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1. Introduction

Due to socio-economic evolution and lifestyle, angng number of single-person and small households
(Byrne, 1998) have boosted the demand for conveaienmeal preparation (Calderon, Iglesias, Laca,
Herrero, & Diaz, 2010). Thermal processing is stile of the most common methods used to obtain safe
convenience food with an extended shelf-life. Dieisig thermal processes for such products, typicalthe
range of 60-95°C for 10 to 30 min, is challengiimgs the heat treatments required for inactivatanget
microorganisms may cause undesirable quality clsimggid and protein fractions. In seafood pradyc
quality is severely reduced when the thermal podedesigned for a shelf-life of more than 21 dayder
chilled conditions (Rosnes, Skara, & Skipnes, 20M&w methods focusing on rapid or minimal heating
able to maintain safety levels, are therefore fumelatal for thduture development of processed seafood.
Recently, technological developments and new padcgagaterials have led to innovative food preseovat
strategies such a®us videook-chill (SVCC) processing.

SVCC processing consists of placing fresh, raw petgdin a vacuum-sealed bag or a semi-rigid tray,
cooking it slowly under mild heating conditions. igasteurization, immediate cooling and maintaining
refrigeration at 3+1°C until servin§VCC offers many advantages over traditional food prsiogssuch as
the hermetic seal, which prevents moisture losscantmination during and after treatments. In toldli
the mild cooking temperature preserves the origlasabr, texture and nutritional qualities. Moreoye
vacuum packaging increases product shelf-life bybiting aerobic spoilage microrganisms, oxidaiwel
other chemical spoilers (Ghazala, Ramaswamy, S&igimpson, 1995) and is now widely used in food
service establishments (catering, restaurant)fdast trades and supermarkets.

Despite the growing demand for and interest intgadeready-to eat seafood, fast to prepare and easy to
store seafoo(Kennedy, Wall, Storrs, Devoluy, & Cruveiller, 200@nly a few studies are available
regarding the application sbus videcook-chilled processing to seafood (Diaz, Nietan@n, & Garrido,
2009; Espinosa, Diaz, Linares, Teruel & Garriddl20Garcia-Linares, Gonzalez-Fandos, Garcia-
Fernandez, & Garcia-Arias, 2004; Ghazala et aB51%onzalez-Fandos, Villarino-Rodriguez, Garcla-
Linares, Garcia-Arias, & Garcla-Fernandez, 2005Zatez-Fandos, Garcla-Linares, Villarino-Rodriguez,
Garcla-Arias, & Garcla-Fernand@004; Shakila, Jeyasekaran, Vijayakumar, & Suky@@d9). Moreover,
such technology has not been applied to shellfigh While mussels have been subjected to chitledge
(Erkan, 2005; Gokglu, 2002), modified atmosphere packaging (GoulasdN Kontominas, & Savaidis,
2005a; Pastoriza, & Bernardez, 2011), freezing (Blik Erkan, &0zden, 2000), cooking and vacuum
cooling (Cavalheiro, Schmidt, Rodrigues, Siga, émipergher & Laurindo, 2013; De Lima, Siga,
Leitempergher, Lerin, Soares, Tosati, Rodrigues éntdiro, 2017), smoking (Turan, Sénmez, Celik, &
Kaya 2008) and canning€ng6r, Gin, & Kalatofafgdu, 2004) sous videcook-chill processing has never
been considered.

Bivalve mollusk, as filter feeders, can accumutateroorganisms, including pathogens, from seawater
the number and type of microorganisms presentdmwiditer depend on several seasonal, climatic and

anthropogenic factors (SéJiKrstulovic, Jozt, & Curat, 1999). Even if their harvesting and



commercialization is regulated by the EC direc#@#923 (Anonymous, 1979), which defines the
classification of the rearing waters and by thedt#€ctive 91/942 (Anonymous, 1991), which states th
safety standards for live mollusk sale, the appbceof heat treatment according to the range of
time/temperature proposals by EFSA (2015), ICMSI6) and European Commission (1997), may also
ensure safety for bivalve mollusk, consideringriblk of pathogenic microorganisms such as HepaHitis
virus (HAV), Clostridium botulinunandListeria monocytogeneBurthermore, heat treatments also seem
effective in inactivating human norovirus (HuNogdnsidered to be the major common cause of acute
epidemic nonbacterial human gastroenteritis (BazkuGouza, & Davidson, 2014). So, the possibiity
producing pasteurized mussels and new mussel-baadg-meals with extended shelf-life could become a
important innovation and expansion opportunitygavducers and give additional value to this stefllfi
product, while preserving fresh-like appearancgh lutritional value (Bongiorno et al., 2015), pFating
product loss and reducing waste (Espinosa, Lopez, Rinares, & Garrido, 2016).

In this scenario, the aim of the present study wasvaluate the application of SVCC technologyvan

galloprovincialisand to assess its stability over time in compartsoconventional home cooked mussels.

2. Materialsand methods

2.1. Mussels and cooking treatments

Freshly harvested musseM.(galloprovincialis 20+1g and 6+1cm) were collected (80 kg) from asel
farm site in the North Adriatic Sea (Gulf of Triesttaly) and subjected to depuration (CE IT 592\ Bor
24 h (EU reg. 854/04). Then, animals manually seteto eliminate deformed or undersized individuals
were subjected to debyssing, brushing and traregh¢ith under refrigerated conditions) to the labwy of
the University of Udine. Mussels were subjected thfferent experimental treatments:

- Sous Vide Cook Chi(SVCC); mussels (15 specimens/pouch) were packag@dented
Polyamide/Polypropylene (OPA/PP) pouch (thicknég§3um, Orved S.p.a., Musile di Piave-VE, Italy),
and heat sealed under vacuum condition (VM 53,08/eda., Musile di Piave-VE, Italy). The poucheseve
subjected to heat treatment (85°C for 10 min ire;dn a steam oven (HMGO061X, Lainox Ali-s.p.a.,, TV
Italy) and immediately chilled at 3°C using a blalstler (RCMO051S, Lainox Ali-s.p.a., TV, Italy)iff. 1A).
- Brine and Sous Vide Cook CHIBSVCC) mussels (15 specimens/pouch) with the shddf brine (3%
NacCl solution), in a ratio 1:2 to total mussel wejgvere treated as SVCC (fig 1B).

- Cooked and ChilledCC); mussels (15 specimens/pouch) were process&YCC and BSVCC without
vacuum conditions (fig 1 D).

- Conventional Cooking and Ch{ICMC), mussels were placed in a closed pan andezbo&nventionally
(90°C for 10 min in core), then placed in OPA/PRgi®es (15 specimens/pouch) and immediately chilted
previously indicated (fig. 1 C).

The pasteurization value (P0) and Cook value (Czp @letermined in a previous test aimed at optimittie
thermal process and resulted in: Po = 1.08 min Ggté min for SVCC; Po = 0.92 min Cg= 2.30 non f



BSVCC; Po=0.32 min Cg= 1.65 min for CC. Pd &y values were not available for Conventional
Cooking and Chilled treatment.

During all processes the internal temperature wasirmuously monitored by a data logger sensor
(Tracksense Pro Val, Fasinternational s.r.l, Mildtedy) inserted between the valves of one ofthe
mussels in the pouches. The management of probletsnagrtemperature data processing were performed
with Valsuite basic Software (Ellab, Hilleroed, Deark).

Raw mussels (RM) were characterized in terms ofabiological and chemical parameters before being

processed.

2.2. Experimental design and sampling

Mussels subjected to the processing treatmentsanatgzed at 1, 7, 14, 21, 30 and 50 days of stoahg
310.2°C. Two pouches of mussels for each sampling tvere analyzed in duplicate for chemical and
microbiological analysis, while 3 pouches of musgedr treatment were used for sensory analysiadh e
panel session to insure a suitable number of maifsethe panelist's evaluation. To determine Total
Volatile Basic Nitrogen (TVB-N) content, for eacdingpling time, one pooled mussel sample (50 g) was

frozen at -80°C till analyzed.

2.3. Chemical analysis

Moisture content was determined on RM and processessel meat according to method 934.01 (AOAC,
1997).

pH was measured in duplicate for each pouch ifignae (15 mL) of the homogenized mussel meat and
shell liquor using a Basic 20 Crison pH-meter (@nisBarcelona, Spain).

Total volatile basic nitrogen (TVB-N) content wastefmined according to Pearson (1976).

2.4. Microbiological analysis

The whole content, except the shells, of each panchfor each treatment, was diluted 1:10 in alster
stomacher bag with saline-peptone water (8 g/L NaA@IL bacteriological peptone, Oxoid, Milano yja
and mixed for 1.5 min in the stomacher machine (RBlano, Italy). The analyses were performed in
duplicate agar plates on serial decimal dilutiohsach mussel homogenate.

Total aerobic bacterial count (TBC), lactic acidtesia (LAB), Enterobacteriaceaand anaerobic Sulphite-
reducing clostridia were counted described by Bongiorno et @015).Pseudomonagere enumerated on
PAB agar (Oxoid, Milan, Italy) and incubated at GGdr 48 h.

2.5. Sensory analysis
The Sensory Analyses were performed, according\bIBO standards (UNI-ISO 8589, 1990) by a trained
seven-member panel that evaluated the quality akselumeat at each sampling time. Before serving the

mussels on a half shell in small aluminum trayghtopanelists, mussels were steam-warmed (MP Ja@bo



at 50 °C for 10 min. Each assessor rated the gudliive mussels per treatment (SVCC, BSVCC, CMC,
CC) and per storage time, using characteristicesaribe: color, odor, taste and texture of theseluseat.
Each characteristic was scored using a point ¢t&ld) according to the scale range reported inerablf
the score was < 7, mussels were considered unabbepfn overall sensory score was determinedes th

average value of the score of the attributes etedua

2.6. Statistical analysis

Data were subjected to two-way ANOVA to test thegaissing technology and the storage time on the
guality of the product. If appropriate, means wasmpared by Tukey’s multiple range test for P<0.05.
SPSS-PC 17.0 statistical software (SPSS Inc. ChjdagUSA) was used for data analysis. Data are

expressed as average value and standard deviations.

3. Results and discussion

3.1. Chemical analysis

3.1.1. Moisture

The moisture content of raw mussels was 78.9+2T1%.cooking treatments (on day 1) resulted in a
significant (P<0.05) reduction of moisture conten€MC mussels (73.5+£1.0%), similar to values régar
by Turan, Sénmez, Celik, & Kaya (2007) on boiledssels, while it increased significantly in BSVCC
(81.4+1.3%) and was unaffected in CC (79.9+1.6%) @4WCC (79.7+1.1%) treatments (Fig. 2). As
suggested by Voskresensky (1965) in his studiesrdatp the effect of salting in fish, this phenomés
attributable to the processes of osmosis. NaGblutien dissociates into Chnd N4, which are involved in
the solubilization of meat proteins by swelling.elng of the myofibrils reduces drip loss by inaseng the
spaces between myofibrils, which can retain morem@lifio, Grau, Fernandez-Sanchez, Arnold, & Bara
2010). In fact, the higher NaCl content of musisiues, capturing water from the brine, resulteahin
increase both ithe moisture content and weight of mussetsereas the reverse phenomena was observed
when an hyperosmotic salt brine (26.4% vs 3.0%3$eduhe diffusion of water from the mussels in® th
surrounding brine (Turan et al., 2007).

Different from frozen stored mussels, where a Wi$s.21% at the end of 4 month storage period was
observed (Gokglu et al., 2000), the moisture content remainedtared in all processed mussels for the

entire 50 chilled storage days of the present trial

3.1.2. TVB-N

TVB-N content for raw and treated mussels are ptesein Fig. 3. The TVB-N value of raw mussels
registered in this study resulted in an averageevaf 15.3+0.2 mg N/100g, slightly higher than figeirre
(11.5-9.07 mg N/100g) reported by other author&dky 2005; Turan et al., 2007). The processing aketh
significantly affected TVB-N contenwhich significantlyincreased after CM(L6.7+0.5 mg N/100gand

CC (15.3+0.3 mg N/100g) treatmentvhile it decreasedP<0.001)after SVCC and BSVCC treatments to



11.9+0.8 and 10.4+0.4 mg N/100g, respectivBlyring cold storage, TVB-N increased in CMC and CC
from 14 to 21 storage days until the end of theagje period (50 days), reaching values of 31.9208
44.4+0.3 mg N/100g, respectively. On the other hantothsous videgrocessed mussels, SVCC and
BSVCC, TVB-N content remained constant during th@le storage period with final values of 13.91£0.8
mg N/100g (SVCC) and 12.6+0.4 mg N/100g (BSVCC)ilevim Gokaslu et al., (2000), TVB-N
concentration increased to 21.53 mg N/100g aftestéfage days, even in frozen mussels. Total Velati
basic amine represents all nitrogen fractionsdmaformed in the tissues during fhest-mortenprocesses
due to bacterial degradatiomhich is the main cause of seafood spoilage (Otdfisck Jonsdottir 2010).
For this reason TVB-N is one of the most widelyduseasurements of seafood freshness and quality.
Regarding acceptable limits, different opinionsénbeen reported in the literature. For exampleyraiitg
to Ludorff & Meyer (1973), TVB-N content of 25 mg N0 g is expected for high quality prods)j@0 mg
N/100 g for good, 35 mg N/100 g for marketable omdsle TVB-N values > 35 N/100g are attributed to
spoiled seafood. Goulas, & Kontominas (2005b) arkdufe (2005) suggest one acceptability limit for
mussels of TVB-N content of 22-25 and 15 mg N/1Gégpectively, although the European Union indgate
a limit of 35 mg N/100 g (EEC, 1995).

In this study, TVB-N content afous videcook and chill musselsvith or without brine supplementation)
remained constant and lower than the threshold nggested in the above mentioned studies foertiee

storage period.

3.1.3. pH

The pH value registered in RM was 6.2+0.04, sintbavalues reported by other authors (Gilucet al.,

2000; Turan et al., 2008). pH was unaffected byaghiied treatments (6.3+0.02); the mean values
registered for pH in BSVCC, CC, CMC and SVCC arevahin Table 2. Processing treatment significantly
affected pH value from day 7 onward (P<0.001) wthenpH value increased to 7.05+0.16 and maintained
similar values during the 50 chilled storage d#ording to Goulas & Kontominas (2005b), such an
increase in pH is probably due to the productiouaddtile basic components, such as ammonia,

trimethylamine, etc., by fish-spoiling bacteria.

3.2. Changes in microbiological quality

The average total bacterial coumprocessed mussels and the relative changesydimerstorage period
are presented in Table 3.

A TBC of 2.2+0.33 log CFU/g was detected in RM.eTgrocessing treatments did not significantly &ffec
the TBC growth until 21 days of storage (P>0.0%)efeafter, CMC processed mussels always exhiliited t
highest value relative to SVCC and BSVCC up to &@sdP<0.05), while in comparison with CC up to 30
days.

After processing, the mean value of TBC in CMC, &/&hd BSVCC was below the detection limit of the

method and remained constant until day 7 of stoshgevinginsignificant differences (P>0.05). Theus



vide processed mussels (BSVCC and SVCC) remained abtadge until 30 days; statistical differences
observed in SVCC at day 14 and 21, can be consider@egligible from a microbiological point of wie
Thereafter, TBC significantly increased in SVCC &8VCC (1.9+0.20 and 3.1+ 0.01 log CFU/qg,
respectively, P<0.001) at 50 storage days.

Regarding CMC, the initial low TBC counts remairgashstant until 14 storage days and then increased
significantly reaching a value of 2.6+£0.4 and 2.@80log CFU/g after 21 and 30 storage days, resdgt
with a further increase (4.2 log CFU/g, P<0.001¢=50 storage days.

In CC processed mussels, the initial value of TB @.9+ 0.06 log CFU /g and didn’t show significant
differences until 30 storage days (P>0.05), thereiased to 4.5+ 0.08 log CFU/g after 50 storags.day
Cooked foods are generally considered acceptableufnan consumption, if TBC results in values befow
log CFU/g (Huss, 1995); in this study SVCC and B®/@ocessed mussels always maintained values
below this limit, while in CMC and CC values cldsethe limit of acceptability were detected aft@rdays
(4.2 log and 4.5 log CFU/qg, respectively). Thesailts were consistent with Rybka, Kailasapathy, &
Bergam (1999), who indicate a shelf-life of 54 déyrscook-chill fish when stored at 0-3°C.

In addition microbiological safety and sensory quality of raimktrout fillets ©. mykisy and salmon§g.
salar) slice processed by sous vide method resultedsiveli-life of 45 days under optimal storage
conditions (+2°C) (Gonzalez-Fandos et al. 20045200an (2011), in his study on carp fillets preessby
sous vide, with or without sauce, demonstratedttieatreated products could guarantee good
microbiological quality for 56 storage days wheagarved at 2°C.

Vacuum condition produces an ecosystem favoralilesgtgrowth of LAB, able to grow under
microaerophilic/anaerobic conditions and associaiiglal the spoilage of sous vide products, resulimg
swelling and/or development of off-flavors and offers (Carlin, Guinebretiere, Choma, Schmott, &
Nguyen, 1999). Guerzoni, Gianotti, & Lopez (199B¥erved that LAB, undetectable immediately after th
sous vide treatment in meat products, could spcadigibe recovered after storage. In this studyBlwere
found in RM (2.00+£0.09 log CFU/qg) but always rensarbelow the detection limit in SVCC, BSVCC and
CC control mussels, while LAB appeared in CMC (246 log CFU/q) after 21 storage days. The cooking
process at 85°C for 10 min resulted in the redaatiothis group of bacteria, similar to the resuétgorted
by Rosnes, Kleiberg, Bergstein, & Vidvei, (1999heke LAB in sous vide fish-based meals were not
detected during a storage period of 42 days. Idstegradual increase in LAB counts was observeshwh
the products were preserved at 10°C: after 3 stodags in trout fillets and after 14 in salmonedic
(Gonzalez-Fandos et al., 2004; 2005) and carpdi{lean, 2011), but these results can be due toigher
storage temperature (10°C) favoratadacterial growth.

In RM, Pseudomonagere enumerated at a concentration of 5.32+0.8TCleU/g. After treatments, the
concentration of these bacteria was always belevdétection limit of the method (10 log CFU/q) ava
detected only in CMC (4.36£0.1 log CFU/qg) afters3orage days. According to Rhodehamel (1992), the

normal spoilage microorganism, suchPagudomonasg/easts and molds are inhibited by vacuum packagin



in sous vide foods. As expected, the vacuum paonlgagmd cooking prevented the growthRseudomonas
in mussels, as well.

Enterobacteriaceae were counted in RM at levels@§i+0.23 log CFU/g; similar values were reported i
fillet carp (Can, 2011), on raw trout (2.18+0.4y IBFU/g) and raw salmon (2.66+0.91 log CFU /qg)
(Gonzalez-Fandos et al.,2004; Gonzalez-Fandos, &04l5). Enterobacteriaceae remained, for altrtreats
and control, below the detection limit of the mathmstead, Enterobacteriaceae were detected inahie
batches processed at 70°C after 45 days when stteagperature was 10°C (2.84+0.21 log CFU/Q),
highlighting the important role played by the sg@wdemperature.

Anaerobic Sulphite-reducing clostridia were 2.00#0og CFU/g and after treatment were always betwv
detection limit of the method (<1 CFU/g). Shakitak (2009) reported the presence of anaerobjihgtet
reducing clostridia in conventional packs of figtkkes and in conventional cook-chill fish cakesaténd of
storage (3 MPN g-1), but not in sous vide cookldisih cakes. Schmidt, Lechowich, & Folinazzo (1961
reported that the lowest temperature limit esthblisfor the growth and toxin production by straihs
psychrotrophicC. botulinumis 3.3°C. However, recent studies have indicatatithey may grow in vacuum
packed meats at temperatures as low as 2°C (Mabéa&ell, 2000). In addition, Gonzalez-Fandos et al
(2004 and 2005) showed that a temperature abus@°Gf decreased the shelf-life of sous vide trodt an
salmon and allowed the growth of spore forming &aat thus implying a potential risk for the conssta
health. Due to the possible temperature abusesgldistribution, retailing and consumption, adaiab
hurdles should be included (Genigeorgis, 1993).

It must be highlighted that the microbiological btiée of sous videnussels depends on different factors
including the microbiological quality of raw maitaliefficacy of depuration, process parametersiegind

maintenance of the cold chain (Schleining, 2007)

3.3. Changes in sensory quality

The score of sensory attributes i.e., color/appearaodor intensity, meat turgidity, flavor, su@nde and
aftertaste of processed mussels during chillechgeoare shown in Fig. 4.

On day 1, BSVCC, SVCC and CMC mussels obtained $igines in terms of overall acceptability; SVCC
mussels obtained the highest score (10.54) mdiked to odor intensity (Fig 4C), flavor (Fig 46)da
succulence (Fig 4F) reflecting its high sensonylitiga. Since the first tasting, CC mussels were
unacceptable for the majority of the attributessidared. According to panelists, the cooking preces
appeared visibly heterogeneous and the tissudmahantle remained adherent to the mussels shkihgha
the overall appearance unpleasant; despite sihglatrtreatmes® of pasteurization, probably irstus

vide”, the retention of intervalvar liquid ensured unificheat transmission. On the contrary, when mussels
were not subjected to vacuum two things occurredt bxpanded the packaged gases causing a redaction
thermal transmission and the opening of the valvasdetermined the release of intervalvar ligQderall

this resulted in heterogeneous cooking, which neglgitimpacted the sensory analysis of the pargelist
(Skipnes, Oines, Rosnes, & Skara, 2002).



After 7 chilled storage days BSVCC, SVCC and CMGssals obtained similar scores in all attributes
considered; BSVCC and SVCC mussels decreasedsttwies, even if remaining acceptable for all
attributes considered beginning at 14 storage déyle CMC mussels resulted in being unacceptaiier
21 storage days, BSVCC mussels still obtained sedugher than the SVCC ones in terms of
color/appearance, odor intensity, succulence,tafitr and flavor while the latter were unacceptaiiter
30 storage days, the overall score of BSVCC wasaegable even if, in terms of odor intensity, meat

turgidity and aftertaste, it still registered adedye scores.

4. Conclusions

The application of mild heat treatments and chifeatage is desirable to maintain nutritional and
sensorial properties of the mussésus vidgrocessing (SVCC and BSVCC) applied to friskh
galloprovincialismussels was able to preserve product quality aaslbeneficial in terms of
extended shelf-life and increased product safetyh@ end of the 50 storage days, the mesophiles
reached a population > 5 log CFU/g, TVB-N < 35 nd@d and the mussels obtained scores below
7. It was inferred that mussels cooked traditigngdD°C-10 min) had a shelf-life of about 14 days,
while according to the conditions applied in thegant experiment (85°C-10 min), mussalsas

vide cooked and chilled exhibited a shelf-life of ab®litdays with shelf-life extending to about 30
days when brine was added.

The absence of vacuum conditions resulted in therbgeneous cooking of mussels while the
inclusion of brine resulted in benefits in termswadisture content, TVB-N and sensory attributes
such as meat turgidity. Moreover, the reductiowater activity due to salt represented a further
obstacle to bacterial proliferation and it couldebearrier of aromatic compounds. In addition, the
introduction of brine prevents direct contact bedwéhe cutting margins of the shells and the
packaging thuspreventing micro ruptures of the package and ntpttie packaging operation
easier.

Since the storage temperature plays a key rolasoreng the quality and safety edus vide
products, other tests are needed to evaluatedbditst of these products during storage under

refrigeration and thermal abuse conditions.
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Table 1. Quality scale used in sensory analysis.

Score

Characteristic

1 — 14
Colour/appearence Opaque/old Very bright/fresh
Odour intensity Rotten seaweed Fresh
Meat turgidity Flaccid Very firm
Flavour Insipid Very tasty
Succulence No juicy Very juicy
Aftertaste No persistent Very persistent

Table 2. Mean values and standard deviation for pH of pssed mussels during 50 days
of storage at 3£1°C.

Treatment BSVCC CC CMC SVCC Significance
Days

1 6.27+0.035x 6.26+0.021x 6.24+0.014x 6.25+0.014x NS

7 6.84+0.035y 6.71+0.014y 6.74+0.001y 6.79+0.000y NS

14 6.90+0.141y 6.76+£0.021yz  6.84+0.212yz 6.87+0.106y NS

21 7.00+0.000ayz 6.84+0.014cz  6.98+0.141aw 6.91+0.900b  **

30 6.93£0.042by  6.94+0.021bw 7.24+0.0644aj 6.97+£0.0Z4by  ***

50 7.25%¥0.212az  6.98+0.212bcv6.88+0.028cz 7.08+£0.042bz Hokk
SIgnIfICanCE *kk *k%k *k%k *%k%k

a.b.c: different letters indicate statistical diffleces among treatments.

X. y. z. w. j: different letters indicate statistiaifferences among days of storage.

*** P<0.001.

Data are reported as average * standard deviatighgouch for each sampling time analysed in
duplicate).Legend: BSVCC. Brine angous Vide Cook-Chill mussels; SVCCous Vide Cook-
Chill mussels; CMCConventional Cooking and Chilling; CC. Cooked and Chitlegssels.



Table 3. Mean values (log CFU/g) and standard deviationtdtal bacterial counts of
processed mussels during 50 days of storage aC3+1°

Treatment BSVCC CC CMC SVCC Significance
Days

1 <10°y 0.88+0.67y <1®dw <1Fz NS

7 <10%y 1.30+0.75y <1®w <10z NS

14 0.70+0.01y 1.00+0.75y <fov 1.01+0.57y NS

21 0.25+0.01by  0.88+0.50by  2.57+0.38a}.00+0.00by

30 <10°cy 1.00+0.00by  2.04+0.05ay <1C°cz

50 3.0620.01bx  4.47+0.08ax  4.24+0.08az90+0.20bx e
Signiﬁcance *k% *kk *k%k *k%k

a.b.c: different letters indicate statistical diffleces among treatments.
X. Y. z. wW. j: letters indicate statistical diffaes among days of storage.
** P<0.05; ** P<0.001.

§: data expressed as CFU/g
Data are reported as average of log thc + standew@tion (n=2 pouch for each sampling time

analyzed in duplicate).egend: BSVCC. Brine an8ous Vide Cook-Chill mussels; SVCCous
Vide Cook-Chill mussels; CMQConventional Cooking and Chilling; CC.
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Figure 1. Mussels after treatment: SVC8&us Vide Cook and Chill (A); BSVCC, Brine arfebus Vide Cook & Chill
(B); CMC, Conventional Cooking and Chilling (CEC, Cooked and Chilled (D).

Figure 2. Changes in moisture content of mussels subjeotdifferent cooking treatments and chilled, durstgrage
at 3+1°C. Data are reported as average + standasidtobn (n=2 pouch for each sampling time analyzeduplicate),
different letters indicate significant differencasong treatments for each sampling time, P<0.@§ehd: RM, Raw
Mussels; BSVCC, Brine andous Vide Cook-Chill mussels; SVCCSous Vide Cook-Chill mussels; CMC,
Conventional Cooking and Chilling; CC, Cooked ardlled mussels.

Figure 3. Changes in total volatile basic nitrogen (TVB-Nhtent of mussels subjected to different cookiegtiments
and chilled, during storage at 3+x1°C. Data aremesgl as average + standard deviation (n=2 pouckdoh sampling
time analyzed in duplicate), different letters wate significant differences among treatmentsfooh sampling time,
P<0.05.Legend: RM, Raw Mussels; BSVCC, Brine a8alis Vide Cook-Chill mussels; SVCCous Vide Cook-Chill
mussels; CMCConventional Cooking and Chilling; CC, Cooked arfdlled mussels.

Figure 4. Changes in the overall sensory scores (A), capgearance (B), odor intensity (C), meat turgididy,
flavour (E), succulence (F) and aftertaste (G) ss@f mussels subjected to different cooking treatshand chilled,
during storage at 3+1°C. Data are reported as geetastandard deviation, different letters indicatgnificant
differences among treatments for each sampling, tife).05.Legend: BSVCC, Brine an&ous Vide Cook-Chill
mussels; SVCCSous Vide Cook-Chill mussels; CMC, Conventional Cooking alilling; CC, Cooked and Chilled
mussels.



Highlights

» Use ofsousvide processing (85°C, 10 min) with/ without salt brime mussels
* Microbiological quality of processed mussels presdrbeyond 15 days

* Mussels processed Isgus vide extended shelf-life to 21 days

* Brine extended shelf-life to 30 days fmus vide processed mussels

* Sensory quality of processed mussels acceptabteldvaays



