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Abstract

Mechanical separation systems are a good optianet@ie new fish products and open new
market, however studies on the effect on qualitynethanical treatment on species of interest for
European aquaculture, such as European sea bi#tssadisea bream, and rainbow trout are scarce.
Thus in this research, the effect on colour, nomdl quality, and lipid stability was considered
immediately after separation process and after & df frozen storage. Results revealed that
mechanical separation technique significantly aéécolour and lipid stability of the three studied
species. Increases in L* and secondary oxidatiodymts were observed, together with a decreased
of antioxidant capacity. Nutritional value insteads unaffected by treatment. Thus, mechanical
separation process could represent a new way terbetploit species of interest for European
aquaculture and acquire new market niches, butatixiel processes during the treatment have to be

limited and kept under control.

Keywords: mechanical separation; MSM; TBARS; fistgar; antioxidant capacity.
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1. Introduction

Products development in aquaculture sector has \ergriimited during these last years (EC,
2013). In this sense, mechanical separation syséeea good option to create new fish products
and open new market. In accordance with Regulqt2) No 883/2004 (Regulation (EC), 2004)
mechanically separated meat (MSM) is a productioétbby removing remaining meat from bones
using mechanical means, where the normal structutlee muscle fibre is mostly lost or modified
in such a way that it is not comparable with reguat@at. During the last decades, MSM has grown
in importance, especially in poultry and pig sestaaising a production of 700 000 t in 2007 (EC,
2010). Concerning seafood industry, no specifitricg®ons about MSM utilized are presented in
EU Regulation and mechanical separation treatmeamytnepresent a new technology in fish supply
chain.

Recently, MSM obtained from Nile tilapiaOfeochromis niloticus (Fogaca et al., 2015;
Freitas et al., 2012; Kirschnik et al., 2013; Maem et al., 2009), and Brazilian catfish
(Brachyplatystoma vaillandi(Oliveira et al., 2015) by-products have beemulcally and sensory
characterized. However, the utilization of mechahgeparation (MS) on the whole fish has to be
investigated, as well as its effects on Europeawater and freshwater species. Indeed, MS has
typically been utilized for the recovery of fish-pyoducts but it may be also a valid process to use
on no directly marketable European farmed fishhsaagthe undersized or damaged ones. That will
entail the utilization of whole fish, rich in fahd protein, and not only the frame derived from
filleting process.

Lipid oxidation is a very important event leadirfietloss of nutritional values and food
quality, especially for fish, due to the high pmse of polyunsaturated fatty acids (PUFAS).
However, the use of such mechanisms in new produikess MSM of fish is not yet well
investigated. Thus, it seems reasonable to cheekettect on lipid stability of MS technology
applied to some sea and freshwater European faspeaies, in order to understand its possible role

for the creation of new products.
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2. Materialsand methods

2.1 Preparation of fish samples and storage conditions

Different species of sea and freshwater fish wétised in the present trial. Six specimens of
European sea basBi¢entrarchus labraxand 6 specimens of gilthead sea bre&pafus aurata
were obtained from a fish farm located in Orbetdlgrosseto, Italy), while six specimens of
pigmented rainbow troutQncorhynchus mykissvere obtained from a farm located in the north
west of Tuscany (Lucca, Italy). Fish were killed fppgrcussion and, immediately after death, they
were transferred into polystyrene boxes, covereatdyand moved to the industry where the fish of
each species, degutted and without head, were thimg¢he MSM machine Baader 60-1 (Lubeck,
Germany). Then, the remained whole fish and the M@&We brought to DISPAA (Florence, Italy)
where all the whole fish were filleted. Whereas filbets (right) for each species were stored as
whole fillet (WF samples), six fillets (left) foraeh species were grounded by using a New Style
Chopper (Westmark Gmbh, Elspe, Germany) in ordebtain 6 fish-burger (FB samples), while
six MSM-fish burger were obtained from MSM (MSM gales). Three samples for each treatment
(whole fillet, burger from grounded fillet, burgéfom MSM) and each species were analysed at
time 0 (TO), while the other samples were analyséel storage at — 20 °C for 90 days (T90). WF,
FB, and MSM for the three species were analysed d¢ofour, pH, total lipids, fatty acid
composition, primary (conjugated dienes) and seagn¢hiobarbituric acid reactive substances,

TBARS) oxidation products, and antioxidant capacity

2.2 Colour and pH

A Dr Lange Spectro-colofircolorimeter (Keison International Ltd, Ukdquipped with a
Spectral gc 3.6 software was utilized for colorinteimeasurement. Colour was measured in
triplicate on the epaxial-cranial sites of fillatVE) and in three points of the burgers (FB and

MSM). Colour measurements were carried out accgrdm the CIELab system (CIE, 1976).
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Lightness (L*), redness index (a*), yellowness md@g*), Hue, and Chroma were recorded,

whereas the numerical total color differena&) between samples was calculated by the formula

AE(-o)=[(L* p=L* o) +(@*p—a*,) +(b*—b*,)]*°
where  represents the values of colour parameters (L* aafd b*) measured at T90 and
represents the values of the same parameters redasu0. A variation in colouAE) equal to
2.3 units corresponds to a just-noticeable diffeee@ND) for the human eye; higher variation is
considered discernible (Sharma, 2003). The pH gabidhe samples were measured by a Mettler
Toledo pH-meter (Columbus, OH, USA) in three diéietr points. Dorsal region of whole fillet and
the burger's diameter were utilised for the measergs. FinallyApH, as difference between the

values measured at T90 and at TO, was also catculat

2.3 Fatty acids

The total lipid content of the samples was deteedbiaccording to Folch et al. (1957) method
and fatty acids (FA) in lipid extract were detergdnafter trans-esterification to methyl esters
(FAME) using a base-catalyzed trans-esterificatiohowed by a boron trifluoride catalyzed
esterification (Morrison & Smith, 1964). The FA cpaosition was determined by gas
chromatography (GC) using a Varian GC 430 gas chtogmaph (Varian Inc., Palo Alto, CA,
USA) equipped with a flame ionization detector (JFhd a Supelco Omegawax™ 320 capillary
column (30 m x 0.32 mm i.d., 0.26m film and polyethylene glycol bonded phase; Sumelc
Bellefonte, PA, USA). The oven temperature was lald00 °C for 2 min, increased to 160 °C
over 4 min, then increased to 220 °C over 14 muhfarally kept at 220 °C for 25 min. The injector
and the detector temperatures were set at 220 dG@@ °C, respectively. One pL of sample in
hexane was injected into the column with heliumcagier gas kept at a constant flow of 1.5
mL/min. The split ratio was 1:20. Chromatogramsewuecorded with the Galaxie Chromatography
Data System 1.9.302.952 (Varian Inc., Palo Alto,, C/SA) computing integrator software. Fatty

acids were identified by comparing the FAME retentitime with the standard Supelco 37

4
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component FAME mix (Supelco). Fatty acids were dfiad through calibration curves using
tricosanoic acid (C23:0) (Supelco) as internal déad. This analysis was not carried out in FB

samples, because the similarity of compositiorhesé samples and WF samples.

2.4 Lipid oxidation products

Conjugated dienes (CD) content in the lipid extragtre measured by the colorimetric
method (Srinivasan et al., 1996) using hexane (8idddrich, St. Luis, MO, USA) as solvent.
Conjugated dienes were quantified at 232 nm (50 Spactrophotometer Varian, equipped with a
Cary Win UV Software; Palo Alto, CA, USA) and usiagmolar extinction coefficient of 29000
mL /mmol cm. The results are expressed as mmoldmgatoxides/kg lipid.

The 2-thiobarbituric acid reactive substances (TBARere measured at 532 nm, using the
colorimetric methodlescribed by Vynke (1970). Briefly, TBARS were axtied in TCA (5%), then
added with TBA 0.02mol/L. After 40 min of incubaticat 97 °C, the oxidation products were
guantified with reference to calibrations curvesT&P (1,1,3,3,-tetra-ethoxypropane) in 5% (w/v)

TCA (0.2 to 3.1umol/L).

2.5 Antioxidant capacity

The antioxidant capacity was measured by the radation decolorization assay (ABT%H
the radical scavenging activity (DPBHand the ferric reducing ability assay (FRAP)mPes (3
g) were extracted with 10 ml of ethanol. The antlant capacity was performed on ethanol
extracted samples according the minor modificatiogysorted in Mancini et al. (2015) to the
methods of Re et al. (1999) for ABTS reducing astivassay (ABTS, 2,2'-azino-bis(3-
ethylbenzthiazoline-6-sulphonic acid)), of Bloi®&B) and Jung et al. (2010) for DPPH scavenging
activity (DPPH, 2,2-diphenyl-1-picrylhydrazyl), amescalzo et al. (2007) for FRAP assay method

(ferric reducing ability).
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2.6 Statistical analysis

The statistical analysis was performed using SP8Sion 17.0 software (SPSS Inc. lllinois,
USA). Normality of data distributions was tested thg Kolmogorov-Smirnov teshnE and fatty
acids were subjected to one-way analysis of vaeigANOVA) with ‘treatment’ as a fixed effect,
using the Bonferroni post-hoc test to check thaiBgance of the differences among levels (WF,
FB and MSM samples). The primary and secondaryatixid products and antioxidant capacity
were subjected to two-way ANOVA with ‘treatment’ dafstorage’ and their interaction as fixed
effect, using Bonferroni post-hoc test to checkimghe significance of the differences among
levels (WF, FB and MSM samples), and storage (TG @A0). The same model (two-way
ANOVA) was performed on the fatty acid profiles t i this case only two treatment levels (WF
and MSM) were considered. A repeated measures g)oztwlsidering ‘treatment’ and ‘storage’ as
main factors, was performed on pH and colour patarsé€lL*, a* and b*). Bonferroni post-hoc test
was used as post-hoc test. Pearson correlatiofiaieefs were calculated between the parameters

evaluated for all the species.

3. Resultsand Discussion

Table 1 presents the results of ANOVA for pH andoup parameter values. Treatment
significantly affected colour for European sea bagsthead sea bream, and partially for rainbow
trout. The differences in colour parameters wenglar for the seawater species, indeed the L*, a*
and b* of WF resulted significantly lower than thenced (FB) and MSM burger. Trout fillet
showed a significantly lower lightness (L*) and lnéy redness (a*) compared to MSM and minced
fillet burger. No significant differences were obsa for b* values in rainbow trout due to the time
of storage. The fish fillet colour is linked witleime-based pigment, physical structure of muscle,
and the amount of unbound water influences liglattedng. Since sea bass and sea bream are

white fish, it is reasonable to suppose that chaung@igments under high-pressure treatment are of
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minor importance, so that these colour changesheagttributed to modifications of protein matrix
as reported by Chéret, Chapleau, Delbaadrat, VerrezBagnis, and Lamballerie (2005). The
redness in trout is due to astaxanthin added tofdélkd, and the significant interaction TxS
(Treatmentx Storage) could be related to the significantlyhleiga* value for WT samples at both
the storage times. Storage time decreased lightmedsredness in rainbow trout, as previously
reported (Choubert & Baccaunaud, 2006). Evolutibrcaour during storage can be associated
with enzymatic and non-enzymatic reactions resglltmdegradation of myofibrillar proteins and
disorganization of myofibrils (Cherét et al., 2005hese modifications were observed also in the
white flesh fish. According to that, the storageabiftreated fish led to a significant decreasé*tin
values after 90 days. However, the decrease ofaldes was found to be higher in rainbow trout
than in gilthead sea bream, and European sea bhasse results emphasised the importance of
using white flesh fish (sea bass and sea breamx&onme) to develop fish products, as supported
by Bito (1965) who assessed that the colour ofwthgee fish burgers was more stable than that of
tuna stored at the same temperature, which losbitsur after 2 months. The pH values were not
affected by treatment, indeed no significant défeses were highlighted, as reported in Table 1. As
expected the WF, FB and MSM resulted with the spindikely because MSM was obtained by
the whole fish and not from residues as reportedtbgr authors (Oliveira et al., 2015). The storage
of samples at negative temperature for 90 daydteesin significantly changing in terms of pH,
showing an increase of pH during storage for gdtheea bream and rainbow trout. The results are
in agreement with those of several authors thabrteg the same pattern for sea bream (Kyrana,
Lougovois, & Valsamis, 1997). Usually no signifitatifferences were found in pH for trout during
the storage in ice, even though the tendency ismfoeasing values (Chytiri, Chouliara, Savvaidis,
& Kontominas, 2004). Our results showed a signiftdacrease of pH (p<0.05) for trout samples

stored for 90 days at negative temperature.
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The variation in colourAE) for each species showed no differences in teihsorage and
treatments (data not reported), indicating thatnoticeable difference (JND) for the human eye
occurred, since only variation higher than 2.3surgtconsidered as discernible (Sharma, 2003).

The fatty acid (FA) composition of European seasbgdthead sea bream, and trout fillets
and MSM immediately after treatment and after gefrated storage is reported in Table 2. No
statistical differences were found in the fattydagrofile between fillets and MSM for none of the
considered seawater species. However, some slidifthrences were found in fatty acid profile of
rainbow trout. Indeed, a significantly higher ambwoh stearic acid (18:0) and lower amount of
linolenic acid (18:86) have been found in the whole fillet compared/®M. As a consequence,
the total amount of PUF#A6 was significantly higher in the MSM than in thenale fillets.
Although a certain caution is required when thelltesare compared with previous studies, it seems
that the raw material for MS process deeply infheenfatty acid composition. Indeed, when MSM
is obtained by filleting residues (Oliveira et &Q15), lipid fraction is mainly constituted by SFA
(around 54%), and MUFA (34%) whilst the most impoit PUFA applied for 10% of total fatty
acids. On the contrary, when whole fish, degutted without head, is utilised as in the present
research, MSM fatty acid profile reflected thatloé fillet. In conclusion, using no marketable fish
instead of fish by-products may result in a higlalgy MSM chemical composition despite the
species utilised.

The fatty acid composition of European sea badthegid sea bream, and rainbow trout
samples instead fell within previous data abountat fish (Badiani et al., 2013; Grigorakis, 2007;
Secci, Parisi, Dasilva, & Medina, 2016; Tibaldaét 2015).

The total amount of saturated fatty acids (SFAjmuascle was found to be around 20% in
seawater species, whilst in rainbow trout stoppedraund 15%. Regardless the quantitative
difference, this fraction was found to be mainlyngmsed of palmitic (16:0), stearic (18:0), and
myristic (14:0) acids in all the species. In gehdre dominance of these three fatty acids has bee

reported previously in farmed fish fed with diffateratio of marine and plant feed ingredients
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(Baron et al., 2013; Timm-Heinrich, Eymard, Barddielsen, & Jacobsen, 2013). Among
monounsaturated fatty acids (MUFA), the most abohaeere oleic (C18:@9), and palmitoleic
(C16:1w7), with some species-specific differences. Pddrty, gilthead sea bream resulted in the
lowest oleic content, applying for 15% of totaltyaacids, whereas rainbow trout contained almost
the 10% more than the other. The opposite trendfewasd for palmitoleic acid, which resulted to
be the highest in gilthead sea bream and the loweshinbow trout. In both cases, oleic and
palmitoleic values for European sea bass were rsiondar to sea bream than to rainbow trout,
confirmed the affinity of these two marine speci€sigorakis, 2007), often reared with similar
techniques and feed. Oleic acid is often repomeoketthe most abundant MUFA in the lipids and it
is one of those more affected by replacement afdisby plant oil in feeds (Baron et al., 2013).

As regards to muscle PUFA, their amount ranged & (gilthead seabream) to 52.5% of
trout but the main differences lean on its compasitindeed, PUFA fraction of sea water species
are mainly composed bw3 (around 74%) and the6 represented about 20% of total
polyunsaturated fatty acids. Freshwater specigsadshad 57% abh6 and 42% otv3. Even in that
case, results confirmed the differences betweennmand freshwater fish highlighted by Tocher
(2003). However, the dominance of Cl8&0on w6 fraction of PUFA has been reported both in
marine (Badiani et al., 2013; Tibaldi et al., 20884 in freshwater farmed species (Secci, Parisi,
Dasilva, & Medina, 2016) though its percentage skto be strictly connected with the sources of
feed ingredients (Baron et al., 2013). Specificgtesent results revealed that Ct@2pplied for
70 % and 89 % of PUFRA6 in sea bass and trout, respectively, in agrek thie 87% and 90%
previously obtained for the same species (Badiaail.e 2013; Secci, Parisi, Dasilva, & Medina,
2016).

The major contributors te3 fraction were docosahexaenoic acid (DHA) forth# three
considered species, followed by eicosapentaendaic(B®A) in European sea bass (around 20% of

PUFA®3) and gilthead sea bream (28 % of P4Ji3A
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Considering the storage effect, the three fish isgeshowed different modification in fatty
acid profile. However, a global trend can be disedr Indeed a decrease of PUFA fraction and an
increase of total saturated fatty acid (SFA) a@@rdays of refrigerated storage was found for all
fish. Specifically, a significant decrease of PUiBAeported for both the seawater species and it is
lead by a significant PUFA3 reduction (- 39 % and — 4 % in sea bass andreaan respectively).
Furthermore, the decrease of that fraction is rngadnle to the significant DHA reduction. Finally,
such a trend is accompanied by a significant irered SFA (+12 % and +8 % in sea bass and sea
bream, respectively) and MUFA, even if a statistdifference was highlighted only for European
sea bass. On the other hand, indeed no signifdiiatences were found in PUFA fraction of trout
fillets, thus confirming the stability of that speg during storage (Secci, Parisi, Dasilva, & Medin
2016). In trout, only an increase of SFA was regbrvhich could be related to a small decrease
found for the other classes of FAs. The presentltsesonfirm that storage significantly influences
lipid composition of fish, especially of those riam PUFA®»3 which are reported to be highly
susceptible to oxidation.

Concerning lipid stability due to treatment andidgrstorage, such as high values of PUFAs
®3 fraction could be the main cause of lipid degtiatdaof MSM as a consequence of the
mechanical treatment. Indeed, results revealed kh&t treatment significantly affected lipid
oxidation of seawater fish whereas no effect enterge rainbow trout (Table 3). Specifically,
primary oxidation products, obtained by measuriogjugated dienes content, were affected nor by
treatment or storage in sea bass and trout samphdst CD content of sea bream was found to be
significantly affected by treatment and storagené&tbeless, the extent of lipid oxidation was
underlined by TBARS values. Globally, treatmennsigantly affected lipid oxidation of the three
species. Mechanical separation process seemedotope lipid oxidation in seawater species
immediately after treatment, being TBARS more titao times higher in MSM than in WF.
Burgers obtained from minced meat resulted in éermmediate level of oxidative status (Table 3).

Moreover, gilthead sea bream appeared the mosetilsie species to be oxidised by treatment

10
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raising a value near the threshold of 8 mg MDA/skgnple for the rancid perception, as proposed
by Shormiiller (1968). Lipid fraction of rainbow trbinstead seemed not to be affected by
mechanical separation process.

However, the present results are not in completeemgent with previous findings. Results by
Fogaca et al. (2015) on the effect of MSM on tida@reochromis niloticus showed a low
oxidative value (1.03 mg MDA/ kg tissue) despite tmgh lipid content (around 7 %). Lowest
value was obtained for no-washed MSM from tilapiaKirschnik et al. (2013), who found a
TBARS content around 0.5 mg MDA/ kg tissue whichvewger, raised up to 0.7 mg MDA/kg tissue
after 90 days at -18 °C. However, it has to be tHuethese studies were conducted on fish figtin
waste which had a lowest PUFA percentage (Olivetral., 2015) than the values found in the
species considered in the present research.

Concerning storage, it significantly affected TBARSIues of all the studied species, in
agreement with previous studies (Indergard, Todstanv, Larsen, & Eikevik, 2014; Secci, Parisi,
Dasilva, & Medina, 2016) and confirming the dataanted for fatty acid composition. At TO, trout
was found in a lower oxidative status in comparigath the other two species, by being three times
lower than the values obtained for sea bream andsilhalf the sea bass ones. Such as difference
was in agreement with a previous study that shawedcarce susceptibility of rainbow trout to be
oxidised, both for its low content of3 fraction and for carotenoid content (Secci, Pabsasilva,

& Medina, 2016). PUFA®3 may be responsible instead for the three timegheni TBARS
contained in sea bream than in sea bass. Inde=8, 4 of difference i3 amount of two species
may increase sea bream lipid susceptibility to atiah.

After 90 days of frozen storage, secondary lipitdation products doubled in sea bass and
sea bream samples, whereas increased more thaegliti rainbow trout. The rate obtained for sea
bass was in agreement with that obtained by Sisnigtial. (2014) who found that TBARS in
percussion Killed fish doubled during 90 days & *2. On the other hand, oxidation in trout highly

increased confirming that astaxanthin seems toeptoagainst the very early stages of lipid

11
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oxidation but not during the long term frozen sgma(Jensen, Birk, Jokumsen, Skibsted, &
Bertelsen, 1998).

Antioxidant properties, especially radical scaveggactivities, are very important due to the
deleterious role of free radicals in foods. The ABDPPH, and FRAP have been widely used to
test the ability of compounds to act as free rddscavengers and thus to evaluate the antioxidant
activity (Mancini et al., 2015). At the best of okinowledge, this is the first quantification of
antioxidant capacity of European sea bass, gilttssadbream and rainbow trout. All the treated
fish, irrespective of the species, showed someaaduabilities, which probably could be attributed
to the intrinsic antioxidant system of the musdlalile 4). Particularly, the presence of astaxanthin
in trout muscle may be responsible for the higlgtsbal antioxidant capacity, especially ABTS
value, because it can improve scavenging and ad#ok activity. Nakajima, Yoshie-Stark, and
Ogushi (2009) reported a lack of difference for PP¥alue determination between methanolic
extracts of Atlantic salmonS@lmo salay, Coho salmon@ncorhynchus kisutghAlaska pollack
(Theragra chalcogramma and southern blue whitingMjcromesistius austral)s Treatment
significantly reduced antioxidant capacity in &etstudies species. When a statistical significance
was found, WF showed the higher value of antioxidaapacity followed by FB with medium-
higher values and by MSM with medium-lower values.

Ninety days of frozen storage (T90) significantgduced antioxidant capacity of the three
studied species. European sea bass showed a cagodi reduction for all the three evaluation
methods, FRAP method reported a reduction of aitlamt capacity for gilthead sea bream and
rainbow trout. This last species also showed aifssggnt reduction of its DPPH value during the
storage time. These trends were partially repoligdSanchez-Alonso, Jimenez-Escrig, Saura-
Calixto, and Borderias (2007, 2008) for horse meakgTrachurus trachurus whilst no
information are available in literature for the sigs examined in this trial.

As reported by Pazos, Gonzalez, Gallardo, Tornad, Medina (2005), under post mortem

conditions, the endogenous antioxidants are condwmguentially and the loss coincides with fish
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muscle lipid oxidation development. Present resatts in agreement with this pattern, because
storage was found to significantly affect both exiglant capacity and lipid oxidation. Specifically,
storage significantly reduced the antioxidant asglagreas significantly increased TBARS content.
Moreover, as suggested by Gomez-Estaca et al. 20dler oxidative stability should be expected
from samples with higher reducing ability durindrigeration or under other oxidizing conditions.

A correlation pattern (Pearson tests 0.05) was evaluated for fatty acid composition,
oxidative parameters, antioxidant capacitf, andApH. Results are summarized in Table 5. CDs
are positively correlated to SFAs (p<0.01) but na@ation has been found of SFAs with TBARS
and oxidant capacity. On the other hand, MUFA tesupositively related to the ABTS (p<0.05),
DPPH (p<0.05) and FRAP values (p<0.01). PWBAraction was strongly negatively correlated
with primary and secondary oxidation products (Cps0.01; TBARS: p<0.05), whereas3 FAs
were strongly positively related to CDs (p<0.013 &BBARS (p<0.01). These correlations were in
line with the correlation found by Secci et al. 18D Indeedw3 fatty acids contribute to quality
deterioration and decreases marketability of figidpcts leading to a major lipid oxidation.

As regard the antioxidant capacity, ABTS, DPPH &RAP was significantly correlated to each
other (p<0.01). Primary oxidation products wereaiegly correlated to ABTS (p<0.05), whereas
TBARS were negatively related to ABTS, DPPH and PRAp<0.05, p<0.01, and p<0.01,
respectively). Finally, it was also investigatee ttorrelation among colour parameters and pH
variations and the oxidation products and antiaxidapacity. An interesting positive relationship
was found betweedE and TBARS and ABTS values (p<0.05 and p<O0.0lpeesvely). A
negative correlation was reported betwedhand CDs (p<0.01), and FRAP (p<0.05). A positive
significant correlation was found faypH with ABTS (p<0.01) but not with the other antidant

capacity quantifications.

3. Conclusions

13



333

334

335

336

337

338

339

340

341

342

343

344

345
346

347

348

349

350

351

352

353

354

355

356

In conclusion, mechanically separation processifsigntly affected quality of the derived-
products in terms of colour, antioxidant capacihd axidative stability. Globally, MSM of the
seawater species investigated resulted more danmgedchanical treatment than that of rainbow
trout, maybe because of the high contenb®f However, using no marketable fish instead df fis
waste may result in a high nutritional quality MSMspite the species utilised. Thus, mechanical
separation process could represent a new way terbetploit species of interest for European
aquaculture, but oxidative processes during thatrtrent have to be limited. Washing MSM, as
proposed by other authors (Kirschnik et al., 20&8)ld be an option to wash out pro-oxidant
molecules, such as heme, however further reseamhéle utilisation of antioxidant during the

process or added to the MSM are suggested.

AKNOWLEDGMENT

We are grateful to Tuscany Region for the finansigbport of the project called “Realization of a

product based on processed fish for the aquacwtrancement of Tuscany (TRA.AC.TO.)".

REFERENCES

Badiani, A., Stipa, S., Bitossi, F., Pirini, M., Baldo, A., Gatta, P.P., Rotolo, M., & Testi, S.
(2013). True retention of nutrients upon houselroloking of farmed portion-size European
sea bassOicentrarchus labraxL.). LWT - Food Science and Technolp§®1), 72-77.
doi:10.1016/j.lwt.2012.06.026.

Baron, C.P., Svendsen, G.H., Lund, I, Jokumsen, Ndelsen, H.H., & Jacobsen, C. (2013).
Organic plant ingredients in the diet of Rainbowautr ©Oncorhynchus mykigsimpact on
fish muscle composition and oxidative stabilisuropean Journal of Lipid Science and

Technology11512), 1367-1377. doi:10.1002/ejlt.201300157.

14



357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

Bito, M. (1965). Studies on the retention of meatoc of frozen tuna. Il. Effect of storage
temperature on preventing discoloration of tunatrdaang freezing storag@&lippon Suisan
Gakkaishj 31, 534-539.

Blois, M.S. (1958). Antioxidant determination byetluse of a stable free radicilature 181,
1199-1200.

Chéret, R., Chapleau, N., Delbatradrat, C., VerreBagnis, V., & Lamballerie, M.D. (2005).
Effects of high pressure on texture and microstmecof sea bas®{centrarchus labrax..)
fillets. Journal of Food Scienc&0, 477-483.

Chytiri, S., Chouliara, 1., Savvaidis, I.N., & Karhinas, M.G. (2004). Microbiological, chemical
and sensory assessment of iced whole and filletpthcultured rainbow troutFood
Microbiology, 21(2), 157-165.

Choubert, G., & Baccaunaud, M. (2006). Colour clesngf fillets of rainbow trout@ncorhynchus
mykissW.) fed astaxanthin or canthaxanthin during steragder controlled or modified
atmosphereLWT-Food Science and Technolpgd9, 1203-1213.

CIE (Commission Internationale de I'Eclairage) @Q@7Colorimetry. Publ. No. 15, Bureau Central
de la CIE, Vienna, Austria.

Descalzo, A.M., Rossetti, L., Grigioni, G.M., Ir@ta, M., Sancho, A.M., Carrete, J., & Pensel,
N.A. (2007). Antioxidant status and odour profite fresh beef from pasture or grain-fed
cattle.Meat Sciencer5, 299-307.

EC (2010). Communication from the Commission to Eueopean Parliament and the Council on
the future necessity and use of mechanically s&ghraneat in the European Union,
including the information policy towards consumdseuxelles, 2.12.2010.

EC (2013). Strategic guidelines for the sustainat#gelopment of EU aquaculture. Bruxelles,

29.4.2013.

15



381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

Fogaca, F.D.S., Otani, F.S., Portella, C.D.G., §astos Filho, L.G.A., & Sant'Ana, L.S. (2015).
Characterization of surimi from mechanically delmbnglapia meat and fishburger
preparationSemina: Ciéncias Agrarias (Londriné6(2), 765-775.

Folch, J., Lees, M., & Sloane Stanley, H.S. (195X)simple method for the isolation and
purification of total lipids from animal tissudournal of Biology and Chemistr226, 497-
509.

Freitas, D.D.G.C., Resende, A.L.D.S.S., Furtad@.lA, Tashima, L., & Bechara, H.M. (2012).
The sensory acceptability of a tilaparéochromis niloticusmechanically separated meat-
based spreadirazilian Journal of Food Technolog¥5(2), 166-173.

GOmez-Estaca, J., Gomez-Guillén, M.C., Montero, Stpelana, P., & Guillén, M.D. (2011).
Oxidative stability, volatile components and polgity aromatic hydrocarbons of cold-
smoked sardineSardina pilchardusand dolphinfish Coryphaena hippurysLWT - Food
Science and Technologd4(6), 1517-1524. doi:10.1016/}.lwt.2011.02.006).

Grigorakis, K. (2007). Compositional and organalemuality of farmed and wild gilthead sea
bream Gparus auratp and sea basdDicentrarchus labrax and factors affecting it: a
review.Aquaculture 2721), 55-75.

Indergard, E., Tolstorebrov, I., Larsen, H., & Bike T.M. (2014). The influence of long-term
storage, temperature and type of packaging matesiakhe quality characteristics of frozen
farmed Atlantic salmonSalmo sala). International Journal of Refrigeratioml, 27—36.
doi:10.1016/j.ijrefrig.2013.05.011.

Jensen, C., Birk, E., Jokumsen, A., Skibsted, L&HBertelsen, G. (1998). Effect of dietary levels
of fat, a-tocopherol and astaxanthin on colour Bpid oxidation during storage of frozen
rainbow trout Oncorhynchus mykissand during chill storage of smoked trodeitschrift

fur Lebensmittel-Untersuchung und —Forschén@07, 189-196.

16



405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

Jung, S., Choe, J.H., Kim, B., Yun, H.; Kruk, Z.& Jo, C. (2010). Effect of dietary mixture of
gallic acid and linoleic acid on antioxidative pati@el and quality of breast meat from
broilers.Meat Science86, 520-526.

Kirschnik, P.G., Trindade, M.A., Gomide, C.A., Moid.E.G., & Viegas, E.M.M. (2013). Storage
stability of Nile tilapia meat mechanically sepa@twashed, added with preservatives and
frozen.Pesquisa Agropecuaria Brasileird8(8), 935-942.

Kyrana, V.R., Lougovois, V.P., & Valsamis, D.S. 919. Assessment of shelf-life of maricultured
gilthead sea breanSparus auratastored in icelnternational Journal of Food Science and
Technology32(4), 339-347.

Mancini, S., Preziuso, G., Dal Bosco, A., Roscwi, Szendé, Z., Fratini, F., & Paci, G. (2015).
Effect of turmeric powderGurcuma longa..) and ascorbic acid on physical characteristics
and oxidative status of fresh and stored rabbitgéns Meat Science 110, 93-100.
doi:10.1016/j.meatsci.2015.07.005.

Marengoni, N.G., Pozza, M.S.D.S., Braga, G.C., kazzD.B., Castilha, L.D., Bueno, G.W.,
Pasquetti, T.G., & Polese, C. (2009). Caracterizagi&robioldgica, sensorial e centesimal
de fishburgers de carne de tilapia mecanicamemaraga.Revista Brasileira de Saude e
Producao Animal10(1), 168-176.

Morrison, R., & Smith, L.M. (1964). Preparation faftty acid methyl esters and dimethylacetals
from lipids with boron fluoride—methanalournal of Lipid Researcls, 600-608.

Nakajima, K., Yoshie-Stark, Y., & Ogushi, M. (2009omparison of ACE inhibitory and DPPH
radical scavenging activities of fish muscle hygsakes.Food Control, 114,844-851.
doi:10.1016/j.foodchem.2008.10.083

Oliveira, 1.S. De, Lourenco, L.D.F.H., Sousa, CReixoto Joele, M.R.S., & Ribeiro, S.D.C.D.A.
(2015). Composition of MSM from Brazilian catfisimdatechnological properties of fish

flour. Food Contro) 50, 38—44. doi:10.1016/j.foodcont.2014.08.018.

17



430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

Pazos, M. Gonzélez, M.J., Gallardo, J.M., Torrels,, & Medina, I. (2005). Preservation of the
endogenous antioxidant system of fish muscle bpeolyphenols during frozen storage.
European Food Research and Techno|@po, 514-519.

Re, R., Pellegrini, N., Proteggente, A., Pannala, ¥ang, M., & Rice-Evans, C. (1999).
Antioxidant activity applying an improved ABTS radi cation decoloration assayree
Radicals in Biology and Medicin26, 1231-1237.

Regulation (EC) No 853/2004 of the European Pasdtnmand of the Council of 29 April 2004
laying down specific rules for food of animal ongiOJ L 226, 25.6.2004, p. 22.

Sanchez-Alonso, I., Jimenez-Escrig, A., Saura-@ali%., & Borderias, A.J. (2007). Effect of grape
antioxidant dietary fibre on the prevention of dippxidation in minced fish: Evaluation by
different methodologies. Food Chemistry, 101, 372-378.
doi:10.1016/j.foodchem.2005.12.058.

Sanchez-Alonso, |., Jimenez-Escrig, A., Saura-@alik., & Borderias, A.J. (2008). Antioxidant
protection of white grape pomace on restructursl firoducts during frozen storag®VT-
Food Science and Technology, 42;50. doi:10.1016/.lwt.2007.02.002.

Secci, G., Serra, A., Concollato, A., Conte, G.|&M&/., Olsen, R.E., & Parisi, G. (2015). Carbon
monoxide as stunning/killing method on farmed Atil@rsalmon $almo sala). effects on
lipid and cholesterol oxidatiornlournal of the Science of Food and Agricultuhe press.
DOI 10.1002/jsfa.7362.

Secci, G., Parisi, G., Dasilva, G., & Medina, 101B). Stress during slaughter increases lipid
metabolites and decreases oxidative stability oméa rainbow trout @ncorhynchus
mykis$ during frozen storagé&ood Chemistry190, 5-11.

Sharma, J., Pazhaniandi, P.P., Tanwar, V.K., D&S, & Goswami, M. (2012). Antioxidant effect
of turmeric powder, nitrite and ascorbic acid coretl chicken mincdnternational Journal

of Food Science and Technolody, 61-66.

18



455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

Shormtiller, J. (1968). Handbuch der LebensmittettheBandlll/2, &' edition; Berlin-Heidelberg,
Springer Verlag: New York, NY.

Simitzis, P.E., Tsopelakos, A., Charismiadou, MBatzina, A., Deligeorgis, S.G., & Miliou, H.
(2014). Comparison of the effects of six stunnintiy procedures on flesh quality of sea
bass Dicentrarchus labrax Linnaeus 1758) and evaluation of clove oil arzest
followed by chilling on ice/water slurry for potesmit implementation in aquaculture.
Aquaculture Research5(11), 1759-1770.

Srinivasan, S., Xiong, Y.L., & Decker, A. (1996hhibition of protein and lipid oxidation in beef
heart surimi-like material by anti-oxidants and demations of pH, NaCl, and buffer type in
the washing mediaournal of Agriculture and Food ChemistA4, 119-125.

Tibaldi, E., Chini Zittelli, G., Parisi, G., BrundJl., Giorgi, G., Tulli, F., Venturini, S., Tredici,
M.R., & Poli, B.M. (2015). Growth performance andadjty traits of European sea basgs (
labrax) fed diets including increasing levels of freezeed Isochrysissp. (T-ISO) biomass
as a source of protein and n-3 long chain PUFAartia substitution of fish derivatives.
Aquaculture 440, 60—68. doi:10.1016/j.aquaculture.2015.02.002.

Timm-Heinrich, M., Eymard, S., Baron, C.P., NielséhH., & Jacobsen, C. (2013). Oxidative
changes during ice storage of rainbow trd@dh¢orhynchus mykisded different ratios of
marine and vegetable feed ingredientsood Chemistry 1363-4), 1220-1230.
doi:10.1016/j.foodchem.2012.09.019.

Tocher, D.R. (2003). Metabolism and functions pfds and fatty acids in teleost fiSReviews in
Fisheries Sciencd 1(2), 107-184.

Vyncke, W. (1970). Direct determination of the théobituric acid value in trichloroacetic acid
extracts of fish as a measure of oxidative rangidiette Seifen Anstrichmittel2, 1084—

1087.

19



1  Tablel. pH and colour parameter values of European sea bass, gilthead sea bream, and rainbow trout fillets (WF), minced (FB) and MSM burgers at TO and after

2 90 days of frozen storage (T90).

ecies Parameter Treatment (T Storage (S
TxS
X
WF FB MSM  SEM?! TO T9O SEM
pH 6.36 639  6.35 0.03 635 638 003 NS
European L* 4265° 4741 49.04*  1.07 4755 4518° 046 NS
sea bass ar -1.40° 059° 015 048 029 -015 013 NS
b* 1.35° 5.19° 557° 043 226° 581° 023 NS
pH 6.16 618 623  0.06 6150 622¢0 001 NS
Gilthead L* 3005° 4650° 4437° 119 46.66° 39.95° 0.77 NS
sea
bream a* -250°  -064* -024 075 -012° 213 019 NS
b* 0.77° 536% 6.57° 157 216° 631*° 073 NS
pH 6.46 6.48  6.49 0.02 6.42° 653 001 001
Rainbow L* 28.81° 3968 3879° 198 4270 2882° 121 NS
trout ar 3.05 044>  0.56° 0.73 211 059° 053 002
b* 10.24 1211 1106 0.10 11.38 1089 064 0.01

3 1 SEM: Standard Error of the Mean
4  Within criterion, a, b: p<0.05;
5 NS, Not Significant (p>0.05).

6  Datawere obtained from three replicates.



8 Table 2. Total lipids and fatty acids profile (g/100g of total fatty acids) of European sea bass, gilthead sea bream, and rainbow trout fillets (WF) and MSM

9  burgersimmediately after treatment (TO) and after frozen storage (T90).

10
11
12
13
14
15
16

European sea bass Gilthead sea bream Rainbow trout

T B e e ST T e

WF MSM TO T90 WF MSM TO T90 WF MSM TO T90
Total lipid% 10.04 10.65 9.63 11.06 093 NS 8.82° 12.12% 7.72° 10.77* 0.46 0.008 6.55 6.76 7.35 5.96 0.37 0.04
C14.0 3.01 277 1.88" 3.90° 040 NS 438 437 400° 475% 014 NS 149 126 1.44 131 0.19 NS
C16:.0 13.63 13.20 12.06° 1478 047 NS 1291 1342 12.78" 1355* 0.16 NS 11.02 1081 1058 1125 011 NS
Cl6:1w7 383 347 2.50° 480 053 NS 6.34 6.43 586° 6.91* 027 NS 243 245 2.42 2.46 0.06 NS
C18.0 364 355 463 256° 057 NS 266 264 261 269 009 NS 327 3.06° 311 3.23 0.04 NS
C18:109 16.23 15.72 12.81° 19.13* 1.62 NS 15.87 15.84 1574 1597 056 NS 23.98 24.08 2408 2398 0.28 NS
C18:2w6 6.21 6.19 3.65° 8.76® 1.26 NS 871 833 849 855 022 NS 2558" 2643* 2603 2598 024 NS
C20:109 2.68 266 1.66" 3.68% 053 NS 181 185 209 157 032 NS 109 134 1.37 1.07 0.15 NS
C20:503 847 817 7.28° 9.36 0.63 NS 10.06 10.15 1037 9.84 0.17 NS 3.07 3.09 311 3.05 0.09 NS
C22:1w11 219 226 1.28"° 316 052 NS 161 159 183 137 028 NS 069 0.70 0.71 0.68 0.04 NS
C22:503 330 3.26 418° 238 035 NS 6.36 6.10 6.10 636 0.75 NS 159 149 1.73% 1.34° 0.06 NS
C22:6m3 2469 2644  36.90° 14.23° 542 NS 15.06 15.33 16.25° 14.14° 0.35 0.02 11.63 11.16 1147 11.32 046 NS
ZSFA 21.29 20.58 19.73° 22.14* 028 0.05 20.98 21.45 20.37° 22.07* 030 NS 1636 1568 15.67° 1637 021 NS
EMUFA 2871 27.89 2152 3508 341 NS 29.73 29.78 29.54 29.97 085 NS 31.16 31.38 3132 3122 036 NS
>PUFA®6 9.16 9.31 754° 1093 084 NS 11.04 10.68 1091 1080 021 NS 2955 30.32* 2993 2994 015 NS
YPUFA®3 3979 4122 5052*° 3049° 462 NS 3581 35.73 36.96* 3458° 0.71 NS 22.17 21.83 2230 21717 050 NS
SPUFA 50.01 5153 58.76% 42.78° 3.64 NS 49.29 48.77 50.08* 47.97° 0.70 NS 5249 52.94 5301 5242 041 NS

The fatty acids C12:0. C13:0. C14:105. C15:0. C15:1. C16:109; C16:2w4. C16:3w4. C16:4wl. C17:0. C17:1. C18:1n7. C18:3w6. C18:304. C18:4wl. C20:0. C20:1m1l.

C20:1w7. C20:2w6. C20:3w6. C20:3w3. C20:4w6. C20:4w3. C21:0. C21:5w3. C22:0. C22:109. C22:1w7. C22:2w6. C22:4w6. C22:506. C24:0. and C24:1v9 were also detected

but not reported because in percentage <3%. They were utilised to calculate .
! SEM: Standard Error of the Mean
NS. Not Significant (p>0.05).
Data were obtained from three replicates.



17  Table 3. Primary (CD. mmol Hp/kg sample) and secondary (TBARS. mg MDA/kg sample) oxidation products in European sea bass. gilthead sea bream. and

18  rainbow trout fillets (WF). and minced (FB) and MSM burgers at TO and after 90 days of frozen storage (T90).

Treatment (T) Storage ()

TxS

Species Parameter WF FB MSM SEM? TO T90 SEM
European sea CD 0.42 0.39 0.46 0.04 0.43 0.41 0.05 NS
bass TBARS 1.10° 1.37° 2.34° 0.28 1.11° 2.09° 0.23 NS
Gilthead sea CD 0.44° 0.37® 0.34° 0.03 0.35° 0.42° 0.02 NS
bream TBARS 2.72° 5.40° 7.26° 0.57 3.72° 6.53% 0.47 NS
CD 0.22 0.25 0.21 0.02 0.21 0.24 0.01 NS

Rainbow trout

TBARS 3.15 3.09 211 0.73 0.72° 4.85° 0.59 NS

19  'SEM: Standard Error of the Mean

20  Within criterion. a. b. ¢: p<0.05;

21 NS. Not Significant (p>0.05).

22 Datawere obtained from three replicates.
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24  Table 4. Antioxidant capacity. expressed as ABTS (mmol Trolox eq./kg sample). DPPH (mmol Trolox eq./kg sample). and FRAP (mmol Fe'' eq./kg sample). in

25  European sea bass. gilthead sea bream. and rainbow trout fillets (WF). minced (FB) and MSM burgers at TO and after 90 (T90) days of frozen storage.

Treatment (T) Storage (S) xS
Species Parameter WF FB MSM SEM* TO T90 SEM

ABTS 0.27% 0.21° 0.20° 0.01 0.28% 0.17° 0.01 0.01

E“rog’:;” Sea DPPH 0.12° 0.12° 0.05° 0.00 0.12° 0.07° 0.00 0.00
FRAP 0.20 0.20 0.20 0.01 0.242 0.17° 0.01 0.00

ABTS 0.142 0.08° 0.09° 0.01 0.11 0.10 0.00 NS

G":)*::g?nsea DPPH 0.04° 0.02° 0.02° 0.00 0.03 0.02 0.00 NS
FRAP 0.13 0.14 0.11 0.01 0.16° 0.10° 0.01 NS

ABTS 0.462 0.38° 0.13° 0.01 0.34 0.31 0.01 0.01

Rainbow trout DPPH 0.09? 0.08? 0.05° 0.00 0.08? 0.06° 0.00 0.00
FRAP 0.212 0.20° 0.13° 0.01 0.242 0.12° 0.01 NS

26  'SEM: Standard Error of the Mean

27  Within criterion. a. b. ¢: p<0.05;

28  NS. Not Significant (p>0.05).

29  Datawere obtained from three replicates.
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31

32

33

34

Table 5. Correlation coefficients (r) of analysed parameters considering the three treatments (WF. FB and MSM). the two storage times (TO and T90) and the

three species (European sea bass. gilthead sea bream and rainbow trout).

SFA MUFA PUFAn6 PUFA®3 PUFA EPA DHA CDs TBARS ABTS DPPH FRAP AE ApH
SFA 1 -0.06 -0.98** 0.90**  -0.63** 0.97** 0.84** 0.90** 0.44 -0.34 -0.17 -0.15
MUFA -0.06 1 0.07 -0.39 -0.73**  -0.14 -0.21 0.29 -0.45 0.50* 0.52* 0.81**
PUFA®6 -0.98** 0.07 1 -0.94**  0.61** -0.99** -0.92** -0.88* -0.49* 0.37 0.19 0.20
PUFA®3 0.90** -0.39 -0.94** 1 -0.31  096** 094> 0.70** 0.60**  -0.51* -0.35 -0.46
PUFA -0.63** -0.73**  0.61** -0.31 1 -0.56* -041  -0.84** 0.03 -0.16 -0.29 -0.52*
EPA 0.97** -0.14 -0.99** 0.96** -0.56* 1 0.93**  0.86** 0.48* -0.38 -0.18 -0.26
DHA 0.84** -0.21 -0.92%* 0.94** -041  0.93** 1 0.68** 0.56* -0.44 -0.26 -0.30
CDs 0.90** 0.29 -0.88** 0.70**  -0.84** 0.86** 0.68** 1 0.06 -0.29* -0.03 -0.06  -0.56**  -0.32
TBARS 0.44 -0.45 -0.49* 0.60* * 0.05 0.48* 0.56* 0.06 1 -0.32x  -0.64** -0.59**  0.47* 0.28
ABTS -0.34 0.50* 0.37 -0.51* -0.16 -0.38 -0.44 -0.29* -0.32* 1 0.62**  0.47**  0.50**  0.52**
DPPH -0.17 0.52* 0.19 -0.35 -0.29 -0.18 -0.26 -0.03  -0.64**  0.62** 1 0.52** -0.26 -0.10
FRAP -0.15  0.81** 0.20 -0.46 -0.52* -0.26 -0.30 -0.06  -0.59**  047**  0.52** 1 -0.39* -0.01
AE -0.56**  0.47* 0.50** -0.26 -0.39* 1 0.31
ApH -0.32 0.28 0.52** -0.10 -0.01 0.31 1

* Significant Correlation at p< 0.05.

** Significant Correlation at p< 0.01.



Highlights

* Mechanical separation system were tested on sea bass, sea bream, and rainbow trout
* Mechanical separation system decreased antioxidant capacity

* Mechanical separation system increased oxidative processes

» Using no marketable fish instead of waste result in high nutritional quality MSM



