolecules that can be employed
in nutraceutical and pharmaceutical industries [31-33]. Additionally, the effect of an
industrial filtration procedure for partial elimination of chemical compounds from the
CL was analysed. Different kinds of treatments have been described for wastewaters
resulting from seafood processing [34-36] according to EU policies regarding the current
circular economy [37,38]. In such studies, the effect on physical properties and inorganic
chemical components has been addressed. On the contrary, previous research regarding
the effect on bioactive molecules such as PLs, w3 FAs, tocopherols, and proteins can be
considered negligible.

2. Materials and Methods
2.1. Octopus, Cooking, Filtration and CLs

Commercial octopus CL (filtered and non-filtered) was facilitated by Frigorificos Rosa
de los Vientos S. L. (Marin, Pontevedra, Spain).

Octopus specimens were obtained near the Galician Atlantic coast (NW Spain). Once
in the factory, non-edible parts were excised. Then, mantle and arms were subjected to the
cooking process (ca. 98 °C). Part of the resulting cooking water was taken and considered
as non-filtered CL. On the other side, part of the resulting cooking water was subjected
to the filtration process. For this, a 1 mm thickness single-layer stainless steel filter was
employed. The resulting liquor was taken and considered as filtered CL. Both CLs were
placed in vacuum-sealed bottles protected from light, transported to our laboratory and
kept refrigerated (4 °C) before being employed.

The study was carried out in triplicate (n = 3). For this, three different samples of each
kind of CL were analysed independently. In the present study, filtration was chosen as
wastewater treatment in agreement with its everyday use in industry as being convenient,
practical, and low-cost.
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2.2. Proximate Composition Analysis

Moisture value was assessed as the weight difference in both CLs (1-2 mL) before and
after 4 h at 105 °C [39]. Results were expressed as g water-L~! CL.

The lipid fraction was extracted from both CLs according to the Bligh and Dyer [40]
method; this method employs a single-phase solubilisation of lipids using a chloroform-
methanol (1:1) mixture. For quantitative purposes, the Herbes and Allen [41] procedure
was applied. Results were calculated as g-1.~! CL. Throughout the study, lipid extracts
were stored under a nitrogen atmosphere at —40 °C.

Protein content in both CLs was determined by employing the Kjeldahl method [39]
with a conversion factor of 6.25. Results were calculated as g protein-L.~! CL.

Ash content was measured in both CLs according to the AOAC [39] method by heating
the CL at 550 °C. Results were calculated as g ash-L~! CL.

2.3. PL and Total Volatile Base-Nitrogen (TVB-N) Values

PLs were quantified by measuring the organic phosphorus in the total lipid extracts
according to the Raheja et al. [42] method, which is based on a complex formation with
ammonium molybdate. For quantitative purposes, different quantities (0, 5, 10, 20, 40,
60, 80, 100, 130, and 150 puL) of a 1,2-dipalmitoyl-rac-glycero-3-phosphocholine (DPPC)
solution in chloroform (15.3 mg/5 mL) were employed as a standard. The validity range
was 16.1-483.0 ug DPPC, and the R? value of the analytical procedure was 0.9995. Results
were calculated as g PLs-kg ™! lipids.

Total volatile base-nitrogen (TVB-N) content in both CLs was determined according to
the Aubourg et al. [43] procedure. For it, CL was diluted and basified with 20% NaOH and
titrated with 10 mM HCI. Results were calculated as mg TVB-N-L~! CL.

2.4. Analysis of the FA Profile

In order to obtain the fatty acid methyl esters (FAMEs) from both CLs, lipid extracts
were methylated and transmethylated by employing acetyl chloride in methanol. Then,
an established procedure was employed for the Gas-Liquid chromatography analysis
(Perkin-Elmer 8700 chromatograph, Madrid, Spain) [44]. Thus, a fused silica capillary
column SP-2330 (0.25 mm i.d. x 30 m, Supelco, Inc., Bellefonte, PA, USA) was used, the
temperature programme being as follows: increased from 145 to 190 °C at 1.0 °C-min !
and from 190 °C to 210 °C at 5.0 °C-min~!; held for 13.5 min at 210 °C. Nitrogen at 10 psig
was employed as carrier gas, detection being performed with a flame ionisation detector at
250 °C. A programmed temperature vaporiser injector was used in the split mode (150:1),
being heated from 45 to 275 °C at 15 °C-min 1.

For the qualitative analysis, peaks obtained were identified by comparison to the
retention times of standard mixtures (Qualmix Fish, Larodan, Malmo, Sweden; FAME Mix,
Supelco, Inc., Bellefonte, PA, USA). Automatic integration of peak areas was carried out,
C19:0 FA being employed as an internal standard for quantitative purposes. Content of
each FA was expressed as g-100 g~ ! total FAs. Individual FA values were employed to
calculate values (g-100 g~ ! total FAs) corresponding to FA groups (saturated FAs, STFAs;
monounsaturated FAs, MUFAs; polyunsaturated FAs, PUFAs; total w3 FAs and total w6
FAs) and ratios (PUFAs/STFAs; total w3 FAs/total w6 FAs).

2.5. Analysis of Macro- and Microelements

The presence of six macroelements (Ca, K, Mg, Na, P, and S) and nine microelements
(As, Ba, Cd, Co, Cu, Fe, Mn, Pb, and Zn) was assessed in the CL substrates according to
a procedure based on US-EPA 3050B [45] and in agreement with previous research [46].
About 1.5-2.0 g of liquid sample was introduced in a Teflon digestion flask with 4 mL of 69%
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nitric acid (TMA) Hiperpur and 4 mL of H,O, (for ultra-trace analysis). CL substrates plus
six blanks and six certified reference materials (0.30-0.35 g) were digested in a microwave
oven (Mars-Xpress CEM Corp., Matthews, NC, USA). Once the digestion was completed,
solutions were transferred to 50 mL flasks, the volume being filled with Milli-Q water. A
clean ISO 5 laminar flow cabinet (Cruma 670 FL, Barcelona, Spain) was used for sample
handling. The determination of macro- and microelement concentrations in digested
samples was carried out using a 7900 Agilent ICP-MS operated in the He mode for all
elements except for Cd, Ba and Pb (no-gas/standard mode was used). For the ICP-MS
determination, an inert sample introduction system was used.

The analytical assessment was carried out using external calibration with a multi-
elemental standard. In order to correct for instrumental drift and matrix effects, Ge, Rh
and Ir were employed as internal standards. Blanks (1 per 10 samples) were prepared by
employing the above-described digestion procedure; therefore, results presented here are
blank-corrected and always accounted for <1% of element concentrations in the samples.
Accuracy of the analytical procedures was ensured using DORM-5 (Fish Protein Certified
Reference Material) from NRC (National Research Council Canada), which was digested
and analysed in the same batch as the samples, showing good recovery percentage with
the certified concentrations (Table 1). The limits of detection, expressed as 3-SD-blank, are
shown in Table 1. Quantification results are expressed as g-L~! CL (macroelements) and
mg-L’1 CL (microelements).

Table 1. Recovery percentage of certified reference material (DORM-5, NRC) and limit of detection
(LOD) of the analytical procedures for the assessment of macro- and microelements *.

Element % Recovery LOD Unit *
Macroelement
Ca 92 0.0004 gLt
K 99 0.002 gLt
Mg 110 0.0004 gL7!
Na 101 0.005 gLt
P 102 0.002 g L1
S 101 0.035 gLt
Microelement
As 101 0.05 mg-L~!
Ba 102 0.0001 mg-L!
Cd 101 0.00005 mg-L!
Co 103 0.0007 mg-L~!
Cu 103 0.007 mg-L~1
Fe 103 0.05 mg-L~!
Mn 91 0.0025 mg-L~!
Pb 93 0.0001 mg-L~!
Zn 102 0.08 mg-L~!

* LOD expressed as g (macroelements) or mg (microelements)-L~! of cooking liquor.

2.6. Statistical Analysis

Data (n = 3) obtained from the different chemical analyses from both CLs were sub-
jected to one-way ANOVA to investigate differences resulting from the filtration process
(Statistica version 6.0, 2001; Statsoft Inc., Tulsa, OK, USA) and differences among the FA
groups. Comparison of means was carried out by using a least-squares difference (LSD)
method. Differences were considered significant for a confidence interval at the 95% level
(p < 0.05).
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3. Results and Discussion
3.1. Proximate Composition

Proximate composition of CLs is depicted in Table 2. Values of ca. 974.37, 15.30, 0.29,
and 8.85 g~L_1 CL were detected in non-filtered CL for moisture, proteins, lipids, and ash,
respectively. As a result of the filtration process, the content of proteins, lipids, and ash in
the CL depicted a remarkable decrease (p < 0.05); in contrast, the moisture value showed
an increase (p < 0.05). According to range values described previously for edible [47] and
non-edible [5,7] marine substrates, values found for protein contents in both CLs are found
convenient for a sustainable recovery with different functional uses such as peptone [23]
and antioxidant compound [30,48] production from enzymatic hydrolysates, and functional
and nutraceutical applications in general [31-33].

Table 2. Proximate composition (g-L ™! cooking liquor) and phospholipid (PL; g-kg ! lipids) and total
volatile base-nitrogen (TVB-N; mg‘L_1 cooking liquor) values in filtered and non-filtered cooking

liquor *.
Chemical Parameter Cooking Liquor
Non-Filtered Filtered

Moisture 97437 £0.22a 97717 £0.11b

Proteins 15.30 £0.34b 13.30 £0.13 a

Lipids 0.29 £0.02b 0.25+0.01a

Ash 8.85+0.12b 6.10 £0.00 a

PL 0.00 £ 0.00 a 0.00 £0.00 a
TVB-N 174.53 £1.57b 162.51 £3.89 a

* Mean values + standard deviations (n = 3). Values followed by different letters indicate significant differences
(p <0.05).

Previous research accounts for the proximate analysis of octopus cooking drips. Thus,
Soto et al. [49] detected lower values for the protein content (i.e., 10.70 g-L_l) than in
the present case. Contrary to the current study, higher values than in the current study
were obtained by Oh et al. [24] for proteins, lipids and ash (7.4, 0.7, and 4.9 g-100 mL~1,
respectively) in octopus dripping as a result of cooking; accordingly, moisture levels
(86.2 g-100 mL~!) were found lower than in the present work. Recently, lower protein
and higher lipid values were detected by Méndez et al. [50] in CL resulting from octopus
cooking (8.2 and 1.9 g-L. !, respectively).

Previous studies account for the proximate composition of cooking drips resulting
from the processing of other marine invertebrate species. Thus, Soto et al. [49] detected
values (g-L~!) of 3.25 and 11.12 for proteins and carbohydrates, respectively, in mussel
wastewater resulting from the cooking process. Wastewater obtained from oyster canning
depicted a proximate composition of 80.2, 6.8, 0.6, and 10.4 (g-100 mL~!) for moisture,
proteins, lipids, and ash, respectively [24]. Furthermore, cooking drips from shrimp
(Penaueus vannamei) processing revealed values of 3.09, 3.93, and 0.73 (g-L.~!) for proteins,
ash, and total carbohydrates, respectively [51].

Regarding fish species, Ahn and Kim [28] indicated values of 93.2, 4.0, not detected,
and 2.1 g-100 mL~! (moisture, proteins, lipids, and ash, respectively) in cooking wastewater
obtained from skipjack tuna. For the same fish species, values of 71.8, 18.2, 0.6, and
8.7 g:100 mL~! were detected for moisture, proteins, lipids, and ash, respectively [24].
Bechtel [52] analysed the proximate composition of wastewater resulting from pollock/cod
and salmon processing; as a result, freeze-dried wastewater revealed values (g-100 g~ 1)
of 70.5-86.2 and 82.1 (proteins), 2.6-18.4 and 1.8 (lipids), 9.9-13.9 and 10.6 (ash), and
3.4-4.7 and 5.8 (moisture), respectively. Recently, fishery effluents from crinude sardine
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(Opisthonema libertate) and tuna (Thunnus albacares) cooking showed values (% dry weight)
of 47.9 and 56.5 (proteins), 3.3 and 1.0 (lipids), and 48.8 and 42.5 (ash), respectively [53].

To the best of our knowledge, no previous research accounts for the effect of a filtra-
tion process on the proximate composition of octopus CL. However, data regarding other
marine invertebrate species have been described. Kim et al. [22] compared the composition
of wastewater resulting from oyster processing (harvesting, cleaning, and boiling) to that
of a hot-water oyster extract. Thus, wastewater resulting from processing showed lower
moisture values but higher protein and ash presence; however, no effect was detected for
lipid and glycogen values. On the contrary, the use of ultrafiltration led to an increased
presence (g-100 g~ 1) of proteins (from 0.094 to 0.301) and ash (from 0.06 to 0.11) in shrimp
wastewater [54]. Recently, wastewater resulting from shrimp processing was subjected
to an ultrafiltration-diafiltration process [12]; as a result of this combined process, a con-
tent decrease (g-100 g~ !) of ash (from 0.38 to 0.32) and crude protein (from 1.69 to 1.48)
was observed.

3.2. Determination of PL and TVB-N Values

The study of the PL presence in the CL was considered important as this lipid group
is present in cell membranes and plays decisive roles in living bodies. Additionally, recent
studies have described PL molecules as better vectors of w3 PUFA compounds than
other lipid classes like triacylglycerols, methyl esters or waxes so that nutritional and
pharmaceutical industries have accorded great attention to their extraction from natural
sources [55,56].

Table 2 indicates values obtained in the present work for PLs in both CLs. Unfor-
tunately, both in filtered and non-filtered CLs, no PL presence could be detected in the
corresponding lipid fraction (see limit of methodological sensitivity in the Materials and
Methods section). No previous studies have analysed or described the presence of PL
compounds in wastewater resulting from the cooking of octopus or any other marine
species. As an explanation for the current absence, it could be argued that PL compounds
include highly unsaturated fatty acids, which are highly susceptible to being oxidised
and/or hydrolysed during the heating treatment [44,57].

Food proteins are reported to be damaged during marine species processing as a result
of different damage pathways (i.e., activity of spoilage bacteria and endogenous enzymes
and thermal degradation), leading to the formation of a wide variety of nitrogen-containing
volatile amine compounds. The presence of such volatile compounds has proved a straight
relationship with stability and sensory acceptability (i.e., odour) of the corresponding
substrate [43,58,59]. As a thermal treatment is concerned in the present case (i.e., octopus
cooking), most formation of volatile amine compounds would be expected to be produced
by thermal breakdown [60,61]. In order to assess the content of such amine compounds,
the TVB-N index has been found highly valuable [58]. According to this interest, this index
was studied in the present work. Thus, Table 2 indicates that non-filtered CL showed a
174.53 mg-L~! value. Furthermore, a notable decrease (p < 0.05) of the TVB-N presence
could be observed as a result of the filtration process. Notably, values detected in both kinds
of CLs remain below the acceptability limit (i.e., 35 mg TVB-N-100 g~! sample) reported
for fishery species [60].

Previous related research has been focused on the evaluation of the ammonia-nitrogen
value of cooking drips resulting from marine species processing. The concentration of
nitrogen in wastewater resulting from marine species processing has been reported to vary
based on the type and amount of species processed [61]. High ammonia concentrations are
often observed due to the high protein content of marine species (i.e., 15-20 g-100 g ! wet
tissue), but also because of the high blood and slime content in wastewater drips. Therefore,
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large values for total soluble-nitrogen (21-471 mg nitrogen-L~!) and ammonia-nitrogen
(3.2-1059 mg ammonia-L~!) have been described [9].

Regarding invertebrate marine species, Kim et al. [62] compared the composition of
wastewater resulting from oyster processing (harvesting, cleaning, and boiling) to that
of a hot-water oyster extract. As a result, wastewater resulting from processing showed
higher levels of TVB-N (from 5.2 to 6.9 mg-100 mL™1), trimethylamine (from 15.6 to
40.4 mg-100 mL~1), free amino acids (from 762.2 to 1173.0 mg-100 mL '), and peptides
(from 94.1 to 1059 mg-100 mL ). In the case of prawn processing water, a seasonal study
(January-June) indicated a value range of 26-52 ammonia—nitrogen-L_1 [63].

Regarding fish species, Prasertsan et al. [64] detected values of 703 mg ammonia-
nitrogen-L~! in tuna wastewater as a result of the cooking process; notably, such values
decreased to 41 mg-L~! in waters resulting from the canning process. During a biodegrad-
ability study, Veiga et al. [65] indicated a 0.2 g ammonia-nitrogen-L~! value for ammonia-
nitrogen in wastewater corresponding to tuna cooking. Also, for liquid effluents from tuna
processing, wastewater showed values of 0.44 (g ammonia-nitrogen-L 1) [29].

A great attention has been accorded to the presence of peptide compounds in the CL
resulting from marine species processing. Based on in vitro assays (i.e., Rancimat, DPPH, or
ABTS), an antioxidant behaviour was detected in octopus [24,25] and tuna [30,48] cooking
drips; this preservative effect was justified by the presence of several free amino acids and
peptides. Recently, the use of CL from octopus processing demonstrated an inhibitory
effect on lipid oxidation development when included in the coating medium of canned
horse mackerel (Trachurus trachurus) [27] and Chub mackerel (Scomber colias) [26] as well as
when present in the glazing medium employed for the frozen storage of horse mackerel
(T. trachurus) [66].

3.3. Analysis of the FA Profile

The FA composition of filtered and non-filtered CLs is indicated in Table 3. According
to the general composition of marine substrates [47,67], both liquors under study were
composed of a great diversity of individual FAs. As major FAs (over 13 g-100 g~ total
FAs each), C16:0, C18:0, and C22:6w3 (docosahexaenoic acid, DHA) can be mentioned
in non-filtered CL. Additionally, a lower presence (4.0-5.2 g-100 g~ ! total FA range) was
observed for C22:4w6, C14:0, C22:5w3 (eicosapentaenoic acid, EPA), and C20:4w6. As a
result of the filtration process, modification of the relative content of some FAs could be
concluded. Thus, an increased (p < 0.05) presence of C14:0, C18:1w9, C18:2w6, and C24:1w9
was observed. Contrarily, a content decrease in C22:5w3 (docosapentaenoic acid, DPA) was
detected. Additionally, average values of C22:6w3 and C20:4w6 showed a decrease after
the filtration process.

Changes produced as a result of the filtration process can be explained based on
adsorption to the filter surface. However, a definite effect of filtration on the unsaturation
degree could not be concluded in the present study. In order to better analyse the effect of
filtration on the FA profile, knowledge of the FA composition of the different lipid classes
would be necessary.

Regarding the FA groups, the STFA one showed to be the most abundant both in
filtered and non-filtered CLs (Figure 1). Additionally, a higher (p < 0.05) presence of PUFAs
than MUFAs was observed. As a consequence of the filtration process, a relative increase
(p < 0.05) of the MUFA value was detected (Figure 1). On the contrary, such a process led
to decreased average values for STFA and PUFA values in the filtered CL.
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Table 3. Fatty acid (FA) composition (g-100 g~ ! total FAs) in filtered and non-filtered cooking liquor *.

FA Cooking Liquor
Non-Filtered Filtered
14:0 477 £027 a 553+ 0.48b
15:0 2.03+£053a 2.09 £0.65a
16:0 3779 £220 a 35.83 +£7.85a
16:1w7 0.51 +0.18a 0.89 £0.53 a
17:0 253+ 030a 237+ 043 a
18:0 20.77 £0.92 a 18.13 £ 2.75a
18:1w9 263+ 1.16a 6.38 +1.49b
18:1w7 0.00 £ 0.00 a 0.00 £ 0.00 a
18:2w6 0.00 £ 0.00 a 043 +0.15b
20:1w9 045+ 0.18a 2114+0.77b
20:2w6 0.00 £0.00 a 0.00 £ 0.00 a
20:4w6 399+ 1.10a 259+1.03a
22:1w9 0.00 £ 0.00 a 1.67 £0.46Db
20:5w3 408+ 1.17a 540+ 1.09 a
22:4w6 516 £043a 522+120a
24:1w9 0.00 £ 0.00 a 122+ 0.55b
22:5w3 1.84 £0.22b 046 £ 0.10a
22:6w3 1344 +491a 9.68 +£232a
* Mean values + standard deviations (n = 3). Values followed by different letters indicate significant differences
(p <0.05).
80.00 aC
N ac
70.00 f
60.00
o L
c u
3 s000
= i
8 40.00 F a8 Non-fittered CL
%— 20,00 aB DFiltered CL
e ¥ T
o0 o
« 2000 f bA .
L u
10.00 | ;ﬁ
0.00 :
STFAs MUFAs PUFAs

Figure 1. Assessment of the fatty acid (FA) group content (g-100 g~! total FAs) in filtered and
non-filtered cooking liquor. Abbreviations: STFAs (saturated FAs), MUFAs (monounsaturated FAs),
and PUFAs (polyunsaturated FAs). Mean values of three replicates (1 = 3); standard deviations are
expressed by bars. Different lowercase letters indicate significant differences (p < 0.05) as a result of
filtration; different capital letters indicate significant differences (p < 0.05) among FA groups.

Recently, a great interest has been accorded to some FA ratios. Regarding the lipid
oxidation assessment, the PUFA /STFA ratio has provided complementary information on
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the development of this deteriorative mechanism [68,69]. Notably, this ratio can provide
knowledge on the possible variation in the PUFA content (notably both w3 FA and w6
FA series) resulting from marine species processing, in general, and has been reported to
be directly related to the nutritional value. In the current work, Figure 2 shows values
obtained for the PUFA /STFA ratio. Thus, a 0.42 score was detected in non-filtered CL,
which did not undergo differences (p > 0.05) after the filtration process (ca. 0.40 score).
This rancidity stability can be considered a positive behaviour in order to subsequent
industrial implementation.

3.00

2.00

Non-filtered CL

FA ratio value
=
(9,
o

TrTrrrrrrrrrrrrrrrrrrrrrrrrrrrr
ey

0O Filtered CL
1.00
a a
0.50 T
‘j l
0.00
PUFAs/STFAs w3/wb

Figure 2. Determination of fatty acid (FA) ratios in filtered and non-filtered cooking liquor. Abbrevi-
ations: STFAs (saturated FAs) and PUFAs (polyunsaturated FAs). Mean values of three replicates
(n = 3); standard deviations are expressed by bars. Different lowercase letters indicate significant
differences (p < 0.05) as a result of filtration.

Concerning PUFA series (i.e., w3 FAs and w6 FAs), great attention has recently been
accorded to the w3/ w6 ratio. In order to prevent different kinds of disorders (i.e., in-
flammatory, cardiovascular, and neurological), the World Health Organisation currently
recommends that this ratio should be higher than 0.1 in the human diet [70]; furthermore,
the European Nutritional Society indicated that a human diet with an w3/ w6 ratio of 5 or
higher would have positive effects on health [71].

In the current study, a small decrease in the average w3/ w6 ratio value was observed
after the filtration process (from ca. 2.1 to 2.0); nevertheless, differences were not significant
(p>0.05). It is worth pointing out that values included in the 2.0-2.1 range can be considered
highly valuable for the human diet. Consequently, and in agreement with recommended
values, the lipid composition of both kinds of CLs can be considered as highly valuable
from a healthy point of view. Therefore, a sustainable recovery of w3 FAs (namely, DHA,
EPA, and DPA) and PUFAs, in general, from the current by-product is found convenient.

No previous studies have been reported regarding the FA composition of liquor
resulting from octopus cooking or any other processing. Present results can be considered
highly valuable regarding different nutraceutical applications, such as fortification of
livestock, feed and infant formula [31-33]. Previous research has been mostly focused on
the FA profile of octopus edible tissues, and scarce information has been provided regarding
other kinds of octopus by-products. Thus, Sieiro et al. [72] proved that PUFAs were the
most abundant FA group in ovary (49-56 g-100 g~ ! total FA range) and hepatopancreas
(45-52 g-100 g~! total FA range) during a seasonal study; remarkably, w3/ w6 ratio values
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of 4.2-9.1 and 5.0-9.1 ranges were detected, respectively, for both tissues. Recently, whole
by-products obtained from octopus processing showed values of 3.26 and 1.66 for w3/ w6
and PUFA /STFA ratios, respectively [50]; additionally, a high presence of DHA and EPA
(ca. 22 and 14 g-100 g~ ! total FAs, respectively) was reported in such study.

3.4. Determination of Macro- and Microelement Content

Values detected for the presence of macroelements are indicated in Table 4. For non-
filtered CL, Na was found to be the most abundant, followed by S and K. Contrary, Ca
revealed the lowest value. As a consequence of the filtration process, a general content
decrease (p < 0.05) was observed in macroelements. In all cases, a ca. 50 £ 4% decrease
could be observed.

Table 4. Concentration of macroelements (g-L~! cooking liquor) filtered and non-filtered cooking

liquor *.
Macroelement Cooking Liquor
Non-Filtered Filtered

Ca 0.036 & 0.003 b 0.017 £ 0.001 a
K 0.524 +0.037 b 0.282 £ 0.009 a

Mg 0.118 £ 0.010b 0.059 £ 0.002 a
Na 1.81+0.14b 091 +£0.03a
p 0.245 £ 0.023 b 0.106 £ 0.003 a
S 0.75+0.06 b 0.43+0.01a

* Mean values + standard deviations (1 = 3). Values accompanied by different letters indicate significant differences
(p <0.05).

Regarding the macroelement presence, previous research has described the ion quo-
tient ratio as a highly valuable dietary and healthy index [73]. This value can be calculated
as the following concentration (moles) ratio: ([Ca*?] + [Na*])/ ([Mg+2] + [K*]). Values
obtained for filtered and non-filtered CLs were 2.88 and 2.72, respectively. Therefore, values
can be considered as valuable and not negative for maintaining the recommended quotient
ratio (namely, 2.5-4.0) and maintaining a good health state regarding the development of
hypertension, preeclampsia, and heart diseases [74,75].

For the current microelement composition (Table 5), As, followed by Zn, was found to
be the most abundant one in the non-filtered CL. Contrary to Co, Pb, and Ba, which provided
the lowest values. As a consequence of the filtration process, a general decrease in the
average value was observed. Except for Cu, such a decrease was significant (p < 0.05) in
all microelements.

The mineral presence in cooking drips from octopus processing was previously studied
by Oh et al. [24]. As a result, lower values (ppm) than in the present case were obtained
for Ca (18.5), P (99.8), Mg (48.3), K (220.7), Fe (0.6), and Zn (0.9); notably, Pb and Cd
were not detected in this study. Cooking drips obtained from skipjack tuna and oyster
depicted values (ppm) of 31.4 and 47.9 (Ca), 296.9 and 226.3 (P), 55.4 and 53.3 (Mg), and
546.4 and 393.3 (K), respectively [24]; for microelements, concentrations (ppm) of 1.0 and
2.7 (Fe), and 2.6 and 1.5 (Zn) were detected, respectively, for CLs corresponding to both
marine species. In the case of cooking wastewater from industrial manufacturing of shrimp
(Penaeus vannamei), Rodriguez Amado et al. [51] found values of 0.05, 74.5, 375.1, 36.98,
and 1.30 mg~L’1 for Ba, Ca, K, Mg, and Na, respectively. Bechtel [52] analysed the element
composition of wastewater resulting from pollock/cod and salmon heat processing; as
a result, freeze-dried wastewater revealed values (% dry basis) of 0.62-0.82 and 1.17 (P),
1.74-2.79 and 2.16 (K), 0.03-0.04 and 0.09 (Ca), and 0.10-0.11 and 0.14 (Mg), respectively.
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Table 5. Concentrations of microelements (mg-L~! cooking liquor) in filtered and non-filtered cooking

liquor *.
Microelement Cooking Liquor
Non-Filtered Filtered
As 195+ 0.15b 1.18 £0.03 a
Ba 0.0044 + 0.0003 b 0.0034 £ 0.0001 a
Cd 0.00515 £ 0.00046 b 0.00082 £ 0.00003 a
Co 0.0015 £ 0.0001 b 0.0005 £ 0.0001 a
Cu 0.233 +0.034 a 0.229 +0.019 a
Fe 0.07 £0.01b 0.03 £ 0.01a
Mn 0.0298 + 0.0028 b 0.0156 £ 0.0002 a
Pb 0.0028 £ 0.0005 b 0.0018 £ 0.0001 a
Zn 0.70 £0.03b 0.26 £0.01a

* Mean values =+ standard deviations (n = 3). Values accompanied by different letters indicate significant differences
(p <0.05).

Present results on essential macro- and microelement contents can be considered
highly valuable regarding different functional and nutraceutical uses, such as incorporation
into diet supplements focused on reinforcing different kinds of human feeds [31-33]. In
order to identify the sustainability potential of mineral recovery, previous studies focused
on assessing the kind of molecular elements that would be necessary, so that a subsequent
use of advanced and traditional extraction technologies can be applied [76-78].

No previous data are available with respect to the effect of a filtration process on the
mineral composition of octopus liquor resulting from cooking or any other technological
process. However, information regarding other marine invertebrate species is available.
Kim et al. [62] compared the composition of wastewater resulting from oyster processing
(harvesting, cleaning, and boiling) to that of a hot-water oyster extract. Thus, wastewater
resulting from oyster processing showed higher values of macroelements (K, Ca, and Mg)
and microelements (Cu and Zn), while no effect could be observed for Cd, Pb, Cr, Hg, and Fe
values. Shrimp wastewater ultrafiltration led to the following general increase in element
values (mg-kg’l) [54]: Na (from 111 to 177), K (from 155 to 274), Mg (from 8 to 20), Ca (from
23 to 55), P (from 47 to 105), Mn (from 0.04 to 0.06), Fe (from 0.05 to 0.23), Zn (from 0.1 to
0.5), Cu (from 0.6 to 1.5), and Se (from 0.05 to 0.16).

The presence of minerals in cephalopod tissues and marine species, in general, can
be influenced by a wide number of factors such as biological and seasonal differences,
environmental conditions, and nourishment source [3,4,79]. Most of such elements are
considered necessary for biological processes; among trace elements analysed in the current
study, Cu, Mn, and Zn are reported to be present in enzymes which protect cells against
oxidant stress and consequently may be taken into account as biological antioxidants [80,81].
In the present study, both for filtered and non-filtered CLs, valuable levels have been
detected according to other kinds of marine substrates [2,47,81]. Consequently, a sustainable
recovery of essential macro- and microelements from present CLs, notably for the non-
filtered substrate, is recommended.

The presence of toxic elements has been reported to lead to certain health risks in
commercial seafood [80,81]. Thus, the European Commission regulation EU 2023 /915 of
Commission 25 April 2023 established maximum levels for some contaminants in food-
stuffs, which for Pb were 0.3 (eviscerated cephalopod) and 0.50 (crustaceans) mg-kg ! and
for Cd were 1.0 mg-kg ! (eviscerated cephalopod), 0.50 (crustaceans), and 0.10 (muscle
meat fish) [82]. Additionally, the EFSA established the tolerable weekly intake for Cd of
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2.5 mg/week/kg of body weight [83]. Concerning the As value, a differentiation was not
made between toxic (inorganic) and less-toxic (organic) As in the present study, as both
were determined altogether. Notably, the WHO has established a limit for the safe As (as
inorganic form) intake in 15 pg-kg ! body weight [84], so that no limit recommendation is
available actually for total As in seafood [85].

As a benthic species that lives in direct contact with the sea bottom, the common
octopus is potentially exposed to a remarkable degree of contamination [86,87]. Therefore,
before carrying out any attempt for the commercialisation of the current CL as a food
additive, subsequent toxicological studies ought to be carried out in order to meet the
regulatory limitations [15,16]; these studies ought to imply the knowledge of the kind of
molecules toxic elements are included in.

4. Conclusions

The chemical composition of CL resulting from common octopus processing was
analysed. Furthermore, the effect of an industrial filtration procedure for partial elimination
of chemical compounds from the CL was studied. As a result, valuable levels of proteins,
w3 FAs, PUFAs in general, and essential macro- and microelements were detected in
the non-filtered CL. Remarkably, the filtration process led to a general content decrease
in chemical constituents in the resulting CL, notably for macro- and microelements. It
is concluded that both kinds of liquors, especially the non-filtered one, resulting from
octopus cooking, can be considered a convenient source of bioactive compounds, so that a
sustainable use of this by-product is recommended.

The present work is a preliminary study that includes a first comprehensive charac-
terisation of octopus CL, an abundant, valueless substrate. It constitutes a new approach
that meets the present global needs for natural sources of bioactive molecules to be used
for human nutrition, as well as for different kinds of industries like pharmaceutical, nu-
traceutical, and cosmeceutical. Besides the added value that the current by-product may
represent, this study addresses the ecological upside of reducing seafood industry waste. In
this sense, repurposing this kind of bioresource will contribute to a more sustainable use of
seafood. Future work should focus on bioactivity validation, toxicological assessments, and
techno-economic feasibility of large-scale valorisation. Ongoing research should also take
into account the microbial characterisation of the CL before and after the filtration process.
Additionally, the stability of CLs during commercial storage ought to be addressed.
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