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Abstract

In fish rearing industry, sexual maturation resutdoss of profit or at least in a delay to
valorize spawning fish. Indeed, many edible fiskpthy poor fillet quality after sexual
maturation and as such cannot be processed imradidter spawning. So, a post-spawning
rearing period may allow the recovering of an ataigle fillet quality. So far, flesh quality
restoration after spawning has received littlerdibe. In the present study, the evolution of
technological and organoleptic qualities was ingeséd in diploid autumnal strain female
rainbow trout (24 months of age) after spawningnkdiately after spawning, nine groups of
trout (n = 25) from the same cohort were placedasply into circular tanks and fexl
libitum. Fish were then sampled at 0, 1, 2, 4, 8, 13246and 33 weeks after spawning (PSO,
PS1, PS2, PS4, PS8, PS13, PS16, PS24, and PSB®tura (no egg produced) female trout
from the same cohort were also sampled as conditotee beginning (C0) and at the end
(C33) of the experiment. Immediately after spawnirg§0 trout showed a significantly lower
raw fillet yield than control (C0O). Furthermorewdillet from these trout was less colored
(lower redness a*) and presented higher lightnésslue than raw fillet from CO trout while
their fillet mechanical resistance was similar. Ridliet yield increased after the 16veek
post-spawning. The fillet lightness steadily deseshafrom the % week to the 284 week post-
spawning and did not change afterwards, wherdas fiddness increased from tH&\Beek to
the 24" week after spawning. Fillet mechanical resistadeelined progressively after
spawning with a significant change from thé"iBeek. Concerning the smoked fillet, the
smoking yield of PSO trout was significantly lowdgran that of CO trout. Thereafter the
smoking yield of post-spawning trout slowly incredsuntil reaching a significantly higher
value at the 28 week. The evolution of smoked fillet color and imacical resistance after
spawning was similar to that of raw fillet. At thend of the experiment, most quality

parameters of PS33 trout fillet were similar to scof C33 trout. We discuss the post-
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spawning quality parameters recovery in three satiplephases. On the whole, our study
reports that the technological and organolepticperies of the flesh were recovered in

female trout 24 weeks after spawning400°C.day).

Keywords: salmonids; yields; color; texture; post-spawnavglution.
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1. Introduction

Flesh quality is a set of muscle characteristicsfewing the ability to meet market
preferences. Sanitary, technological, nutritionad arganoleptic properties account for flesh
quality (Lefevre and Bugeon, 2015). Technologiazldy is related to carcass characteristics
during primary processing (gutting, filleting, sking/trimming) and further processing
(cooking, salting, smoking...). Organoleptic quastiaclude flesh color, flavor and texture,
that depend on muscle components like fat, protams$ pigments, and on tridimensional
organization of muscle tissue (Robb et al., 200felzre and Bugeon, 2008; Listrat et al.,
2016; Hatae et al., 1990). While technological fya assessed by measuring yields such as
carcass and fillet yields, organoleptic quality assessed by describing the sensorial
characteristics of the product i.e. color, textuaad taste during a sensory analysis or by
guantifying these characteristics using instrumemtaasurements (Dunajski, 1979; Hyldig
and Nielsen, 2001; Lefevre and Bugeon, 2008; SkaadeStorebakken, 1986). The control of
fish flesh quality is necessary to ensure publiceptance of farmed fish products and to fit
the sustainability of aquaculture. Intrinsic fastsuch as genetics, sexual maturation and age,
as well as extrinsic factors such as diet, envireminand handling procedures before and after
slaughter, are known to influence fish quality (E@uneau et al., 1995; Haard, 1992; Lefevre
and Bugeon, 2008; Rasmussen, 2001).

Sexual maturation deeply compromises technologiodlorganoleptic qualities of edible
fish (Aussanasuwannakul et al., 2011; Manor et28l1,2). Specifically in female salmonids,
somatic tissues provide nutrients, carotenoid pigsiand energy necessary for the formation
of the egg yolk, which constitutes the reservesheffuture embryo (Steven, 1949; Tyler et
al., 1990; Cerda et al., 2008). The large mobiliabf carcass, and visceral reserves during
egg formation leads to the deterioration of thé fischnological properties (Aksnes et al.,

1986; Nassour and Léger, 1989; Tyler et al., 1%¥earer, 1994; Cleveland et al., 2012,
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Salem et al., 2006; Janhunen et al., 2019). Intiaddifillet mechanical resistance and fillet
color, which are both among the most importantsrdetermining flesh quality for producers,
processors, and consumers, are strongly alterethgdgexual maturation (Torrissen and
Torrissen, 1984; Bilinski et al.,, 1984; Aksnes ét 4986; Hyldig and Nielsen, 2001;
Aussanasuwannakul et al., 2011; Reid and Durard$®; Reid, 1991).

To meet the increasing demand for large trout, @afhe for smoked fillets, triploid
female are mostly reared because they are sexstaitife and as such do not exhibit flesh
guality deterioration. Nevertheless, diploid femidé are reared for reproduction but also to
produce “trout caviar” for human consumption. Thesl of these mature female is strongly
deteriorated after spawning, and quite unsuitabtefifiet valorization. Empirical practices
suggest that fillet quality can progressively remogluring the post-spawning season but this
feature has never been investigated.

This study was carried out to describe the evatutibflesh quality in rainbow trout after
spawning. Specifically, we measured fish biomgtacameters and assessed the technological
quality as well as some organoleptic traits of @wd smoked fillets through instrumental
measurements. Our study provides new knowledgeh@mecovery of trout product quality
after spawning and points out the possibility ofusing female after reproduction for

salmonid farm industry.

2. Material and methods
2.1.Fish rearing
Diploid female rainbow trout from the same autumstahin cohort (hatched in 2015)
were reared in the INRAE's experimental faciliti€dBEIMA, Sizun, France). Prior to
spawning, trout were reared in two 6m diameterutactanks containing 25hof water from
the “Drennec” Lake (Sizun, France). At 23 monthsgé, trout were individually tagged and

measured for body weight and length. During spagrseason (late October to November
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2017), 24-month-old female were checked for ovalatnce a week by applying a manual
pressure on the abdomen. After ovulation and strqpgemales from the same spawning date
were placed into a circular 2m diameter tank comtgi 2nt of water. A total of nine
experimental groups of post-spawning trout (n = ®&8Jje constituted. In parallel, two (n =
25) control groups were randomly formed from immattemale trout of the same cohort.
The water temperature was measured daily duringxperiment.

Mature and immature trout were fed with the sane¢ iiroughout the course of the trial.
From early July 2017 to the end of August 2017irallit reared in the same 6m diameter tank
were fed by an automatic feeder, which deliveremmmercial feed (37-39% crude protein,
30-32% fat, 5-7% ash and 1-3.1% crude celluloseé) E&ICO YS 891, BioMdt, France).
Fish growth was estimated using a growth model [¢tHFeuga A., 1990) and every 3 weeks
to 1 month, a 10% representative sample of the avigobup is counted and weighed to
readjust the feed rations to the actual growthhef tish. From the end of August 2017,
another standard commercial feed (40% crude pro#90 fat, 11% ash, 1.4% crude
cellulose, and 25 ppm natural astaxanthin; B-MEG®, 2e Gouessant, France) was
distributed until mature trout ceased eating. WH&96 of trout from the cohort were
ovulated, the feeding of fish in the tank was sempplmmediately after spawning and
constitution of experimental groups, trout werefa@-with a post-reproduction diet (46%
crude protein, 16% fat, 8.7% ash, 1.8% crude askiland 32 ppm natural astaxanthin; NEO
REPRO I, Le Gouessant, France). Feed was distiibuiith automatic feeders, and feed
intake was monitored during the first two monthsagsess trout appetite and thus adjust the
feed ration. The feed conversion rate, during ¢laidy post-spawning period, was between 1.5
and 2.0 for all groups. After this early post-spawnperiod, fish were fedd libitum Fish

growth curves were similar between the differenugs (data not shown).
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2.2. Sampling and slaughter procedure

Sampling was carried out between mid-November 201¥ late June 2018. Specifically,
20 fish from the same tank were sequentially sleargld at O, 1, 2, 4, 8, 13, 16, 24, and 33
weeks (PSO, PS1, PS2, PS4, PS8, PS13, PS16, P33t Rable 1) after spawning. Control
trout (i.e., immature female that did not produgg)ewere also sampled at the beginning (CO)
and at the end (C33) of the experimental periodidylof trout from the control groups was
checked on muscle samples using flow cytometry. &Sspontaneous triploids were found (6
in total) in CO and C33 batches and then discar®edi-spawning and control trout were
fasted for 48 h prior to sampling.

Fish care and sampling were in strict accordancth wuropean policies and the
guidelines of the National Legislation on Animalr€and Use Ethical Committee (Decree
N°2013-118, Februarys1 2013; European Directive 2010-63, September 240Q The
INRAE PEIMA facilities are authorized for animalgatimentation under French regulations
(D29-277-02).

2.3.Measurements at slaughter

Trout were rapidly caught from the experimental kiaanesthetized with Tricaine
Pharmaq (5g/100L), then killed by a blow to thechaad finally bled by gill arch section in
water containing an overdose of anesthetic (5g/50leasurements were performed within 1-
2 h after slaughter when fish were in a pre-rigartis state. The fish traits measurements
were indexed according to the ontology ATOL (Anirighit Ontology for Livestock, https://
www.atol-ontology.com/en/erter-2/ ; Golik et alQ12).

Fish were wiped with tissue, individually weighé#g\V{, ATOL_0000351) and measured
(standard lengthSL, ATOL_0001659; maximum body thickness, ATOL_0005337)
measured at the trunk level). Fish adiposity (ATOQ01663) was also assessed using the

Fish Fatmetét (Distell Industries Ltd., Scotland). This instrurhemas firmly applied on
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dorsal musculature, parallel to the lateral line@Din et al., 1998). Two measurements were
performed at two locations along the dorsal pathefboth sides of the fish: the first location
was anterior to the dorsal fin, the second at thveal fin level. Fatmet&rvalue was the mean
of these measurements. Fish were then gutted fectahe carcass, viscera (including
visceral fat) without liver YW, ATOL_0002258) and gonad&W, ATOL_0001776) which
were weighed. Gutted fish were finally filleted aralv fillet (skinned and trimmed) was
weighed RFW, ATOL_0002262). The following parameters were ghted: condition factor

K = [(BWSL®) x 100000] (ATOL_0001653), shape raB®= [(T/SL)x 100], gonadosomatic
index GSI = [(GWBW) x 100] (ATOL_0001799), viscerosomatic indesl = [(VWBW) x
100] (ATOL_0002259), raw fillet yield = RFWBW) x 100] (ATOL_0002263).

The initial muscle pH (ATOL_0001684) was measurnedhie front part of fillet (Figure
1), within 30 min to 1 hpost-mortem using a pH meter (Metrohm 826 pH mobile,
Switzerland) equipped with a penetration electrode.

The fillet color (ATOL_0001017) was instrumentallgsessed using a portable Minolta
Chromameter CR-400 (France) equipped with a lightree C and a 2° observer angle,
calibrated to a white standard. For each fillete¢hmeasurements were performed at three
locations along the dorsal part of the fillet: fhist was anterior to the dorsal fin, the second at
the dorsal fin level and the third was anteriothe anal fin (Figure 1). The mean value was
considered for data expression that referred td_the*, b* system, representing lightness,
redness, and yellowness, respectively, as recomedehyl the CIELAB color space (CIE,
1976).

Fillets were then separately vacuum-packed iniglésigs and stored for 48 h at 4°C.

2.4.Raw fillet quality measurements at 48 fpost-mortem

After 48 h of storage, quality parameters analyss carried out on one fillet in our

laboratory (Rennes, France). Fillet pH (ultimate pHOL _0001684) was performed using 5
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g of muscle, removed from the front part of théefil(Figure 1) and homogenized in three
volumes of distilled water. Dry matter content (ALMO000101) was determined in duplicate
by drying approximately 9 g of minced raw filletigbre 1) for 72 h in an oven (Memmert
854 Schwabach, Germany) at 105°C. A sample of rdimae fillet was kept and stored at -
20°C in a domestic freezer for further chemical position analysis (Figure 1). The fillet
color was measured as described above at slaugtiempost-rigor fillet (64 mm length from
the middle part of fillet; Figure 1) mechanical istance (ATOL_0001649) was performed
using a Kramer shear cell mounted on a static tdof 2 kN (Instron 5544, INSTRON
Ltd., England). The maximum shear force was reabmligh a constant speed of 1 mm/s and
divided by the sample weight (specific resistance).
2.5. Smoking procedureand smoked fillet quality measurements

At 48 hpost-mortemthe other fillet was smoked at PEIMA fish prodegdacility. Fillet
was weighed and hand-salted proportionally to ttet fveight (7%) for 4 h on grids using
pure dried vacuum salt (INEOS). Fillet was therafinsed with tap water to remove excess
salt, drained, and then cold-smoked for 5 h at 28t green beech wood in an air-
conditioned and horizontally-ventilated smoking ioab equipped with a GF 200 automatic
smoke generator (ArcBsSCTF 100 SH). Fillet was weighed before and after $alting and
smoking procedure to estimate the smoking yieldiltdt (by dividing the weight of the
smoked fillet by the weight of the raw fillet beéosalting and smoking). Smoked fillets were
vacuum-packed and cold-stored (0-4°C) until qualitgasurements at 7 dagest-mortem
Quality parameters measurements were performeldeosnoked fillet as described above for
the raw fillet.

2.6.Fillet chemical composition
Chemical composition analysis was carried out byoftias Analytics (Nantes, France)

on subsamples (n=10) of raw fillets (Figure 1) frémar groups: CO; PS0, PS33 and C33.
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Total fat content, protein and collagen contentevdetermined using Eurofins Analytics
internal methods: microwave extraction (AMGO-1),aptbd-Kjeldahl Nitrogen method
(C0090) and determination of collagen-hydroxypreliby spectrophotometer (AAS03),
respectively.
2.7. Statistical analyses

A one-way ANOVA analysis was used to test the eftécime after spawning on quality
parameters in all post-spawning groups (PS0, PS2, PS4, PS8, PS13, PS16, PS24, and
PS33). A one-way ANOVA analysis was also used tomare the quality parameters of post-
spawning and control fish measured at the same (P80 vs. CO and PS33 vs. C33).
Significant differences revealed in ANOVAs wereldated by a Student-Newman-Keuls
(SNK) multiple comparison test to determine differes among post-spawning groups. In
addition, the Pearson correlation coefficient walswated to analyze the significance of the
linear relationships between variables in all pmswning fish analyzed over the entire
recovery period (Supplemental data: Tables S1 &)dAH of these analyses were performed
using Statisticafor Windows (version 5.1). The number of fish measl for each parameter
is specified below figures or tables.

3. Results

3.1.Fish biometric parameters at slaughter

Immediately after spawning, trout showed a sigaifity lower body weight, condition
factor, shape ratio and Fatmé&emlue than CO trout (Table 2). At 13 weeks, p@stvaning
trout body weight, condition factor, shape ratialfle 3) and Fatmet®walue (Figure 2) were
significantly higher than at 1, 2, 4 and 8 weekera$pawning and continued to increase till
the end of the experiment. At the end of the expenit, post-spawning trout exhibited similar

morphology parameters and Fatm@&tealue to those found in immature C33 trout (Ta)le

10
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Evolutions of viscerosomatic (VSI) and gonadosom&BSl) indexes are presented in
Figure 3. PSO trout exhibited a significantly low&s| at spawning than CO trout (Table 2). In
contrast, the GSI was higher in post-spawning ttbanh in immature CO trout. At 13 weeks
post-spawning, VSI was found to be higher than, &, ¥ and 8 weeks following spawning,
and remained constant until the™&eek. However, one week after spawning, GSI drdppe
and remained low until the 83veek. At the 38 week after spawning, VS| was still lower in
post-spawning trout compared to C33 trout whilert@S] did not differ (Table 2).

3.2.Fillet yields and smoking yield

Immediately after spawning, PSO trout showed aifsogmtly lower skinned and trimmed
raw and smoked fillets yields than CO trout (TaB)e Raw and smoked fillets yields were
found to slightly increase after spawning with $iigantly higher values after the $6veek
(Figure 4). At the end of the experiment, thereemeo significant differences in the raw and
smoked fillets yields between PS33 and C33 troabld 2).

Regarding the salting and smoking procedure, theksrg yield of PSO trout was
significantly lower than that of CO trout, and stemlva significantly higher value only at the
24" week compared to the previous weeks following spagviFigure 4). At 33 weeks after
spawning, the PS33 smoking yield was similar ta tiaC33 trout (Table 2).

3.3.Flesh quality

No significant difference in lipid, protein, or tajen content was measured between
post-spawning and control fish, whether at spawrtingg (Time 0) or at the end of the
experiment (33 weeks after spawning) (Table 4).

Dry matter content of raw and smoked fillets wawdo in PSO trout compared to CO
trout (Table 5). From 13 weeks after spawning, fdl&t dry matter content was found to
increase till the 24 week, and then remained constant until th& @@ek. In smoked fillet,

dry matter content increased only after 16 weekst-ppawning and did not change

11
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afterwards (Figure 2). At 33 weeks after spawnmgsignificant difference was observed in
raw and smoked fillet dry matter content betweentrad C33 and PS33 trout (Table 5).
Change in muscle pH was observed over the expetiffiables 5 and 6). At spawning, a
lower value was measured in post-spawning fillahpared to control fillet for initial pH
(pHi) and ultimate pH (ph). pH value was higher one week after spawning, remaiaieky
constant from the Slweek to the % week, and then exhibited the highest value at8the
week. The values of pHorogressively decreased from th® ®eek until the end of the
experiment. At the end of experiment muscle gid not differ between post-spawning trout
and immature C33 trout. A decrease in muscle pHabagrved at 48 post-mortenand this
variation ( pH) was globally the same at each measurement poirgcllpH was found to
be globally similar over the experiment, excepBaitweeks where lower value was measured
in PS33 compared to those of the preceding postripg trout and also compared to that of
C33 trout. Smoked fillet pH of post-spawning tromés significantly lower than that of
control at the beginning and at the end of the eyt and only slightly changed over time.
Figure 5 shows changes in color parameters of et measured at slaughter and of
smoked fillet in trout after spawning. At the begimg of the experiment, raw fillet from PS0O
trout was less colored (lower redness a*) and ptegehigher lightness L* value than that
from CO trout (Table 5). Lightness of fillet stelgdilecreased from the"4week to the 24
week and did not change afterwards, whereas fidléhess increased from th® ®eek to the
24" week after spawning. At the end of the experimeaw fillet color was similar between
PS33 and C33 trout except the fillet lightness,clvhwas higher in post-spawning fillet (Table
5). Changes in smoked fillet color after spawnirgyevsimilar to those observed in raw fillet.
However, the fillet lightness (L*) remained condtafter a slight rise at thé'4veek. At the
end of the experiment, smoked fillet redness (a&s wimilar between PS33 and C33 trout

while lightness and yellowness (b*) of PS33 fillatre higher.
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Raw fillet mechanical resistance was similar betwgeut PSO and CO trout (Table 5).
Afterwards, post-spawning fillet mechanical resista clearly decreased from the"®eek
onwards (Figure 6). Concerning smoked fillet, medta resistance globally followed the
evolution observed in raw fillet, but with a progseve decrease from two weeks after
spawning until the end of the experiment. At 33 keegaw and smoked fillets mechanical

resistance did not differ between PS33 and C33|€T2b

4. Discussion

The deleterious effect of sexual maturation andvspag on flesh quality in female fish
is well described in literature. In this study weow that the technological and organoleptic
properties of fillet are recovered in female tradtweeks after spawning.

4.1.Fish and raw fillet qualities at spawning

In accordance with previous studies on female &sipecially salmonids (Aksnes et al.,
1986; Kawai et al., 1990), our results show thauaé maturation and spawning affect fish
biometrics, such as body weight and condition facéaditionally, we showed that post-
spawning trout were slimmer than immature troutshewn by their lower shape ratio.
Concurrently, we observed that immediately afteavaming, trout had less fat stores than
immature trout as previously reported (Aksnes gt1886; Jonsson et al., 1997; Kawali et al.,
1990; Nassour and Léger, 1989). The fact that tumstd fat from their somatic tissues,
largely muscle and viscera to produce eggs, liksdglains their lower VSI in contrast with
their higher GSI. Changes in fat stores and shaflewing egg production contributed
furthermore to lower raw fillet yield showing théwee that fish technological quality was
affected upon spawning. About organoleptic trdiitet color was greatly altered around
spawning as already observed in salmonids (Akshak,€1986; Janhunen et al., 2019; Reid
et al., 1993; Steven, 1949; Torrissen and Torris$884) and this alteration results from the

mobilization of carotenoid pigments from muscle &odls ovaries during egg production
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(Crozier, 1970; Storebakken and No, 1992). Fillgbr alteration could also be due to the
lower voluntary feed consumption around spawninbictv reduces pigments intake during
the period preceding spawning, as previously regofStorebakken and No, 1992; Torrissen
and Torrissen, 1984). Concerning textural properte found no detectable effect of
spawning on raw fillet immediately after spawning shown by the same mechanical
resistance between post-spawning and immature. tivergent data have been reported
regarding the effect of sexual maturation and spegvion the texture of fish flesh. In
salmonids, comparing diploid maturing female versiymoid sterile one, some authors have
reported fillet toughening (Aussanasuwannakul gt28111, 2012; Salem et al., 2013) while
others observed fillet softening (Salem et al.,6)d@ diploid female. However, it should be
kept in mind that diploid and triploid are two di&tt genetic models that, beyond spawning,
have intrinsically different textural propertiesjéBnevik et al., 2004; Lefevre et al., 2015;
Lerfall et al., 2017a, 2017b; Segato et al., 20@AYy the effect measured may be in part due
to ploidy level and not to sexual maturation. Thare only few studies comparing immature
and mature salmonid diploid female upon spawnirgg #iso reported opposite effects of
spawning on flesh texture. Mature female fillet g@ndeed found to be either tougher
(Aksnes et al., 1986) or softer (Reid and Duraid®9?2). In these latter studies, texture was
assessed through sensory analysis, but the procutssdered were quite different as Aksnes
et al. (1986) analyzed steamed pieces of fillanffarmed Atlantic salmon, whereas Reid and
Durance (1992) measured canned fillet from commakrmigratory wild chum salmon.
Moreover, Aksnes et al. (1986), who used fish madese with ours, reported that fillet
toughening in mature fish was associated with aifstgnt decrease of muscle protein
content, a feature that we did not observed onsaig, and that could explain an absence of

texture deterioration in our study. Finally, in t@st with the above mentioned reports on
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immature and mature salmonids, but in agreemett et results, sexual maturation has not
been shown to affect fillet texture in Atlantic ivait (Roth et al., 2007).

Given all these observations, our post-spawningttrepresented a suitable model for
describing the evolution of quality after spawning.

4.2.Evolution of fish and fillet qualities after spawring

Immediately after spawning, trout were fed to satrato allow the full expression of
their growth potential. However, the post-spawnirgtestablishment of each quality
parameter was not synchronous. The recovery pé&oitmiving spawning can be divided into
three phase®arly, transitional andlate phase.

During the earliest phasethat covers the period from 0 to 8 weeks aftemsyrag,
almost all measured parameters remained unchangad. period corresponded to last
autumn, with decreasing photoperiod and water teatpe, which did not favor fish
recovering after spawning. For example, no changélét color was noticed up to 8 weeks
after spawning. Recovery of flesh color after spagrcould have been delayed by a low
water temperature, as mentioned above, that génézabls to a reduction of voluntary feed
intake in trout (Kestemont and Baras, 2001). Caestl, the only parameter that varied in
that early period was the GSI. After spawning,ithwlution of the ovaries could explain this
evolution. The GSI remained thereafter low corresiiog to female sexual resting period as
previously mentioned for rainbow trout (Bobe et 2010). Nevertheless, it can be noted that
the GSI values remained higher than those of thmatare fish at the beginning of the
experiment.

The second transitional phasewhich covers the period from 8 to 16 weeks after
spawning, is mainly related to changes in biomstritwas only at 13 weeks after spawning
that the body weight of the measured fish was highewere condition factor and body shape

ratio. This observation suggests a resumption efaillvgrowth, associated with a resumption
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of muscle growth, which would explain the highelues of the body shape ratio. In addition,
post-spawning trout re-accumulated reserves, wivigte mainly fat as indicated by increase
in muscular and perivisceral adiposity. Such obetgsns are in accordance with a recent
study by Jenkins et al. (2019) that reported aneame in lipid energy reserves rapidly after
spawning in “consecutive spawners” (trout that gpawice in two consecutive years) like

our post-spawning trout in contrast to “skip spamshgtrout that skip at least one year
between two successive spawnings). More genemalllydata show that rainbow trout, like

Atlantic salmon (Rarvik et al., 2018), are ablerapidly replenish lipid stores following a

period of unfavourable somatic growth conditions the whole, the fat accumulation we

observed in post-spawning trout may have prepdredi¢sirable evolution of fillet yield and

quality parameters even though the complete regaaurred later.

The late phase that covers the period beyond 16 weeks, was rddvkehe recovery of
technological and organoleptic qualities. Regardihg technological quality, fillet yield
increased 16 weeks after spawning, while trout mmecéhicker and heavier and had more
muscle massHowever, we cannot rule out the possibility, ineliwith Haffray et al. (2013)
who showed that fillet yield also depends on fisbrphmology, that the important increase in
fillet yield we observed after spawning could rédtdm changes in trout body shape. This
argument that the shape affects fillet yield wa® atrengthen by our observation, mentioned
above, of such a relationship comparing CO and R\&@eover, a positive correlation
between shape ratio and raw fillet yield (r = 0.865 0.001) also confirms a link between
these two parameters. Nevertheless, the body coaf@n change of post-spawning trout is
thus worth further investigation to determine wieetthe evolution of fillet yield is related to
that of fish shape. Furthermore, the increaseliet fyield could be also explained by the
relative reduction of losses during filleting aatioig to Bugeon et al. (2010). The increase in

muscle percentage compared to head and bones fagesnof the post-spawning trout
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carcass (data not shown) is a sought-after factosidering production purpose whereby the
offal percentage must be reduced to maximize tbétpConcerning the organoleptic traits,
progressive restoration of flesh coloration wasnfbuo occur in post-spawning trout,
beginning with the transitional recovery phase eoctinuing afterwards. This observation is
in line with previous report from Choubert (199Rpwing that pigment concentration tends
to increase in fish muscle after spawning. Theorasion of fillet color may relate to the
increase in pigment amount ingested by trout amrddfiwithin the muscle after feeding
resumption. Moreover, the recovery of color migatrblated to the favorable growth stage of
fish. Indeed, larger trout take-up carotenoids meffeciently than smaller ones as already
noticed (Storebakken and No, 1992; Torrissen, 1988)ut growth, as that observed after
spawning, is also generally associated with anesme in flesh coloration as previously
mentioned (Olsen and Mortensen, 1997; Torrisse@5)1 3 illet coloration increased till the
24" week beyond which muscle was probably no longde @b fix more astaxanthin.
Choubert (1992) similarly reported that the redocobf trout muscle tends towards a
maximum, which cannot be exceeded despite theraamis ingestion of pigments. In terms
of texture properties, the significant decline ieahanical resistance might be caused by the
progressive increase in muscle fat content we @bdeduring the transitional recovery
period. Moreover we can note that we have measstretig negative correlations between
mechanical resistance and fish adiposity (for examp=-0.75, p < 0.001 between Fat-meter
value and specific resistance). Likewise, severaliss also reported that high fat content in
farmed fish leads to flesh softening (Aussanasuwaiamnet al., 2011, 2012; Fauconneau et
al., 1993; Johansson et al., 2000; GrBetersen and Hyldig, 2010; Thakur et al., 2003;
Lefevre et al., 2015). However, we cannot rule the possibility that the decrease in
mechanical resistance may also result from an aserén muscle fiber size, a feature that has

been reported to be an important determinant shflexture (Johnston, 1999). In keeping
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with this, it would be also of interest to examthe evolution of muscle cellularity during the
post-spawning period.

At the end of the experiment, post-spawning trodtileited globally the same values of
quality parameters as immature trout. For exanible,two groups of immature and post-
spawning trout had similar body weight, which vatigs, in comparison to the control, the
growth resumption in post-spawning trout. In aduditi GSI became similar between post-
spawning and control groups. This feature can lpdaeed by the fact that control trout that
were initially immature by the time of spawningarséd their first oogenesis while post-
spawning trout restarted a second one. At lasfowed that post-spawning trout after the late
phase of restoration, displayed a fillet yield $amito that of immature and close to that
typically reported in large farmed rainbow trout the same age (Davidson et al., 2014).
Concerning redness (a*), values obtained for ppawsing fish at the end of the experiment,
was similar to those of the control. Nevertheless,the controls were much redder at the
beginning, it is interesting to note that the iras®e in pigmentation during the 33 weeks of the
experiment was much more pronounced for post-spayifish than for control ones.
However, lightness (L*) of post-spawning fish fillemained higher than that of control. This
difference in lightness cannot be explained byiticeease in muscle fat content as previously
reported (Christiansen et al., 1995; Marty-Mahdélgt2004; Mgrkare et al., 2001) given that
fat content was similar between immature and ppawsing trout. Higher fillet lightness
may result from the difference in muscle structbetween mature and immature trout that
could have affected the optical properties of thescie as previously reported (Einen and
Thomassen, 1998; Johnston et al., 2000; LefevreBaiggon, 2008). The reason of the partial

recovery of fillet lightness in post-spawning fisterefore remains to be lightened.
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4.3. Quality of smoked fillet after spawning: relationsip with raw fillet

The technological and organoleptic qualities of sineoked trout fillet did also change
after spawning. Concerning technological quality eonsidered two important parameters
for processors, namely the smoking yield and smdiketlyield. The smoking yield which is
an indicator of the weight gain after the procegsias lower at spawning in mature trout
fillet, and this may result from the lower raw dill dry matter content in mature trout
compared to that of immature. Low dry matter coniedicates low fat content and high
water content which may be lost during salting amabking, as previously reported (Cardinal
et al.,, 2001; Lerfall et al.,, 2017b; Mgrkare et &001). After spawning and specifically
during the late recovery phase, the increase irstheking yield could be attributed to the
significant increase in muscle fat content, whishgenerally associated with a reduction in
water loss in the fillet of large fish (Shearer949Rgra et al., 1998). The smoked fillet yield,
which depends on raw fillet yield and the smokingld; was logically lower at spawning
time in mature trout compared to immature, giveat tillet and smoking yields were also
lower in mature trout. After spawning, the smokeitketf yield likewise increased as it
benefited from both improvement of raw fillet yieddd the smoking yield, and thus become a
key point to achieve economic profit. Regardingam@eptic traits, the evolution of smoked
fillet color and mechanical resistance was globaityilar to that of raw fillet. However, the
higher smoked fillet mechanical resistance in trthdat have just spawned compared to
immature, may be due to their lower fat contenhas been already observed (Mgrkgre and
Rarvik, 2001). Another explanation to this higheeamanical resistance could be related to
the difference in muscle structure due to fillebgassing. In this regard, we propose that, as
with the cooking process previously reported t@etfimuscle structure and texture (Hatae et

al., 1990), the smoking process in our study map dlave led to a greater shrinkage of
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muscle fibers in mature fillet following their gtea water loss than immature fillet and
contributed subsequently to higher muscle mechhresastance.

Smoked fillet quality depends on salting and smgkaonditions (Rera et al., 1998;
Cardinal et al., 2001). The quality of raw matergahlso known to be an important factor to
produce a high quality smoked product (Lerfall let 2012, 2017b). For that reason, quality
controls should be applied for raw fillet from fifhat have spawned, and that are intended to
the smoking process. In the present study, evalutiosmoked post-spawning fillet quality
could be due to the raw fillet characteristics frovhich they derive, as the salting and
smoking conditions were the same over the expetintdéere, since both raw and smoked
fillets were measured on the same fish, we caneladg raw fillets color and texture
parameters with those of smoked fillets. Concernpogt-spawning fillet color, smoking
procedure resulted in a decrease of fillet lightn@g) in line with previous studies (Choubert
et al., 1992; Rera et al., 1998), and to a lessEng a decrease of redness (Cardinal et al.,
2001; Mgarkgare et al., 2001; Skrede and Storebakk@®6). Interestingly, our study showed
that fillet lightness (L*) defect after spawning sveoncealed by smoking. On the other hand,
the low redness (a*) values measured in the weakswing spawning on raw fillets were
also measurable on smoked fillet, which constitateguality defect of the smoked product
since redness is the parameter most correlated twitiman color visual perception
(Christiansen et al., 1995). To avoid unmarketgiotelucts, our data suggest that processors
could predict smoked fillet color from that of ramaterial as the redness of all post-spawning
smoked fillet was strongly correlated with thatraiv fillet (r = 0.93, p < 0.001). This latter
result is in accordance with that of Choubert et(8#092) who report a strong correlation
between raw fillet color parameters (lightnesspaiat and hue) and those of smoked fillets.
About textural properties, trout smoked fillet ebikeéd higher mechanical resistance than that

of raw fillet throughout the experiment, probablyedto water loss as it has been shown in
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Atlantic salmon following salting and smoking (Sigisladottir et al., 2000). Another
explanation to the difference between raw and shdilet texture might be the change of
muscle structure and properties during the salang smoking processes as previously
mentioned (Sigurgisladottir et al., 2001). Inteirggly, in contrast with previous studies
(Birkeland et al., 2004), post-spawning smokeeffitexture could also be predicted from that
of raw fillet, suggesting that smoked fillet meclwah resistance may have the same
determinism as raw fillet. Indeed, mechanical tesise of smoked fillet was positively
correlated to that of raw fillet (r = 0.89, p < 010for the shear force and r = 0. 91, p < 0.001
for specific resistance). Overall, these resultsy roantribute to extend, on post-spawning

fillet, knowledge about the effect of raw mateghhracteristics on smoked product quality.

5. Conclusions

The present study described the evolution of tiesh quality after spawning. We found
that the major changes in flesh quality signifibamtegan 8 weeks after spawning and that
restorations of fillet technological and organoilegiroperties were effective only 24 weeks
after spawning (1400°C.day). In addition, we have shown that ppsiaing fillets are
suitable for smoking especially for market purposew that the evolution of smoked flesh
quality was similar to that of raw fillet. Conseauig, this study provides a useful timetable to
obtain eating quality in fish after spawning thigg the sustainability of fish farming. Further
muscle histologic and transcriptomic analyses ghqubvide insights into the biological
processes involved in the recovery of quality feilag spawning. The effect of zootechnical
factors around the spawning period should also rbeestigated to achieve maximum

efficiency of the recovery process.
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Figures

Figure 1 : Schematic representation of measuremamis sampling locations for quality

analyses of rainbow trout raw and smoked fillets;details see text.
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Figure 2 : Evolutions of adiposity parameters, fistimete? value (FMV) and raw fillet dry
matter content (DMC), in rainbow trout after spamgi Data represent means and
unidirectional vertical bar represents the standdediation (n = 20). Significant

differences between groups are denoted with difteréetters (p < 0.05).
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among weeks after spawning are denoted with diftdsdters (p < 0.05).

Ahongo et al.

37



Flesh quality recovery in trout after spawning

Figure 6 : Evolution of maximum shear force (Fmax)d specific resistance (Fmax/w) of raw and smadilézts in rainbow trout after
spawning. Data represent means and unidirectioedlcal bar represents the standard deviation @0} Significant differences

between post-spawning groups among weeks afterrspguare denoted with different letters (p < 0.05).
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Tables
Table 1 : Timetable of mean daily water temperafamd post-spawning time expressed in degree per day

for each sampling groups (n=20).

Time post-spawning (weeks) 0 1 2 4 8 13 16 24 33

Sampling groups PSOPS1 PS2 PS4 PS8 PS13 PS16 PS24 PS33
Mean water temperature (°C) 11 11 11 8 8 7 7 9 12
Post-spawning duration (°C.day)0 130 220 350 520 800 1030 1400 2100
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Table 2 : Comparison of fish traits between con{®) and post-spawning (PS) fish at spawning time

(time 0) and at the end of the experiment (33 wextes).

Spawning Time — 0 week 33 weeks post-spawning
Parameters : : - -
Co PSO Anova : C33 PS33 Anova :
Body weight (g) 1456 + 238 1254 + 164 ** 3238 £ 675; 3321+447 NS
H i i *% i i
Maximum body 617+46: 57.7+3.9 852+82: 861+47 '°
thickness (mm) 5 5 ; ;
Standard length (mm) 428 + 19 417+£20 DS 515+37 | 519+24: ns
Condition factot 18+01 | 17%01; * 23+02 | 24%02{ ns
Shape rati® 144+06 ! 13.8+07 * 16.5+0.9 ! 16.6+0.7 ns
Fat-meter value (%) 51+1.1 3.9 £0.9 ok 9.26 | 10.0+3.1; ns
VSI® (%) 96+13 ! 6.2+1.3! ok 115+22 10.0+2/0 *
GSI* (%) 0.12+0.08; 1.85+1.35 Hkk 0.89+0.33 0.9947 ns

Raw filletyield® (%) | 47.8+2.0: 44.9+23  ** | 47.6+26 47842 ns
Smoked fillet yield (%) | 38.4+24 | 347+23 ek 41.9+29 41982, ns

Mean * standard deviation, n = 20, 18 and 14, @@y in post-spawning, CO and C33 groups.

" and™ indicate significant differences between post-sgiag/and control trout (p < 0.05 and p < 0.01 resipely).
ns means no significant differences found betwesst gpawning and control trout measured at the sanee

! Condition factor = (Body weight/Standard lentyth 100000.

2 Shape ratio = (Maximum body thickness/Standardti®nx 100.

3 VSI = viscero-somatic index = (viscera weight/badsight) x 100

4 GSI = gonado-somatic index = (gonad weight/bodight} x 100

5> Raw fillet yield = (raw fillet weight/body weigh 100

5 Smoked fillet yield = (smoked fillet weight/bodyeight) x 100
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Table 3 :Biometric parameters of female slaughtered at idiffetimes following spawning (Mean + standard dgeh, n = 20).

Parameters

Groups

PSO PS1 PS2 PS4

PS8

Body weight (g) 1254 + 164 1373 +184 1246 + 213 1366 + 224 1482 + 199

Maximumbody 577, 3¢° 56.8+3.9 55334 57.4+36°
thickness (mm)

Standard length (mm) 417 +20 436+ 19° 415+23 426 + 21°
Condition factot 1.7+0f 16+0f 17+0f 18=+0.1¢
Shape rati® 13.8+ 0.7 13.0+0.4 133+0.7 135+0.6

59.7 + 3.9

433 + 17
1.8+ 0.1
13.8 + 0.4¢

PS13 PS16 PS24 PS33
1728 + 385 1781+ 347 2355+ 328 3321 + 447

62.8+5% 63.6+4.8 70.0+3.8 86.1+4.7

445 + 27 440 + 189 470 + 238 519 + 24
1.9+0.2 2.1+0.3 2.3+0.2 24+0.2
14.1+0.7 144+0.8 14.9+0.% 16.6 + 0.7

Values in the same row with different letters dgmiicantly different (p < 0.05).
! Condition factor = (Body weight/Standard lentyth 100000.
2 Shape ratio = (Maximum body thickness/Standardtt®nx 100.
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Table 4 : Chemical composition for raw fillet ofrtmol and post-spawning trout measured at spawtiing

(time 0) and at the end of the experiment (33 wextes).

Spawning Time — 0 week

33 weeks post-spawning

Parameters ,
Co ; PSO i Anova: C33 . PS33 i Anova:
Total fat (%) 8.76 +1.27 7.45+1.52 ns 8.6192.3 10.26 +2.29: ns
Protein (%) 21.39+1.270 21.83+1.38 ns 2219541, 21.61+1.50 ns
Collagen (%) | 0.46+0.07;  0.40 +0.07 ns 0.45 + 0.13 0.40 + 0.06 ns
Mean * standard deviation, n =10, 9, 10 and heaasvely in PS0, CO, PS33 and C33 groups.
“ns” means no significant difference. .
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Table 5 : Comparison of fillet quality traits be®ve control and post-spawning fish at spawning time

(time 0) and at the end of the experiment (33 wextes).

Spawning Time — 0 week 33 weeks post-spawning
Parameters . ; . . :
Co PSO i Anova: C33 PS33 Anova
Raw fillet ,
Raw DMC (%) 294+14  277+11; ** | 336+37 325+23 ns|
Initial pH (pH) 7.09+0.13! 6.89+0.22 7.06+0.13! 7.08+0.1% ns |
Ultimate pH (pH) | 6.48+0.08: 639013 * | 6.36+0.05| 6.29%0.04 *
pH (=pH~pH) 0.61+0.14; -049+022 ns |-070+0.13/ -0.79+0.12 ns
Raw L* 424+15 | 47.7+£35 %% | 382+22  41.9+20 ¥
Raw a* 11.3+1.8 | 7.9+25; %= 155+17  158+1.6 ns:
Raw b* 172+20 | 156+36/ ns| 19319 20515  ns
Raw Fmax (N) | 1068+106| 1055158  ns 723+93  673+106  ns
Raw Fmax/w (N/g) | 154+21 | 16.2+2.8! ns 8.0+15 75+1.4 ns
Smoked fillet |
Smoking yield 80.9+21 | 778+26 885+17,  883+13 ns|
Smoked DMC (%) | 35.75+1.05. 34.33+1.47 37.51+£255 37.00+221 ns |
Smoked fillet pH 6.30 £0.08 6.10+0.10 #x* 6.23+0.06; 6.17+0.05 *=
Smoked L* 36.9+09 | 39.6+22 | 382+20 39.9+14 |
Smoked a* 94+14 | 86+19: ns| 136+13 139+15  ns
Smoked b* 167+1.0 | 209%20; * 183+12 199%15 o
Smoked Fmax (N) 1069 + 87 | 1210 + 228 * 690 + 95! 724 + 128 ns
Smoked Fmax/w (N/g) 18.0+3.1 | 221+52i  * 75+15  75+15 ns|
Mean * standard deviation, n = 20, 18 and 14, @@y in post-spawning, CO and C33 groups.

DMC = Dry Matter Content

" and™ indicate significant differences between post-sgiagyand control troutmeasured at the same time (p < 0.05, p < 0.01

and p < 0.001 respectively).

ns means no significant differences found betwesst gpawning and control trout measured at the sanee
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Table 6 : Raw and smoked fillet pH and smokedtfiiy matter content of rainbow trout after spavgniMean + standard deviation, n = 20).

Parameters Groups
PSO PS1 PS2 PS4 PS8 PS13 PS16 PS24 PS33
Raw fillet
initial pH (pH) 6.89 + 7.16 + 7.17 + 7.17 + 7.31+ 7.25+ 7.21 + 7.20 + 7.08 +
0.2 0.1¢¢ 0.11°¢ 0.12¢ 0.16 0.12° 0.1280¢ 0.08°¢ 0.1
Ultimate pH (pH) 6.39 + 6.43 + 6.46 + 6.45 + 6.40 + 6.41 + 6.41 + 6.34 + 6.29 +
0.13® 0.08 0.09 0.07 0.07° 0.08 0.06' 0.04 0.0£
oH (=pHpH) -0.49 + -0.72 + -0.71 -0.72 + -0.92 + -0.84 + -0.80 + -0.85 * -0.79 +
0.22 0.2P 0.13 0.1@ 0.16 0.12¢ 0.12¢ 0.08° 0.12¢
Smoked fillet
Smoked fillet pH 6.10 + 6.20 + 6.37 + 6.26 + 6.16 + 6.18 + 6.20 + 6.28 6.17 +
0.1¢ 0.10¢ 0.14 0.10¢ 0.0¢ 0.04 0.04¢ 0.04 0.05'
Smoked 34.33 + 33.86 + 33.64 + 32.86 + 33.05 + 34.08 + 36.75 + 35.84 + 37.00 +
Dry matter content (%) 1.47 1.43 1.79 1.9 1.52 1.64 3.08 1.97 2.2P
Values in the same row with different letters agmificantly different between post-spawning groyps< 0.05).
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Table S1: Pearson correlations between measured paranieteesv fillet in all post-spawning groups (9 gpsu: PSO, PS1, ..., PS33)1v5.

BW | Thick. | SL K Shape| Fat | VSI | GSI | FilY | L* | a*r b*r |p Hi | pHu pH | DMCr | Fmaxr

Thick. | 0.98 -
Hkk
SL 0.93 | 0.90 -
kK kK
K 0.81| 0.81 | 0.57 -
Hkk Hkk ke
Shape | 0.82 | 0.90 | 0.61 | 0.89 -
Hkk Hkk ke ke
Fat 0.77| 0.77 | 064 | 0.79 | 0.74 -
kK kK kK kK kK

VSI 052| 052 | 035 | 0.70 | 0.59 | 0.56 -

*kk *kk *kk *kk *kk *kk

GSlI -0.04| 0.01 | -0.05|-0.09| 0.06 | -0.00| -0.23 -
NS NS NS NS NS NS **

FilY 042 | 044 | 044 | 030 | 0.36 | 0.35| 0.05| -0.15 -

k% k% *kk *kk *kk *k%k NS NS
L*r -0.62| -0.61 | -0.53| -0.67| -0.60 | -0.59| -0.54| 0.17 | -0.35 -
*kk *kk *kk *kk *kk *kk *kk * *kk
a*r 0.73| 0.72 | 062 | 0.76 | 069 | 0.75| 0.62 | -0.12| 0.42 | -0.67 -
*kk *kk *kk *kk *kk *kk *kk NS *kk *kk
b*r 053 | 053 | 046 | 056 | 050 | 0.56 | 0.49 | -0.09| 0.33 | -0.43| 0.92 -
k% k% *kk *kk *kk *k*k k% NS k% *kk *kk

pHi -0.06| -0.08 | -0.04| 0.00 | -0.09 | -0.06| 0.09 | -0.30 | 0.04 | -0.03 | -0.05| -0.08 -
NS NS NS NS NS NS NS | *** NS NS NS NS

pHu -0.53| -0.56 | -0.47| -0.50| -0.54 | -0.46| -0.38 | -0.01| -0.33| 0.40 | -0.48| -0.39 | 0.15 -

*kk *kk *kk *kk *kk *kk *kk NS *kk *kk *kk *kk *

pH |-0.19| -0.18 | -0.18 | -0.23| -0.16 | -0.16| -0.27| 0.29 | -0.19| 0.22 | -0.18 | -0.10 | -0.89 | 0.32 -

* * * *% * * k% k% * *% * NS *kk k%
DMCr | 0.72| 0.71 | 059 | 0.76 | 0.69 | 0.83 | 0.53 | -0.00| 0.36 | -0.56| 0.76 | 0.63 | -0.12 | -0.46 | -0.10 -
*kk *kk *kk *kk *kk *kk *k%k NS *kk *kk *kk *kk N S *kk NS
Fmaxr | -0.62| -0.64 | -0.47| -0.73| -0.70 | -0.66 | -0.66 | 0.20 | -0.42 | 0.56 | -0.72| -0.59 | -0.01| 0.55 | 0.27 | -0.63 -
*kk *kk *kk *kk *kk *kk *kk *% *kk *kk *kk *kk NS *kk *kk *kk
FM/wr | -0.77| -0.79 | -0.64| -0.82| -0.80 | -0.75| -0.64 | 0.10 | -0.51| 0.65 | -0.79| -0.62| 0.05 | 0.58 | 0.22 | -0.72 0.92
k% k% *kk *kk *kk *k*k k% NS *k* *kk *kk *kk NS k% *% *kk k%

BW: Body Weight; Thick: body Thickness; SL: Standldength; K: condition factor; Shape: Shape rafat: Fat-meter value; VSI: Viscero-Somatic Indé&8l: Gonado-Somatic Index;
FilY: raw Fillet Yield; L*r, a*r, b*r: raw fillet lightness, redness, yellowness; pHi: initial pH; pHitimate pH; pH: Delta pH; DMCr: raw fillet dry matter conteriimaxr: raw Max Force;
MF/wr: raw Max Force/sample weight. NS: not sigrafiit, *: p<0.05, **; p<0.01, ***; p<0.001
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Flesh quality recovery in trout after spawning
Table S2: Pearson correlations between measured paranfetersoked fillet in all post-spawning groups (@gps : PSO, PS1, ..., PS33)175.

BW | Thick. | SL K Shape | Fat | VSI | GSI| FilY | L* |a* |b* |[p Hi | pHu pH | DMr | Fmaxr |FM/wr |SmokY |SFilY |[L*s |a*s b*s |pHs |DMCs | Fmaxs
SmokY | 0.86 0.84 079 [ 080 | 073 | 0.79 | 053 | -0.09 | 0.59 | -0.66 | 0.80 | 0.64 | 0.01 | -0.53 | -0.26 | 0.77 -0.70 -0.84 -
*kk *kk *kk *kk *kk *kk *kk NS *kk *kk *kk *kk N S *kk *kk *kk *kk *kk
SFilY 0.71 0.71 0.68 | 0.59 0.60 062 | 0.31 | -0.14 | 091 | -055| 0.67 | 0.53 | 0.04 | -0.47 | -0.25 | 0.62 -0.62 -0.74 0.88 -
*kk *kk *kk *kk *kk *kk *kk NS *kk *kk *kk *kk N S *kk *kk *kk *kk *kk *kk
L*s -0.10 -0.10 -0.10 | -0.02 -0.08 -0.16 | 0.07 | -0.19 | 0.13 | 0.28 | -0.10 | -0.04 | 0.15 | -0.02 | -0.16 | -0.12 -0.16 -0.08 0.04 0.09 -
NS NS NS NS NS * NS * NS ok NS NS * NS * NS * NS NS NS
a*s 0.74 0.75 063 [ 074 | 073 | 076 | 059 | 0.04 | 0.34 | -0.58 | 0.93 | 0.85 | -0.19 | -0.55 | -0.07 | 0.77 -0.68 -0.76 0.74 0.59 | -0.22 -
Fkk *kk *kk *kk *kk *kk *kk N S Fkk Fkk Fkk Fkk *% *kk N S *kk *kk *kk Fkk Kkk *k
b*s 0.05 0.08 0.05 | 0.02 0.09 0.07 | 0.02 | 0.19 | -0.00 | 0.36 | 0.07 | 0.20 | -0.24 | -0.32 | 0.08 0.09 -0.08 -0.08 0.08 0.04 0.10 | 0.30 -
NS NS NS NS NS NS NS * NS ok NS o o i NS NS NS NS NS NS NS | *
pHs -0.06 -0.10 -0.07 | 0.01 -0.11 -0.05 | -0.04 | -0.15 | -0.01 | 0.06 | 0.01 | 0.07 | 0.26 | 0.47 | -0.03 | -0.02 0.08 0.07 0.08 0.05 -0.03 | -0.11 | -0.25 -
NS NS NS NS NS NS NS NS NS NS NS NS rk rk NS NS NS NS NS NS NS NS *
DMCs | 0.46 0.46 035 | 056 | 048 | 070 | 0.40 | 0.02 | 0.17 | -0.38 | 0.54 | 0.43 | -0.08 | -0.33 | -0.08 | 0.70 -0.45 -0.49 0.46 035 | -0.16 | 0.58 | 0.04 | -0.07 -
*kk *kk Fkk *kk *kk *kk *kk NS * Fkk Fkk Fkk N S *kk NS *kk *kk *kk Fkk *kk * Fkk NS N S
Fmaxs | -0.63| -065 | -050 | -0.76 | -0.70 | -0.70 | -0.68 | 0.22 | -0.48 | 0.60 | -0.71 | -0.56 | -0.14 | 0.59 | 0.41 | -0.65 0.89 0.89 -0.78 -0.69 | -0.21 | -0.64 | -0.05 | 0.03 | -0.50 -
*kk *kk *kk *kk *kk *kk *kk *k *kk *kk *kk *kk N S *kk *kk *kk *kk *kk *kk *kk *% *kk NS N S *kk
MF/ws | -0.75 -0.77 -0.67 | -0.79 -0.74 -0.73 | -0.63 | 0.16 | -0.60 | 0.66 | -0.76 | -0.59 | -0.08 | 0.61 0.37 | -0.69 0.81 0.91 -0.89 -0.82 | -0.15 | -0.69 | -0.06 | 0.05 -0.45 0.91
*kk *kk *kk *kk *kk *kk *kk * *kk *kk *kk *kk N S *kk *kk *kk *kk *kk *kk *kk * *kk NS N S *kk *kk

BW: Body Weight; Thick: body Thickness; SL: Standldength; K: condition factor; Shape: Shape rafat: Fat-meter value; VSI: Viscero-Somatic Indé&8l: Gonado-Somatic Index;
FilY: raw Fillet Yield; L*r, a*r, b*r: raw fillet lightness, redness, yellowness; pHi: initial pH; pHitimate pH; pH: Delta pH; DMCr: raw fillet dry matter conteriimaxr: raw Max Force;
MF/wr: raw Max Force/sample weight; SmokY: Smokiyigld; SFilY: Smoked Fillet Yield; L*s, a*s, b*s:nsoked fillet lightness, redness, yellowness; pHisoleed pH; DMCs: smoked
fillet dry matter content; Fmaxs: smoked Max Foldé&/ws: smoked Max Force/sample weight. NS: natificant, *: p<0.05, **: p<0.01, ***: p<0.001
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