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Abstract: Among cephalopod discards, ink has revealed several beneficial properties regarding human health,
environmental preservation and food preservation. In this study, different concentrations of an aqueous extract
of cuttlefish (Sepia spp.) ink (CI) were added, respectively, to the packing medium employed during golden
seabream (Sparus aurata) canning. Quality parameters of the resulting canned fish were determined and
compared to the counterpart control and raw samples. As a result, an important effect of the CI concentration
added to the packing medium was proved. The presence in the packing medium of a relatively low CI
concentration led to lower (p<0.05) lipid oxidation development (fluorescent compound formation), lower
(p<0.05) changes of colour parameters (L* and a* values) and lower (p<0.05) trimethylamine values in canned
fish. Additionally, the two lowest CI concentrations tested led to higher average values of C22:6w3 and w3/w6
ratios. Remarkably, higher average values of free fatty acids, polyene index and C20:5w3 were detected in all
kinds of Cl-treated fish when compared to control canned samples. In agreement with environmental
sustainability and circular economy requirements, the study provides a first approach to a novel and beneficial
use of the present marine discard for the quality enhancement of canned fish.

Keywords: cuttlefish; ink; golden seabream; canning; oxidation; hydrolysis; phospholipids; w3 fatty
acids; colour; trimethylamine

1. Introduction

As a result of processing, the fishing and aquaculture industries generate a wide range of
discards and wastes [1,2]. Such substrates are nowadays recognised as rich in healthy and nutritional
constituents but constitute one of the most important environmental problems of coastline areas [3,4].
Among cephalopod discards, ink sacs are commonly removed manually and thrown without
appropriate management. However, recent studies on this kind of discard have revealed several
beneficial properties regarding human health [5-7], cosmetic purposes [8], and environmental
preservation [9]. Regarding the preservation of seafood, previous studies have shown relevant
antimicrobial [10] and antioxidant [11-13] properties of cephalopod ink extracts when applied to
different kinds of seafood substrates.

The preservative behaviour of cephalopod ink has been indicated to reside in melanin and
melanin-free fractions [14] by donating hydrogen atoms to any radical present in the reacting
medium and thus preventing the formation of free radical formation [15]. The analysis of the melanin-
free ink obtained from splendid squid (Loligo formosana) indicated that the highest antioxidant
behaviour was present in fractions with molecular weight lower than 3 kDa, whose activity was not
modified after a heat treatment (30 min at 90 °C) [16]. Based on a chromatographic analysis, Senan
[17] proved that the active principle in the methanolic extract obtained from cuttlefish (Sepia
pharaonis) ink was a peptide molecule, which showed to be stable during the thermal treatment (30
min at 40-100 °C). Recently, Xie et al. [18] indicated that water-extracted cuttlefish (Sepia sculenta)

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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melanin contained a characteristic indole structure with irregular spherical structures and provided
a protective effect on kojic and ascorbic acids.

Canning process can preserve marine species by the combination of sealing in a hermetic
container and heating to destroy spoilage and pathogenic microorganisms and inactivate enzymes
[19,20]. Provided duration and temperature during the heating and cooling cycle of the thermal
process are properly carried out, canned seafood would be preserved for a long time. However, long-
term high temperature may cause a decrease of the quality and the nutritional value (i.e., destruction
of vitamins, protein components and unsaturated fatty acids, FAs) and a loss of the sensory quality
(i.e., softer texture, separation of jelly and fat, discolouration, and undesirable taste) [21,22].
Therefore, the search for optimised canning conditions [23] and the employment of advanced
preserving technologies [24] has been found necessary.

The present study focused on the use of cuttlefish (Sepia spp.) ink (CI). The basic objective was to
analyse the preservative properties of an aqueous CI extract during the canning process of golden
seabream (Sparus aurata). For it, different concentrations of CI were added, respectively, to the
packing medium. Quality indices regarding lipid damage (lipid oxidation and hydrolysis
development and changes in the FA profile), colour changes (L* a* and b* parameters) and
trimethylamine (TMA) formation were measured in raw and canned samples. The effect of the CI
concentration employed was analysed.

2. Materials and Methods

2.1. Initial ink and preparation of the ink extract

Commercial ink from cuttlefish (Sepia spp.) was provided by Sepink (Vilagarcia de Arousa,
Pontevedra, Spain). The ink exhibited the following proximate composition (g-100 g'): 78.4
(moisture), 6.4 (protein), 0.1 (lipids), 9.0 (ash), and 5.6 (total fibre).

To prepare the ink extract, a mixture of CI (40 g) and distilled water (400 mL) was stirred (30 s),
sonicated (30 s), and centrifuged (3,500xg for 30 min at 4 °C). Then, the resulting supernatant was
taken. The extraction process was repeated three more times. Finally, all supernatants were pooled
together and made up to 1 L with distilled water.

2.2. Raw fish and fish canning

Farmed golden seabream (S. aurata) (44 specimens) (ca. 500 g each) were obtained in the fresh
state in a local market and transported on ice to the laboratory. Then, four individuals were selected
and considered as initial fish. For it, fish individuals were beheaded, eviscerated and filleted. After
discarding the dark muscle, the resulting white muscle was minced and analysed independently in
each of the fish individuals (1 = 4).

On the same day, the remaining fish were divided into four batches (ten individuals per batch)
that were considered independently during the current study (n = 4). In all batches, individuals were
beheaded, eviscerated and filleted. Then, 45-g portions of fish fillets were placed in small flat
rectangular cans (105 x 60 x 25 mm; 150 mL). Two cans were prepared from each individual fish. In
each batch, 0, 10, 25, 40, and 80 mL of the above-mentioned CI extract were added, respectively, to
the cans as packing media. Cans were filled by the addition of distilled water (95, 85, 70, 55, and 15
mlL, respectively). As a result, CTR (canned control), and samples corresponding to CI-1, CI-2, CI-3
and CI-4 packing conditions were prepared, respectively.

The CI concentrations tested in this study were based on several preliminary tests. Thus, CI-4
condition corresponds to the highest concentration that can be employed without modifying the
sensory descriptors of canned golden seabream (i.e., flesh colour, odour or flavour). In order to
analyse the effect of the CI extract content, three conditions including lower CI concentrations (i.e.,
CI-1, CI-2, and CI-3 packing conditions) were also checked.

The cans were vacuum-sealed (SOMME 222, Ezquerra, San Adrian, Navarra, Spain) and
sterilised (115 °C, 45 min; Fo=7 min) in a steam retort (Presoclave Il 75L, JP Selecta, Barcelona, Spain).
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When the heating time was accomplished, the steam was cut off, the remaining steam was flushed
away by the use of air, and water at reduced pressure was employed for cooling the cans.

The cans were opened after 3 months of storage at room temperature (20 °C). For it, the liquid
part was carefully drained off gravimetrically and filtered through a filter paper. After discarding the
dark muscle, the white muscle of the canned fish was wrapped in filter paper and used for analysis.
Each physico-chemical analysis was carried out in triplicate in each single sample.

In agreement with common practice employed in canneries, a 3-month storage was carried out.
Canning manufacturers indicate that a minimum of a 2-3-month storage is required to optimise the
sensory acceptability of commercial canned fish [25].

All chemical reagents and solvents employed were of reagent grade (Merck, Darmstadt,
Germany).

2.3. Determination of lipid content and composition

The lipid fraction was obtained by extraction of the golden seabream muscle by applying the
Bligh and Dyer [26] method, which employs a chloroform-methanol (1:1) mixture. Quantification was
carried out according to Herbes and Allen [27]. Lipid content was calculated as g-kg fish muscle.

The free fatty acid (FFA) content was determined on the lipid extract of the fish muscle by the
Lowry and Tinsley [28] method, which is based on a complex formation with cupric acetate-pyridine
followed by spectrophotometric (715 nm) assessment (Beckman Coulter DU 640 spectrophotometer,
Beckman Coulter Inc., Brea, CA, USA). For quantitative purposes, oleic acid was employed as
standard. Results were calculated as g FFAs-kg™ lipids.

The phospholipid (PL) content was determined by measuring the organic phosphorus in the
lipid extract in agreement with the Raheja et al. [29] procedure. This method implies a complex
formation of organic phosphorus with ammonium molybdate. For quantitative purposes, 1,2-
dipalmitoyl-rac-glycero-3-phosphocholine was employed as standard. Results were calculated as g
PLs-kg! lipids.

Lipid extracts were converted into FA methyl esters (FAMEs) by employing acetyl chloride in
methanol and then analysed using a Perkin-Elmer 8700 gas chromatograph (Madrid, Spain)
equipped with a fused silica capillary column SP-2330 (0.25 mm i.d. x 30 m, 0.20 pm film, Supelco
Inc., Bellefonte, PA, USA) [30]. Peaks corresponding to FAMEs were identified by comparing their
retention times with those of standard mixtures (Qualmix Fish and Supelco 37 Component FAME
Mix, Supelco Inc.). Peak areas were automatically integrated; C19:0 FA was used as the internal
standard for quantitative purposes.

Content of each FA was calculated as g-100 g total FAs. Such values were employed in order to
obtain the content on FA groups, ie., saturated (STFAs), monounsaturated (MUFAs),
polyunsaturated (PUFAs) FAs, w3 FAs, and w6 FAs. Additionally, the w3/w6 ratio and the polyene
index (PI), considered as the C20:5w3 + C22:6w3/C16:0 concentration ratio, were calculated.

2.4. Assessment of lipid oxidation development

The peroxide value (PV) was determined spectrophotometrically (520 nm) (Beckman Coulter,
DU 640; London, UK) on the lipid extract by peroxide reduction with ferric thiocyanate [31]. Results
were calculated as meq. active oxygen-kg lipids.

The thiobarbituric acid index (TBA-i) was determined according to Vyncke [32]. For it, the
content of the thiobarbituric acid reactive substances (TBARSs) was spectrophotometrically
measured at 532 nm and calculated from a standard curve using 1,1,3,3-tetraethoxy-propane. Results
were calculated as mg malondialdehyde-kg! muscle.

The determination of the interaction compound formation produced by reaction of oxidised
lipids and protein-type molecules was carried out by fluorescence spectroscopy (Fluorimeter LS 45;
Perkin Elmer Espafia; Tres Cantos, Madrid, Spain). Fluorescent compound formation was measured
at 393/463 and 327/415 nm in agreement with previous research [33]. The relative fluorescence (RF)
was calculated according to the formula: RF = F/Fs, where F is the fluorescence measured at each
excitation/emission wavelength pair and Fs is the fluorescence intensity of a quinine sulphate

doi:10.20944/preprints202403.0220.v1
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solution (1 pugmL?! in 0.05 M H:50s) at the corresponding wavelength pair. The formation of
fluorescent compounds was measured in the aqueous phase obtained from the lipid extraction [26]
of the fish muscle.

2.5. Determination of muscle colour changes and TMA value

Colour parameters (L*, a* and b*) were determined in the surface of the raw and canned fish
muscle. For it, instrumental colour analysis (CIE 1976 Lab), performed with a tristimulus Hunter
Labscan 2.0/45 colorimeter, was carried out. For each sample analysis, colour scores were averaged
over four determinations, which were taken by rotating the measuring head 90° between triplicate
measurements per position.

The TMA content was determined using the picrate colorimetric method, as previously
described by Tozawa et al. [34]. This method involves the preparation of a 5% trichloroacetic acid
extract of the fish muscle (10 g/25 mL). Results were calculated as mg TMA-N-kg*! muscle.

2.6. Statistical analysis

As previously expressed, four replicates (n = 4) were considered in this study. Data obtained
were evaluated by analysis of variance (ANOVA) to explore differences resulting from the effect of
the sterilisation step and the CI extract concentration added to the packing medium. For carrying out
the comparison of average values, the least-squares difference (LSD) procedure was developed. A
confidence interval at the 95% level (p < 0.05) was considered in order to establish significant
differences among batches in all instances. For it, the PASW Statistics 18 software for Windows (SPSS
Inc., Chicago, IL, USA) was employed.

3. Results and discussion

3.1. Determination of lipid oxidation evolution

The presence of peroxides (primary oxidation compounds) showed to be low (i.e., <2.07) in all
kinds of samples included in the current study (Table 1). In most cases, differences among samples
were not significant (p > 0.05). However, a higher (p < 0.05) peroxide content in canned samples
corresponding to the CI-1 condition than in the canned control was observed. No effect (p > 0.05) of
the sterilisation step (comparison between the initial fish and the canned control fish) could be
inferred.

As in the case of the peroxide determination, levels detected for the TBARSs were low, all values
being below the 0.14 score (Table 1). No effect (p > 0.05) of the presence of the CI extract in the packing
medium could be outlined on the TBARS formation. No effect (p > 0.05) was also inferred as a result
of the sterilisation step.

Interaction compound formation is depicted in Figure 1. Comparison between the initial fish
and fish corresponding to the canned control condition showed a remarkable (p < 0.05) increase as a
result of the canning process. Among canned samples, the lowest average values were obtained in
fish corresponding to the CI-1 and CI-2 packing conditions. An inhibitory effect (p < 0.05) on the
fluorescent compound formation was proved by employing the CI-2 packing condition. Contrary,
the CI-4 condition led to an increased formation (p <0.05) of such kind of compounds when compared
to the canned control samples.

Table 1. Determination* of primary and secondary lipid oxidation in initial and canned fish including
different concentrations of cuttlefish ink (CI) in the packing medium**.

Initial or canned sample Lipid oxidation index
Peroxide value (meq. active =~ Thiobarbituric acid index (mg
oxygen-kg! lipids) malondialdehyde-kg! muscle)
1.65 ab 0.08 a

Initial fish (0.34) (0.02)
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the Material and Methods section).
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Figure 1. Determination of the fluorescence ratio in initial and canned fish including different
concentrations of cuttlefish ink (CI) in the packing medium. Average values of four replicates (1 = 4);
standard deviations are indicated by bars. Different letters (a, b, ¢, d) denote significant differences (p
<0.05). Abbreviations of sample names as expressed in Table 1.

During seafood thermal processing in general, levels detected for the different primary and
secondary lipid oxidation compounds can be considered the result of several effects [21,22]. One side,
the heating step (i.e., sterilisation in the present case) would increase the formation of such lipid
oxidation compounds. On the other side, the heat treatment itself would facilitate the breakdown of
peroxides and TBARSs, so that a content decrease of such molecules could be produced. Meantime,
the heating process would facilitate the interaction between primary and secondary lipid oxidation
compounds (i.e., electrophilic molecules) and protein-type compounds (i.e., nucleophilic
compounds) present in the fish muscle. As a result of this interaction, an increase of the fluorescent
compound formation would be produced [33,35,36]. Finally, and regarding the current study, the
presence of the CI extract in the packing medium may interfere on the development of the lipid
oxidation by avoiding the formation of oxidation compounds or preserving them from subsequent
breakdown or interaction.

According to the low presence of primary and secondary lipid oxidation compounds in the
present canned samples, no effect of the CI extract could be inferred on the content of such
deteriorative compounds. However, an inhibitory effect on the formation of fluorescent compounds
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was observed if the CI-2 condition is considered. Contrary, a prooxidant effect was obtained if the
CI-4 condition is taken into account. Therefore, a selective effect of the CI concentration added to the
packing medium could be concluded.

Previous research has proved that the antioxidant activity of an antioxidant compound may
depend on different kinds of factors, such as the lipid composition, antioxidant concentration,
temperature, oxygen pressure, and the presence of other antioxidants and food components, e.g.,
proteins and water [37,38]. According to their molecular structure, antioxidants can exhibit
substantial differences in effectiveness when used with different types of oils or fat-containing foods,
and when used under different handling and processing conditions. A remarkable antioxidant effect
was proved for ascorbate in steam- and microwave-cooked fish [39]; however, above critical values
and in agreement with the present research, ascorbate showed pro-oxidant properties. Additionally,
Medina et al. [40] proved a remarkable effect of polyphenol concentration on the antioxidant capacity
during the thermal treatment of tuna (Thunnus alalunga).

No previous results are available, to the best of our knowledge, regarding the effect on canned
seafood quality of ink extracts obtained from cephalopod species. However, an aqueous extract of
cuttlefish (S. officinalis) ink led to an inhibitory effect on the formation of conjugated dienes and
trienes and fluorescent compounds during a heating treatment of fish in a model system [12].
Additionally, a preservative effect of cephalopod ink has already been proved on non-thermally
treated seafood. Thus, the presence of melanin-free ink obtained from splendid squid (L. formosana)
led to a remarkable decrease of primary and secondary lipid oxidation development in chilled (15
days in ice) mackerel (Rastrelliger kanagurta) muscle [16]. Vate et al. [11] indicated a reduction of the
peroxide and TBARS formation in refrigerated (20 days at 4 °C) surimi gel sardine (Sardinella albella)
by addition of melanin-free ink obtained from splendid squid (L. formosana); additionally, a content
reduction of nonanal and 2-decenal was reported. An inhibitory effect on peroxide content was
detected by Essid et al. [41] in smoked sardine (S. aurita) during cold storage (35 days at 4 °C) by
previous soaking in cuttlefish (Sepia officinalis) ink solution; furthermore, an extension of the shelf-life
time was observed.

Previous studies have addressed the preservative effect resulting from the addition of
antioxidant-enriched oils to the packing medium during seafood canning. Thus, the presence in the
packing medium of polyphenol compounds included in extra-virgin olive oil (EVOO) led to a lower
oxidation development in canned tuna (T. alalunga) [40] and in different canned fish (tuna, sardine,
mackerel, anchovy) [42]. The employment of sunflower oil in the packing medium led to a lower
TBARS content in canned yellowfin tuna (Thunnus albacares) [43] and to a lower fluorescent
compound formation in canned sprat (Clupeonella cultriventris) [35]; in both studies, such lower values
were explained by the presence of antioxidant compounds in the oil employed as packing medium.

The addition of plant extracts to the packing medium has led to a lower lipid oxidation
development in canned fish. This is the case of rosemary extract and tomato juice with canned bonito
(Sarda sarda) [44] and grape seed (Vitis vinifera) with canned sardine (Sardina pilchardus) [45]. Similarly,
the presence of macroalgae extracts in the packing medium of canned fish has shown preservative
effects. Thus, a decrease of the TBARS level was observed in canned Atlantic salmon (Salmo salar) by
addition of algae (Durvillaea antarctica, Ulva lactuca, or Pyropia columbina) extracts [46] and a decrease
of the fluorescent compound formation was proved in canned Atlantic mackerel (Scomber scombrus)
by the presence of Bifurcaria bifurcata extracts [47] and in canned Chub mackerel (Scomber colias) by
including algae (Fucus spiralis or U. lactuca) aqueous extracts [30]. Regarding the employment of
waste substrates produced during seafood processing, a lower fluorescent compound formation was
detected in canned horse mackerel (Trachurus trachurus) by including an aqueous extract of octopus
(Octopus vulgaris) cooking liquor in the packing medium [36].

3.2. Determination of FFA and PL content

Comparison between initial fish and canned fish corresponding to the control condition
indicated a marked increase (p < 0.05) of the FFA value as a result of the sterilisation step (Table 2).

doi:10.20944/preprints202403.0220.v1
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All Cl-treated fish showed higher average values of FFAs than the control canned fish. However,
differences were not found significant (p > 0.05).

Table 2. Determination* of free fatty acid (FFA), phospholipid (PL), and trimethylamine (TMA)
values in initial and canned fish including different concentrations of cuttlefish ink (CI) in the packing
medium**.

Initial d
futiator canne Chemical determination

sample

TMA

FFA PL

. .. (mg TMA-N-kg!

o -1 . -1
(g-kg! lipids) (g-kg! lipids) muscle)
1 049 a 39.69 b 271 a
Initial fish (0.05) (3.84) (0.33)
158 b 29.30 a 525 ¢
CIR (0.31) (3.74) (0.94)
CL1 190 b 35.01 ab 3.92 bc
(0.26) (3.39) (0.41)
CL2 1.87 b 2701 a 390 b
(0.19) (4.51) (0.30)
CL3 196 b 28.75 a 451 bc
(0.60) (3.46) (0.74)
CL4 197 b 2942 a 3.93 bc
(0.27) (3.14) (0.42)

* Average values of four replicates (1 = 4); standard deviations are indicated in brackets. In each column, different
letters (a, b, c) denote significant differences (p < 0.05). ** Abbreviations of sample names as expressed in Table
1.

In the current study, the FFA content can be influenced by different factors. First, the thermal
process would lead to the hydrolysis of higher-molecular-weight lipid classes such as triacylglycerols
(TAGs) and PLs [21,48]. Then, FFAs are likely to be oxidised or broken-down during the thermal
process as providing a greater accessibility to oxygen and other pro-oxidant molecules when
compared to TAG and PL classes [49,50]; consequently, this effect would produce a decrease of the
FFA content. Current results have shown that the first effect was more important than the second
one. The fact that all Cl-treated fish showed higher average FFA levels than the canned control
condition indicates that some preservative effect is produced on the FFA compounds by the presence
of the Cl extract. A preservative effect on FFAs was also inferred by Barbosa et al. [30] during Atlantic
Chub mackerel (S. colias) canning by the presence of an aqueous extract of F. spiralis in the packing
medium. The same authors [47] proved a higher FFA retention in canned Atlantic mackerel (S.
scombrus) by the presence of B. bifurcata extracts in the packing medium.

No previous information is available regarding the effect of CI on the lipid hydrolysis
development in processed seafood. The presence of an aqueous extract of cuttlefish (S. officinalis) ink
in a fish-heated model system did not provide a definite trend on the formation of FFAs [12]. The
addition of natural preservative compounds to the packing medium has led to contradictory
conclusions regarding the FFA value. Thus, a lower FFA content was detected in canned fish (tuna,
sardine, mackerel, and anchovy) by employing EVOO [42] and in canned Chub mackerel (S. colias)
by including an aqueous extract of octopus (O. vulgaris) cooking liquor [51]. However, no effect was
proved in canned Chub mackerel (S. colias) by addition of U. lactuca extracts [30].

Regarding the PL fraction in the current study, the content revealed a marked decrease (p < 0.05)
as a result of the sterilisation treatment (comparison between initial fish and control canned fish)
(Table 2). However, all Cl-treated fish showed higher average values than the control canned
condition. Remarkably, canned muscle corresponding to the CI-1 condition did not show a significant
loss (p > 0.05) of the PL content when compared to the initial fish.

doi:10.20944/preprints202403.0220.v1
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PLs have attracted a great attention as showing a high bioavailability and preserving effect as
delivery systems on several diseases [52,53]. Based on the needs and requirements expressed by food
and pharmaceutical industries, great efforts are being addressed to the retention of the PL fraction in
seafood as presenting high PUFA levels [54,55].

Previous research regarding the effect of antioxidant compounds included in the packing system
on the PL content in canned fish is scarce. The addition of an aqueous extract of F. spiralis to the
packing medium of brine-canned Chub mackerel (S. colias) led to a preserving effect on the PL
composition [30]. Similarly, Méndez et al. [36] proved a retention of the PL content in brine-canned
horse mackerel (T. trachurus) by addition to the packing medium of an aqueous extract of octopus (O.
vulgaris) cooking liquor.

3.3. Analysis of the FA profile

The FA profile of the initial fish indicated the following composition of individual FAs (g-100 g
! total FAs): 1.34+0.07 (C14:0), 0.25+0.02 (C15:0), 16.54+0.45 (C16:0), 2.30+0.06 (C16:1w7), 0.35+0.02
(C17:0), 4.73+0.25 (C18:0), 23.68+1.18 (C18:1w9), 3.10+0.26 (C18:1w7), 26.88+0.31 (C18:2w6), 0.95+0.07
(C20:1w9), 1.00£0.07 (C20:2w6), 1.20£0.09 (C20:4w6), 0.28+0.03 (C22:1w9), 2.27+0.15 (C20:5w3),
0.27+0.02 (C22:4w6), 0.50+0.04 (C24:1w9), 2.39+0.08 (C22:5w3), and 11.96+0.74 (C22:6w3). Expressed in
terms of FA groups, the following composition was obtained for the initial fish (g-100 g total FAs):
23.20+0.64 (STFAs), 30.82+1.56 (MUFAs), 45.98+0.93 (PUFAs), 16.62+0.94 (w3 FAs), 29.36+0.21 (w6
FAs). Additionally, the following FA ratio values were obtained: 0.57+0.03 (w3/w6 ratio) and 0.86+0.03
(PI).

Seafood consumption deserves currently a great interest according to their beneficial effects on
human health. On the basis of recent studies [56,57], the total w3 FA value is considered a highly
valuable index. Thus, epidemiological and clinical studies have associated the eicosapentaenoic acid
(EPA) consumption to an inhibitory effect on the development of inflammatory, coronary, and
circulatory diseases [58]. Meantime, docosahexaenoic acid (DHA) has been associated with a positive
effect on several health concerns such as foetal development, prevention of neurodegenerative
diseases, and appropriate functioning of the nervous system and visual organs in the foetus [59].
Additionally, the w3/w6 ratio of foods included in the human diet has attracted a great interest [60,61].
Thus, a diet including values of 1:5 or higher for this ratio have been recommended in order to reduce
the development of certain health concerns [62].

In the present study, FA analysis was carried out on control and Cl-treated canned samples (data
not shown). According to the above-mentioned nutritional and healthy properties, quality changes
related to FA values will be focused on the w3 FA fraction (namely, EPA, DHA, and total w3 FA
values) and to FA ratios (w3/w6 and PI).

Comparison of samples corresponding to the initial fish and the canned control condition
revealed a remarkable loss (p < 0.05) of EPA and DHA values (Figure 2 and Table 3, respectively) as
a result of the sterilisation step. Regarding the CI treatment, all CI-treated fish showed higher average
EPA values than the canned control; notably, a significant loss could not be inferred (p > 0.05) in
treated samples when compared to the initial fish. For the DHA value, samples corresponding to the
CI-1 and CI-2 conditions showed higher average values than canned control fish; contrary, samples
corresponding to CI-3 and CI-4 conditions revealed lower average values. This dependency on the
CI concentration employed is in agreement with the results previously shown regarding the
fluorescent compound formation (Figure 1). Total w3 FA content indicated the same profile than the
DHA value (Table 3). Thus, all canned samples (control and Cl-treated) underwent a content decrease
(p <0.05) in comparison to the initial fish and no significant effect (p > 0.05) was concluded as a result
of the CI addition to the packing medium. Notably, samples corresponding to CI-1 and CI-2
conditions showed higher average values of total w3 FAs than the counterpart canned samples.

doi:10.20944/preprints202403.0220.v1
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Figure 2. Determination of the eicosapentaenoic acid (EPA) content (g-100 g™ total fatty acids) in initial
and canned fish including different concentrations of cuttlefish ink (CI) in the packing medium.
Average values of four replicates (1 = 4); standard deviations are indicated by bars. Different letters
(a, b) denote significant differences (p < 0.05). Abbreviations of sample names as expressed in Table 1.

The analysis of the w3/w6 ratio indicated a marked decrease (p < 0.05) as a result of the
sterilisation step (Table 3). Therefore, it could be inferred that w3 FAs have been more susceptible to
heat treatment than those belonging to the w6 series. Comparison among canned samples (CI-treated
and control) did not provide a significant effect (p > 0.05) of the presence of the CI extract in the
packing medium. However, and in agreement with current results on the FR (Figure 1) and DHA
content (Table 3), CI-1 and CI-2 conditions led to the highest average values of the w3/w6 ratio.

Table 3. Determination* of docosahexaenoic acid (DHA) and total w3 fatty acid (FA) values (g-100 g-
! total FAs) and total w3/total w6 ratio in initial and canned fish including different concentrations of
cuttlefish ink (CI) in the packing medium**.

Initial d
nitial or canne FA parameter

sample
DHA Total w3 w3/we6 ratio
1196 b 16.62 b 057 b
Initial fish
nitial fis (0.74) (0.94) (0.03)
8.74 a 12.88 a 042 a
CTR
(1.14) (1.26) (0.05)
CL1 9.70 a 13.89 a 046 a
(0.95) (1.23) (0.04)
CL-2 9.12 a 13.58 a 047 a
(0.34) (0.19) (0.01)
CL3 841 a 1250 a 042 a
(1.13) (1.15) (0.05)
Cl4 8.66 a 1290 a 042 a
(0.95) (1.30) (0.05)

* Average values of four replicates (1 = 4); standard deviations are indicated in brackets. In each column, different
letters (a, b) denote significant differences (p < 0.05). ** Abbreviations of sample names as expressed in Table 1.

The assessment of the PI is considered a valuable and practical tool for measuring the possible
loss of the PUFA content during marine species canning or processing in general [30,36,63]. In the
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present study, this quality parameter showed an average decrease as a result of the thermal treatment
(Figure 3). Notably, canned fish corresponding to the CI-1 condition did not reflect a significant loss
(p > 0.05) when compared to the initial fish. Compared to the control canned condition, all CI-treated
samples provided higher average values for this index; however, differences were not found
significant (p > 0.05). A preservative effect of the cuttlefish (S. officinalis) ink on PUFA compounds
(i.e., higher PI) was already proved by Trigo et al. [12] during a heating treatment of fish in a model

system.
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Figure 3. Determination of the polyene index in initial and canned fish including different
concentrations of cuttlefish ink (CI) in the packing medium. Average values of four replicates (1 = 4);
standard deviations are indicated by bars. Different letters (a, b) denote significant differences (p <
0.05). Abbreviations of sample names as expressed in Table 1.

Previous research related to the addition of antioxidant compounds to the packing medium has
shown a preservative effect on the PUFA content. Thus, Ortiz et al. [47] showed a PI retention of
canned Atlantic salmon (S. salar) muscle when packed in a medium including an ulte (basal part of
alga D. antarctica) extract; however, no differences were obtained in such study when other algae
(cochayuyo, frond of D. antarctica; U. lactuca; P. columbina) extracts were included in the packing
system. Higher PI scores were observed in canned Atlantic mackerel (S. scombrus) by addition of B.
bifurcata extracts [47] and in canned Chub mackerel (S. colias) by addition of F. spiralis or U. lactuca
extracts [30]. Recently, a higher PI in canned Chub mackerel (S. colias) was proved by including an
aqueous extract of octopus (O. vulgaris) cooking liquor in the packing medium [51].

3.4. Determination of colour changes in canned fish muscle

A remarkable increase (p < 0.05) of the L* value was detected as a result of the thermal treatment
(Table 4). This increase was partially avoided in all cases by the presence of the CI extract in the
packing medium. Thus, all Cl-treated fish revealed lower (p <0.05) L* values than the control canned
fish. Additionally, canned fish corresponding to the CI-1 condition did not provide differences (p >
0.05) with the initial fish.

A general average decrease of the a* value was observed by comparison of the initial fish and all
kinds of canned samples (Table 4). This decrease was found significant (p < 0.05) in the case of the
canned control samples, but not (p >0.05) in CI-treated fish. No effect (p > 0.05) of the CI concentration
added to the packing medium could be inferred on this colour parameter.
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Table 4. Determination® of colour changes in initial and canned fish including different
concentrations of cuttlefish ink (CI) in the packing medium™**.

Initial or canned
Colour parameter

sample
L* a* b*
o 4635 a 221 b 376 a
Initial fish (0.96) (0.76) (0.24)
8140 ¢ 107 a 898 b
CIR (2.03) (0.51) (0.68)
oLt 5554 ab 218 b 681 b
(8.39) (0.67) (1.79)
Lo 6348 b 138 b 731 b
(6.09) (0.83) (1.06)
cLa 62.46 b 153 b 8.66 b
(4.58) (0.36) (1.95)
Cla 60.39 b 191 b 739 b
(5.50) (0.36) (0.99)

* Average values of four replicates (1 = 4); standard deviations are indicated in brackets. In each column, different
letters (a, b, c) denote significant differences (p < 0.05). ** Abbreviations of sample names as expressed in Table
1.

Comparison between the initial fish and all kinds of canned samples indicated a relevant
increase of the average b* value as a result of the canning process (Table 4). The presence of the CI
extract in the packing medium led to lower average b* values than the canned control fish; however,
differences were not found significant (p > 0.05). The lowest average value was observed for canned
fish corresponding to the CI-1 condition.

According to the great effect on the appearance and acceptability of all kinds of seafood, the
assessment of colour changes during processing has attracted a great attention [64]. The current
evolution of colour parameters during the canning process is in agreement with previous studies
regarding heating treatment of seafood. In general, the canning process has led to increased L* and
b* values and to a* value decreases [43,65,66].

No previous research has focused on the effect of cephalopod ink on colour changes in canned
seafood. However, the addition of preservative compounds to the packing medium has proved
valuable effects. Thus, the employment of sunflower oil as packing medium in canned yellowfin tuna
(T. albacares) led to lower L* and b* values when compared to coconut and ground nut oils [43]; this
difference was justified on the basis of the presence of preservative compounds in sunflower oil. The
addition of an aqueous extract of B. bifurcata to the packing medium of canned Atlantic mackerel (S.
scombrus) led to decreased L* and b* values [47]. Recently, Méndez et al. [36] obtained lower L* and
b* values in canned horse mackerel (T. trachurus) by addition of an aqueous extract of octopus (O.
vulgaris) cooking liquor to the packing medium.

3.5. Determination of TMA content

A relevant (p < 0.05) TMA content increase was detected in all kinds of canned samples when
compared to the initial fish (Table 2). Lower average values were found in Cl-treated fish when
compared to the counterpart canned control. Notably, the lowest average values were observed in
fish samples corresponding to the CI-2 condition, which were significantly lower (p < 0.05) than those
corresponding to the canned control samples. As for the lipid quality retention (FR, Figure 1; DHA
and w3/w6 ratio values, Table 3), a selective effect of the CI concentration could be inferred.

TMA is recognised as a remarkable deteriorative compound whose value can reflect the quality
degradation of seafood subjected to different kinds of technological procedures [67]. On the basis that
TMA formation by microbial activity is not likely to be produced during the current study, formation
of TMA should be originated from the thermal breakdown of protein-like compounds [20,24]. As in
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the current study, previous research accounts for a relevant TMA formation as a result of the
sterilisation step in canned seafood [43,68,69].

In agreement with the results depicted in Table 2, an inhibitory effect on the TMA content has
been observed for samples corresponding to the CI-2 batch. Unfortunately, no previous studies are
available, to the best of our knowledge, regarding the effect of cephalopod ink extracts on the TMA
value of canned seafood. However, an inhibitory effect on quality loss has already been proved on
non-thermally treated seafood. Thus, Karim et al. [10] demonstrated that a previous squid melanin-
free ink soaking of squid (Loligo duvaucelli) led to an increased shelf-life time and a decrease of the
TMA and total volatile base (TVB) values during the refrigerated (4 °C for 215 days) storage. Sadok
et al. [70] proved that a previous cuttlefish (S. officinalis) ink soaking led to an inhibitory effect on the
formation of off-odour compounds (TMA and TVB values) in cold-stored (0 °C for 12 days and -2 °C
for 23 days) peeled shrimp (Penaeus kerathurus). Recently, an inhibitory effect on the formation of TVB
and TMA was detected by Essid et al. [41] in smoked sardine (S. aurita) during cold storage (35 days
at 4 °C) by previous soaking in cuttlefish (S. officinalis) ink solution.

Previous research has also addressed the effect resulting from the addition of preservative
compounds to the packing medium on the TMA value of canned seafood. As in the present results,
alower TVB value was observed in canned bonito (S. sarda) by including rosemary extract and tomato
juice in the packing medium [44]. An inhibitory effect on TMA formation was detected in canned
Chub mackerel (S. colias) by addition of an aqueous F. spiralis extract to the packing medium [69].
Contrary, no effect on the TVB and TMA values was detected in Atlantic mackerel (S. scombrus) [47]
and Chub mackerel (S. colias) [30] by the presence of aqueous extracts of several macroalgae.

4. Conclusions

A preservative effect of the CI extract on the canned fish quality was concluded. However, an
important effect of the CI concentration added to the packing medium was proved. According to the
results obtained for lipid oxidation development (fluorescent compound formation), colour changes
(L* and a* parameters) and TMA formation, a preservative effect (p < 0.05) of the CI extract was
detected in the present study when employing CI concentrations corresponding to CI-2 condition.
Additionally, higher average values of DHA and w3/w6 ratio were detected in canned fish
corresponding to CI-1 and CI-2 conditions. Remarkably, higher average values of FFAs and PUFAs
(i.e., PI and EPA content) were detected in all kinds of Cl-treated fish when compared to control
canned samples.

The present research provides a first approach to a novel and beneficial use of a cephalopod
discard (i.e., cuttlefish ink) for the quality enhancement of canned fish. This research is in agreement
with nowadays requirements for the search of new and natural sources of preservative compounds
and also agrees with general commitments for environmental sustainability and circular economy.
On the basis of the notable effect of the CI concentration employed, further research is considered
necessary in order to optimise the CI extract to be employed.
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