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The king weakfish Macrodon ancylodon is a marine species, Sciaenidae family, with economic importance due to the wide
distribution and market acceptation. Thus, the aim of study was to evaluate body morphometric relationships, yield and
centesimal composition of king weakfish fillet. Therefore, 60 fish were organized in four weight class (T1=100-200g,
T2=201-300g, T3=301-400g e T4=401-500g). Body weights and measures were measured for subsequent analyzes of the
morphometric relationships, the yields and the centesimal composition of the fillets. Results were submitted to Analysis of
Variance (ANOVA) post hoc Tukey test (p<0.05). There is statistical difference on morphometric relationships with the better
results for T3 and T4 fish class. Still, for T3 class was observed the largest fillet yield without skin (42.90%) and smallest skin
yield (8.36%). The protein levels for all weight classes had an inversional value when compared to the lipid values, showing
numbers above 19%. For these reasons, the king weakfish show excellent nutritional quality being fish above 300g has better
yield and morphometric relationships.
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Morfometria corporal, rendimento de cortes e composicio centesimal do filé da pescada gé

A pescada g6 (Macrodon ancylodon), é uma espécie marinha, da familia Sciaenidae, economicamente importante, devido a sua
ampla distribui¢do e grande aceitagdo no mercado. O objetivo do estudo foi avaliar as relagdes morfométricas corporais, os
rendimentos de cortes e a composi¢do centesimal do filé da pescada gé. 60 exemplares foram distribuidos em quatro classes de
peso, (T1=100-200g, T2=201-300g, T3=301-400g e T4=401-500g). Pesos e medidas corporais foram aferidos para
subsequentes andlises das relagdes morfométricas, os rendimentos e composi¢do centesimal dos filés. Os resultados foram
submetidos a andlise de variancia (ANOVA) e teste Tukey (P<0,05). Houve diferencas significativas nas relagdes morfométricas,
sendo os peixes das classes T3 e T4, apresentaram os melhores resultados. Em relagdo aos rendimentos dos cortes, os peixes
da classe T3 foram os que demonstraram o maior rendimento de filé sem pele (42,90%) e o menor rendimento de pele
(8,36%). O teor de proteina avaliado nos filés dos peixes das quatro classes de peso foi inversamente proporcional aos valores
de lipidios, com valor superior a 19% de proteina bruta. Os resultados indicam que a pescada g6 apresenta excelente qualidade

RESUMO

nutricional e que peixes acima de 300g apresentam melhores relagdes morfométricas e rendimentos.

Palavras-chave: Macrodon ancylodon, cortes de filé, tecnologia do pescado, valor nutricional.

Introduction

Actually, there is an increase on demand for products on high
nutritional quality, easy preparation and sanitation adequate
(OETTERER, 2002). For this reason, fish consumption has been
growing due to the high nutritional value and several benefits for
human health (MACIEL etal, 2013).

The king weakfish Macrodon ancylodon Bloch & Schneider,
1801, Sciaenidae family, is a demersal marine species living on the
coast region of Brazil. That species is called “king weakfish” or
“soft mouth corvine” in the brazilian north region and “rocket fish”
or “real fish” in brazilian south region (HAIMOVICI et al, 1994).
That fish can be found in 60m deep with sand and mud at the
bottom, but normally living in 30m deep and its juvenile phase
inhabit estuarine regions (MENEZES; FIGUEIREDO, 1980).Is a fish
with economic importance due to the wide distribution, large
demand and market acceptance (ISAAC, 2006).

The standardization of products becomes necessary for better
market acceptation. The body morphometric relationship and
weight class indicates adequate cut increasing the process yield
and providing subsidies for choice of used equipment on industry
(CONTRERAS-GUZMAN, 1994). Thus, evaluates morphometric
relationship and fillet yields of fish in different size classes, is
important to determine the ideal slaughter size and standards the

process techniques (ADAMES etal,, 2014).

In the Brazil, several studies determining morphometric
characteristics and fillet yields were normally performed with
freshwater fish such as aruand Osteoglossum bicirrhosum Cuvier,
1829 (COSTA et al,, 2009), pirarucu Arapaima gigas Schinz, 1822
(FOGACA et al., 2011), matrinxa Brycon cephalus Glinther, 1869,
curimatd Prochilodus nigricans Spix & Agassiz 1829, tambaqui
Colossoma macropomum Cuvier, 1816, piramutaba
Brachyplatystoma vaillantii Valenciennes, 1840 and tucunaré Cicla
monoculus Agassiz, 1831 (SOUZA; INHAMUNS, 2011), traira
Hoplias malabaricus Bloch, 1794 (ARAUJO et al,, 2018). Among the
rare studies with marine Fish, Corréa et al. (2013) was determined
the morphometric characteristics and fillet yields for robalo-peva
Centropomus parallelus Poey, 1860.

Materials and Methods

A total of 60 fish Macrodon ancylodon were collected in the
municipally market of Braganga-PA. The selection was performed
with regard to the weight level organized into four classes (T1 =
100-200g, T2 = 201-300g, T3 = 301-400g and T4 = 401-500g).
The experiment was conducted in completely randomized design
with 15 replaces being each fish an experimental unit. Body
morphometric analysis, yield and centesimal composition of fillet
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was carried out in Laboratory of Fishing Technology from Federal
University of Para campus Braganca.

The body morphometric was evaluated by: total length, stan-
dard length, head length, body length, body height, head height
and body width. The measures were determined with the aid of
digital caliper and ichtyometer (graduation 0.05mm and 0.1cm
respectively). Afterwards, were evaluated morphometric relation-
ships: head length/standard length, head length/head height,
standard length/total length, body width/ body length, body
width/body height and body height/body length (BOMBARDELLI
etal, 2007). Two phenotypic selection indexes also were analyzed:
profile index and head index, determined by the reason between
total length and body height as well as standard length and head
length (GONCALVES etal.,, 2003).

The yield evaluation of eviscerated fish, clean body; fillet with
or without skin, skin and carcass residue were determined evis-
cerated fish weight (without gill and viscera), clean body weight
(without head and flippers), fillet weight with skin, fillet weight
without skin, skin weight, residue weight (head, carcass, flippers
and skin) and carcass weight (dorsal spine). Results of yield were
performed by division of evaluated

category weight and fish total weight (whole fish), multiplied
by 100 to reach the yield percentage (SOUZA; INHAMUNS, 2011).
Weight measurements were performed with the aid of a digital
scale (EQU0031) at precision 0.01g, being all process conducted
by only a trained man (weigh, evisceration, cuts of the fillet and
skin).

Centesimal composition was determined only for fillet without
skin, using five fillet per weight class. Nutrient levels: moisture,
mineral material, lipid and crude protein were determined accord-
ing to AOAC (2000) based to the natural matter. All analyses were
carried out in triplicate. Moisture was determined by gravimetric
method in laboratory stove 1052 per 24 hours and mineral mate-
rial in muffle furnace 5502C per 6 hours. For crude protein and
lipid analyses were used the Kjeldhal and soxhlet methods respec-
tively. According to Jabeen and Chaudhry (2011) fish could be

Table 2. Morphometric relationships of Macrodon ancylodon in different weight classes.

classified in four categories related to lipid concentration: Skinny
(<5% of lipid), moderately fat (5 to 10% of lipid) and fat (>10% of
lipid).

Statistical analysis was performed for morphometric relation-
ships, yields and centesimal composition using BioEstat 5.0 soft-
ware (AYRES etal, 2007). The normality and homoscedas-ticity of
data was determined by Shapiro wilk and Bartlet test. Then,
obtained results were submitted to Analyze of Variance (ANOVA)
followed post hoc Tukey test (p<0.05).

Results

The body measure values used for determine morphome-tric
relationships of M. ancylodon, in treatments and weight class, are
showed in the table 1.

Table 1. Body measures of King weakfish Macrodon ancylodon in different weight classes.

Weight Class
T1 T2 T3 T4
Category (cm) 100-200 201-300 301-400 401-500
Total length (TL) 2135+ 1.06 30.60 + 1.21 31.83+0.70 34.60 + 1.45
Standard length (SL) 17.38+ 0.98 25.77 + 1.33 27.17+ 0.84 29.54 + 1.36
Head length (HL) 485+031 7.16+049 693077 8.07 £0.92
Body length (BL) 1252+ 0.79 18.61+ 1.09 20.24+ 0.87 2147+ 0.94
Body height (BH) 338+0.28 521083 643+£0.74 6.76 +1.23
Head height (HH) 2.88+0.20 4.33+0.27 4.66 £0.27 5.53 +1.45
Body width (BW) 1914021 291+£037 3.48+0.64 4.02 +1.58

Data presented as mean values * standard deviation

There is statistical difference (p<0.05) for morphometric
relationship of head length/standard length (HL/SL), head
length/head height (HL/HH), standard length/total length
(SL/TL) and body height/body length (BH/BL) inside of weight
classes studies. Only relationship as body width/body height
(BW/BH) and body width/body length (BW/BL) does not differ
statistically. Phenotypic selection index: profile index (PI), head
index (HI), also showed statistical difference (p<0.05) inside of the
different studies weight classes (Table 2).

Weight class
Category m T2 3 T4 F test P value C.V. (%)
100-200 201-300 301-400 401-500
HL/SL 0.28+0.01a 0.28 +0.01a 0.25 +0.03b 0.27 £0.02 ab 4.3127 0.0085 7.53
HL/HH 1.69 £0.08 a 1.66 + 0.12 ab 149 +£1.14b 1.51+0.26 b 5.8073 0.0019 10.16
SL/TL 0.81+0.02b 0.84+0.02a 0.85+0.02a 0.85+0.02a 18.7103 0.0001 1.99
BW/BL 0.23+0.01a 0.23+0.01a 0.23+0.02a 0.25+0.02a 1.8112 0.1543 17.20
BW/BH 0.57 £0.07 a 0.56 +0.04 a 0.54 £0.08a 0.59+0.13a 0.7633 0.5223 15.18
BH/BL 0.27 £0.03b 0.28 £ 0.04 ab 0.32+0.03a 0.32+0.07a 4.4427 0.0074 14.10
PI 517 +0.43a 5.03+0.63a 4.28+0.50b 4.50+0.81b 7.2962 0.0005 13.49
HI 3.58+0.17b 3.61+0.19b 396+0.39a 3.70 + 0.37ab 5.0427 0.004 8.07

Data presented as mean * standard deviation; Different smallest letters in the line indicates statistical difference (p<0.05) by Tukey test; C.V. = Coefficient of variation.

Results of eviscerated fish yield, clean body; fillet yield with
skin and carcass yield does not differ statistically (p>0.05). How-

Table 3. Mean values for fillet yield of King weakfish in different weight classes.

ever, fillet yield without skin, skin yield and residue yield had
statistical difference among the studies weight classes (Table 3).

Weight classes
Yields (%) Le T2 LE L F test P valor C.V.(%)
100-200 201-300 301-400 401-500
Eviscerated fish 87.71+ 3.84a 89.12+ 3.26a 8843+ 5.75a 87.02+ 5.85a 0.5334 0.6654 5.52
Clean body 6338+ 4.34a 66.58 + 2.67 a 62.77 £ 3.63 a 65.09 + 4.67 a 29.201 0.0510 5.10
Fillet with skin 5137+ 3.32a 5544+ 432a 51.61+ 4.23a 54.89 + 491a 38.202 0.0545 7.93
Fillet without skin 36.42+390b 4034+ 3.16b 4290+ 3.70a 40.51+ 6.32b 54.086 0.0028 10.96
Skin 1461+ 4.17 a 14.87 + 3.14 a 836+4.37b 14.58 £ 0.90 a 47.486 0.0054 35.75
Residue 56.56 £ 5.89a 53.02 £ 4.51a 4710+ 3.52b 46.59+ 7.21b 11.8241 0.0001 11.72
Carcass 11.20 + 4.15a 10.34 + 2.64 a 1099 + 1.63 a 9.63+1.79a 0.9714 0.5860 28.93

Data presented as mean # standard deviation; Different smallest letters in the line indicates statistical difference (p<0.05) by Tukey test; C.V. = Coefficient of variation.

About the centesimal composition King weakfish fillet, only
moisture does not differ statistically (p>0.05) among the different

studies weight classes. Nonetheless, for mineral material, lipid and
crude protein there is statistical difference (Table 4).
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Table 4. Centesimal composition of King weakfish fillet in different weight classes.

Weight classes
Composition (%) T1 T2 T3 T4
100-200 201-300 301-400 401-500 F Test P valor C.V. (%)
Moisture 70.50 + 1.13a 72.95 + 0.87 a 68.78 + 1.33a 71.90 + 1.81a 5.5416 0.0530 1.87
Mineral Material 3.60 £0.07b 3.67+0.47b 5.90 £0.60 a 5.79£0.95a 13.0642 0.0024 12.93
Lipid 9.48+190a 6.29 £0.18b 7.69 +1.14b 3.01+£0.05¢ 18.0858 0.0010 16.83
Crude Protein 16.38 + 0.24b 17.08 £ 0.21a 17.62 £ 0.71a 19.27 £ 0.03 a 29.4492 0.0003 2.23

—
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Data presented as mean + standard deviation; Different smallest letters in the line indicates statistical difference (p<0.05) by Tukey test; C.V. = Coefficient of variation.

Discussion

Morphometric relationships between HL/SL and HL/HH are
related to the head size being sometimes inedible (FARIA et al.,
2003). Nonetheless, how much larger the head size smaller the
body size making loss of yield and smaller available meat
(BOMBARDELLI et al,, 2007). In the present study largest relation-
ships for HL/SL and HL/HH were observed to the largest weight
classes. According to Adames et al. (2014) and Bombardelli and
Sanches (2008) with barbado Pinirampus pirinampu Spix &
Agassiz 1829 and armado Pterodoras granulosus Valenciennes,
1821, showed the largest values HL/SL and HL/HH for fish with
smallest weight class.

The largest relationships with SL/TL were observed for fish to
the class T2, T3 and T4. Samples of P. granulosus also showed
larger relation SL/TL when evaluated in the largest weight classes
(BOMBARDELLI; SANCHES 2008). These results indicate a rela-
tive reduction in proportion of caudal fin for the largest animals,
showing an influence between weight class and edible parts of the
fish.

The fish of class T2, T3 and T4 also showed large relation
BH/HL how much larger the morphometric relation larger the
fish development in height and smaller in length (ADAMES et al,
2014). Thus, fish with high BH/HL relation had a larger fillet yield
due to the larger body height and consequent larger fillet width
(LUNDSTEDT etal, 1997).

For king weakfish, the smallest profile index and largest head
index were determined in the largest weight classes T3 and T4.
According to Gongalves (2003) the profile index is determined by
reason of standard length and height, based in this fact, meat
increase is related to body height and not to body length, how
much smaller profile index better the meat yield. For other side,
head index is determined by standard length/head length, being
the head an inedible part, how much smaller head index.

Among the edible parts of fish, fillet is considered a noble part
with the better acceptance for consumer (FERNANDES et al,
2010; ARAU]O etal, 2018). The fillet yield with skin of marine and
fresh water species reach between 32.80% and 59.80%, with
mean value 50.50%, but when removed that skin is observed
reduction for 43% (CONTRERAS-GUZMAN, 1994). These values
corroborate with those found in the present study having fillet
yield with skin between 55.44% and 51.37%, while the better
fillet yield without skin was 42.90% # 3.70 in the fish of T3 class.

The fillet yield obtained in the present study was higher those
found for traira H. malabaricus, with variation of 34.62 and
34.76% (ARAUJO et al, 2018), tucunaré Cichla sp. with variation
of 32.92 and 36.99% (HONORATO et al, 2014), however, it was
similar to the results for the tambaqui C. macropomum with mean
value of 50.36% in three evaluated weight classes (LIMA et al,
2018).

Samples of T3 class showed smaller values of skin yield
10.14% =+ 5.28, corroborating with the better result found of fillet
yield without skin for this class. Expected fish with larger fillet
yield without skin had a smaller proportion of skin. According to
Contreras-Guzman (1994) about the 7.5% of a total weight if
represented by skin, however, for the present study was observed
higher values for all studies weight classes.

The results of residue yield had reduced values when com-
pared to Costa et al. (2014) determining 67.62 and 69.15% of
residue yield for jaraqui Semaprochilodus spp. For King weakfish
was observed a reduction of skin yield on fish with large weight

class, bone percentage reduction, skin, head and skin, associated
with the increase of fish weight indicates, with de fish develop-
ment is observed a muscle development (ADAMES et al,, 2014).
This could be related to the larger fillet yield without skin of fish in
T3 class.

The obtained results for centesimal composition of King
weakfish fillet are according to Ogawa and Maia (1999) determin-
ing some values between 60 to 80% for moisture, 15 to 20% for
crude protein, and they quote lipid levels on muscle fish reaching
36% with regard to the characteristics of species. Only material
mineral values differ of authors above, suggesting values between
1 and 2% for fish.

Found values of mineral material in the present study were
higher when compared to Lima et al. (2018) having values
between 0.7 and 1.3 for tambaqui C. macropomum in three weight
classes. For other side, according to Menezes et al. (2008), found
values of mineral material between 4.94 + 0.55 and 5.40 + 0.75 in
tainha fillet Mugil cephalus and robalo-flecha Centropomus
undecimalis Bloch, 1792, respectively, close values those found in
the present study. According to Contreras-Guzman (1994), varia-
tion in values for centesimal composition of mineral material
could be influenced by several factors such as seasonal period or
size among the marine and fresh water species.

The lipid concentration found in king weakfish fillet presented
similarity with the results of Souza et al. (2015) showing lipid
concentration for rainbow trout Oncorhynchus mykiss Walbaum,
1792, fillet between 7,96% to 9,04% in two weight classes.
According to Bombardelli and Sanches (2008) were observed
smallest lipid values for armado P. granulosus, variating between
297% * 0.18 and 3.57% = 0.18. For other side, Adames et al.
(2014) were observed high concentration between 8.67% * 2.95
and 21.87% * 8.61 for barbado P, pirinampu.

Lipids in the fish has a functional importance to the human
and animal feeding. Beyond the energy source, build the cell wall,
act as metabolic modulator, are important source of poly-
unsaturated fat acids, acting on reduction of cholesterol prevent-
ing heart diseases (0GAWA; MAIA 1999). However, high levels of
lipid could influence maintenance of product harm the fish market
and reducing the acceptance of consumer (BOMBARDELLI et al,
2007). The lipid levels observed for this study, had inversional
values to the weight classes reducing with the increase of fish, the
opposite was observed crude protein levels that increased with
larger fish. Same results were observed for curimbata Prochilodus
lineatus Valenciennes, 1837 (MACHADO; FORESTI 2009). This
way according to the classification to Jabeen and Chaudhry
(2011), king weakfish is moderately fat having 6.61% of lipid,
being indicated for human feeding and industrial production.

The crude protein concentration of King weakfish fillet collab-
orates with the findings of Souza et al. (2015) having mean values
of crude protein 19,05% for rainbow trout O. mykiss. According to
Menezes et al. (2008) were observed same results with tainha M.
cephalus and robalo-flecha C. undecimalis, 20.85% and 18.29% of
crude protein respectively. For Corréa et al. (2013) analyzing
crude protein concentration on robalo-peva C. parallelus fillet
were found values between 19.45% =+ 0.33 and 20.94% =+ 0.14.
The protein levels observed by Viana et al. (2013) present varia-
tion of 17% to 23% on the fillets for ariacéd Lutjanus synagris
Linnaeus, 1758, guaitiba Ocyurus chrysurus Bloch, 1791, sardinha-
laje Opisthonema oglinum Lesueur, 1818 and tainha Mugil sp,
close values those found in this study.
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According to Corréa et al. (2016) with study about the centesi-
mal composition of fillet for several fish species traded in free fair
from Belém PA, they have found crude protein values 18.63% +
0.40 for fillet of King Weakfish M. ancylodon, same species of the
present study being larger the found value among the analyzed
species. The fish chemical composition is related with the species,
feeding behavior; habitat, maturation stage, age, body size, sex and
environmental seasonality (CONTRERAS-GUZMAN, 1994). The
fish is considered an excellent essential amino acid source, impor-
tant source of poly-unsaturated fat acids such as eicosapentae-
noéico (EPA) and docosaexaenéico (DHA) as well as vitamin and
minerals (OGAWA; MAIA 1999). Specially to the protein with high
biologic value and easy digestibility (OETTERER, 2002).

The knowledge about fish centesimal composition provide
some information for nutritionists building diets with low lipid
levels and high protein levels (SOUZA et al, 2015). Furthermore,
this information is important for industry providing essential
subsidy of technology character, acting in the processing of fisher-
ies products, reducing loss, increase the shelf time, making these
products safer to the consumer (JABEEN; CHAUDHRY 2011).

The king weakfish fillet have high yield index and adequate
composition, with larger protein levels when compared to the
other's meat, milk or eggs (GONCALVES et al, 2003). For these
reasons, studies about centesimal composition of marine fish such
as King Weakfish M. ancylodon is important due to the economic
and social value represented by this species for several country
regions.

Conclusion

The better morphometric relationships were observed to
the fish with the largest weight classes (T3 and T4). Fish of T3
class (300 - 400g) showed the best yields, mainly for fillet yield
without skin (42.90%) as a noble part of the fish. Centesimal
composition of King Weakfish fillet showed excellent nutri-
tional quality for species having high crude protein levels
(19%) and moderate lipid levels.
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