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Shelf-life of loricariid catfish (Pterygoplichthys disjunctivus [Weber, 1991]) roe stored in ice
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Abstract

Loricariid catfish (Pterygoplichthys disjunctivus [Weber, 1991]) has invaded water catchments throughout the world, due to
the lack of predators and high fecundity. An approach to control its population could be using its roe as food; however, more
knowledge is needed. Thus, the present study aimed to evaluate the shelf-life of fresh loricariid catfish roe stored in ice, as an
approach for possible food utilisation. Physicochemical characteristics (moisture content, aw, pH, hardness, and colour), protein
electrophoresis (SDS-PAGE), amino and fatty acid contents, oxidative stability (TBARS) and microbiology of roe were analysed
at0,2,4,6,11, 15 and 21 days. Moisture content (58.5 + 2.1 vs. 60.4 + 1.2%), aw (0.89) and pH (5.87 + 0.14 vs. 5.96 + 0.03) were
shelf-stable (initial vs. final day, respectively). SDS-PAGE showed minor hydrolysis of its protein. Ice storage increased roe free
amino acid concentration, confirming proteolysis of its proteins/peptides with not impact on the fatty acid content and TBARS
(2.4-3.3 mg malonadehyde/kg sample). Thus, ice storage of fresh loricariid catfish (P. disjunctivus [Weber, 1991]) roe, under
the study conditions, proved to be an effective preservation method for its food utilisation, maintaining its physicochemical
and microbiological characteristics for up to 20 days.

Keywords: Pterygoplichthys disjunctivus; Roe; shelf-life; ice storage.

Practical application: The ice storage of fresh loricariid catfish (P. disjunctivus [Weber, 1991]) roe showed to be an effective
and economical preservation method, maintaining ideal physicochemical and microbiological characteristics for possible food
utilisation. Besides, its use as food can benefit invaded locations since fishermen can obtain profitable benefits from its exploitation

and, at the same time, it can prevent and help to the eventual elimination of the species in the water-invaded catchments.

1 Introduction

The loricariid catfish (Pterygoplichthys disjunctivus [Weber,
1991]) is an endemic species of the Madeira River Basin located
in Bolivia and Brazil (Ferraris, 2007). This species has been
commonly used around the world as an ornamental fish to clean
fish tanks from algae and other debris. However, the species
has made it to the wild and successfully invaded different water
catchments throughout the world, for example, in Vietnam
(Levin et al., 2008), the United States (Gibbs et al., 2008) and,
more recently, South Africa (Hill et al., 2015). In Mexico, it has
been found in reservoirs and rivers, causing ecological problems
and affecting some local fisheries (Rueda-Jasso et al., 2013).

Its invasion success has been attributed to different reasons,
such as alteration of bank structure and erosion (Nico et al., 2009),
disruption of aquatic food chains (Capps et al., 2011), the
presence of parental care and premature reproduction
(Rueda-Jasso et al., 2013), and their resistance to certain
salinity (Capps et al., 2011). However, the most influential
characteristics for its success are that the females are highly
prolific and iteroparous reproducers (Gibbs et al., 2013)
combined with the lack of predators in the new invaded water
catchments (Rueda-Jasso et al., 2013; Toro-Ramirez et al., 2014).
However, although Toro-Ramirez et al. (2014) indicated that the
common snook (Centropomus undecimalis [Bloch, 1792]) could

be a predator (reported only in one location) of the species, the
invasion has continued, and its population has grown.

In Mexico, the Adolfo Lopez Mateos (El Infiernillo) Reservoir,
located in the State of Michoacan, has been invaded by this
species, affecting the economy of its surrounding communities,
which depend on the Balsas catfish (Ictalurus balsanus), the
redside cichlid (Cichlasoma istlanum) and tilapia fisheries
(Mendoza et al., 2009), impacting them and also causing problems
with the fishermen’s nets. Currently, this species (abundant
in the reservoir and its effluents) has been underutilised by
the fishermen, who discard all of its catches, with subsequent
adverse environmental impacts.

Recent research has shown the feasibility of using loricariid
catfish muscle, either fresh (Marquez-Rios et al., 2016) or as a raw
material for gel-type products (unpublished data) intended for
human consumption. However, due to the relatively high total
fecundity of the species, going from 2000 to 2500 eggs per left
gonad (with a maximum capacity of 6,686 eggs) in the summer
months (Rueda-Jasso et al,, 2013), and its gonad proportion
(representing around 30% of the fish weight). It is well recognized
that fish roe is a nutritionally rich source, usually thrown away
by the fish processors. In this regard, the loricariid catfish roe
could also be used as a good source of nutrients since it possesses
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proteins with high essential amino acids and fatty acids with a
good w6/w3 balance (Guillén-Sanchez et al., 2015). However,
to exploit the roe of this species as food, more research has to
be conducted since there is practically no knowledge about it,
neither its behaviour during its shelf-life. Consequently, it is
important to elucidate its changes when managed and stored in
ice. Thus, the objective of the present study was to evaluate the
shelf-life of fresh loricariid catfish (P, disjunctivus [Weber, 1991])
roe stored in ice, as an approach for possible food utilisation.

2 Materials and methods

2.1 Raw material

Loricariid catfish (P. disjunctivus [Weber, 1991]) was obtained
from the Marquez River, an important effluent of El Infiernillo
Reservoir, by a local fisherman. The fish (30.4 + 2.1length and
287.7 + 93.4 weight, mean of both samplings, n = 25) was
immediately stored in coolers in alternated layers of ice and fish,
and transferred to the facilities of the Universidad de San Nicolas
of Hidalgo in the State of Michoacan, Mexico, where they were
eviscerated to obtain the gonads. Gonads were packed in two
1-kg plastic containers, ice stored in a cooler and air-shipped
to the Seafood Products Quality and Biochemistry Laboratory
located in Hermosillo, Sonora, Mexico. The raw material was
always processed within 24 h post-capture. Two samplings
(May and July) were performed and undertaken under the same
good sanitary conditions. For the study, 600 g of gonads were
placed in Ziploc® freezer bags and stored between two layers of
crushed ice in a cooler. Coolers were kept inside a 2 °C walk-in
chiller for 21 days, with ice exchanged every 3 days. Sampling
was conducted at days 0, 2, 4, 6, 11, 15 and 21 (or as stated
otherwise). Figure 1 is representative of the loricariid catfish
gonads and their eggs used in the present study.

2.2 Physicochemical analysis of roe

Roe was analysed for water content following the Association
of Official Analytical Chemists (2000) (Method 950.46).
Water activity (a ) was measured with a PawKit hygrometer
(Decagon Devices Inc., Pullman, WA, USA). pH was determined
by direct immersion of electrode in the roe. Hardness of samples
was evaluated with a TMS-PRO texturometer (Food Technology
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Figure 1. Loricariid catfish (P. disjunctivus [Weber, 1991]) gonads used
in the present study. Numbers in rule are centimetres.
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Corporation) equipped with a 100 N load cell, exerting a 50%
compression with a normal stress at 30 mm min-1 crosshead
velocity. Sample (egg) was stabilized at the bottom of a support
prepared specially for this purpose. Briefly, the support was
made from a 1.5 mL microtube which was carefully cut at the
conical section and then placed inside the rest of the cut tube
(serving as a support for the conical section). Ten individual
eggs were examined for each sample.

Besides, colour (lightness [L*], chroma [C*], hue angle [/°])
parameters were measured using a Konica-Minolta CR-400
Tristimulus Colorimeter (Konica Minolta Sensing, Inc., Japan).
Color coordinates were used to measure the degree of lightness
(L*), redness-greenness (+ or - a*), and yellowness-blueness
(+ or - b*). However, only lightness [L*] and additional color
traits used for a better integration and interpretation of a* and
b* values, such as hue angle (h° = Arctang (b*/a*) and chroma
(C= (a"xb™?)*) are discussed.

2.3 Effect of storage on roe proteins

Roe protein changes due to storage were analysed by
sodium dodecyl sulphate-polyacrylamide gel electrophoresis
(SDS-PAGE). Protein was obtained from the precipitate
acquired from the Folch et al. (1957) methodology (see next
section). Then, precipitate (1 g) was homogenized with 9 mL
of dissolving solution (5% SDS, 0.1% P-mercaptoethanol) using
a Tekmar Tissumizer (Tekmar Co. W. Germany) for 1 min
and then heated to 90 °C for 50 min to allow maximal protein
solubilization and extraction. Subsequently, sample was filtrated
with Whatman #4. SDS-PAGE was performed accordingly to
Laemmli (1970) with some modifications (constant current of
110 volts). Discontinuous gels (80 x 60 x 1.5 mm, width x height
x thickness) with separating and stacking gels of 13 and 4%
acrylamide, respectively, were prepared. Filtrated solution was
diluted (1:1 v/v ratio) with sample buffer (4% SDS, 20% glycerol,
10% B-mercaptoethanol, 0.125M Tris, pH 6.8) and dissolved by
heating in boiling water for 3 min. Aliquots of 15 pg of protein
per lane were loaded into the acrylamide gel. Proteins were
stained for Coomassie brillant blue R-250 (Bio-Rad) and the
molecular weights of protein bands were determine using a high
molecular weight standard proteins kit (Bio-Rad).

2.4 Effect of storage on roe fatty acid (FA) content

Lipids were extracted from 6 g of samples (triplicates
of different roe) according to the Folch methodology using
chloroform:methanol (2:1 v/v). Extracted lipids were flushed
with nitrogen and frozen at -80 °C, until used for their fatty
acid composition analysis. Fatty acids were derivatized to their
correspondent methyl-esters using 14% BF,-MeOH on 20 mg
of oil (in triplicate) (Morrison & Smith, 1964). Briefly, lipid
extract (1 mL) was evaporated in a water bath at 60 °C under a
constant nitrogen flux. Then, 20 mg of oil were diluted with 1 mL
of 0.5M NaOH in methanol and 100 pL of dichloromethane.
Then, nitrogen was flushed and the tube was sealed and heated
in a water bath at 90 °C for 10 min.

Finally, 1 mL of distilled water + 500 pL of hexane + 500 pL
of internal standard (Tridecanoic acid, C13:0) (Sigma Aldrich,
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Bellafonte, USA) were added and slightly shaken. Identification
and quantification of fatty acids methyl-esters (FAME) was
obtained by capillary gas chromatography in a Agilent CG 6850,
fitted with a capillary Agilent column DB-23 (60m, 0.25 mm id
and 0.25 um film) and equipped with a split/split-less injector
and a flame ionization detector temperature of 280 °C. A 35 min
ramp was conducted as follows: Initial oven temperature was
50 °C; after 1 min, temperature was raised to 175 °C at 25 °C/min;
then temperature was raised to 230 °C at 4 °C/min and sustained
for 15 min. Individual components were identified by comparing
the retention times with those obtained from the FAME mixture
standard (Supelco 37, Bellefonte, PA). Results were expressed
as a percentage of the total fatty acid methyl esters present in
the sample.

2.5 Effect of storage on roe free amino acid (FAA) content

Free amino acids determination in sample was carried
out according to Pacheco-Aguilar et al. (1998) with a slight
modification in buffer flux. Amino acid extraction was carried out
by homogenizing 3 g of sample with 6 mL of 7.5% trichloroacetic
acid (TCA) (ratio 1:2, roe: TCA) with an Ultra-turrax T25 Basic
homogenizer for 2 min at 11,000 rpm in an ice bath. The extract
was centrifuged at 2830 x g for 15 min at 4 °C in a Beckman
Centrifuge Model J2-21 and the supernatant was filtrated in
Whatman # 4 for analysis. Supernatant (100 pL) was brought
to 1 mL with 200 pL internal standard (10 pg mL-1, L-a-amine
n-butiric acid) and 700 uL HPLC water. A 400 pL aliquot was
taken and mixed with 400 uL of O-Phthaldialdehyde (OPA,
10 mg of OPA + 250 pL methanol + 37.5 uL of Brij 35 + 25 pL
B-mercaptoethanol) and all were diluted to 10 mL with potassium
borate buffer, pH 10.4. The mixture was filtered and derivatized
for 2 min at room temperature and finally loaded into an HPLC
using a 20 uL loop. Amino acid concentration was quantified using
a Series 1100 Hewlett Packard HPLC coupled with a fluorescence
detector (350 nm excitation and 450 nm emission). Separation
was conducted in a C18 octadecyl dimetilsilane reverse phase
column (3uM particle diameter, 100 mm long x 4.6 mm ID)
(Variant Cat No. R0089200E3). A gradient elution consisting
of buffer A (100% methanol) and buffer B (10% methanol, 90%
acetate buffer, pH 6.5) was used for separation at a flow of 1.0 mL
min-1. A 30 min run was conducted using an initial condition
of mobile phase of 80% buffer B and 20% buffer A for 5 min;
then a 70% buffer B and 30% buffer A mobile phase was used for
5 min; next, 50% buffer B and 50% buffer A mobile phase was
used for 5 min; subsequently, a 20% bufter B and 80% buffer A
mobile phase was used for 7 min and finally an 80% buffer B and
20% buffer A mobile phase was used for 8 min. Data (area under
the peaks produced by amino acid fluorescence) was analyzed
by the CHEM STATION program (Agilent Technologies Inc.
Santa Clara, CA, USA). Retention times and peak areas were
compared with 16 amino acids standards (Sigma Chemical Co.
St. Louis, MO, USA). Analysis was carried at days 0, 6, 11 and
21 of ice storage.

2.6 Effect of storage on roe oxidative stability

Thiobarbituric acid-reactive substances (TBARS) were
quantified as a measure of oxidative stability throughout
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the shelf-life, using the colourimetric method described by
Woyewoda et al. (1986). The results were expressed as mg of
malonaldehyde/kg of sample.

2.7 Microbiological analyses

These analyses were carried out on 100 g of loricariid catfish
roeatdays 0,4, 11 and 21 of ice storage, according to the Food and
Drug Administration (2011). Total plate count was evaluated for
aerobic mesophilic and psychrophilic microorganisms (CFU/g),
using plate count agar and incubation at 35 + 1 °C for 48 h, and
at 5+ 2 °C for 7-10 days, respectively (Maturin & Peeler, 1998).
Potato dextrose agar was used to determine the yeast and
moulds, and the plates were incubated at 25 °C for 4 days
(Tournas et al., 1998). Total and faecal coliforms (MPN) were
enumerated using tryptose lauryl sulphate broth at 35 + 2 °C,
and EC broth at 44.5 + 2 °C, respectively (Feng et al., 1998).
Assays were undertaken for detection of bacterial pathogens,
including Staphylococcus aureus (on Baird Parker agar at 35 °C
for 48 h) (Bennet & Lancette, 1998) and Salmonella spp. (on
lactose broth at 35-37 °C) (Andrews & Hammack, 1998).

2.8 Statistical analysis

Data were analysed as a randomised block design, using
samplings (n=2) as block criteria. Analysis of variance, and the
multiple comparisons of means by the Tukey-Kramer multiple
range test, were conducted at a significance level of 95%, with
the NCSS statistical package (Kaysville, UT, USA).

3 Results and discussion

3.1 Effect of ice storage on the physicochemical characteristics of roe

The physicochemical and structural characteristics of fish
roe, which depend on the species and its physiology, determine its
properties for its use as a raw matter or food. These properties are
affected by storage and treatment (Stodotnik et al., 1992), which,
in turn, can cause moisture loss, thereby reducing its stability.
The moisture content of loricariid catfish roe showed a variable
behaviour during ice storage, with a maximal value (62.6 + 1.5%,
p < 0.05) recorded on day 15. However, comparable moisture
contents were measured on the first and last sampling days (60.4
£1.2 vs. 58.5 £2.1%, respectively, p = 0.05). It is well known that
the chemical composition of fish roe tend to be different due to
intrinsic (species, roe maturity, egg location within the skein) as well
as extrinsic (diet, fish maturity, season, harvest area and processing
conditions) factors; besides, a fluctuation can be found even within
the same female (Bledsoe et al., 2003; Katsiadaki et al., 1999).
Differences found in the present study can be attributed to the
diet and maturity conditions of the gonads. Overall, the results
indicated no impact of ice storage on the moisture content of
loricariid catfish roe; thus, maintaining the egg sheath integrity.
This behaviour was similar to that found in echinoid (Paracentrotus
lividus) marinated gonads (Stamatis & Vafidis, 2009) and lumpfish
roe (Cyclopterus lumpus) (Basby et al., 1998).

Conversely, one parameter that can affect the stability of a
productis the a . Loricariid catfish roe presented a stable (p > 0.05)
a  throughout the 21 days of ice storage, with an initial and final
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value of 0.89. Likewise, Hsu et al. (1983) recorded only small
variations in an intermediate moisture mullet (Mugil cephalus) roe
product, with an initial 0.84 a , stored at 5 °C for 30 days. On the
other hand, the low a  obtained in the present study contrasts
with the fresh salmon roe values reported by Li et al. (2017),
which were higher (0.96-0.98) than the ones obtained in the
present study. This low value in the loricariid catfish roe is capable
of holding the growing of certain microorganisms, helping to
prolong its shelf life.

One important change that a product can suffer during
its storage is its pH, mainly due to microbial spoilage. In this
regard, loricariid catfish roe did not show significant changes
(p = 0.05) as storage progressed, presenting an initial pH of
5.87 + 0.14, and a final pH of 5.96 + 0.03; similar values were
found on Alaska walleye pollock (Gadus chalcogrammus) roe
(Anvari et al., 2018). This result indicates the roe pH stability
during the ice storage; however, the slight increase towards the
end of the study is indicative of microbial growth, as demonstrated
below (see microbiology section).

There was a progressive decrease in the texture of loricariid
catfish roe throughout storage (Figure 2), reaching a 31.3%
reduction (p < 0.05) at the end of the study (from 25.6 +
8.1 [at day 0] to 17.6 £ 7.3 gf [at day 21]). Stodotnik et al.
(1992) noticed the same trend in rainbow trout roe stored
at -25 °C, attributing the changes in texture to lipolytic, as
well as proteolytic enzymes. Besides, Kopylenko & Rubtsova
(2004), who studied salmon (Oncorhynchus gorbuscha) roe
behaviour at different pH, observed that proteolytic activity
still occurred at pH around 6 (as seen in roe, in the present
study). Thus, deterioration of loricariid catfish roe can also be
attributed to the effect of proteolytic enzymes, as reflected in
the SDS-PAGE analysis.

An important food attribute is its colour. Regarding this,
loricariid catfish roe did not show significant (P>0.05) changes in
any of the parameters evaluated (L*, C*, h°) (Table 1) throughout
the shelf life. The h° values remained in the first quadrant
(orange-yellow hues) of the colour sphere.

NN

Hardness (gf)

10 \ \ \ T ‘ )
0 2 4 6 11 15 21

Storage days (°C)

Figure 2. Changes in hardness (gf) ofloricariid catfish (Pterygoplichthys
disjunctivus) roe stored in ice (0 °C) for 21 days. ®*Different letters indicate
significant differences (P<0.05) throughout storage. Data represent the
mean of two repetitions (n=2).
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3.2 Effect of ice storage over the electrophoretic profile of roe

Loricariid catfish roe showed proteins of low (14 to 30 kDa),
medium (45 to 70 kDa) and high (77 to >200 kDa) molecular
weight (MW), which underwent modifications during ice storage
(Figure 3). Alterations in the electrophoretic pattern occurred
from day 4; however, it was not until day 6 that a marked
pattern of low MW bands appeared that was still apparent at
the end of storage. The low-density bands with MW in the
6-21 and 25-45 kDa ranges most probably originated from the
denser MW bands (at 14, 30, 77 and 360 kDa) since no visible
variations were noted in these less-dense MW bands. Changes
in the protein profile can result from the activity of the roe’s
endogenous proteases, as well as that of the exogenous proteases
derived from microbial development, behaviour that can reduce
its quality (Kopylenko & Rubtsova, 2004).

3.3 Effect of ice storage on the free amino acid (FAA) content
of roe

Rayner et al. (2017) related the significance of FAA
concentration on fish eggs and their importance in the early
growing stages of the fish for its optimal nutrition. On the
sensorial side, the FAA “s content in the roe can contribute to its
flavour. In this regard, mayor FAA found in loricariid catfish roe
were the essential amino acids lysine, leucine, valine, tyrosine,
phenylalanine and isoleucine and the non-essential arginine,
glutamic acid (umami), taurine, alanine and serine (both sweet).
Alanine, leucine, serine, lysine, valine and isoleucine have been
found as the majoritarian FAA in newly spawned eggs of 12
different fish species (Rayner et al., 2017), while glutamic acid
has been related with “umami” and alanine and serine to sweet
flavours (Jiang et al., 2016).

The FAA concentration in loricariid catfish roe stored in
ice was affected (P<0.05), increasing as the storage progressed
(Table 2). Overall, the total free amino acid content in roe
increased 65% at day 11, with a maximum of 4.44 + 0.1 mg/g of
sample. These results confirm the action of proteolytic enzymes
(as exhibited by SDS-PAGE) on the proteins/peptides found in
roe during the ice storage, which promoted the release of amino
acids. However, this proteolytic activity can produce both, an
increase in the flavour of the roe (not affecting its nutritional
quality) and, simultaneously, favour microbial growth in roe
(Basby et al., 1998).

3.4 Effect of ice storage on the fatty acid (FA) content of roe

The dynamics of the FA composition of loricariid catfish roe
stored in ice are reported in Table 3. In general, the FA remained
stable during ice storage, with 27% to 30% monounsaturated
FA, 22% to 28%, polyunsaturated FA, and 44% to 49%
saturated FA. Comprising around 25%, 15-20% and 6-9% of
the total FA in roe, the most abundant FA was palmitic acid
(C16:0), followed by oleic acid (C18:1, w9) and docosahexaenoic
acid (C22:6, w3), respectively (p < 0.05). These FA were also the
main constituents in tuna (Thunnus thynnus) roe (bottarga)
stored at 4 °C (Restuccia et al., 2015), and in red salmon
roe (Salmo trutta labrax) (Mol & Turan, 2008). Among the
monounsaturated FA, a considerable amount of palmitoleic
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Table 1. Effect of the ice storage (0 °C) over the colour parameters (lightness L*; chroma C*, hue angle h°) of loricariid catfish (Pterygoplichthys

disjunctivus) roe.

Storage days (0 °C)

Colour parameter

0 2 4 6 11 15 21
L* 35.7+3.6 37.5+£34 37.2£26 37.4+33 39.6 £5.8 374+23 37.3+2.6
c* 320+44 299 +8.1 30.7£3.7 32.0+8.7 351+11.1 34.1+3.9 320x6.7
h° 68.9+7.0 69.3+2.9 66.4+2.3 68.6 £ 7.7 70.6 = 4.4 69.4+5.1 66.6 £7.9

Data are the mean + standard deviation of two replications (n=2). No statistical changes were found in any parameter.
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—_— \] 6-21 kDa

Figure 3. Effect of ice storage on the electrophoretic profile of loricariid
catfish (Pterygoplichthys disjunctivus) roe. Molecular weight standard
(kDa) (row 1). Ice storage (0 °C) for 0, 2, 4, 6, 11, 15 and 21 days,
indicated in rows 2-8, respectively.

acid (C16:1) was evident, varying from 7 to 9% during the study,
consistent with the FA contents reported in other freshwater
fish roe, such as rohu (Labeo rohita), murrel (Channa striatus)
(Prabhakara Rao et al., 2010) and, in the same order (Siluriformes),
as the species examined in the current study, European catfish
(Silurus glanis) (Saliu et al., 2017).

The w6/w3 ratio, which can be related to health problems, such
as atherosclerosis, obesity and diabetes, if unbalanced towards the
w6 FA, was kept under the “target region for health” of 1:1 ratio
(or lower) (Simopoulos, 2011) throughout ice storage (Table 3).
A similar FA composition was found by Guillén-Sanchez et al.
(2015) on same species. The PUFA/SFA ratio showed lower
values than those reported for European catfish (Silurus glanis);
however, higher or equal to the minimum recommended value
for human diet of 0.45 (Saliu et al., 2017).

3.5 Effect of ice storage on the lipid oxidation stability of roe

Lipid oxidation of loricariid catfish roe exhibited high
stability throughout ice storage, with values (p = 0.05) ranging
from 2.4 to 3.3 mg malonaldehyde/kg of sample (data not
shown). No rancid odours were detected at any sampling time.
However, odours, subjectively perceived as sweet and pleasant
(fruity odours), were discerned at the end of the study, most
probably due to the presence of aldehydes, like benzaldehyde,
octanal and other aliphatic compounds (Caprino et al., 2008).
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Table 2. Effect of ice storage (0 °C) on the free amino acids of loricariid
catfish (Pterygoplichthys disjunctivus) roe.

Storage days (0 °C)

Amino acid
0 6 11 21
Aspartic acid 0.07 0.11 0.12 0.13
Glutamic acid 0.25 0.30 0.33 0.32
Asparagine 0.08 0.11 0.15 0.08
Serine 0.11 0.17 0.20 0.21
Glutamine 0.11 0.14 0.15 0.13
Glycine 0.05 0.09 0.10 0.11
Tyrosine 0.12 0.20 0.23 0.12
Taurine 0.25 0.18 0.17 0.14
Alanine 0.15 0.22 0.22 0.22
Histidine" 0.08 0.17 0.22 0.22
Threonine* 0.09 0.15 0.17 0.17
Arginine* 0.42 0.69 0.87 0.58
Methionine* 0.10 0.21 0.19 0.20
Valine* 0.13 0.24 0.25 0.25
Phenylalanine* 0.12 0.24 0.22 0.20
Isoleucine* 0.11 0.20 0.20 0.19
Leucine* 0.21 0.30 0.28 0.27
Lysine* 0.28 0.42 0.42 0.54
EAA/NEAA 0.80 0.58 0.59 0.56
Total 2.68° 4.10° 4.44° 4.05°

Data are presented as mg/g of sample and represent the mean of two repetitions (n=2) with
standard deviations of <0.01 **Different superscripts are statistically different (P<0.05)
*Essential amino acids Tryptophan and cysteine were not evaluated. EAA: essential amino
acids; NEAA: non-essential amino acids

3.6 Effect of ice storage on the microbiology of roe

The microbiological growth (mesophiles, psychrophiles,
yeasts and moulds) determined in loricariid catfish roe during
ice storage is shown in Figure 4. Mesophilic bacteria presented
an initial mean count of 4.48 log, CFU/g, and decreased
(p < 0.05) during the first 4 days of storage but, thereafter,
started to increase up to the end of the study, reaching
5.57log,, CFU/g at day 21. Instead, psychrophilic bacteria can
be an indicator of refrigerated product deterioration. In this
study, the psychrophilic bacteria steadily increased (p < 0.05)
from 3.85 (at day 0) to 7.10 log , CFU/g of sample at day 21,
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Table 3. Effect of ice storage (0 °C) on the fatty acids (%) of loricariid catfish (Pterygoplichthys disjunctivus) roe.

Storage days (0 °C)
Fatty acid type
0 2 4 6 11 15 21
Saturated fatty acids
C4:0 7£0.0 3+£0.0 8+0.0 3+£0.0 2+0.0 2+0.0 8+0.0
C14:0 3200 4+0.0 3+0.2 3+0.1 5x0.1 4+0.1 3+0.1
C16:0 26+0.1 26+0.1 25+0.1 27+0.1 28+0.1 25+0.1 25+0.0
C18:0 10+0.1 11+0.1 11+0.0 12+ 0.0 12+ 0.0 12+ 0.0 11+0.1
C22:0 1+0.0 --- 1+0.0 1+0.0 1+0.1 2+£0.0 2+0.0
XSFA* 47 44 48 46 48 45 49
Monounsaturated fatty acids
Cl4:1 2+0.0 4+0.0 3+0.0 2+0.0 6+0.0 1+0.0 1+£0.0
Cl6:1 8+0.1 9+0.0 7%0.0 7+0.0 8+0.0 8+£0.0 7%0.0
Cl18:1w9 18+ 0.0 15+ 0.0 16 +0.1 18+0.1 19+0.1 20+0.1 20+0.2
C22:1 w9 1+0.0 0+0.0 1+0.0 0+0.0 1+0.0 1+0.0 1+0.0
XMUFA* 29 28 27 27 30 30 29
Polyunsaturated fatty acids
C18:2 w6, trans 4+0.0 5+0.0 5x£0.0 4+0.0 6+0.1 5+0.0 3+0.0
C18:2 w6, cis 1+0.0 6+0.0 5+£0.0 6+0.0 2+0.1 2+0.0 2+0.0
C18:3 w3 4+0.0 5+0.0 4+0.0 5+0.0 5+£0.0 5+£0.0 4+0.0
C20:1 w9 1+0.0 --- 1+0.0 2+0.0 1+0.0 1+£0.0 1+0.0
C20:4 w6 2+0.0 2+0.0 - --- 1+0.0 2+0.0 2+0.0
C20:5 w3 2+0.0 1+£0.0 2+0.0 2+0.1 1+0.0 2+0.0 2+0.0
C22:6 w3 9+0.0 9+0.0 7+0.0 8+0.1 6+0.0 9+£0.0 8+0.0
YXPUFA* 23 28 24 27 22 26 22
w6/ w3 0.5 0.9 0.8 0.7 0.8 0.6 0.5
PUFA/SFA 0.49 0.63 0.50 0.59 0.46 0.58 0.45
Data represent the mean + standard deviation of two repetitions (n=2). *Different numbers in “total” rows by fatty acid type are statistically different (P<0.05). ---: Not found
8 (Mousavi et al., 2009). In this regard, fresh loricariid catfish

roe presented low contamination by yeast and moulds (below
3.181og,, CFU/g) throughout the study. Moreover, these types
of microorganisms were affected by cold storage, as their counts
slightly declined throughout the study. In comparison, Kaba et al.

==k (2013) identified higher enumerations on whiting roe.

== Psychrophiles
e=fr="Y cast and Moulds

Based on the levels of pathogenic microorganisms evaluated,
faecal coliforms (from 88 [at day 0] to 71 MPN/g [at day 21]),
Salmonella spp. (absent in 25 g of sample, at all storage days)
and S. aureus (-10 CFU/g at all storage days) were under the
safe levels established by the (Food and Drug Administration,
2011). The low levels of total (180 MPN/g) and faecal coliforms
suggest that the sanitary conditions used throughout the study
were adequate. Microbial standards for caviar or fish roe have not
yet been established. However, bacterial counts exceeding 7 log
CFU/g are often taken as the limit for spoilage of fish products

Microorganisms (log CFU/g)

Storage Days (0°C)

Figure 4. Microbiology (mesophiles, psychrophiles, yeasts and moulds)
ofloricariid catfish (Pterygoplichthys disjunctivus) roe stored in ice (0 °C).
Data represent the mean of two repetitions (n=2). a,b,c,d literals for each
type of microorganism mean data is statistically different (p < 0.05).

not unlike the counts measured in whiting (Gadus merlangus
euxinus [Nordman, 1840]) roe by Kaba et al. (2013). It is
important to mention that fish roe, due to its nature, can be
prone to microbial development, especially yeast and moulds
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(International Commission on Microbiological Specifications
for Foods, 1986; Rode & Hovda, 2016). Thus, the present study
showed that loricariid catfish roe stores at 0 °C, following a
hygienic handling practice, had a microbiological shelf-life of
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approximately 20 days, due to the increase in psychrophilic
bacteria (>7 log,, CFU/g).

By nature, fish roe is designed to create and sustain life
before hatching; in this way, it possesses a high nutritional
value with an exceptional protein/amino acid profile combined
with a high content of polyunsaturated fatty acids, among other
components. Thus, although some protein hydrolysis occurred
in the loricariid catfish roe and no major changes were observed
in its lipids oxidation, overall results in the present study indicate
that the species roe nutritional characteristics remained stable
throughout the study (under the storage conditions used), making
it an excellent option for its utilization as food.

4 Conclusions

Ice storage of fresh loricariid catfish (P. disjunctivus
[Weber, 1991]) roe, under the study conditions, proved to be an
effective preservation method, maintaining ideal physicochemical
and microbiological characteristics for possible food utilisation
up to 20 days. The use of this roe as food can benefit invaded
locations in several ways since fishers can obtain revenues from
its exploitation and, at the same time, it can prevent and help
contribute to the eventual elimination of P. disjunctivus invasion
and presence in water catchments.
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