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DESCRIPTION AND DISCRIMINATION OF FRESHNESS
AND BIOMETRIC QUALITIES OF THREE DIFFERENT FISHES:
GRASS CARP, PACU, AND CATFISH
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The goal of this work was to wade into the freshness quality and biometric evaluation, by means of distinct statistical
descriptive methods, on three fresh catch species of fish, as well as to evaluate the discriminant potential of the
variables targeted in the study. The species grass carp (Ctenopharyngodon idella), pacu (Piaractus mesopotamicus),
and catfish (Ictalurus punctatus) were caught at a rural property located in the city of Pato Branco, PR, Brazil. These
fresh catch were weighed, measured, eviscerated, and cut into fillets for acquisition of biometric parameters.
Freshness was judged by the analysis of the total volatile basic nitrogen (TVB-N) value and pH. The comparison
between means and medians showed symmetries for biometric measures. Correlations between body measures and
fillet yield showed a weak relation regardless of the species analysed, wherein the best equation for predictions was
obtained by relating total weight to the fillet’s weight. The biometric variables were the best discriminants for the
species.
Keywords: biometrics, box plot, discriminant analysis, mean, median, fish

Brazilians are characterized by low fish consumption. Previous research works conferred
proof of the low consumption of fresh catch in the Southern regions of Brazil (MITTERER-
Dacrok et al., 2013a, b). The South-western region of Parana/Brazil shows a real production
potential of fresh catch through fish farming. Local authorities target the increase of the
production, although for such, they rely on the true interest of the small rural growers, who
in turn need incentives. There are several hurdles to the development of the region’s fish
farming chain, among them are lack of know-how and lack of production incentives of other
species of fish for the time period between harvests of tilapias (Pseudocrenilabrinae), a fish
that is highly appreciated among producers and has a prominent market value. The practice
of not farming these alternative species is due to the lack of incentives and know-how on the
part of the small rural farmers. Among these species are grass carp, catfish, and pacu.

Therefore, the study of the freshness and biometric features of these species becomes
paramount, since one of the strategies pointed out as stimulus to the increase in production
and consumption of the fresh catch fishes in the region is the development of products derived
from this food item. The characterization of the biometric properties and freshness of this raw
material not only provides for the knowledge of the quality value of fresh catch, but is also
important for technological processes, such as the phases of processing or sensory quality
and stability of the end product (JABEEN & CHAUDHRY, 2011).

In this sense, the goal of the work was to take on the freshness and biometric assessment,
in light of distinct statistical methods on three species of fresh catch fishes with the potential
for farming in the Southwest region of Parand, as well as to evaluate the discriminant
capability of the variables under study by means of multivariate statistical techniques.
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1. Materials and methods

1.1. Samples of fresh catch and biometric evaluation

For each fish species six specimens were captured at a rural property, specialized in fish
farming, located in the city of Pato Branco, PR. All species were fed with ration (BioBase
line Bioaqua) containing 40 g kg ' protein. Grass carp beyond ration received also elephant
grass pasture (Pennisetum purpureum). After the fish were captured, they were measured
from the top of the head to the tail fin, weighed, eviscerated, cut into fillets, placed inside a
cool box with ice, and transported to the Laboratory of Food Technology of the Federal
Technological University of Parana for analyses.

1.2. Evaluation of the fish-catch’s freshness

The physiochemical alterations of the three species of fresh catch were evaluated by
measurement of total volatile basic nitrogen (TVB-N) and pH, according to BRASIL (1981).
For analyses, flesh samples (300 g) were obtained by cutting slices from the dorsal, ventral,
and tail area, then the samples were homogenized in a food processor (Mondial Premium).
TVB-N was determined by distillation of the sample alkalified with MgO (2 g) in a nitrogen
distillation apparatus (TECNAL®). For that the protein fraction was separated by
homogenizing the fish muscle with 20% trichloroacetic acid. The pH of the fishes was
measured by homogenizing 25 g of fish muscle with 5 ml of water and using a bench top
equipment (TECNAL®) with the electrode (Mettler Toledo) coupled to a digital meter.

1.3. Statistical analyses

The data were analysed by means of the descriptive methods: mean, standard deviation,
variance analysis, and Tukey’s comparison test of means. The global outcomes were also
shown by box plot (Na&s et al., 2010) through the values of the median. So as to better
understand the differences among the fishes, a multivariate statistical analysis of canonical
discriminant was employed (GonzALEz et al., 2011). The data were analysed with the software
Statistica 12.7.

2. Results and discussion

2.1. Freshness and biometric description of the three species of fresh catch fishes

The raw materials were characterized for freshness, and the average values of the parameters
are expressed in Table 1. Intending to visualize the variation of the results more clearly, these
same parameters were presented in the form of box graphic (box plot) (Fig. 1). The length of
the box represents 50% of the central values of y (response variable), and the point shows the
median. The lines reveal the range non-outlier/extreme ends. The medians have advantage over
the averages, for they are more robust, the outliers do not have such an effect on the median as
on average, and are better adjusted to situations with fewer observations, being indicative,
therefore, of the central tendency of the dataset (NAEs et al., 2010; Lem et al., 2013).

The analysis of freshness for fresh catch fishes is a quality parameter of the food in
itself, the chemical methods most often employed are TVB-N and pH determinations
(BrioNEs-LABARCA et al., 2012; FERNANDEZ-SEGOVIA et al., 2012).
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Fig. 1. Box plot of freshness and biometric characterization of the three studied species. o: Median; : the length
of the box represents 50% of the central values of y or 25-75% of the observations; I: non-outlier range; °: outlier
(extremely high and low values); *: extremes
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Table 1. Average values and standard deviation of freshness of fillet of the three species of fresh fish

Species TVB-N (mg/100 g) pH

Pacu 6.5+1.5 6.6+0.2°
Carp 8.6+2.1% 6.5+0.1%
Catfish 8.5+2.7° 6.4+0.2°

Averages =+ standard deviation are of three parallel measurements. Values followed by the same letters in the same
column do not present a significant difference by Tukey’s test (P<0.05). N=6

The values found for TVB-N and pH in the three species of fresh fishes are within the
tolerance limits required by Brazilian legislation, which are 30 mg/100 g for TVB-N and a
maximum pH of 6.8 (BRASIL, 1981). The average values for pH and TVB-N among the
species did not show significant differences (P>0.05). According to Huss (1995),
concentrations of TVB-N in fresh catch are in the range from 5 to 20 mg/100 g. In this study,
the values varied from 3.3 to 10.6 mg/100 g (Fig. 1), which reflect the quality of the raw
material used.

More than just reflecting the freshness of the raw material, these low values of TVB-N
and pH indicate the potentiality of these species, since lower values of pH and TVB-N are
indicative of proteins with functional properties preserved beside decelerated lipid oxidation
(Soares et al., 2012).

It is worth noting, that asymmetry was verified among the results of average and medians
for the values of measurement of freshness quality. The median is a robust measurement, for
it is not affected by the extreme values as the arithmetic average. The average is influenced
by the extreme values of the distribution and must only be employed in symmetric distributions
or in slightly asymmetric ones (FEuoo, 2010).

Proceeding with the biometric characterization, it was verified again the importance of
the data analysis by box plot, where the asymmetry was verified between means and medians,
highlighting the variable ‘total weight’.

Table 2 shows the average values concerning biometric characterization. In relation to
the total weight of the three species, the existence of a significant difference is verified
(P<0.05) between catfish (1694.7 g) and grass carp (2813.7 g), and catfish and pacu (2820.0
g). There is a different trend when analysing the values by box plot. With medians with
values of 2650 g for pacu and 3150 g for grass carp, it is feasible to verify a difference of up
to half a kilogram between the two species, which by the values of the averages differ in only
7 g. Such difference is foremost and meaningful when the focus is on derivatives-processing
of fresh catch in the industrial scenario (INTARAK et al., 2015).

Table 2. Biometric characterization of the three species of fresh catch

Species Total weight (g) Total length (cm) Weight of fillet (g) Fillet yield (%)
Pacu 2820.0+611.2% 53.4+4.2% 870.3+£211.7% 30.7+1.2%
Carp 2813.7+926.3% 59.1+7.1% 1007.0+£301.4% 37.0+£6.2%
Catfish 1694.7+361.8° 52.5+5.9° 499.0+119.0° 29.5+3.4°

Values are averages of the triplicate measurements + standard deviation. Values followed by the same letters in the
same column do not present significant difference by Tukey’s test (P<0.05). N=6
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The variables total length, fillet’s weight, and fillet yield showed similarities between
averages and medians. For the total length, although without significant difference among the
fresh catch, the presence of atypical values is verified.

The catfish species not only showed the lowest fillet weight (499.0 g) but also the lowest
fillet yield (29.5%) alongside with pacu (30.7%). Other works in the literature reveal fillet
yield from 25.2 to 36.6% for different species of fresh catch (Liva et al., 2012). The total
usage depends, beside the efficiency of the machinery for filleting and manual skills of the
operators, on the anatomical shape of the body, size and weight of head, viscera, fins, and
skin (Liva et al., 2012; INTARAK et al., 2015).

Among the biometric variables, probably the fillet yield has been the most studied
(RuTTEN et al., 2005; Lima et al., 2012; BritTO et al., 2014), since this value and other
biometric properties present a weak correlation (RUTTEN et al., 2005; Navarro et al., 2009).
Fillet yield is relevant for fish production and fresh fish industries, because unlike other
slaughter animals, the skeletal muscle of fish (fillets) corresponds to greater edible portion
(INTARAK et al., 2015).

Fillet yield is a ratio of fillet’s weight and carcass weight, and it is a parameter of the
proportion of the edible part (INTARAK et al., 2015). Filleting implies the removal of the fins,
bones, and skin (BritTo et al., 2014; INTARAK et al., 2015). In order to understand the relation
of fillet’s total weight, fillet’s weight alone, total length, and fillet yield, these variables were
subjected to linear regression. In Table 3 the values for Pearson correlation are found.

Table 3. Coefficient of correlation among the total weight, total length, fillet’s weight, and productive usage

of fillets
Biometric parameters Pacu Carp Catfish
Total weight (g) x Total length (cm) 0.989 0.939 0.476
Total weight (g) x Fillet’s weight (g) 0.994 0.952 0.898
Fillet’s weight (g) x Total length (cm) 0.983 0.851 0.686
Total weight (g) x Fillet yield (%) 0.584 —0.696 —0.140
Fillet’s weight (g) x Fillet yield (%) 0.666 —0.450 0.307
Total length (cm) x Fillet yield (%) 0.566 —0.768 0.570

In accordance with other studies (Kausk et al., 2007; BritTo et al., 2014), all biometric
values related to fillet yield showed a weak coefficient of correlation, regardless of species.

BritTo and co-workers (2014), studying fresh catch viola (Loricariichthys anus), have
found that the animals with greater weight presented lower fillet yield, and that this is likely
linked to the reproductive period, which reduces fillet yield owing to the increase of the
gonads. Rasmussen and OsTENFELD (2000) state that fillet yield may be associated with the
size and species of the fresh catch. Among the species in this study, it is noteworthy that for
the grass carp, these correlations were not only weak, but also negative.

RutTEN and co-workers (2005) reported that prediction equations on fillet yield, based
on body measures are not sufficiently accurate. The authors yet reported that the fillet’s
weight may be predicted with precision by measuring the fresh fish parameters. And similarly
to these authors, in evaluating the outcomes corresponding to the coefficients among total
length, total weight and fillet’s weight, a high and positive relation is verified. In addition, the
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best equation of prediction relates the total weight to fillet’s weight, since, for the three
studied species, it presented the highest coefficient of Pearson’s correlation.

2.2. Discriminant variables for differentiation among the species

Aiming to better fathom the differences among the fishes, canonical discriminant analysis
was applied. Canonical discriminant functions are linear combinations of the original
variables with the goal of defining those that make the maximum separation among groups
(HaIr et al., 2009; GoNzALEzZ et al., 2011).

Being deemed indispensible for classification of nutritional/food products that are to be
marketed, the multivariate techniques, discriminant analysis and canonical discriminant
analysis have been employed to multivariate biologic datasets, indicating the parameters,
which indeed are foremost in the separations of groups of interest (ARVANITOYANNIS et al.,
2005).

Table 4 shows the significance for every variable in the discriminant canonical functions.
These values show the distinct influence that each variable wields in the classification process.
With 88% of total variation, explained by Function 1, the best discriminant variables among
the species of fresh fishes were the biometric ones, represented by total weight, followed by
total length, fillet yield and fillet’s weight. TVB-N and pH presented the lowest discriminant
effect.

Table 4. Discriminant and canonical analysis results

Factor Auto value R? Canonical Lambda X2 P
Wilks’

1 3.42 0.88 0.07 48.84 <0.01

2 2.16 0.83 0.31 21.34 0.02

Auto-vectors

Variable Partial Lambda P-value

TVB-N 0.72 0.07

pH 0.83 0.23

Total weight (g) 0.41 <0.01

Total length (cm) 0.47 <0.01

Fillet yield (%) 0.50 <0.01

Fillet’s weight (g) 0.57 0.01

X2 chi-square; P: significance

In the attempt to explain the discriminant power of the biometric variables, a relation
with the descriptive data previously discussed was sought, and it was verified that the
variables that mostly presented symmetry between average and median were the biometric
ones. This symmetric relation indicates a normal distribution of the samples, one of the
recommendations for the application of the discriminant analysis (GoNzALEZ et al., 2011). As
important as the symmetry between these two parameters is the presence of averages with
significant differences among the fresh catch fishes, verified by the biometric values, which
indicates variations among the species, and therefore, favouring the discrimination.
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3. Conclusions

The application of box plot as an evaluation instrument of freshness and biometric features
of the studied three species of fresh catch eased the assessment of the variations among the
species, and made quick and visual comparison of multiple variables possible. Besides, the
comparisons among the descriptive statistics allowed for understanding the discriminative
outcomes.

To Capes, for having provided the scholarship, to CNPq for financing the Project No. 456102/2014-0.
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