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Summary Reared meagre (Argyrosomus regius) of average weight 1278 g was evaluated for its filleting yield and fillet

lipid quality. Filleting yield averaged 42.2%, while very low levels of muscle fat deposits were measured

(1.06%). Analysis of lipid classes revealed a high proportion of polar lipids (48.3–59.1%) and low levels of

neutral fatty acids (40.9–51.7%) when compared to corresponding values of other farmed fish species.

Phosphatidyl-choline (PC) was the dominant polar lipid (2.92 mg g)1 muscle), while cholesterol the most

abundant neutral lipid (1.68 mg g)1 muscle). The fatty acid composition of meagre fillet generally reflects the

dietary fatty acids. Among n-3 fatty acids, eicosapentaenoic (4.58%) and docohexaenoic (15.0%) were

measured to be the most abundant ones, and 18:2n-6 (11.9%) was the most common n-6 fatty acid. The fatty

acid profiles of polar and neutral fractions differ, with monounsaturated fatty acids being predominant in the

neutral and n-3 polyunsaturates in the polar lipids. The high polar lipid contents and n-3 fatty acids and the

low atherogenic and thrombogenic indexes indicate a high quality of this species’ lipids.
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Introduction

Mediterranean mariculture has been dominated by the
farming of gilthead sea bream (Sparus aurata) and
European sea bass (Dicentrarchus labrax). However,
during the last few years, the market showed saturation
for these species, prices have been low and the sector
exhibited serious signs of crisis (Cardia & Lovatelli,
2007). The culture of new species has been proposed as a
basic mean to overcome this problem in Mediterranean
aquaculture (Cardia & Lovatelli, 2007). Meagre (Argyr-
osomus regius) is one of the most important species
among these candidates, and it has been already
successfully reared.
Literature for this species already occurs in respect of

its rearing (Piccolo et al., 2008), pathology (Rigos &
Katharios, 2010) and post-mortem quality (Poli et al.,
2003; Hernández et al., 2009). However, limited data are
available regarding to its nutritional value. Existing data
on meagre lipid quality are limited only to muscle fatty

acids or general fatty acid groups (Poli et al., 2003;
Piccolo et al., 2008). Within this frame, the purpose of
this study was to examine the lipid quality of this species
with emphasis to the aspects that no data are available,
i.e. the lipid classes of meagre fillet, the polar and neutral
lipid fractions and their fatty acid profiles. Such
information will be valuable in determining the nutri-
tional quality of this fish species.

Materials and methods

Fish and rearing

Meagre were reared in sea cages in a farm in Western
Greece (Lorida Sea farm S.A.). The fish were fed with a
commercial extruded feed (Aqualine, Feedus 5) con-
taining 43.5% protein and 10% fat. Feeding ratios were
in accordance with feed manufacturers’ tables. Sampling
took place in December (water temperature 16 �C), and
fish were killed by the customary method of ice ⁄water
immersion. They were then placed in ice and transferred
to the laboratory, where somatometric measurements*Correspondent: Fax: +30 210 98 29 239;
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and filleting took place. The fillets were then frozen
()80 �C) until chemical analysis was performed. A
sample of the fish feed was also collected for fatty acid
analysis.

Filleting yield and somatometry

Fish were manually gutted, skinned and beheaded
before filleting. Somatometric parameters were mea-
sured for seventy-nine individuals and included total
body weight, visceral, head and skin weights, and
filleting yield.

Fillet fat and moisture

Total fat contents of fillets were measured in ten fish
according to the Bligh & Dyer (1959) methodology.
Fillet moisture content was determined according to the
AOAC (1998) method.

Lipid extraction and lipid classes determination by HPTLC

Lipids were extracted from 1 g of dorsal fish muscle with
chloroform: methanol (2:1 v:v) according to the proce-
dure devised by Folch et al. (1957). The lipids from ten
fish were classified using one-dimensional high-perfor-
mance thin-layer chromatography by the method of
Olsen & Henderson (1989).

Fatty acid analysis in feed and fish muscle

The extracted lipids were separated into neutral and
polar lipid fractions by the method of Kim & Salem
(1990). After extraction and separation, lipids were
treated with anhydrous methanol containing 2% sul-
phuric acid for 16 h at 50 �C under nitrogen gas
(Christie, 1989). Fatty acid methyl esters were extracted
from 70 mg of fish diet by direct esterification, using the
method described by Lepage & Roy (1984).
Fatty acid methyl esters were separated by gas

chromatography. The instrument used was a GC-FID
(Varian 3300) equipped with a flexible fused silica
Megabore column (Length: 30 m, Inner diameter:
0.32 mm, Film thickness: 1 lm) with a bonded station-
ary phase of CP-WAX. Helium (purity 99.999%) was
the carrier gas. Fatty acids were separated and quanti-
fied according to Fountoulaki et al. (2003). The fatty
acids from ten individual fish were analysed.
Besides individual fatty acid contents and fatty acid

ratios, atherogenic indexes (AI) and thrombogenic
indexes (TI) were also determined for each meagre
fillet. Atherogenic indexes and TI were calculated
by the Ulbricht & Southgate (1991) formulas:
AI = (12:0 + 4 · 14:0 + 16:0) ⁄ (Sum MUFA + Sum
PUFA) and TI = (14:0 + 16:0 + 18:0) ⁄ [0.5 · Sum
MUFA + 0.5 · Sum (n-6) PUFA + 3 · Sum (n-3)

PUFA+(n-3 ⁄n-6)], where MUFA are the monounsat-
urated fatty acids and PUFA are the polyunsaturated
fatty acids.

Statistic analysis

Fatty acid comparisons between polar and neutral lipid
fractions were performed with students’ t-test, using spss

13.0 statistical package, while levels of significance were
0.05.

Results and discussion

Total fish weight, filleting yield, visceral weight, the head
and skin weights, as well as the fillet lipid and moisture
contents are shown in Table 1. The fillet percentages
were similar to those mentioned in the same species, for
fish of similar size (Poli et al., 2003). However, our
results differed from those of the above-mentioned study
when referred to filleting losses. In particular, Poli et al.
(2003) found a higher head percentage and a lower
viscera percentage when compared to our findings. Our
results partly agree with those of Piccolo et al. (2008)
who mentioned similar head percentage but a lower
visceral percentage. These can be potentially attributed
visceral fat differences. If, for example, fish contain less
mesenteric fat, this would result in a lower total visceral
percentage.
The muscle fat and moisture found herein are similar

to those previously measured in the same species (Poli
et al., 2003; Hernández et al., 2009). Comparison of
meagre to other farm-raised Mediterranean fish species
shows that meagre tends to accumulate less muscle fat
(Fig. 1). When compared to two species of the same
family (Sciaenidae), meagre is found to have slightly less
fat than brown meagre (Sciaena umbra) (Cakli et al.,
2006) and similar fat levels to shi drum (Umbrina
cirrosa) (Segato et al., 2005a). Reared meagre has much
lower muscle fat than the most commonly raised
Mediterranean fish species including gilthead sea bream
and European sea bass (Fig. 1).

Table 1 Somatometric and fillet composition quality of aquacultured

meagre

Total body weight 1278.3 ± 224.7

Fillet weight (filleting yield) 486.2 ± 56.7 (42.2 ± 2.80)

Viscera 117.3 (10.8 ± 3.16)

Head 295.9 ± 9.30 (25.8 ± 2.88)

Skin 43.0 ± 3.29 (12.6 ± 5.53)

Fillet fat % 1.06 ± 0.19

Fillet moisture % 78.2 ± 1.20

Somatic weight, fillet, visceral, head and skin weights are expressed in g

(and respective filleting yield and losses in percentage in parentheses).

Values are means ± standard deviations (n = 79 for somatometry and

n = 10 for composition analysis).
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The meagre in the present study was found to have
especially high proportions of polar lipids. They made
up 48.3–59.1% of the total lipids, while the neutral lipids
contributed the 40.9–51.7%. Although total polar and
neutral lipid proportions are influenced by temperature
changes (Ibarz et al., 2005), spawning and season
(Almansa et al., 2001), the polar lipids in our case made
up a much higher proportion of the total lipids than the
respective proportions mentioned for Mediterranean
fish species, including reared (Almansa et al., 2001) and
wild-captured gilthead sea bream (El-Sayed et al., 1984),
common dentex Dentex dentex (Chatzifotis et al., 2004),
amberjack Seriola dumerilii (Thakur et al., 2009) and
bluefin tuna Thunnus thynnus (Mourente et al., 2001).
Phosphatidyl-choline (PC) was found to be the main

contributor to polar lipids, exceeding 50% of the total
polar lipid contents, whereas phosphatidyl-ethanol-
amine and the sum of phosphatidyl-serine (PS) and
phosphatidyl-inositol (PI) are present in lower and
almost equal quantities (Table 2). The dominance of
PC over the other phospholipids has been also observed
in muscle tissues of various other fish species, including
bluefin tuna (Mourente et al., 2001) and Atlantic
salmon Salmo salar (Nanton et al., 2007).
In terms of neutral lipids, triacylglycerides (TAG) and

cholesterol (C) are present in equal quantities.
The amount of cholesterol in meagre in the present

study was found to be more than three times higher than
the contents mentioned for reared fish of Mediterra-
nean-origin, such as European sea bass (0.43 mg g)1

muscle) and common dentex (0.48 mg g)1 muscle) (_Imre
& Sağlik, 1998). It was also higher than the amounts
mentioned for white seabream Diplodus sargus (_Imre &
Sağlik, 1998) and for various Mediterranean fish species,
which obtained from local markets (Kalogeropoulos

et al., 2004). However, the latter study has provided no
information about the actual life history of the fish
studied and, additionally, a different cholesterol deter-
mination method was used, based on saponification and
GC determination of the nonsaponifiable fraction.
Thus, not much can be said about the actual validity
of these differences.
The increased proportion of TAG in fish muscle tissue

has been associated with lipid deposition (Nanton et al.,
2007). Therefore, the low proportions of neutral lipids in
general and TAG in specific are in agreement with the
very low muscle fat deposition found in meagre. The
free fatty acids (FFA) constitute a small proportion of
the total lipids (Table 2), thus indicating a low level of
lipid oxidation.
The fatty acid composition of the fish feed is shown in

Table 3. The fatty acid composition of meagre muscle
reflected the dietary fatty acids to a great extent
(Table 4), thus confirming the general rule relating the
tissue fatty acids to the dietary ones (Jobling, 2001).
The proportions of the fatty acid groups measured

herein differed from what was found for the same
species by Hernández et al. (2009). The latter authors
mentioned higher levels of saturated fatty acids (SFA)
that ranged from 31.1 to 33.0% and lower levels of
MUFA (25.7–30.7%). Our findings also differed from
those in brown meagre, where higher levels of SFA
(36.9–43.1%) and MUFA (35.1–41.1%) and lower levels
of PUFA (16.9–22.3%) were mentioned (Cakli et al.,
2006). As none of the previous studies provide infor-
mation in the dietary fatty acids and in the muscle
individual fatty acids, we cannot speak about these
differences. However, it is likely that they can be justified
on a dietary basis.
Among SFA, 16:0 was the most abundant for both

diet and fish muscle, although proportions were higher
in the fish muscle than in the diet. Sea bass have also
been found to have higher 16:0 muscle contents than the
dietary ones (Skalli et al., 2006). The 14:0 and 18:0 SFAs
were also present in significant proportions in both the
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Figure 1 Muscle fat contents of meagre in comparison with other

reared Mediterranean fish species. Values are average values, and bars

represent standard deviations. Sources: Sciaena umbra (Cakli et al.,

2006), Umbrina cirrosa: (Segato et al., 2005a,b), Dicentrarchus labrax

and Sparus aurata: (Grigorakis, 2007), Dentex dentex: (Özden &

Erkan, 2008; Suárez et al., 2009), Diplodus puntazzo: (Orban et al.,

2000), Seriola dumerilii: (Thakur et al., 2009).

Table 2 Lipid classes of aquacultured meagre fillet

% Lipid mg per g muscle

TAG 15.1 ± 2.95 1.63 ± 0.57

C 15.8 ± 1.62 1.68 ± 0.38

FFA 1.52 ± 0.13 0.16 ± 0.03

MAG 15.4 ± 2.11 1.62 ± 0.30

PE 12.3 ± 0.91 1.30 ± 0.21

PI+PS 12.2 ± 0.85 1.28 ± 0.22

PC 27.7 ± 2.43 2.92 ± 0.56

Values are means of ten fish ± standard deviations.

TAG, triacylglycerides; C, cholesterol; FFA, free fatty acids; MAG,

monoacylglycerol; PE, phosphatidyl-ethanol-amine; PI+PS, phosphati-

dyl-inositol and phosphatidyl-serine; PC, phosphatidyl-choline.
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diet and the fish tissue (Tables 3 and 4), but 20:0 that is
present in feed in almost equal quantities with 14:0 and
18:0 (Table 3) is absent from fish muscle. These results
generally agree with previous findings for the same
species, where predominance of 16:0, presence of 14:0
and 18:0 and absence of 20:0 in meagre muscle were
mentioned (Poli et al., 2003).
The most abundant MUFA both in the diet and fish

muscle is 18:1n-9 (Tables 3 and 4). The high abundance
of 18:1n-9 in aquacultured fish species has been con-
firmed for meagre (Poli et al., 2003) and other Mediter-
ranean cultured species (Delgado et al., 1994; Orban
et al., 2000; Grigorakis et al., 2002; Özden & Erkan,
2008; Álvarez et al., 2009). This fatty acid accumulation
may either be a result of diet or a synthetic product of
desaturase activity (Delgado et al., 1994).
In general, in meagre, muscle n-6 fatty acids are

present in lower quantities than the other fatty acid
groups. Linoleic acid (18:2n-6) is the most abundant n-6

fatty acid. The same has been confirmed for many
Mediterranean aquacultured species (gilthead sea
bream, sea bass, common dentex) (Grigorakis, 2007;
Özden & Erkan, 2008), including meagre (Poli et al.,
2003). The amounts of n-6 PUFAs in flesh, and of
linoleic acid in specifically, are quite similar to the
dietary ones (Tables 3 and 4). High levels of linoleic
acid in reared fish have been observed in gilthead sea
bream as a result of the feed-incorporated plant oils
(Grigorakis et al., 2002; Benedito-Palos et al., 2009),
whereas wild Mediterranean fish species (anchovy, sand
smelt, bogue, striped mullet, picarel, scad and blackspot
sea bream) have very low contents of this fatty acid
(Kalogeropoulos et al., 2004; Álvarez et al., 2009).

Table 3 Fatty acid composition of the feed (expressed as weight per

cent of total fatty acids)

14:0 3.77 ± 0.70

16:0 15.4 ± 1.65

16:1n-9 4.27 ± 0.31

16:2n-4

17:0

16:3n-3 0.42 ± 0.04

17:1n-9

16:4n-3 0.61 ± 0.03

18:0 3.45 ± 0.16

18:1n-9 22.3 ± 0.00

18:1n-7 2.57 ± 0.12

18:2n-6 13.93 ± 0.14

18:3n-3 3.10 ± 0.09

18:4n-3 1.36 ± 0.09

20:1n-9 3.52 ± 0.13

20:2n-9 0.50 ± 0.06

20:3n-6

20:4n-6 0.61 ± 0.02

20:4n-3 0.81 ± 0.04

20:5n-3 7.50 ± 0.30

22:0 3.19 ± 0.44

22:1n-9

22:5n-6

22:5n-3 1.88 ± 0.24

22:6n-3 10.33 ± 1.26

24:1n-9 0.55 ± 0.11

Saturates 25.8 ± 1.75

Monounsaturates 33.2 ± 0.05

n-9 31.1 ± 0.01

n-6 14.6 ± 0.12

n-3 26.0 ± 1.77

EPA+DHA 17.8 ± 1.56

n-3 ⁄ n-6 1.79 ± 0.13

Values are means of three measurements ± standard deviations.

DHA, docohexaenoic; EPA, eicosapentaenoic.

Table 4 Fatty acid composition of the meagre fillet (expressed as

weight per cent of total fatty acids)

PL NL TL

14:0 0.46 ± 0.19a 3.51 ± 0.59b 1.90 ± 0.22

16:0 24.6 ± 1.50b 16.7 ± 0.92a 20.9 ± 0.88

16:1n-7 1.04 ± 0.14a 4.87 ± 0.45b 2.84 ± 0.28

16:2n-4 0.16 ± 0.12b nda 0.09 ± 0.06

17:0 0.26 ± 0.10b nda 0.12 ± 0.07

16:3n-3 0.16 ± 0.07b nda 0.07 ± 0.05

17:1n-9 1.30 ± 0.70b nda 0.62 ± 0.41

16:4n-3 0.03 ± 0.10b nda 0.02 ± 0.05

18:0 3.47 ± 0.69a 4.62 ± 0.50b 4.01 ± 0.49

18:1n-9 19.3 ± 1.22a 23.6 ± 1.20b 21.3 ± 0.60

18:1n-7 1.58 ± 0.30a 3.19 ± 0.45b 2.34 ± 0.29

18:2n-6 12.1 ± 0.52 11.7 ± 0.49 11.9 ± 0.31

18:3n-3 1.23 ± 0.13a 2.64 ± 0.50b 1.89 ± 0.22

18:4n-3 0.11 ± 0.11 0.58 ± 0.54 0.34 ± 0.29

20:1n-9 1.58 ± 0.14b 5.23 ± 0.51a 3.27 ± 0.31

20:3n-6 0.57 ± 0.04b nda 0.30 ± 0.03

20:4n-6 1.07 ± 0.07b 0.81 ± 0.14a 0.94 ± 0.06

20:4n-3 0.50 ± 0.04 0.78 ± 0.36 0.63 ± 0.17

20:5n-3 4.98 ± 0.32 4.13 ± 0.46 4.58 ± 0.31

22:1n-9 0.26 ± 0.14a 5.94 ± 0.75b 2.93 ± 0.37

22:5n-6 0.54 ± 0.20a ndb 0.29 ± 0.10

22:5n-3 2.03 ± 0.14 2.15 ± 0.23 2.09 ± 0.12

22:6n-3 21.2 ± 1.37b 8.07 ± 1.07a 15.0 ± 1.33

24:1n-9 1.48 ± 0.23 1.53 ± 0.40 1.50 ± 0.20

Saturates 28.8 ± 1.34 24.8 ± 1.38 26.9 ± 1.03

Monounsaturates 26.3 ± 1.37a 44.3 ± 1.77b 34.8 ± 1.15

n-9 23.7 ± 1.25a 36.3 ± 1.88b 29.6 ± 0.98

n-6 14.3 ± 0.57 12.5 ± 0.56 13.5 ± 0.42

n-3 31.4 ± 2.85b 18.3 ± 1.60a 25.2 ± 1.33

EPA+DHA 26.2 ± 2.39b 12.2 ± 1.40a 19.6 ± 1.40

n-3 ⁄ n-6 2.20 ± 0.27b 1.47 ± 0.14a 1.85 ± 0.10

AI 0.388 ± 0.025

TI 0.264 ± 0.018

nd, not detected; AI, atherogenic indexes; DHA, docohexaenoic; EPA,

eicosapentaenoic; TI, thrombogenic indexes; PL, polar lipids; NL, neutral

lipids; TL, total Lipids.

Values are means of ten fish ± standard deviations. Different superscript

letters (a,b) stand for statistically significant differences (P < 0.05)

between PL and NL fractions.

Lipid quality & filleting yield of reared meagre K. Grigorakis et al.714

International Journal of Food Science and Technology 2011 � 2011 The Authors

International Journal of Food Science and Technology � 2011 Institute of Food Science and Technology



Dietary eicosapentaenoic (EPA) was almost twice the
amount contained in fish muscle tissue, while docohexa-
enoic (DHA) had a slightly lower proportion in the feed
than in the fish fillet. Similar results have been men-
tioned for the same species by Poli et al. (2003).
Evidence of similar levels of cumulative dietary n-3
and fish flesh n-3 in both the present study and that of
Poli et al. (2003) implies that this fish species retains n-3
PUFA well. This is also a good indication that EPA
transforms to other n-3 fatty acids in fish flesh.
Comparison of polar and neutral lipids showed that

the latter have significantly lower n-3 fatty acids and
total PUFA contents. A similarly low amount of long-
chain PUFA in the neutral fraction of muscular lipids
has been confirmed in sea bass (Delgado et al., 1994;
Skalli et al., 2006), gilthead sea bream (Ibarz et al.,
2005) and sharpsnout sea bream (Orban et al., 2000).
Among the fatty acids in neutral lipids, monounsatu-
rates dominated at a proportion of 44%, more than
double that of polar lipids contents (P < 0.05). Gilt-
head sea bream (Fountoulaki et al., 2003; Ibarz et al.,
2005), sharpsnout sea bream (Orban et al., 2000) and
common dentex (Chatzifotis et al., 2004) have also been
found to have more than double the concentration of
MUFA in neutral lipids than in polar lipids.
With regards to the individual fatty acids, polar lipids

have almost 2.5 times as much DHA than neutral lipids
(P < 0.05), while both fractions have similar EPA
contents. This partially agrees with the findings in
sharpsnout gilthead sea bream, where both EPA and
DHA were found to be much higher in the polar lipid
fraction (Orban et al., 2000). Among MUFA, neutral
lipids have significantly (P < 0.05) higher 16:1n-7,
18:1n-9, 18:1n-7, 20:1n-9 contents. Additionally, 22:1n-
9, which is present in negligible quantities in polar lipids,
is one of the dominant MUFA in the neutral lipid
fraction.
The atherogenic index in the present study was found

to be lower than those of previous studies for the same
species (Poli et al., 2003; Piccolo et al., 2008), and the
TI was lower than that mentioned in one case (Piccolo
et al., 2008) and higher than that mentioned by Poli
et al. (2003). Both AI and TI were herein found to be
lower than those of many wild-captured Mediterranean
fish species (Kalogeropoulos et al., 2004; Grigorakis,
2007). When compared to reared Mediterranean fish
species, the AI was lower than that of sea bass and
similar to those of gilthead sea bream and sharpsnout
seabream, and TI was quite similar to those mentioned
for both these three species (Grigorakis, 2007; Piccolo
et al., 2007). As AI and TI represent the ability to
reduce blood lipid content and platelet activity in
humans, respectively, the low values we found herein
indicate that reared meagre has a strong cardioprotec-
tive effect.

Conclusions

Reared meagre has distinctly different qualities from
most other reared Mediterranean fish species. These
include very low total muscle fat content and high polar
lipids content. PC makes up most of the polar lipids,
and cholesterol most of the neutral lipids. The total
muscle fatty acids reflect the dietary ones.
The polar and neutral lipid fractions of meagre differ

in their fatty acid compositions, with the former being
rich in n-3 PUFA and the latter being rich in MUFA.
The high polar lipid contents, high n-3 and especially the
high DHA contents, in combination with the low
atherogenic and TI indicate that meagre is a species
that contain fat of high nutritional value.
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A., Kaushik, S. & Pérez-Sánchez, J. (2009). The time course of fish
oil wash-out follows a simple dilution model in gilthead sea bream
(Sparus aurata L.) fed graded levels of vegetable oils. Aquaculture,
288, 98–105.

Bligh, E.G. & Dyer, W.J. (1959). A rapid method of total lipid
extraction and purification. Canadian Journal of Biochemistry &
Physiology, 37, 911–917.
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Hernández, M.D., López, M.B., Álvarez, A., Ferrandini, E., Garcı́a
Garcı́a, B. & Garrido, M.D. (2009). Sensory, physical, chemical and
microbiological changes in aquacultured meagre (Argyrosomus
regius) fillets during ice storage. Food Chemistry, 114, 237–245.

Ibarz, A., Blasco, J., Beltran, M. et al. (2005). Cold-induced alterations
on proximate composition and fatty acid profiles of several tissues in
gilthead sea bream (Sparus aurata). Aquaculture, 249, 477–486.

Jobling, M. (2001). Nutrient partitioning and the influence of feed
composition on body composition. In: Food Intake in Fish (edited by
D. Houlihan, T. Boujard & M. Jobling). Pp. 354–375. Oxford, UK:
Blackwell.

Kalogeropoulos, N., Andrikopoulos, N.K. & Hasapidou, M. (2004).
Dietary evaluation of Mediterranean fish and mollusks pan-fried in
virgin olive oil. Journal of the Science of Food and Agriculture, 84,
1750–1758.

Kim, H.Y. & Salem, N. (1990). Separation of lipid classes by solid
phase extraction. Journal of Lipids Research, 31, 2285–2289.

Lepage, G. & Roy, C.C. (1984). Improved recovery of fatty acid
through direct transesterification without prior extraction or puri-
fication. Journal of Lipids Research, 25, 1391–1396.

Mourente, G., Megina, C. & Dı́az-Salvago, E. (2001). Lipids in female
northern bluefin tuna (Thunnus thynnus thynnus L.) during sexual
maturation. Fish Physiology and Biochemistry, 24, 351–363.
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