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ABSTRACT (ojo 206)

The present study focuses on the lipid composition of angler (Lophius
piscatorius) muscle. Distribution of lipid classes and groups and fatty acid composition
of neutral and polar lipid fractions corresponding to two edible sites (head and tail) were
investigated. Proximate composition and essential and toxic mineral contents were also
analysed. Moisture, total lipid and protein contents ranged from 828-845, 3.0-3.7 and
135-170 g kg muscle, respectively. Phospholipids were found to be the most abundant
lipid group (690-720 g kg™ total lipids) and triacylglycerol presence was very low (3.2-
7.7 g kg™ total lipids). The most abundant fatty acid group comprised polyunsaturated
fats. In both neutral and polar lipid fractions, 22:6 n-3 was found to be the major fatty
acid, followed by 16:0 and 18:1 n-9. Nutritionally valuable high concentrations of Zn
and Mn were observed, and As was the most abundant toxic element. Higher protein
and trimethylamine oxide values were observed in the tail site, but lower in moisture,
sterol and triacylglycerol contents; however, an inhomogeneous muscle distribution
could not be demonstrated with regards to total lipids, phospholipids, free fatty acids or
a-tocopherol contents. Mean concentrations of essential and toxic elements were higher
in the head site in most cases, especially for Zn, Cd, Cr and V.

Running Title: Chemical composition of angler muscle
Keywords: food analysis; food composition; Lophius piscatorius; muscle; head; tail;
proximate composition; lipid fractions; fatty acids; minerals
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ABBREVIATIONS LIST

DHA: docosahexaenoic acid

EPA: eicosapentaenoic acid
FAME: fatty acid methyl esters
FFA: free fatty acids

MUFA: monounsaturated fatty acids
NL: neutral lipids

PL.: phospholipids

POL.: polar lipids

PUFA: polyunsaturated fatty acids
SFA: saturated fatty acids

STS: sterols

TAG: triacylglycerols

TMAO: trimethylamine oxide
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1. INTRODUCTION

Seafood products are known to provide significant amounts of different
beneficial nutrients such as nutritional and digestible proteins, lipid-soluble vitamins,
essential minerals and highly unsaturated fatty acids (Aitken et al., 1982; Simopoulos,
1997). Most of these constituents have been shown to play important roles in human
diet. Among them, the lipid fraction is now the subject of a great deal of attention due to
its high content of n-3 polyunsaturated fatty acids (n-3 PUFA), which have exhibited a
positive effect in the prevention of certain human diseases (Ackman & Ratnayake,
1990; Weber, 1992).

Chemical constituents of marine species have been proven to be
inhomogeneously distributed throughout the body, most likely as a result of
physiological and anatomical factors (Pearson et al., 1977). The lipid matter has been
recognised as the most strongly affected of these constituents, with wide differences in
lipid content among tissues in both fatty (Piclet, 1987; Gallardo et al., 1989) and lean
(Aubourg et al., 1999; Aubourg et al., 2007) fish. Additionally, previous studies have
shown that mineral concentrations of fish muscle zones may be influenced by different
biological factors (Lal, 1995; Noél et al., 2011).

Angler (Lophius piscatorius) is a monkfish belonging to the Lophiidae family. It
has a very large head, which is broad, flat and depressed, making the rest of the body
(normally called the tail) appear to be a mere appendage. This species is widely found in
coastal waters of the northeast Atlantic, from the Barents Sea to the Strait of Gibraltar,
the Mediterranean Sea and the Black Sea. This high-value commercial species has long
attracted a great deal of interest because of its firm and flavourful flesh, and the
countries that have reported the greatest capture volumes in the last decade are France,
UK, Denmark, Spain and Norway (FAO, 2007).

Previous research related to angler has focused on the assessment of contaminant
components, such as organochlorine compounds (Bordajandi et al., 2006) and toxic
minerals (Mormede & Davis, 2001; Afonso et al., 2008; Anacleto et al., 2009).
Preliminary research into quality changes in this species during storage or technological
processing has assessed microbial presence assessment (Mediel et al., 2000), volatile
amine formation (Ruiz-Capillas & Horner, 1999), nucleotide degradation (Mendes et
al., 2001) and employment of advanced chilling strategies (Barros-Veldzquez et al.,
2008; Garcia-Soto et al., 2011). Previous research related to chemical composition and
nutritional value of angler, is scarce and has focused on proximate and amino acid
composition (Jhaveri et al., 1984), fatty acid composition (Sirot et al., 2008), and
assessment of a-tocopherol and essential minerals (Jhaveri et al., 1984; Carvalho et al.,
2005).

The primary goal of the present study was to investigate the lipid composition of
angler muscle. For this purpose, the distribution of lipid classes and groups and the fatty
acid composition of neutral and polar lipid fractions corresponding to two edible sites
(head and tail) were investigated. The work also focused on the proximate composition
and on essential and toxic mineral assessments.

2. MATERIALS AND METHODS
2.1. Fish material and sampling
Angler individuals (n = 20; 300-450 g weight; 24-30 cm length) were captured
in the North Atlantic Fishing Bank of the Grand Sole, unloaded in Vigo Harbour and
transported to our laboratory. From the time of capture until arrival at the laboratory, the
fish were stored in ice. In all cases, gonads of individual fishes were at the 5"/6™ stage
of Maier’s scale of gonad maturity.
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The fish were distributed into five groups (four individuals per group), which
were considered independently in the statistical analysis (n = 5). Within each fish group,
the white muscle of two different zones (head and tail) was considered and carefully
separated. The absence of bones, blood and dark muscle was verified. Chemical
analyses were carried out separately on each of the selected zones of each fish group.
Solvents and chemical reagents used in this study were of reagent grade (Merck,
Darmstadt, Germany); in the case of tocopherol analysis, solvents used were liquid
chromatographic grade.

2.2. General composition analysis

Moisture content was determined as the weight difference in the homogenised
muscle (1-2 g) before and after 4 h at 105°C (AOAC, 1990). Results were calculated as
g water kg muscle.

Protein content was measured using the Kjeldahl method (AOAC, 1990) with a
conversion factor of 6.25. Results were calculated as g protein kg”' muscle.

The total lipid fraction was extracted using the Bligh and Dyer (1959) method
and was quantified as g total lipid kg muscle. Throughout the study, total lipid extracts
were kept at —40°C in a nitrogen atmosphere.

Trimethylamine oxide (TMAO) content was determined using a previous
reduction of a trichloracetic acid extract of the muscle with titanium (III) chloride
(Parkin & Hultin, 1982); the trimethylamine content was assessed using the
spectrophotometric method described by Tozawa et al. (1971). Results were expressed
as mg TMAO-nitrogen (TMAO-N) kg™ muscle.

2.3. Lipid classes and groups analysis

Phospholipids (PL) were quantified by measuring the organic phosphorus in the
total lipid extracts according to the Raheja et al. (1973) method, which is based on a
complex formation with ammonium molybdate. Results were calculated as g PL kg’
muscle and as g PL kg™ total lipids.

Sterols (STS) were determined on total lipid extracts by the method of Huang et
al. (1961) based on the Liebermann-Buchardt reaction. Results were calculated as g STS
kg muscle and as g STS kg™ total lipids.

To measure the triacylglycerol (TAG) content, the total lipid extracts were first
purified on 20 x 20 cm thin-layer chromatography plates coated with a 0.5 mm-layer of
silica gel G from Merck (Darmstadt, Germany) using a mixture of hexane-ethyl ether-
acetic acid (90-10-1, v-v-v; two developments) as eluent (Aubourg et al., 1991). Once
the TAG fraction was purified, the method of Vioque and Holman (1962) was used to
measure the ester linkage content according to the conversion of the esters into
hydroxamic acids and subsequent complexion with Fe (III). Results were calculated as g
TAG kg™ muscle and as g TAG kg™ total lipids.

Free fatty acid (FFA) content of the total lipid extracts was determined following
the Lowry and Tinsley (1976) method, which is based on the formation of a complex
with cupric acetate-pyridine. In this study, benzene was replaced by toluene as organic
solvent. Results were calculated as g FFA kg™ muscle and as g FFA kg™ total lipids.

Tocopherol isomers were analysed according to the Cabrini et al. (1992) method.
In this analysis, tocopherols were extracted from the muscle with hexane, dried under
nitrogen flux, dissolved in isopropanol and injected into an HPLC system (ODS
column, 15 cm x 0.46 cm i.d.); detection was performed at 280 nm. The presence of
different tocopherol isomers (o, f3, y and d) was assessed. Only the a-tocopherol isomer




175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224

was detected, and its content was calculated with a calibration curve prepared from
commercial a-tocopherol. Results were expressed as mg a-tocopherol kg™ muscle and
as g a-tocopherol kg total lipids.

2.4. Fatty acid analysis

Total lipid extracts from both muscle sites were fractionated on pre-packed Sep-
Pak® SEP amino propyl cartridges (Waters, Dublin, Ireland). For this analysis,
cartridges were first activated by successive elutions of CH;0H (3 mL), CHCI; (5 mL)
and hexane (5 mL). Then, 1 mg of total lipid extracts was dissolved in 1 mL CHCIl; and
applied to the cartridge. Neutral lipids (NL) were eluted with 3 mL CHCIl;, whereas
polar lipids (POL) were eluted after addition of 2 mL CH3;OH. Throughout the study,
NL and POL fractions were kept at —40°C in a nitrogen atmosphere.

NL and POL extracts were converted into fatty acid methyl esters (FAME) by
using acetylchloride and were then analysed by gas-liquid chromatography (Perkin-
Elmer 8700 chromatograph, Madrid, Spain) according to an established procedure
(Aubourg et al., 1991). For it, a fused silica capillary column SP-2330 (0.25 mm i.d. x
30 m, Supelco, Inc., Bellefonte, PA, USA) was employed and the temperature program
was as follows: increased from 145 to 190°C at 1.0°C/min and from 190°C to 210°C at
5.0°C/min; held for 13.5 min at 210°C. The carrier gas was nitrogen at 10 psig and
detection was performed with a flame ionisation detector at 250°C. A programmed
temperature vaporiser injector was employed in the split mode (150:1) and was heated
from 45 to 275°C at 15°C/min. Peaks corresponding to FAME were identified by
comparing their retention times with those of standard mixtures (Qualmix Fish,
Larodan, Malmo, Sweden; FAME Mix, Supelco, Inc.). Peak areas were automatically
integrated; 19:0 fatty acid was used as internal standard for quantitative purposes.
Content of each fatty acid was expressed as mg kg muscle.

2.5. Analysis of essential and toxic minerals analysis

Two groups of elements were analysed. The first group included five essential
elements (Co, Cu, Fe, Mn and Zn) that are present in all animal tissues (Johnson &
Fischer, 1994; Lal, 1995). The second group comprised seven elements (As, Cd, Cr, Hg,
Ni, Pb and V), which are referred to as toxic and thought to reflect exogenous
influences related to environmental pollution (Engman & Jorhem, 1998; Noél et al.,
2011).

Samples corresponding to head and tail sites were dried in a stove at 50°C to
constant weight and subsequently ground in an agate mortar. A 325+20 mg fraction of
each sample was weighed in a 55 mL Teflon vessel and a mixture of 6 mL of 69%
HNO3;, 2 mL of 30% H;O, and 4 mL of Milli-Q water was added prior to the
microwave digestion. Then, samples of fish muscle were introduced into a Mars-X-
Press CEM (Matthews, NC, USA) microwave oven with three blanks and three samples
of certified reference material (DORM-2 from the National Research Council of
Canada; Table 1), which were included to verify the success of the analytical procedure.
Samples were completely digested and diluted to a volume of 50 mL; sample handling
was accomplished inside of a clean cabinet (Cruma 670 FL, Barcelona, Spain).

In the digested samples, the mineral concentrations of As, Cd, Co, Cr, Cu, Mn,
Ni, Pb, V and Zn were determined using a quadrupole ICP-MS (Thermo Elemental, X-
Series, Bremen, Germany) equipped with a Peltier Impact bead spray chamber and a
concentric Meinhard nebulizer. The experimental parameters were as follows: forward
power of 1400 W; peak jumping mode; 150 sweeps per replicate; dwell time of 10 ms,
and dead time of 30 ns. Two procedural blanks were prepared using the analytical
procedures and reagents described above and were included in each batch of 20
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samples. Quantification was achieved by single mode analysis, by applying the
corrections provided by the equipment software for polyatomic and isobaric
interferences.

Fe was determined by flame atomic absorption spectrometry (Varian 220 FS,
Victoria, Australia) with a nitrous oxide-acetylene flame. Hg was determined by atomic
absorption spectrometry using a silicon UV diode detector Leco AMA-254 (Plzen,
Czech Republic) after pyrolysis of each sample in a combustion tube at 750°C under an
oxygen-rich atmosphere and collection on a gold amalgamator (Costley et al., 2000). In
all cases, procedural blanks accounted for less than 1% of element concentrations in the
samples. The precision and accuracy of the analytical procedures was controlled
through repeated analyses of certified reference materials containing the studied
elements (Table 1). Quantification results are expressed as mg kg™ muscle.

2.6. Statistical analysis

Data (n = 5) obtained from the different chemical analyses were subjected to the
ANOVA method (p<0.05) to investigate differences between body zones, i.e., the head
and tail comparison (Statsoft Inc., Statistica, version 6.0, 2001; incluir city, state y
country ??). Comparison of means was performed using a least-squares difference
(LSD) method.

3. RESULTS AND DISCUSSION
3.1. General composition analysis

Moisture and total lipid contents ranged from 828-845 and 3.0-3.7 g kg™ muscle
(Table 2), respectively, in good agreement with the results reported in previous research
carried out on angler muscle (Jhaveri et al., 1984; Barros-Velazquez et al., 2008;
Garcia-Soto et al., 2011). Total lipid range can be considered low compared to the lipid
ranges of other lean fish species such as hake (Merluccius merluccius) (Aubourg et al.,
1999) and turbot (Psetta maxima) (Aubourg et al., 2007). Additionally, moisture content
was relatively high, which corresponds the known inverse ratio between water and lipid
constituents in fish (Pearson et al., 1977; Garcia-Arias et al., 1994). Comparison of the
two muscle sites indicated a higher moisture content in the head location than the tail
location; consequently, and according to the above-mentioned inverse ratio with lipid
matter, a lower mean value was observed for the total lipid content in the head muscle
zone.

Protein content range from 135-161 g kg ™' muscle (Table 2), in agreement with
the contents reported by previous research on proximate composition of angler muscle
(Jhaveri et al., 1984). Compared to most lean and fatty fish species, this range of protein
contents can be considered relatively low, particularly for the head zone (Aitken et al.,
1982; Piclet, 1987). However, digestibility value of angler muscle has been reported as
91.3% (Jhaveri et al., 1984), which places it in the digestibility range of teleostean fish
species (88-96%; Piclet, 1987). An inhomogeneous distribution of protein content was
observed in the present work, with a higher protein level observed in the tail zone.

The TMAO molecule has been recognised as ubiquitous constituent of marine
species that plays an important role in osmoregulation during the life of the fish (Aitken
et al., 1982). After the death of the fish and during the processing and storage steps,
TMAO can induce different types of degradation that lead to the formation of different
molecular spoilage indicators, such as trimethylamine, dimethylamine and
formaldehyde. As a result of the formation of such spoilage and breakdown molecules,
an important loss of quality is sustained (Finne, 1992; Huss, 1995).
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In the present work, TMAO-N assessment revealed an inhomogeneous
distribution of this molecule between the two sites under study (Table 2), with the
highest level observed in the tail zone. A higher TMAO concentration in tail muscle
compared to the dorsal and ventral muscle zones has already been reported in farmed
and wild blackspot seabream (Pagellus bogaraveo) (Alvarez et al., 2009). This
difference in TMAO distribution can be explained on the basis of a greater interchange
surface with the environment in the tail zone. Consistent with the role of the TMAO
molecule in osmoregulation, a higher content of this molecule would be necessary in the
tail zone to prevent dehydration of the fish body.

TMAO content has also been shown to be dependent on species, area of capture,
and size and condition of fish (Aitken et al., 1982). Thus, a higher content has been
recorded in wild individuals than in their farmed counterparts in species such as cod
(Gadus morhua) (Herland et al., 2007) and blackspot seabream (P. bogaraveo) (Alvarez
et al., 2009). Previous research has shown that the highest TMAO-N contents can be
found in elasmobranches, squids and gadoid fish (750-2500 mg kg™ muscle). The
present results indicated that the TMAO-N content in angler muscle can be considered
relatively low, being similar to values reported for flat and pelagic fish species (Finne,
1992; Huss, 1995).

3.2. Total lipid composition analysis
Total lipid composition was investigated by analysing lipid classes and groups
and determining the fatty acid composition of NL and POL fractions.

3.2.1. Lipid classes and groups

Table 3 shows the contents of different lipid classes and groups observed in the
two muscle locations; results are expressed on both muscle and total lipid basis.

PL have been shown to represent the most abundant total lipid group (Table 3).
Their concentration of PL did not differ between the two locations. This lipid group has
been reported to be an important constituent of cell membranes and supports a structural
role in living bodies, so its presence in muscle is hardly affected by internal factors such
as anatomical and physiological characteristics (Pearson et al., 1977). This lack of
content differences between the muscle sites is in agreement with previous research on
albacore (Thunnus alalnuga) (Gallardo et al., 1989) and on lean fish species such as
turbot (P. maxima) (Aubourg et al., 2007) and blackspot seabream (P. bogaraveo)
(Alvarez et al., 2009).

The range of values found for STS (Table 3) is higher than that previously
reported by Jhaveri et al. (1984) for the same species (0.186 g kg’ muscle).
Additionally, an inhomogeneous distribution between the two zones was observed for
the STS group in this investigation; in terms of both muscle and total lipid contents, a
higher concentration of this lipid group was observed in the head zone. STS are reported
to contribute to functional properties and play structural roles in living bodies (Pearson
et al., 1977; Aubourg et al., 1991); accordingly, no differences in the STS distribution
were observed in different zones of blackspot seabream (P. bogaraveo) (Alvarez et al.,
2009) or in albacore tuna (T. alalunga) (Gallardo et al., 1989). However, previous
research conducted on wild and farmed turbot (P. maxima) showed that a marked STS
accumulation was achieved in the edge zone, especially in the case of farmed fish
(Aubourg et al., 2007).

TAG values were generally lower than those obtained for STS and PL (Table 3).
Values range obtained for TAG is in agreement with the lipid class distribution of a lean
fish species (Pearson et al., 1977, Alvarez et al., 2009) but is markedly different from
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the corresponding profile of a fatty fish species (Gallardo et al., 1989). Higher TAG
mean contents were obtained from the head muscle than from the tail (Table 3); when
expressed in terms of the total lipid content, this difference was significant.

Value ranges found in the present study for the presence of FFA correspond to
very low development of lipid hydrolysis in a lean fish species (Aubourg et al., 1999;
Aubourg et al, 2007). Because the analysis was carried out after the
catching/slaughtering steps, values obtained in the present research should correspond
to the in vivo metabolic action of lipases and phospholipases on high-molecular-weight
lipids such as TAG and PL, respectively. No difference in the hydrolytic enzyme
activity of the different muscle zones under study was observed, although higher mean
values were detected in the head site.

The a-tocopherol contents obtained for fish muscle are expressed in Table 3.
Values obtained were higher than those reported for the same species by Afonso et al.
(2008) (1.1+1.4 mg kg'1 muscle). Table 3 shows that a higher mean value was found in
the tail zone than in the head zone, although differences were not found significant.
However, an inhomogeneous distribution of a-tocopherol in muscle has been observed
in other wild fish, such as turbot (P. maxima) (Aubourg et al., 2007) and Atlantic
halibut (Hippoglossus hippoglossus) (Ruff et al., 2004); in such experiments, higher o-
tocopherol contents were observed in edible zones that had higher total lipid contents.
In the current experiment, a higher mean total lipid content in the tail zone was
accompanied by a higher mean a-tocopherol presence in the same site (Tables 2-3).

Tocopherols are known lipid-soluble chain-breaking antioxidants, and the main
role of these antioxidants is to protect the unsaturated fatty acids from oxidation.
Different isomers (a-, B-, y- and 6-) have been identified in plants and all have been
found in most seaweeds and unicellular algae. However, a-tocopherol has been reported
to be the only tocopherol that accumulates in higher marine animals from natural diets
(Sigurgisladottir et al., 2003). When farmed fish are considered, deposition of different
tocopherol isomers (primarily o- and y-isomers) as a result of diet has often been
observed (Parazo et al., 1998).

3.2.2. Fatty acids

Fatty acid composition of NL and POL fractions was studied in the two different
zones of angler muscle (Table 4). In the neutral fraction, 22:6 n-3 fatty acid was the
most abundant, followed by 16:0, 18:1 n-9 and 18:0 fatty acids. A similar profile was
observed for the polar fraction; thus, the following order was determined for the most
abundant fatty acids in terms of decreasing content: 22:6 n-3 > 16:0 > 18:1 n-9 > 20:5
n-3 > 20:4 n-6. In a previous study, the fatty acid composition of angler captured along
the French coast was analyzed (Sirot et al., 2008); in that study, no muscle site
differentiation was carried out and the following decreasing sequence was reported:
22:6 n-3 > 16:0 > 20:5 n-3 > 18:1 n-9 > 18:0. Present results and discussion concerning
differences in distribution between sites and types of lipid fractions will now be focused
on fatty acid group contents and fatty acid ratio values.

In both muscle zones and in both lipid fractions, PUFA was the most abundant
group, in agreement to a previous study on angler muscle in which no muscle site
differentiation was achieved (Sirot et al., 2008). In the present work, contents of all
groups (saturated fatty acids, SFA; monounsaturated fatty acids, MUFA; PUFA) were
shown to be higher in the polar fraction than in the neutral fraction in both the tail and
the head. This result can be explained on the basis that PL was found to be the most
abundant total lipid group (Table 3) and that similar total lipid contents were observed
in both muscle zones (Table 2).
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Comparison of NL between muscle sites showed higher mean contents for the
three acid groups in the head zone than in the tail zone; these differences were found to
be significant for MUFA and PUFA. It was concluded that the head zone has a higher
neutral lipid content. With regards to the POL fraction, a definite trend related to the
distribution of fatty acid groups between muscle zones was not obtained. This
conclusion is in agreement to the above-mentioned structural role of PL (main
component of the polar fraction), which is thought to render it robust against internal
and external factors (Pearson et al., 1977; Gallardo et al., 1989).

A majority of the Western population does not consume adequate levels of n-3
fatty acids through natural dietary sources, such as fish. As a result, great interest has
been recently accorded to the n-3/ n-6 ratio of foods included in the human diet. The
value of this ratio has shown to have a great effect on the development of certain health
problems (Ackman & Ratnayake, 1990; Weber, 1992), and the recommended ratio for
the whole diet is near 1/6 (n-3/ n-6) (Simopoulos, 1994). In the present work (Table 4),
although higher mean values of the n-3/ n-6 ratio were obtained in the polar fraction in
both the head and tail, these differences were not found to be significant. However, it
should be noted that both edible zones exhibited n-3/ n-6 ratios that would be beneficial
for maintaining the recommended values in the whole human diet.

In response to the recent interest in n-3 fatty acids, great attention has been
accorded to the two most abundant components (22:6 n-3 or docosahexaenoic acid,
DHA; 20:5 n-3 or eicosapentaenoic acid, EPA) of the n-3 fatty acid series. As a result,
EPA has been recognised as being beneficial for human health as it reduces the risk of
cardiovascular diseases (Hall et al., 2008) and DHA has been reported to contribute to
the development of certain functions related to the nervous system and visual functions
in human beings (Linko & Hayakawa, 1996). Because of this interest, the DHA/EPA
ratio distribution in the different sites and lipid fractions of angler muscle were analysed
in the present work (Table 4). In all cases, a value greater than 4 was obtained for this
ratio. Higher mean values were obtained in the NL fraction, and such differences were
significant in the tail zone. Comparison of muscle zones did not indicate a definite
trend. Previous research on turbot (P. maxima) (Aubourg et al., 2007) and blackspot
seabream (P. bogaraveo) (Alvarez et al., 2009) did not identify differences in this fatty
acid ratio between different muscle zones.

3.3. Mineral composition analysis

Marine organisms absorb minerals from their diet and the surrounding water and
deposit them in their skeletal tissues and organs. Many such elements are widely known
to be present in enzyme active centers that are responsible for the development of
important functions in all animals; thus, marine-derived foods can serve as a good
source of essential elements (Johnson & Fischer, 1994; Lal, 1995). Additionally, fish
and shellfish are good bioindicators of trace element contamination in the marine
environment because they occupy different trophic levels and can exhibit large
bioaccumulation factors; by studying fish and shellfish, the harmful effects of certain
metals and metalloids to marine environment and to human health have been recognized
(Engman & Jorhem, 1998; Noél et al., 2011). For both the essential and toxic groups,
elements corresponding to the transition and electronegative groups of the periodic table
have been reported to be strongly bound to other constituents, whereas elements
corresponding to electropositive groups generally remain dissolved in the ionic state in
the cell medium (Piclet, 1987). Preliminary studies have indicated that the concentration
of essential and toxic minerals in fish is influenced by a number of factors such as
seasonal and biological differences (species, size, dark/white muscle, age, sex and

10
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sexual maturity), food source and environment (water chemistry, salinity, temperature
and contaminants) (Lal, 1995; Noél et al., 2011).

In the present research, the presence of different essential (Co, Cu, Fe, Mn and
Zn) and toxic (As, Cd, Cr, Hg, Ni, Pb and V) elements was assessed in two angler
muscle zones (Table 5).

Among the essential elements analysed, Zn and Fe were found to be the most
abundant, whereas Co was present at very low levels. Higher mean values were
obtained for all essential elements in the head zone compared with the tail zone; such
differences were significant in the case of Zn. The Cu and Fe contents found in the
present study agree with the mean values reported for the muscle of most fish species;
however, Zn and Mn concentrations can be considered to fall above this mean value,
whereas Co content measured here is below the mean value (Piclet, 1987; Lal, 1995;
Engman & Jorhem, 1998).

Previous research has reported on the essential mineral content in angler muscle,
although a muscle zone study had not been conducted. In an earlier study (Jhaveri et al.,
1984), angler captured along the coast of southern New England (USA) coast were
analysed; results demonstrated lower values than those in the present study with respect
to Cu, Fe and Zn (0.28, 3.20 and 4.10 mg kg ' muscle, respectively). In a second study
(Carvalho et al., 2005), angler captured along the Portuguese coast were analysed,
again, lower values than those in the present study were obtained for Cu, Fe, Mn and Zn
(0.17, 1.36, 0.24 and 3.57 mg kg™’ muscle, respectively).

With regards to the toxic elements assessment, As was found to be the most
abundant, whereas the abundances of Cd and Pb were very low. In most cases (except
for As and Hg), higher mean values were observed in the head zone than in the tail
zone; these differences were significant in the cases of Cd, Cr and V.

Previous works have assessed toxic elements in angler muscle; in such studies,
no muscle zone analysis was included. In angler caught along the coast of southern New
England (USA) (Jhaveri et al., 1984), similar values for Cd (0.011 mg kg'1 muscle) but
lower values for Ni (0.03 mg kg' muscle) were obtained compared with those
determined in the present study. In angler caught along the Portuguese coast (Carvalho
et al., 2005), lower values were obtained for Cd, Cr, Hg, Ni and Pb (0.00, 0.19, 0.22,
0.03 and 0.01 mg kg ' muscle, respectively) when compared with those determined in
the present work. In another study (Afonso et al., 2008), a different sample of angler
from the Portuguese coast was reported to have a similar Hg content (0.43 mg kg
muscle) to that determined in the present research.

With regards to the assessment of As in angler muscle, lower values have been
reported in previous investigations compared to values determined in this study.
Anacleto et al. (2009) reported a values range of 4.4-20.3 mg kg muscle for angler
captured along the Portuguese coast. Similarly, Mormede and Davis (2001) reported a
2.70-21.47 mg kg™ muscle range for angler captured in the Rockall Basin, northwest of
Scotland and Ireland.

It has been reported that intrinsic factors such as growth (size, weight), age, sex,
sexual maturity, physiology and stress influence the accumulation of trace metals in
marine organisms (Phillips and Rainbow, 1993). Additionally, geographical variations
and differences in feeding habitats and availability have also been reported to induce
differences in metal levels (Engman & Jorhem, 1998). Differences between present
results and previously reported values for the same species and for related fish species
can be explained on the basis of these intrinsic and extrinsic factors.

4. CONCLUSIONS
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The present research has provided new data concerning the lipid composition
and the essential and toxic element contents of angler captured in the Grand Sole
Fishing Bank. Angler muscle contains low total lipid and protein contents, which are
accompanied by a relatively high moisture level. The lipid classes and groups analysis
showed PL to be the most abundant group, whereas TAG presence was demonstrated to
be very low. In both the NL and POL fractions, the contents of the PUFA group was
generally higher than the contents of the SFA and MUFA groups; 22:6 n-3 was the
major fatty acid. A healthy and beneficial n-3/ n-6 ratio was observed in all cases.
Naturally valuable muscle contents were also observed regarding essential elements
such as Cu, Fe, Zn and Mn; the contents were especially high for the latter two
elements. Among toxic elements, As was found to be the most abundant.

A difference in the distribution of chemical components was observed by
comparing the two muscle locations under study. Higher protein and TMAO-N
concentrations but lower for moisture, STS and TAG contents were observed in the tail
site. However, an inhomogeneous muscle distribution could not be demonstrated with
regards to total lipids, PL, FFA and a-tocopherol contents. The mean concentrations of
essential elements were higher in the head site than in the tail site for all elements
considered; this difference was significant in the case of Zn. For toxic elements, higher
mean values were also obtained for the head site, with the exceptions of As and Hg;
differences were found to be significant for Cd, Cr and V.
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TABLE 1

Analysis results* of certified reference material (CRM)**

Essential/toxic element Measured Certified
Co 0.176 £0.028 0.182+0.031
Cu 2.25+0.13 2.34 +£0.16
Fe 138+ 12 142 + 10
Mn 3.80+0.27 3.66 +0.34
Zn 23.0+3.9 25.6+23
As 176 £0.2 18.0+ 1.1
Cd 0.040 £ 0.001 0.043 +0.008
Cr 343+2.6 347+5.5
Hg 4.51+£0.15 4.64 +£0.26
N1 17.8+1.6 194 +3.1
Pb 0.054 + 0.006 0.065 + 0.007

Vv 0.47 £0.03 NC***

* Results (n=3; three replicates) are expressed as mg kg™ muscle.

** CRM consisted on fish muscle material (DORM-2) from the National Research

Council of Canada.

*** NC, not certified.



TABLE 2

General composition* parameters in different muscle zones of angler**

Parameter Muscle zone
Head Tail
Moisture 8409+44 b 830.0+1.7 a
Total lipids 3.22+0.29 342+0.25
Proteins 140.2 £5.1 a 157733 b
Trimethylamine oxide- 238.0+78.6 a 407.5+43.6 b

nitrogen (TMAO-N)

* Values expressed as g kg™ muscle, except for TMAO-N (mg kg muscle).

** Mean values of five independent determinations (n = 5) + standard deviations. For
each parameter, values followed by different letters (a, b) express significant
(p<0.05) differences between head and tail zones, respectively. No letters are

included in case of no significant differences (p>0.05).



TABLE 3

Content™* on lipid classes and groups in different muscle zones of angler muscle**

Lipid parameter Muscle zone
Head Tail

Phospholipids 2.288 +0.176 2.370 £ 0.255

(715.1 £6.5) (696.9 £ 8.1)
Sterols 0.355+0.040 b 0.288+0.019 a
(111.0£1.4) b (84.7+0.7) a

Triacylglycerols 0.024 + 0.008 0.011+0.010
(7.43£0.26) b (3.27+0.03) a

Free fatty acids 0.119 £ 0.055 0.073 £ 0.038

(37.30 £ 2.08) (21.54 £1.23)

a-tocopherol 1.990 £0.212 2.335+£0.251
(0.618 = 0.066) (0.683 £0.073)

* Values expressed as g kg™ muscle, except for a-tocopherol (mg kg™ muscle). Values

in brackets correspond to g kg™ total lipids.

** Mean values of five independent determinations (n = 5) + standard deviations. For

each lipid component, values followed by different letters (a, b) express

significant (p<0.05) differences between head and tail zones, respectively. No

letters are included in case of no significant differences (p>0.05).



TABLE 4

Fatty acid content (mg kg™ muscle) and fatty acid ratio assessment* in neutral and

polar lipid fractions of different zones of angler muscle**

Fatty acid Neutral fraction Polar fraction
Head Tail Head Tail
14:0 1.79 +£0.77 1.36 £0.37 11.07 £ 1.66 10.27 £1.43
15:0 0.23+0.12 0.32+0.09 443 +045 5.28 +£0.73
16:0 15.04 +£3.30 11.05+2.62 196.26 + 3.33 193.29 +£7.55
16:1 n-7 5.92+2.08 3.54+0.99 31.10+£6.18 30.53 £6.80
17:0 0.42+0.19 0.51+£0.14 11.40+1.08 12.08 £ 0.94
18:0 9.98 +0.70 11.02 +1.80 28.13£2.24 22.71 £5.37
18:1 n-9 13.22+£3.26 9.96 +£2.52 111.26 £3.78 110.81+£12.95
18:1 n-7 3.87+£0.96 2.79 £0.71 22.04 £2.08 20.67 £2.04
18:2 n-6 1.22+0.26 0.85+£0.14 9.57+1.31 925+1.16
18:3 n-3 3.99+1.08 2.10 £0.96 2.03+£0.98 393+1.21
20:1 n-9 2.94+1.22 2.21+0.61 7.84 +£1.33 5.78 £2.55
18:4 n-3 1.66 £0.57 0.69 £0.46 2.99+£0.74 2.08 +£0.39
20:4 n-6 5.69+0.78 3.84+1.02 37.82+5.73 40.90 +£4.28
20:5n-3 5.92+1.41 3.60+1.16 56.93 + 6.46 66.44 £ 6.05
24:1 n-9 1.78 £0.54 1.02 £0.39 1592 +£1.32 15.77 £1.07
22:5n-3 2.75£1.09 1.77+£0.54 20.45 £5.63 21.25+£5.07
22:6 n-3 35.01 £5.31 25.06 £6.05 290.65 +23.36 294.62 +23.49
SFA z 27.46 £3.78 z 2426+2.88 y 251.29+3.87 vy 243.63+8.74
MUFA z 27773+445 b z 19.52+323 a y 188.16+£5.63 y 183.56+13.41
PUFA z 56.24+£6.52 b z 37.91+£6.85 a y 420.44+31.74 y 438.47 +26.02
n-3/ n-6 ratio 7.14+1.34 7.08+1.14 7.87+1.01 7.74 £ 0.69
DHA/EPA ratio 591 £0.65 y 6.96 +0.60 5.11 £0.46 z 443 +0.31

* Mean values of five independent determinations (n = 5) + standard deviations. For
each fatty acid group or ratio, values followed by different letters (a, b) express
significant (p<0.05) differences between head and tail zones in each lipid
fraction (neutral and polar). For each fatty acid group or ratio, values preceded
by different letters (z, y) express significant (p<0.05) differences between
neutral and polar fractions in each muscle zone (head and tail). No letters are
included in case of no significant differences (p>0.05).

** Abbreviations: SFA (saturated fatty acids), MUFA (monounsaturated fatty acids),
PUFA (polyunsaturated fatty acids), DHA (docosahexaenoic acid; 22:6 n-3) and
EPA (eicosapentaenoic acid; 20:5 n-3).



TABLE 5

Element contents* in different zones of angler muscle**

Essential/toxic element Muscle zone
Head Tail

Co 0.079 £0.005 0.077 £0.007
Cu 2.34+0.73 1.45 4+ 0.69
Fe 17.5+74 89+73
Mn 0.924+0.24 0.60+0.14
/n 295+£60 Db 155+1.1 a
As 273+4.7 31.1+£5.9
Cd 0.011+0.003 b 0.005+0.001 a
Cr 0.75+0.11 b 0.54+0.07 a
Hg 0.425 +0.030 0.471 £0.041
Ni 0.164 +£0.033 0.151 £ 0.046
Pb 0.080 + 0.048 0.051 £ 0.041
A\ 1.86+0.18 b 0.50+0.08 a

* Values expressed as mg kg™ muscle.

** Mean values of five independent determinations (n = 5) + standard deviations. For

each element, values followed by different letters (a, b) express significant

(p<0.05) differences between head and tail zones, respectively. No letters are

included in case of no significant differences (p>0.05).
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