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Two fish groups differing in size (average weighing 830 ± 220 and 1600 ± 350 g, respectively) were eval-
uated for their sensory, somatometric and chemical quality characteristics. No differences were found in
the yields and fillet proximate composition of the two groups. Although taste panels indicated high
acceptability for both groups, the large fish received significantly better hedonic rates for their overall
acceptance. Differences were also observed in the fatty acid profiles of the two groups with the large fish
having significantly higher 18:2n-6 and total n-6 contents. Their volatile compounds also differed, with
small fish containing higher total amount, as well as more total aldehydes, furans and pyrazines. All these
findings indicate size-dependent quality alterations, but also sufficient quality for small fish to be
commercialised.
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1. Introduction also commercialised (FAO, 2013; Monfort, 2010). However, there is
The common meagre (Argyrosomus regius) has been one of the
most promising fish species for Mediterranean aquaculture diver-
sification. It is a fast grower and has a lot of desirable characteris-
tics, such as good dressing yield and low muscle fat (Grigorakis,
Fountoulaki, Vasilaki, Mittakos, & Nathanailides, 2011; Monfort,
2010). Its farming, since it was first introduced in 1997 has exhib-
ited a significant production growth, and in 2010 reached a total
production of 14,634 tonnes (FAO, 2013), produced mainly in Spain
and Egypt, but also Turkey, France, Portugal, Italy, Greece, Cyprus
and Croatia (Monfort, 2010).

The product quality of meagre has been sporadically evaluated
during the recent years. Freshness and storage stability of farmed
meagre has been assessed for both whole fresh fish (Hernández
et al., 2009; Poli et al., 2003) and meagre products (Genç, Esteves,
Aníbal, & Diler, 2012; Ribeiro et al., 2013). Some data occur in re-
spect to the general product quality characteristics and the lipid
quality of the species (Gonçalves, de Sá, Pousão-Ferreira, et al.,
2011; Grigorakis et al., 2011; Poli et al., 2003; Gonçalves, de Sá,
Furlan, et al., 2011), while there is scarcity in data referring to
the dietary effects on the end product quality (Piccolo et al., 2008).

Although the marketable sizes for meagre are usually at a range
of 1–2 kg, during the last years smaller sizes, starting at 600 g, are
a market perception that fish of small sizes, weighing less than
1 kg, have inferior quality (Monfort, 2010). Fish size in itself is con-
sidered quality contributing factor, mainly due to the general in-
crease of intramuscular fat with fish growth (Grigorakis, 2011).
Nevertheless, meagre has been found to be different in its lipid
quality from other Mediterranean farmed fish (Grigorakis et al.,
2011) and thus the impact of size in fat may also be different in this
species.

Based on these, we sought to investigate whether chemical and
sensory quality of farmed meagre differentiates among fish weigh-
ing less than 1 kg and fish of custom marketable size i.e. of approx-
imately 1.5 kg.

2. Materials and methods

2.1. Fish rearing and sampling

Two groups of meagre with common genetic background (i.e.
from the same broodstock but hatched at different periods) were
used. They were reared in parallel in submerged sea-cages
(6 � 8 m2) in HCMR facilities located in Souda-Chania (Crete).
The initial weights of the two groups were 200 g (hereafter re-
ferred as ‘‘small’’) and 1000 g (hereafter referred as ‘‘large’’),
respectively. The two groups were introduced in the cages in
May 2011. The initial stocking densitites were 6 and 9 kg/m3,
respectively. The rearing experiment lasted eight months (until
January 2012). Both groups received a commercial diet containing
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44% protein, 18% fat (manufacturer IRIS S.A., Evoia-Greece). The
diet formulation consisted of 40% fish meal, 10% soy bean meal
(soya cake 48 hiPro, max. fat 1.5%), 16.7% wheat, 16.2% corn gluten,
7.5% salmon oil, 3.8% STD North Atlantic Fish Oil (TripleNine, Esb-
jerk, Denmark), 3.8% rapeseed oil (Nersa), and 0.3% vitamin premix.
The final stocking densities for the two groups were 12 and 18 kg/
m3, respectively. Fish slaughtering took place by immersing them
in ice-water (1:2, v/v), which is the standard procedure followed
in Mediterranean aquaculture. After death, fish were kept on ice
and immediately transferred in HCMR laboratory facilities in Gour-
nes-Heraklion (Crete) for the respective experiments.

Weighing and filleting took place in 20 fish per group, destined
for taste panels (conducted within the following two days), while 3
fish per group were, besides somatic measurements, filleted and
sampled to be used for chemical analyses experiments. The latter
were kept in �80 �C until analysis.

2.2. Basic somatometry

The somatic measurements included whole and gutted fish
weights, visceral weights, liver, gonad and fillet weights. These
were used for calculation of basic somatomertic indices (dressing
rate, viscerosomatic, hepatosomatic and gonadosomatic indices
and filleting yield, all expressed as percentages of fish total body
weights).

2.3. Taste panels

Taste panels were conducted in a Chef School (Kappa Studies,
Kokkini Hani, Heraklion, Crete), where adequate facilities for
organising large-scale taste panels were available. The taste panels
conducted two experiments tests (trials). First, the two size-groups
were evaluated for potential difference by an open-end triangle
test.

When there was a detectable difference between the two
groups, an acceptability rating test (second test) was conducted
to evaluate the overall acceptability of the two fish groups.

For the first test, the panel consisted of 20 panellists, all trained
lecturers and students of the School. Preparation of the panel,
training of panellists and conduct of test (coding and randomiza-
tion of samples) was carried out according to ISO 4120:2004. The
samples distributed to each panellist were three equally-sized
(7 � 4 cm2) pieces of steam-cooked meagre fillet, two originating
from the one fish group and one from the other. The open-end tri-
angle test, besides the basic question of detecting the odd sample,
included the potential for the panellist to give an indication in re-
spect to the nature of the difference he/she identifies. Only the
comments of the correct-answered panellists were taken into ac-
count and they were only indicative in respect to the potential nat-
ure of the difference and thus no statistic analysis can take place
for them.

For the second test, which aimed to the evaluation of the accep-
tance of the two size groups, a group of 50 panellists was em-
ployed. All panellists were chefs, large hotel managers and
people who are influential for the public opinion in aspects of food.
In the acceptability rating test, each panellist received two equally
sized, coded samples of steam-cooked meagre fillet and had to rate
their acceptability (on a scale from 1 to 8) in respect to flavour, tex-
ture, taste, and overall acceptability.

2.4. Proximate composition and fatty acid analysis

Fish fillet proximate composition analysis was conducted by the
custom AOAC (2005) methods. Lipids were extracted and purified
from 1 g of dorsal fish muscle with chloroform: methanol (2:1,
v/v), according to the procedure described by Folch, Lees, and
Sloane-Stanley (1957). Following extraction, lipids were transeste-
rified by treatment with anhydrous methanol containing 2% sul-
phuric acid for 16 h at 50 �C under nitrogen (Christie, 1989).
Fatty acid methyl esters analysis took place according to Foun-
toulaki, Alexis, Nengas, and Venou (2003). The instrument used
was a GC-FID (Varian 3300, Walnut Creek, CA, USA) equipped with
a flexible fused silica Megabore column (Length: 30 m, Inner diam-
eter: 0.32 mm, Film thickness: 1 lm) with a bonded stationary
phase of CP-WAX. Helium (purity 99.999%) was the carrier gas.

2.5. Muscle volatile compounds

Volatile compounds were extracted from meagre fillet by
simultaneous steam distillation – extraction (SDE). After fine-
chopping the fillet, a 30 g sample was homogenised with 60 mL
30% (w/v) NaCl solution, containing 100 ppm butylated hydroxy-
toluene (BHT) as antioxidant. The SDE procedure from the homog-
enate took place in a Likens–Nickerson apparatus with 25 mL
CH2Cl2 (HPLC grade, Waters, Milford, MA, USA). Solvent tempera-
ture was kept at 50–55 �C by a water-bath. Gentle boiling of the
homogenate was achieved by the addition of few boiling chips,
constant magnetic stirring and by using a heating mantel. The tem-
perature of condenser system was maintained at �5 �C with ethyl-
ene glycol. The extraction lasted for 3 h after which and system
was left for 30 min to equilibrate. The organic phase was collected,
dried over anhydrous Na2SO4, and concentrated gradually first to a
volume of 1–3 mL (by means of a Kuderna-Danish apparatus) and
finally to 0.5 mL by a gentle nitrogen stream. The extracts were
sealed in GC vials and stored at �20 �C until analysis. Volatiles
were analysed by employing an Agilent 7890 GC, equipped with
an Agilent 5975C mass spectrometer (Agilent Technologies, Santa
Clara, CA, USA). An extract aliquot of 2 lL was injected into the
GC/MS at splitless mode and separation was achieved on an Agilent
HP-5MS capillary column (30 m � 0.25 mm, coated with a 0.25 lm
film thickness of 5% phenyl–95% methylsiloxane). The carrier gas
was Helium (purity 99.999%) at a flow rate of 1.8 mL/min. The
injector and transfer line were set at 200 and 300 �C, respectively.
The oven thermal programming included initial temperature of
35 �C, increase to 95 �C at 2 �C/min, then to 195 �C at 8 �C/min
and finally to 240 �C with an increase rate of 12 �C/min, where it
was held for 4 min. The mass spectrometer setup was 70 eV in EI
mode, with the detector operating at 2.73 scans/s and in a mass
range of 30–300 amu.

Peaks identification was made by employing NIST 05 Mass
Spectral Library (Rev. D.05.01) (Agilent Technologies, Santa Clara,
CA, USA) together with the peak deconvolution software AMDIS
(Version 2.64), as well as by referring to the mass spectra of pure
standards. A set of standards (Table 1) were used for constructing
reference curves. Recoveries were calculated after standard addi-
tion of five increasing concentrations (0.1, 0.2, 0.5, 1 and 2 ng/g)
of the reference compounds in 30 g samples of white fish muscle
(gilthead sea bream, Sparus aurata), by following the whole SDE
procedure and by subtracting from the peak areas found in the
spiked samples, the respective areas obtained from the single -
not spiked- fish-muscle sample; the recoveries obtained are shown
in Table 1. Internal standard (IS) quantification was carried out by
adding 20 lg of nonadecanoic acid methyl ester (99.0%) (Agilent)
in every sample just before SDE extraction. Each volatile compound
was subsequently quantified by means of the standard curve of a
chemically similar reference compound (Table 1) or by comparing
their peak area to that of the internal standard and calculating
the relative concentration as following: relative concentration
ng/g = (peak area of unknown compound/peak area of IS) � quantity
of IS (20,000 ng)/amount of fish (30 g). Recoveries were taken into
account into the calculations of the final concentrations of the
respective volatile compounds.



Table 1
Standard curves (curve slope a and R2) and recoveries (%) for the reference compounds used for quantification of the volatile compounds.

Reference compound a R2 Recovery
(%)

Volatile compounds quantified by means of each reference compound

2-Butanone 23,074 0.9938 98.27 Ketones with retention times from 2.9 to 7.3 min.
Benzene anhydrous, 99.8% (Sigma–Aldrich) 31,939 0.9799 82.15 Benzene, akyl-benzenes, p-xylene, o-xylene, ethers, amines, furans
1-Penten-3-ol 99% (Aldrich) 25391 0.9895 97.66 Non-aliphatic alcohols
Toluene anhydrous, 99.8% (Sigma–Aldrich) 30,421 0.9806 77.07 Toluene, akyl-toluenes, 3,4-(methylenedioxy)-toluene, pyrazines, pyridines,

pyrroles, pyrrolidines
4-Heptanone purum,P96% (GC) (Fluka) 28,916 0.9850 99.84 Ketones with retention times from 7.31 to 56.3 min, esters
1-Heptanol (puriss. p.a., standard for GC,P99% (GC)

(Fluka)
10,643 0.9838 99.90 Aliphatic alcohols

(R)–(+)–Limonene 97% (Sigma) 18,866 0.9834 99.90 Terpenes, non aromatic cyclic hydrocarbons
Nonanal 95% (Aldrich) 9167.7 0.9635 99.90 Aldehydes
Octadecane P 99% (Aldrich), 5970.3 0.9344 60.27 Alkanes, alkenes, alkadienes
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Blanks were always run between samples to ensure the absence
of interfering volatile compounds.
2.6. Statistical analysis

Differences in the chemical quality parameters between the two
meagre size-groups were assessed by Student’s t-test, after per-
forming Levene’s test for equality of variances. The same statistical
test was used for defining differences in the acceptance scores of
the taste panel. For the triangle taste panel, difference between
the two groups was evaluated based on the ISO 4120:2004 statis-
tical tables for the minimum answers required to conclude that
perceptible differences occur.

The fact of analysing individual fish allowed correlations (two-
tailed, Pearson) between the contents of volatile compounds and
fatty acids.
3. Results and discussion

Total body weights and somatometric parameters of the two
meagre groups appear in Table 2. Although the two size groups dif-
fered significantly in their total body weights, they did not exhibit
differences in either their visceral fat, or their dressing rate and fil-
leting yield, contrary to the general tendency for the technological
yields (dressing rate and filleting yield) to increase with size
(Grigorakis, 2011). However, the filleting yield found herein is
somewhat lower than that reported for the same species in previ-
ous studies (Grigorakis et al., 2011; Hernández et al., 2009). The
gonadosomatic index for both groups did not differ indicating that
fish were completely immature (Schiavone, Zilli, Storelli, & Vilella,
2012), therefore no maturation process can be responsible for the
potential differences in the quality parameters of the two groups.

In the triangle test, out of the 20 panellists, the 11 gave the
correct answer (found the odd between the three samples). This
Table 2
Somatometric characteristics (n = 20) and fillet proximate composition (% of fresh
weight, n = 3) of the two meagre size groups. Values are mean ± standard deviation.

Small fish Large fish

Total body weight (g) 871 ± 176 1536 ± 135
Dressing rate (%) 94.5 ± 0.20 93.6 ± 0.87
Visceral fat (% of total body weight) 0.03 ± 0.05 0.04 ± 0.007
Hepatosomatic index (HSI) 2.12 ± 0.41 2.00 ± 0.38
Gonadosomatic index (GSI) 0.04 ± 0.05 0.03 ± 0.05
Fillet (% of total body weight) 33.9 ± 0.60 31.6 ± 4.19

Moisture 76.5 ± 0.4 76.8 ± 1.2
Fat 1.09 ± 0.96 0.73 ± 0.36
Protein 20.1 ± 0.1 20.1 ± 0.6
Ash 1.36 ± 0.03 1.36 ± 0.02
implies that the two fish groups differ in their sensory attributes
(p < 0.05). Most of the comments of the correctly-answered asses-
sors indicated potential differences in texture, taste and flavor,
with the large fish having a more cohesive and firmer texture,
more intense taste and a more ‘‘fishy flavor’’ (Table 3). Neverthe-
less, for these indications, derived from the open-end question of
the triangle test, further sensory analytic techniques would be re-
quired for statistical confirmation. Due to the time and the fish
availability limitations this was not within the aims of the present
study.

Both groups received relatively high acceptability scores by the
panellists. However, large fish received significantly higher
(p < 0.05) scores for the overall acceptability: 6.04 ± 1.14 vs.
5.50 ± 1.14 for small fish (average ± standard deviation). The
acceptability scores for flavor (5.76 ± 1.38 for large vs. 5.72 ± 1.43
for small fish), texture (5.91 ± 1.40 for large vs. 5.49 ± 1.21 for small
fish) and taste (6.19 ± 1.32 for large vs. 5.55 ± 1.55for small fish)
did not differ. Additionally, based on the overall acceptability
scores, out of the 50 assessors, 32 (64%) showed preference on
the large fish, 14 (28%) for the small fish, while 4 (8%) rated accept-
ability indifferent. Therefore, the present results indicate that both
sizes are highly acceptable by the consumers, although large fish
are superior. This partly confirms the so assumed market percep-
tion for inferiority of smaller fish (Monfort, 2010). Thus, the
800 g fish do indeed exhibit lower acceptability than that of
1.5 kg fish, but acceptability scores remain high. As for the individ-
ual characteristics, and specifically texture, which is rumoured to
be the basic feature that changes with meagre size (Gonçalves,
de Sá, Furlan, et al., 2011), there was no differentiation.

The only available taste panel results in the literature refer to
pond-raised meagre, having a weight range of 557–855 g, that is
quite similar to the ‘‘small’’ fish of the present study, and showed
high acceptability scores in a taste panel (Gonçalves, de Sá, Pou-
são-Ferreira, et al., 2011), confirming our findings that fish of smal-
ler sizes can be well commercialised. The same scientists
(Gonçalves, de Sá, Furlan, et al., 2011), however indicated, that
for 600 g meagre, although the overall and the flavour acceptability
were high, the same did not issue for the texture and in specific for
the hardness of the muscle. Our study did not confirm the latter
observation since texture acceptance for small fish received high
scores, not differing from that of large fish.

In regard with the fillet proximate composition (Table 2), no
significant differences were observed. Both groups exhibited low
fillet fat, typical for the species (Grigorakis et al., 2011; Hernández
et al., 2009; Nevigado et al., 2012; Poli et al., 2003). Although an in-
crease in fillet fat with size may have been expected, similarly to
findings in other Mediterranean species (Grigorakis, 2007, 2011),
no such indication occurred. This observation may be explained
by the fact that the existing commercial diets for meagre are based
on those for other Mediterranean fish species. On the other hand,



Table 3
Comments of the panellists that answered correctly in the triangle test in regard with the nature of the detected difference.

Fish feature Number of panellists Comments made

Texture 9 – The big fish is more cohesive, stiffer, exhibited more pleasant texture, more hard
– The large fish is less fibrous, more soft

Taste 8 – The large fish is more tasty, has a more full taste, a more intense taste
Flavour 2 – The large fish has a more ‘‘fishy’’ flavour

– The small fish has more ‘‘correct’’ flavor, more profound flavor
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the species feeding habits are completely different in the wild,
based mainly on fatty fish like sardines and other pelagic species
(FAO, 2013), whereas there are indications that meagre has differ-
ent lipid metabolism, exhibiting lower fillet fat than the rest of
Mediterranean farmed species (Grigorakis et al., 2011). The fatty
acid patterns of both groups were quite typical for the species
(Grigorakis et al., 2011; Hernández et al., 2009), with 16:0
prevailing in the saturated fatty acids (SFA), 18:1n-9 in the
monounsaturated (MUFA) ones and 18:2n-6 and 22:6n-3 in the
n-6 and n-3 series of polyunsaturated fatty acids (PUFA), respec-
tively (Table 4). However, differences were observed in the relative
proportions of fatty acids between the present study and previous
ones, i.e. lower total SFA and MUFA and higher n-3 and n-6 PUFA
were observed compared to previous reports (Grigorakis et al.,
2011; Hernández et al., 2009; Poli et al., 2003). Also, in aspect of
the individual fatty acids, 18:1n-9 was lower, and 18:2n-6 (linoleic
acid, LA), 20:5n-3 (eicosapentaenoic acid, EPA) and 22:6n-3
(docohexaenoic acid, DHA) higher than in previous reports
(Grigorakis et al., 2011; Poli et al., 2003). These differences can
presumably reflect the dietary fatty acids in the fillet.

The two size groups exhibited some differences in their fatty
acid profile. Thus, the large fish showed higher 18:2n-6, a tendency
for higher 20:4n-6 (ARA) and higher total n-6 contents. On the con-
trary, a tendency for lower 16:0 and EPA contents was observed in
the large fish. Since both groups were of the same genetic origin,
and received the same diet under identical rearing conditions,
the fatty acid differences can be attributed to alterations with size.
Table 4
Fillet fatty acids of small and large meagre (as % of total fatty acids).

Small fish Large fish sig

14:0 1.67 ± 0.32 1.48 ± 0.24
16:0 17.9 ± 0.31 17.0 ± 0.55 a

16:1n-7 2.47 ± 0.38 2.20 ± 0.38
16:4n-3 0.42 ± 0.11 0.62 ± 0.13
18:0 6.95 ± 0.32 7.29 ± 1.20
18:1n-9 19.5 ± 1.69 19.5 ± 1.89
18:1n-7 2.38 ± 0.77 2.37 ± 0.88
18:2n-6 (LA) 13.8 ± 0.51 15.0 ± 0.26 *

18:3n-3 1.65 ± 0.30 1.73 ± 0.26
18:4n-3 0.58 ± 0.13 0.55 ± 0.11
20:1n-9 2.33 ± 0.21 2.11 ± 0.27
20:4n-6 (ARA) 1.18 ± 0.19 1.43 ± 0.26 a

20:4n-3 0.50 ± 0.55 0.52 ± 0.84
20:5n-3 (EPA) 5.40 ± 0.06 5.00 ± 0.28 a

22:1n-9 1.45 ± 0.28 1.30 ± 0.47
22:5n-3 2.07 ± 0.12 2.26 ± 0.22
22:6n-3 (DHA) 18.9 ± 3.23 18.7 ± 1.52
24:1n-9 0.81 ± 0.02 0.88 ± 0.16

Saturates 26.5 ± 0.43 25.8 ± 1.51
Monounsaturates 29.0 ± 2.79 28.4 ± 2.65
n-9 22.5 ± 1.80 22.7 ± 2.08
n-6 15.0 ± 0.32 16.4 ± 0.16 **

n-3 29.6 ± 2.99 29.4 ± 1.07

Values are mean ± standard deviation (n = 3).
a p < 0.1.

* p < 0.05.
** p < 0.01.
Although there is no obvious explanation for these differences, it
can be speculated that 18:2n-6 and ARA may accumulate through
dietary intake resulting in subsequent increment of total n-6 con-
tents with size. Linoleic acid originating from the plant oils incor-
porated in the feeds, has been observed to accumulate in cultured
fish, due to their relative inability to desaturate or elongate it
(Benedito-Palos et al., 2009; Grigorakis, Alexis, Taylor, & Hole,
2002). Interestingly, the EPA that showed a tendency to decrease
in large fish may indicate some kind of nutritional deficiency in
farmed meagre. Such a speculation can be grounded on the
observation that prolonged fasting in sea bass leads to significant
EPA reduction (Delgado, Estevez, Hortelano, & Alejandre, 1994)
and on the fact that n-3 fatty acids are indispensable cell mem-
brane constituents. To elucidate this, further research is needed.

A total of 71 volatile compounds were identified in the two
meagre size groups (Table 5). To the best of our knowledge, no pre-
vious work occurs in the profile of volatile compounds of meagre.
The individual compounds identified are among those typically ob-
served in fresh marine fish (Josephson, Lindsay, & Stuiber, 1984a;
Kawai, 1996). The meagre volatiles are characterised by the pres-
ence of carbonyl compounds (12 aldehydes and 6 ketones, in total)
and alcohols (4 in total), with 2,3-butanedione, 1-methoxypropa-
nol, 3-methylbutanal, and 1-penten-3-ol predominating. In addi-
tion, 20 hydrocarbons, 5 furans and 8 esters, were identified, but
in smaller quantities.

Some differentiations in the profiles of volatile compounds of
the two size-groups were observed. The small fish contained more
volatile compounds (P < 0.01); in specifically they contained higher
amounts of aldehydes (p < 0.05), furans (p < 0.05), pyrazines
(P < 0.05) and hydrocarbons (p < 0.1). Differences observed in the
volatile profiles for the same fish species have been attributed to
the different diets provided in some reports (Sérot, Regost, & Arzel,
2002; Turchini, Moretti, Mentasti, Orban, & Valfrè, 2007; Turchini
et al., 2004), while not in other (Grigorakis, Fountoulaki, Giogios,
& Alexis, 2009; Silva, Valente, Castro-Cunha, Bacelar, & Guedes
De Pinho, 2012). Also there are some indications, at least in fresh-
water wild fish, for the existence of some seasonal differentiation
in volatile compounds (Shi, Ying, & Wang, 2012). However, since
in the present case, the diet, the seasonal effect and freshness of
the studied fish were identical and in addition all fish were sexu-
ally immature, there is a strong indication that meagre’s volatile
compounds can differentiate with fish size.

It is known from literature that most of the carbonyl com-
pounds and alcohols characterising fish volatiles, originate mostly
from PUFA (Josephson, Lindsay, & Stuiber, 1984b; Kawai, 1996).
Thus, individual correlations between fatty acids and volatile com-
pounds would be of interest (Table 6).

Linoleic acid (LA) has been positively correlated with heptadec-
ane, while arachidonic acid (ARA) with 1-penten-3ol. Although
Kawai (1996) mentioned 1-penten-3ol as a product of EPA under-
going 15-lipoxygenase and lyase breakdown, no correlation with
EPA contents was evident herein. The fact that volatile compounds
may relate to some fatty acids but not to others does not necessar-
ily indicate their origin, since only a very small proportion of the
PUFAs autoxidize or breakdown to generate the volatile com-
pounds (Kawai, 1996).



Table 5
Main volatile compounds and volatile compound classes concentrations (lg/kg fresh weight) characterising the meagre size groups. The retention times (Rt) and characteristic
ions for each volatile compound are also provided. Values are mean ± standard deviation (n = 3).

Compound Rt (min) Charact. ions (m/z) Concentration (lg/kg fresh weight) Sig

Small fish Large fish

2,3-Butanedione 3.064 43,86 2.54 ± 0.06 2.29 ± 0.07
Tetrahydrofuran 3.084 42,72,71 0.03 ± 0.03 0.01 ± 0.01
trans-2-Butenal 3.279 70,39,69 0.20 ± 0.02 0.17 ± 0.01 a

3-Methyl butanal 3.298 44,41,43 0.89 ± 0.21 0.27 ± 0.02 **

1-Penten-3ol 3.590 57,41,39 0.56 ± 0.26 0.82 ± 0.44
1-Methoxy-2-propanol 3.612 45,47,43 1.99 ± 0.74 0.84 ± 0.35 a

2-Chloro-3methyl-1-butene 3.724 69,67,104 0.09 ± 0.02 0.08 ± 0.01
2,3-Pentanedione 3.767 43,57,100 0.36 ± 0.08 0.15 ± 0.04 *

Pentanal 3.785 44,58,45 0.21 ± 0.01 0.19 ± 0.00
2-Ethyl furan 3.822 81,96,53 0.24 ± 0.05 0.17 ± 0.02 a

3-Hydroxy-2-butanone 3.987 45,43,88 0.89 ± 0.38 0.98 ± 0.44
Chloro-iodo-methane 4.163 176,127,178 0.02 ± 0.01 0.01 ± 0.00
Pyrazine 4.395 80,69,53 0.02 ± 0.00 0.01 ± 0.00
Dimethyl disulphide 4.572 94,79,45 ±0.00 tr.
cis-2-Pentenal 4.846 55,83,84 0.16 ± 0.04 0.11 ± 0.02
1-Methylthio propane 4.919 61,90,45 tr. 0.01 ± 0.00
3-Methyl thiophene 5.169 97,98,96 tr. tr.
trans-2-Penten-1-ol 5.188 57,41,44 tr. 0.05 ± 0.09
2-Propyl furan 5.687 81,53,110 tr. tr.
Octane 5.901 43,85,57 0.05 ± 0.04 tr.
Hexanal 5.962 44,56,41 0.15 ± 0.06 0.17 ± 0.08
3-Pentanol 6.029 59,107,45 0.04 ± 0.01 0.03 ± 0.00
cis,cis-3,5-Octadiene 6.352 81,67,68 0.03 ± 0.00 0.01 ± 0.01 **

2–4-Dimethyl heptane 6.596 43,85,57 0.02 ± 0.00 0.03 ± 0.02
Methyl pyrazine 6.691 94,67,93 0.03 ± 0.01 0.01 ± 0.01 *

Furfural 7.059 96,95,39 0.03 ± 0.00 0.02 ± 0.00 a

2-Hexenal 7.803 41,69,55 0.06 ± 0.03 0.03 ± 0.01
Ethyl benzene 8.022 91,106,77 0.01 ± 0.01 0.01 ± 0.00
4-Methyl octane 8.163 43,85,71 0.04 ± 0.00 0.03 ± 0.02
o-Xylene 9.345 91,106,105 tr. 0.01 ± 0.00
2-Heptanone 9.449 43,58,71 0.02 ± 0.01 0.02 ± 0.00
Nonane 9.789 57,43,41 0.04 ± 0.01 0.03 ± 0.02
Heptanal 9.894 70,44,43 0.02 ± 0.02 0.01 ± 0.03
Benzaldehyde 12.790 106,105,77 0.20 ± 0.01 0.19 ± 0.02
1,3,5-Trimethyl benzene 14.680 105,120,119 0.01 ± 0.00 0.01 ± 0.00
2-Pentyl furan 14.771 81,82,138 0.02 ± 0.00 0.01 ± 0.00 *

trans-2-(2-Pentenyl) furan 15.368 107,136,68 0.01 ± 0.00 tr. *

Octanal 15.521 43,41,57 0.03 ± 0.02 0.02 ± 0.00
trans,trans-2,4-heptadienal 15.954 81,110,53 0.05 ± 0.03 0.03 ± 0.01 a

22-Acetyl thiazole 16.301 43,127,99 tr. tr.
D-Limonene 16.874 68,93,67 0.01 ± 0.00 tr. *

Benzene acetaldehyde 17.911 91,92,120 0.15 ± 0.16 0.26 ± 0.29
Unknown 18.362 58,42,72 0.01 ± 0.00 0.02 ± 0.01
Nonanal 22.105 57,41,56 0.10 ± 0.01 0.06 ± 0.03 a

Unknown amine 24.123 58,45,42 0.19 ± 0.08 0.17 ± 0.11
4-Ethyl benzaldehyde 25.702 104,133,105 0.01 ± 0.01 nd.
Tridecane 33.475 57,43,71 0.02 ± 0.02 nd.
2-Butyl-5(2methylpropyl)thiophene 39.205 153,196,181 0.07 ± 0.02 0.05 ± 0.01
Unknown ester 39.559 115,171,57 0.01 ± 0.00 0.01 ± 0.00
Hexadecane 39.891 57,43,71 0.05 ± 0.04 0.02 ± 0.01
Benzophenone 40.1084 57,43,82 tr. tr.
Hexadecanoic acid methyl ester 41.318 129,57,185 tr. tr.
Heptadecane 41.498 57,71,43 nd. 0.03 ± 0.00 **

2,6,10,14-Tetramethyl pentadecane 41.598 57,71,43 1.68 ± 1.21 0.29 ± 0.15 a

Unknown ester 42.830 88,101,157 tr. tr.
Octadecane 43.070 57,71,43 0.02 ± 0.00 0.02 ± 0.01
Hexadecanal 43.135 57,43,82 tr. tr.
6,10,14-Trimethyl 2pentadecanone 43.489 58,43,71 tr. tr.
Unknown aldehyde 43.830 43,71,97 0.02 ± 0.01 0.01 ± 0.00
Nonadecane 44.019 57,71,43 0.01 ± 0.00 0.02 ± 0.00 a

Hexadecanoic acid methyl ester 44.312 74,87 tr. tr.
Hexadecanoic acid 44.781 43,73,60 tr. 0.01 ± 0.00
Hexadecanoic acid ethyl ester 45.001 88,101,43 0.03 ± 0.03 0.02 ± 0.01
Unknown eicosane 45.055 57,71,85 nd. 0.03 ± 0.01 *

9-Nonadecene 45.049 55,83,97 nd. 0.02 ± 0.02
Unknown 45.653 55,41,43 0.01 ± 0.01 nd.
Unknown aldehyde 45.878 57,97,71 tr. 0.02 ± 0.01 *

Unknown ester 45.952 55,83,57 0.01 ± 0.00 0.01 ± 0.00
cis-9-Octadecanoic acid 46.598 55,69,73 0.04 ± 0.03 0.01 ± 0.01
Octadecanoic acid ethyl ester 46.872 88,101,43 tr. 0.01 ± 0.00
Unknown ester 47.854 55,83,57 tr. tr.

(continued on next page)
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Table 6
Correlations between volatile compounds and fatty acids.

LA ARA EPA DHA n-6 n-3 Total fat

Tetrahydrofuran 0.803a 0.826*

trans-2-Butenal �0.831*

1-Penten-3-ol 0.828* �0.818*

1-Methoxy-2-propanol �0.959** �0.913*

2,3-Pentanedione �0.943a 0.769a �0.964**

Pentanal �0.787a 0.874*

2-Ethyl furan 0.781a

Dimethyl disulphide 0.856* 0.893*

cis-2-Pentenal �0.961** �0.867*

1-Methylthio propane �0.935**

trans-2-Penten-1-ol
3-Pentanol 0.865* 0.886*

cis,cis-3,5-Octadiene �0.910* �0.936**

Methyl pyrazine �0.904* �0.880*

2-Hexenal �0.861* 0.813* 0.819⁄
Ethylbenzene 0.846* 0.873*

2-Heptanone 0.957** 0.963**

1,3,5-Trimethyl benzene �0.929** �0.921**

Heptanal 0.777a

2-Pentyl furan 0.919* �0.877*

trans-2-(2-Pentenyl) furan �0.843* 0.848* �0.736a

Octanal �0.739a

trans,trans-2,4-heptadienal �0.804a �0.791a

Nonanal 0.794a �0.805a

4-Ethyl-benzaldehyde 0.753a

Tridecane 0.852*

Heptadecane 0.893* 0.965**

2,6,10,14-Tetramethyl Pentadecane 0.863*

Nonadecane 0.928a 0.809a

cis-9-Octadecanoic acid 0.828*

a p < 0.1.
* p < 0.05.
** p < 0.01.

Table 5 (continued)

Compound Rt (min) Charact. ions (m/z) Concentration (lg/kg fresh weight) Sig

Small fish Large fish

Alcohols 2.59 ± 0.99 1.74 ± 0.77
Aldehydes 2.27 ± 0.40 1.56 ± 0.27 *

Ketones 3.88 ± 1.07 3.50 ± 1.06
Furans 0.30 ± 0.05 0.20 ± 0.02 *

Amines 0.19 ± 0.08 0.17 ± 0.11
Pyrazines 0.05 ± 0.01 0.02 ± 0.01 *

Esters 0.06 ± 0.05 0.05 ± 0.02
Hydrocarbons 2.11 ± 1.24 0.67 ± 0.08 a

Thio-compounds 0.01 ± 0.01 0.01 ± 0.00
Ethers 0.12 ± 0.06 0.07 ± 0.04
Acids 0.04 ± 0.03 0.03 ± 0.01

Total 11.7 ± 0.88 8.05 ± 0.31 **

nd: not detected; tr: traces (< 0.01 lg/kg fresh weight).
a p < 0.1.

* p < 0.05.
** p < 0.01.
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The majority of 2-furans (2-ethylfuran, 2-pentylfuran, trans-2-
(2pentenyl)furan) have been positively correlated with EPA. The
fact of the prominent presence of furan fatty acids in fresh fish,
contributing as PUFA antioxidants (Vetter & Wendlinger, 2013;
Vetter et al., 2012), as well as the lipid autoxidation pathways pro-
ducing alkylfurans (Mottram, 1998) clearly indicate that they are
fat derivatives. The correlation of all individual furans with EPA
may indicate that this particular fatty acid can be their precursor.
On the other side DHA contents are correlated with dimethyl-
disulfide, 3-pentanol, 2-hexenal, ethylbenzene and 2-heptanone
(Table 6).
Pyrazines, that were found to be more profound in small fish
(Table 5), but failed to be correlated with any fatty acid precursors,
appear to derive from water-soluble nitrogen-containing precur-
sors and to contribute at a higher degree to the food flavor, due
to their lower odour thresholds (Mottram, 1998).

The fact that large fish were characterised by the majority of the
correct-answered triangle test panellists as having a more ‘‘fishy
flavor’’, while small fish as ‘‘more correct, more profound’’ (Table 3)
could be related with the higher amount of total volatiles and of
individual carbonyl compounds and furans being present in the
latter.
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4. Conclusions

The quality of common meagre seems to vary with size. There
was a detectable change in sensory quality between fish weighing
800 g and fish weighing 1.5 kg. Large fish seems to have superior
quality when compared to small size fish. However, acceptance
for small fish still remains high, thus not confirming the market
preconception that fish cannot be commercialised at this size due
to quality inferiority. Although the large and small fish do not differ
in aspects of their technological yields and their fillet proximate
composition, differences between fatty acids and volatile com-
pounds were observed. Since textural changes look also to be an is-
sue, a further research in regard with the size-dependent muscle
structural changes in meagre would provide useful knowledge rel-
atively to the overall quality of the species. Furthermore, the exam-
ination of various smaller sizes than the fish currently studied
would allow the establishment of the minimum commercial
weight with adequate quality. The potential of commercialising
the species in several sizes could facilitate the enlargement of both
products number and market capacity for the species.
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